
European  Patent  Office  ©  Publication  number:  0  1 2 3   3 7 6  

Office  europeen  des  brevets  A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  84300718.8  ©Int.  CI.3:  H  01  R  4 / 5 8  
_  H  01  R  13 /193  
@  Date  of  filing:  06.02.84 

©  Priority:  10.02.83  JP  19824/83  ©  ,nventor:  |to,Shinichi 
1343-2,  Aihara-cho 
Machida-shi  Tokyo(JP) 

(3)  Date  of  publication  of  application: 
31.10.84  Bulletin  84/44  (g)  |nventor:  Nakanishi,  Keiichirou 

3-1-3,  Higashi-Koigakubo 
(fa)  Designated  Contracting  States:  Kokubunji-shi  Tokyo(JP) 

DE  FR  GB  NL 
a  i-  urr,~u,  vV  Inventor:  Masaki,  Akira (71)  Applicant:  HITACHI,  LTD.  ^   .«-.,-,-„„  ..   ̂W  
6,  Kanda  Surugadai  4-chome  Chiyoda-ku  l  *  '  Me9uro'Honcho  ^eguro-ku 
Tokyo  100(JP>  Toky°(JPl 

©  Inventor:  Mukai,  Kiichiro 
2-24-14,  Akatsuki-cho 
Hachioji-shi  Tokyo(JP) 

©  Representative:  Calderbank,  Thomas  Roger  et  al, 
MEWBURN  ELLIS  &  CO.  2/3  Cursitor  Street 
London  EC4A  IBQ(GB) 

(54)  Connector  using  a  shape  memory  alloy  member. 

@  A  connecter  has  thin  sheets  (2)  of  shape  memory  alloy  on 
a  surface  of  a  substrate  (1),  positioned  such  that  the  sheets  (2) 
project  over  a  hole  in  the  substrate.  A  pin  (3)  is  inserted  into 
the  hole  with  the  temperature  being  such  that  the  sheets  (2) 
are  easily  deformed.  A  suitable  change  of  temperature  causes 
the  sheets  (2)  to  attempt  to  return  to  their  original  shape, 
thereby  establishing  a  good  electrical  connection  between  the 
sheets  (2)  and  the  pin  (3).  Another  change  of  temperature 
causes  the  sheets  (2)  to  stop  trying  to  return  to  their  original 
shape,  making  it  easy  to  remove  the  pin  (3).  This  arrangement 
makes  possible  a  reliable  connector  which  may  easily  be 

Nl  made  small. 
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A  connecter  has thin  sheets  (2)  of  shape  memory  alloy  on 
a  surface  of  a  substrate  (1),  positioned  such  that  the  sheets  (2) 
project  over  a  hole  in  the  substrate.  A  pin  (3)  is  inserted  into 
the  hole  with  the  temperature  being  such  that  the  sheets  (2) 
are  easily  deformed.  A suitable  change  oftemperature  causes 
the  sheets  (2)  to  attempt  to  return  to  their  original  shape, 
thereby  establishing  a  good  electrical  connection  between  the 
sheets  (2)  and  the  pin  (3).  Another  change  of  temperature 
causes  the  sheets  (2)  to  stop  trying  to  return  to  their  original 
shape,  making  it  easy  to  remove  the  pin  (3).  This  arrangement 
makes  possible  a  reliable  connector  which  may  easily  be 
made  small. 



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

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

e l e c t r o n i c   c i r c u i t   d e v i c e s .  

A  c o n n e c t e r   u s i n g   a  s h a p e   memory   a l l o y   i s  

d i s c l o s e d   in   e . g .   J a p a n e s e   P a t e n t   L a i d - O p e n   N o . 1 6 0 5 6 / 1 9 7 3  

e n t i t l e d   "Low  T e m p e r a t u r e   P h y s i c a l   C o n n e c t i o n   M e t h o d  

and  D e v i c e " .   T h i s   c o n n e c t e r   e s t a b l i s h e s   e l e c t r i c  

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

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

r e v e r s e   t r a n s f o r m a t i o n   due  t o   a  t e m p e r a t u r e   r i s e .  

The  s h a p e   memory   a l l o y   r e t u r n s   t o   i t s   i n i t i a l   s t a t e  

by  m a k i n g   u s e   of  t h e   s o f t n e s s   of  t h e   m a r t e n s i t e   p h a s e  

g e n e r a t e d   by  a  t e m p e r a t u r e   d r o p   and   by  t h e   r e s t o r i n g  

f o r c e   of  a  s p r i n g .   The  c o n n e c t e r   u t i l i z e s   a  o n e - w a y  

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

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

as  to   c a u s e   e f f e c t i v e   t w o - w a y   d e f o r m a t i o n .   The  p r i o r  

a r t   d e v i c e   i s   s a t i s f a c t o r y   i f   t h e   s i z e   of   t h e   c o n n e c t e r  

i s   l a r g e .   H o w e v e r ,   when  a  l a r g e   n u m b e r   of  c o n n e c t e r s  

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

m u s t . b e   as  s m a l l   as  p o s s i b l e .   R e d u c t i o n   in   s i z e   o f  

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

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

t h e   s h a p e   memory   a l l o y .   T h i s   r e s u l t s   i n   t h e   p r o b l e m  

t h a t   t h e   d e v i c e   c a n n o t   be  m i n i a t u r i z e d   b e c a u s e   t h e  

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



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

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

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

t h e   o m i s s i o n   of  t h e   s p r i n g .   I t   d o e s   t h i s   by  p r o v i d i n g  

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

of  a  t h i n   s h e e t   of   s h a p e   memory   a l l o y   on  a  s u b s t r a t e .  

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

t h e r e b y   e s t a b l i s h i n g   an  e l e c t r i c a l   c o n n e c t i o n .  

In  t h i s   way  t h e   f o r c e s   n e c e s s a r y   to   a c h i e v e  

c o n n e c t i o n   and   d i s c o n n e c t i o n   may  be  made  s m a l l   r e l a t i v e  

t o   t h o s e   n e c e s s a r y   i n   t h e   p r i o r   a r t   c o n n e c t e r .   F u r t h e r m o r e  

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

t o   be  made  s m a l l   r e l a t i v e   t o   t h e   p r i o r   a r t   c o n n e c t e r ,  

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

c o n n e c t e r   i s   r e q u i r e d   s u c h   as  in   an  e l e c t r o n i c   c o m p u t e r .  

E m b o d i m e n t s   of   t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   in   d e t a i l ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e  

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

a  f i r s t   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n ,  

F i g .   lb   i s   a  p l a n   v i e w   s h o w i n g   t h e   p l a n a r  

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

e m b o d i m e n t   shown  i n   F i g .   l a ,  

F i g s .   2a  t o   2d  a r e   s e c t i o n a l   v i e w s   f o r  

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



F i g s .   3a  t o   3c  a r e   s c h e m a t i c   v i e w s   f o r   e x p l a i n -  

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

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

F i g s .   4a  and   4b  r e s p e c t i v e l y   show  o t h e r  

e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n .  

F i r s t   t h e   p r o p e r t i e s   of   a  s h a p e   memory  a l l o y  

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

in  d e t a i l   by  K a z u h i r o   O h t s u k a ,   in   " P l a s t i c i t y   a n d  

M a c h i n i n g " ,   V o l .   22,   No.  246  ( 1 9 8 1 ) ,   p.  6 4 5 - 6 5 3 .  

The  t e r m   " s h a p e   memory  a l l o y "   i s   u s e d   f o r  

t h o s e   a l l o y s   s u c h   as   T i - N i ,   Ag-Cd  and  C u - A l - N i ,   w h i c h  

e x h i b i t   a  memory   e f f e c t .   When  s u c h   a l l o y s   a r e   d e f o r m e d  

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

m a r t e n s i t e   t r a n s f o r m a t i o n   ( m a r t e n s i t e   p h a s e ,   h e r e i n -  

a f t e r   r e f e r r e d   to   as   t h e   "M  p h a s e " )   and  t h e n   t h e   p h a s e  

r e t u r n s   to   t h e   p a r e n t   p h a s e ,   t h e   a l l o y s   r e t u r n   t o  

t h e   s h a p e   t h e y   had  b e f o r e   t h e y   u n d e r w e n t   d e f o r m a t i o n .  

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

and  a f t e r   t h e   p h a s e   r e t u r n s   t o   t h e   p a r e n t   p h a s e ,  

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

u n l e s s   m a c h i n i n g   i s   a g a i n   a p p l i e d .  

T h i s   i s  a   s u m m a r y   of  t h e   b e h a v i o u r   of  a  s h a p e  

memory  a l l o y   r e s u l t i n g   f r o m   a  m a r t e n s i t e   t r a n s f o r m a t i o n ,  

b u t   t h e   f o l l o w i n g   p r o p e r t i e s   a r e   a l s o   o b s e r v e d .   W h e n  

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



w i t h i n   a  t e m p e r a t u r e   r a n g e   w h e r e   t h e   M  p h a s e   i s   s t a b l e ,  

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

t h e   s t r e s s   r e a c h e s   a  c e r t a i n   s t r e s s   v a l u e ,   t h e   s t r a i n  

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

i n   t h e   s t r e s s .   T h i s   p h e n o m e n o n   i s   a n a l o g o u s   t o   t h e  

y i e l d   of   an  o r d i n a r y   m a t e r i a l   and  i s   r e f e r r e d   to   a s  

" p s e u d o e l a s t i c   b e h a v i o u r " .   T h i s   b e h a v i o u r   c an   b e  

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

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

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

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

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

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

can   be  o b t a i n e d   i n   t h e   M  p h a s e   by  r e l a t i v e l y   s m a l l  

s t r e s s e s   and  t h e   m a t e r i a l   a p p e a r s   to   be  s o f t .  

For   e x a m p l e ,   i f   a  t e n s i l e   t e s t   i s   c a r r i e d  

o u t   on  a  T i - N i   a l l o y   a t   a  t e m p e r a t u r e   s l i g h t l y   l o w e r  

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

d e f o r m a t i o n   of   s t r a i n  £  =   4%,  t h e   s t r e s s   i s   a p p r o x -  

i m a t e l y   15  k g / m m 2 .   I f   t h e   r a t i o   of  t h e s e   f i g u r e s  

i s   o b t a i n e d   and   c o n v e r t e d   t o   t h e   d i m e n s i o n   of  Y o u n g ' s  

m o d u l u s ,   t h e   v a l u e   i s   a p p r o x i m a t e l y   400  k g / m m 2 .   T h i s  

v a l u e   i s   c o n s i d e r a b l y   s m a l l e r   t h a n   t h e   Y o u n g ' s   m o d u l u s  

E  =  1 2 , 0 0 0   kg/mm2  of   a  B e - C u   a l l o y   when  a c t i n g   a s  

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

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

t h e   M  p h a s e   t o  t h e   p a r e n t   p h a s e   may  be  as  g r e a t   a s  

60  t o   70  k g / m m 2 .  



S u p p o s e   t h a t   t h e   p a r e n t   p h a s e   h a s   a  s h a p e  

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

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

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

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

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

m e m o r i z e d   in   t h e   p a r e n t   p h a s e ,   t h a t   i s ,   A,  b u t   r e m a i n s   i n  

s h a p e   B  e v e n   i f  t h e  m a t e r i a l   i s  h e l d   in   s h a p e   B  w h i l s t   t h e  

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

p o n d i n g   t o   t h e   M  p h a s e   a n d   t h e n   t h e   m a t e r i a l   i s   r e l e a s e d .  

The  c o n n e c t e r   s h o w n   i n   F i g s .   l a   and   l b   i s  

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

a l l o y   as   d e s c r i b e d   a b o v e .   F i r s t ,   a  o n e - w a y   s h a p e  

memory   a l l o y   s u c h   as   A g - C d   ( 4 4 ~   49  at%  C d ) ,   A u - C d  

( 4 6 . 5 ~   50  a t  %   C d ) ,   C u - A l - N i   ( 1 4 ~   1 4 . 5 w t %   A l ,  

3  -  4 . 5   wt%  N i ) ,   C u - A u - Z n   ( 2 3 ~ 2 8   at%  Au,  4 5 ~   47  at%  Z n ) ,  

C u - S n   ( ~   15  at%  S n ) ,   C u - Z n   ( 3 8 . 5 ~ 4 1 . 5   wt%  Z n ) ,  

C u - Z n - X   (X  =   S i ,   Sn ,   A l ,   Ga,   1 ~ 5   at%  X ) ,   N i - A l  

( 3 6 ~ 3 8   at%  A l ) ,   T i - N i   ( 4 9 ~ 5 1  a t %   N i ) ,   F e - P t  

( ~  2 5   at%  P t )   or   F e - P d   ( ~  3 0   at%  Pd)  p r o d u c e d   b y  

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

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

m e t a l   f i l m   ( n o t   s h o w n )   i s   f o r m e d   by  s p u t t e r   v a p o r  

d e p o s i t i o n   a t   a  p r e d e t e r m i n e d   p o s i t i o n   on  a  h e a t -  

r e s i s t a n t   o x i d a t i o n - r e s i s t a n t   f l a t   i n s u l a t o r   s u b s t r a t e  

1  c o n s i s t i n g   o f  e . g .   S i O 2 ,   o r   A l 2 O 3 .   The  t h i n   s h e e t  



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

m e t a l   f i l m .   I t   i s   a l s o   p o s s i b l e   t o   d e p o s i t   t h e   s h a p e  

memory   a l l o y   f i l m   d i r e c t l y   on  t h e   s u b s t r a t e   by  v a p o u r  

d e p o s i t i o n .   The  a l l o y   f i l m   2  t h u s   f o r m e d   i s   e t c h e d  

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

of  t h e   p a r e n t   p h a s e   as  shown  i n   F i g .   l a ,   t h e r e b y   f o r m i n g  

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

v i e w   of  t h e   s o c k e t   4  shown  i n   F i g .   l a .   A l s o   s h o w n  

in   F i g .   1,  a r e   a  p i n   3  of   a  p l u g   t o   be  i n s e r t e d   i n t o  

t h e   s o c k e t ,   a  f i t t i n g   p l a t e   5  and   w i r e   b o n d i n g   6  w h i c h  

c o n n e c t s   t h e   c o n n e c t e r   t o   c i r c u i t   w i r i n g   ( n o t   s h o w n ) .  

The  o p e r a t i o n   of  t h i s   c o n n e c t e r   w i l l   now  b e  

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 s .   2a  to   2d.  The  t r e a t m e n t  

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

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

f o r m a t i o n   Af  t o   f o r m   a  s o c k e t   h a v i n g   a  c o n s t r u c t i o n  

as  shown  i n   F i g .   2a .   Then  t h e   t e m p e r a t u r e   i s   r e d u c e d  

to   a  p o i n t   l o w e r   t h a n   t h e   l o w e r   t e m p e r a t u r e   l i m i t  

of   m a r t e n s i t e   t r a n s f o r m a t i o n   Mf  b u t   t h e   t h i n   s h e e t  

2  m a i n t a i n s   t h e   s h a p e   shown  i n   F i g .   2a .   N e x t ,   a s  

shown  in   F i g .   2b ,   t h e   p i n   3  of  a  p l u g   ( p o r t i o n s   o t h e r  

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

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

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

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

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



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

f o r m e r   p o i n t .   T h e n ,   t h e   t h i n   s h e e t   2  of  s h a p e   m e m o r y  

a l l o y   f o r m i n g   t h e   s o c k e t   4  i s   p u s h e d   by  t h e   p i n   3 

and   u n d e r g o e s   d e f o r m a t i o n   as  shown  in   F i g .   2b.   H o w e v e r ,  

t h e   i n s e r t i n g   f o r c e   of  t h e   p i n   3  in   t h i s   i n s t a n c e  

i s   a p p r o x i m a t e l y   4  g,  i . e .   i s   n o t   v e r y   l a r g e .  

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

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

t r a n s f o r m a t i o n   Af  and   t h e   t h i n   s h e e t   2  a t t e m p t s   t o  

r e t u r n   t o   i t s   o r i g i n a l   s h a p e   shown  in   F i g .   2a  a n d  

a  s t r o n g   c o n t a c t   f o r c e   (40  g / p i n )   t h e r e f o r e   a c t s   b e t w e e n  

t h e   t h i n   s h e e t   2  and  t h e   p i n   3  a s  s h o w n   i n   F i g .   2 c .  

H o w e v e r ,   s i n c e   m o v e m e n t   of   t h e   t h i n   s h e e t   2  i s   p r e v e n t e d  

by  t h e   p i n   3,  t h e r e   i s   no  s u b s t a n t i a l   d e f o r m a t i o n  

of  t h e   t h i n   s h e e t   2.  I f   an  e l e c t r i c   d e v i c e   u s i n g  

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

c o n n e c t i o n   can   be  m a i n t a i n e d   w i t h   h i g h   r e l i a b i l i t y .  

N e x t ,   t h e   t e m p e r a t u r e   of  t h e   c o n n e c t e r   i s  

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

l i m i t   of  m a r t e n s i t e   t r a n s f o r m a t i o n   Mf  and   t h e   p i n  

3  i s   r e m o v e d   f rom  t h e   s o c k e t   4,  as   shown  i n   F i g .  

2d   t h e   c o n n e c t e r   b e i n g   m a i n t a i n e d   a t   t h a t  t e m p e r a t u r e .  

T h e   p i n   3  m a y  b e   r e m o v e d   f r o m   t h e   s o c k e t   4  u s i n g   o n l y  

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

I f  a  m a r t e n s i t e   t r a n s f o r m a t i o n   i s   g e n e r a t e d   f r o m   t h e  

p a r e n t  p h a s e  t o  t h e   M  p h a s e   when  t h e   p i n   3  i s   in   t h e  



s o c k e t   4  as  d e s c r i b e d   a b o v e ,   t h e r e   i s   l i t t l e   s p r i n g -  

b a c k   of   t h e   t h i n   s h e e t   2  e v e n   i f   t h e   p i n   3  i s   r e m o v e d ,  

so  t h a t   t h e   s h a p e   of   t h e   t h i n   s h e e t   2  r e m a i n s   s u b s t a n -  

t i a l l y   t h e   same  as  t h e   s h a p e   when  t h e   p i n   3  i s   f i r s t  

i n s e r t e d   i n t o   t h e   s o c k e t   4.  T h u s ,   when  t h e   c o n n e c t e r  

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

when  t h e   p i n   3  was  f i r s t   r e m o v e d   ( F i g .   2 ( d ) )   can   b e  

e s t a b l i s h e d   b o t h   when   t h e   p i n   3  i s   i n s e r t e d   and  w h e n  

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

or   r e m o v i n g   t h e   p i n   3  a  s e c o n d   or   s u b s e q u e n t   t i m e  

may  be  e x t r e m e l y   s m a l l .  

An  e x p l a n a t i o n   of  t h e   p r i n c i p l e   of  t h e   c o n n e c t e r  

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

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

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

of   t h e   d e v i c e   w i l l   now  be  d i s c u s s e d .   F i r s t ,   t h e   s i z e  

of   t h e   h o l e   f o r m e d   on  t h e   i n s u l a t o r   s u b s t r a t e   1  i s  

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

s h o u l d   be  a t   l e a s t   e q u a l   t o   t h e   d i a m e t e r   of   t h e   h o l e  

or   i t s   l e n g t h   i n   t h e   l o n g i t u d i n a l   d i r e c t i o n   p l u s   20  µm. 

The  t a p e r   a n g l e   @  ( s e e   F i g .   l ( a ) )   of  t h e   h o l e   i s  

p r e f e r a b l y   9 0 °  ≤   @ ≤  1 7 0 ° .   The  t h i n   s h e e t   2  i s   n o r m a l l y  

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

t h i n   s h e e t s   2  i s   2  ≤   n  ≤ nmax  ( n m a x  i s  a   d i v i s i o n   n u m b e r  

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

maximum  s h e e t   w i d t h   i s   e q u a l   t o   t h e   t h i c k n e s s   of   t h e  

s h e e t s   u s e d ) .   The  b e n d i n g   d i r e c t i o n   a t   t h e   t i p   o f  



t h e   t h i n   s h e e t   2  may  be  e i t h e r   d o w n w a r d   or  u p w a r d  

( i . e .   in   t h e   d i r e c t i o n   of  i n s e r t i o n   of  t h e   p i n   3  o r  

in   t h e   o p p o s i t e   d i r e c t i o n ) , a n d   t h e   b e n d i n g   a n g l e  ø  

( s e e   F i g .   l ( b ) )   i s   p r e f e r a b l y   b e t w e e n   90°  and  1 8 0 ° .  

The  l e n g t h   of  t h e   b e n t   p o r t i o n   b e t w e e n   z e r o   and  t  

w h e r e   t  i s   t h e   t h i c k n e s s   of   t h e   t h i n   s h e e t   2 .  

Assume  now  t h a t   t h e   t h i n   s h e e t   2  has   a  c a n t i l e v e r  

s h a p e   s u c h   as  shown  i n   F i g s .   3a  t o   3c  and  t h a t   i t s  

c r o s s - s e c t i o n a l   s h a p e  i s   c o n s t a n t .   Then  t h e   f o r c e   o f  

F1  of  i n s e r t i o n   of  t h e   p i n   3  i s   g i v e n   by  t h e   f o l l o w i n g  

e q u a t i o n  :  

w h e r e   V  i s   t h e   maximum  d e f l e c t i o n  

E1  i s   Y o u n g ' s   m o d u l u s   i n   t h e   m a r t e n s i t e  

p h a s e   of  t h e   s h a p e   memory   a l l o y ,  

b   i s   t h e   w i d t h   of  t h e   t h i n   s h e e t   2 

t   i s   t h e   t h i c k n e s s   of   t h e   t h i n   s h e e t   2  

I  i s   t h e   m o m e n t   of  i n e r t i a   of  a r e a  

when  t h e   c r o s s - s e c t i o n a l  

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

a n d  

l 1   i s   t h e   p r o j e c t i o n   l e n g t h   of   t h e   c o n n e c t i n g  

t e r m i n a l .  



On  t h e   o t h e r   h a n d ,   when  t h e   p i n   3  has   b e e n  

i n s e r t e d   and  i s   h e a t e d   to   t h e   t e m p e r a t u r e   of  t h e  

p a r e n t   p h a s e ,   t h e   f o r c e   Fc  a c t s   u p o n   t h e   p i n   3  i n  

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

f o r c e   Fc  i s   e x p r e s s e d   by  t h e   f o l l o w i n g   e q u a t i o n  :  

w h e r e   E2  i s   t h e   Y o u n g ' s   m o d u l u s   in   t h e   p a r e n t  

p h a s e   of   t h e   s h a p e   memory  a l l o y .  

The  r a t i o   S  b e t w e e n   e q u a t i o n   (2)  and   (1)  i s   g i v e n  

b y  :  

Thus  t h e   g r e a t e r   t h e   r a t i o   S,  t h e   s m a l l e r   t h e   f o r c e  

F 1  o f   i n s e r t i o n   of   t h e   p i n   3  and  t h e   g r e a t e r   t h e  

t r a n s v e r s e   f o r c e   Fc  ( t h a t   i s ,   t h e   c o n t a c t   f o r c e ) .  

T h i s   means   t h a t   a  c o n n e c t e r   h a v i n g   h i g h   p e r f o r m a n c e  

may  be  a c h i e v e d .  

In  e q u a t i o n   ( 3 ) ,   E1  and  E2  a r e   c o n s t a n t s  

t h a t   a r e   d e t e r m i n e d   by  t h e   m a t e r i a l   u s e d   f o r   t h e   a l l o y .  

H e n c e ,   i t   i s   d e s i r a b l e   t h a t   a  m a t e r i a l   i s   s e l e c t e d  

f o r   w h i c h   t h e   r a t i o   E 2 / E 1   i s   as  l a r g e   as  p o s s i b l e .  



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

f o r   t h e   t h i n   s h e e t   2  a r e   s e l e c t e d   to   b e  :  

T 1  -   50  ( ° C )  ≤   Mf,  Ms,  Af ,   A s  ≤   T 1 - 1 0   ( ° C )  

w h e r e   T1  i s   t h e   l o w e r   l i m i t   of  t h e   o p e r a t i n g ' t e m p e r a t u r e  

of  t h e   d e v i c e ;  

Mf,  Ms,  and   Af  a r e   as  d e f i n e d   a b o v e ;   a n d  

As  i s   t h e   u p p e r   t e m p e r a t u r e   l i m i t   of  t h e  

r e v e r s e   t r a n s f o r m a t i o n .  

Thus  t h e   c o m p o s i t i o n   of  t h e   s h a p e   m e m o r y  

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

Mf,  Ms,  Af ,   As  a r e   l o w e r   t h a n   t h e   l o w e r   l i m i t   o f  

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

10°C  and  5 0 ° C .  

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

t h e   t h i n   s h e e t   of  s h a p e   memory   a l l o y   a t   t h e   j u n c t i o n  

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

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

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

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

s o c k e t s   s i m u l t a n e o u s l y .  

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

t h e   s h a p e   memory  a l l o y   on  t h e   u p p e r   s u r f a c e   (on  t h e  

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

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

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

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

.when  t h e   p i n   i s   i n s e r t e d .  



I f   t h e   t i p   of  a  t h i n   s h e e t   of  s h a p e   m e m o r y  

a l l o y   ( h e r e i n a f t e r   c a l l e d   a  " c o n n e c t i n g   t e r m i n a l " ) ,  

by  w h i c h   t h e   t h i n   s h e e t   c o n t a c t s   a  p i n   i s   b e n t   b y  

b e n d i n g   work   s u c h   as   i l l u s t r a t e d   in   F i g .   l ( b )   a n d  

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

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

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

S i g n i f i c a n t   l o c a l   d e f o r m a t i o n   of  t h e   c o n n e c t i n g  

t e r m i n a l   a t   t h e   e d g e   of   t h e   h o l e   can   be  m i t i g a t e d  

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

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

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

t h e   h o l e   i n  t h e   i n s u l a t o r   s u b s t r a t e   as  i l l u s t r a t e d  

i n   F i g .   l ( b ) ,   by  s u i t a b l e   s e l e c t i o n   of  t h e   v a r i o u s  

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

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

t h e   c o n n e c t i n g   t e r m i n a l ,   as   i l l u s t r a t e d   i n   F i g .   l ( a ) .  

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

i n v e n t i o n ,   a  p l u r a l i t y   of   c o n n e c t e r s   4  c an   be  s u p e r p o s e d  

and   c o n n e c t e d   one   t o   a n o t h e r   u s i n g   a  p i n   3  i n   c o m m o n ,  

as   s h o w n   in   F i g .   4 ( a ) .   T h i s   i s   b a s e d   u p o n   t h e   p h e n o m e n o n  

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

p h a s e ,   and   u p o n   i t s   s h a p e   memory   e f f e c t .  

The  n u m b e r   of  c o n n e c t i n g   t e r m i n a l s   2  i s   p r e f e r a b l y  

a t   l e a s t   t w o ,   as   shown   i n   F i g .   1.  To  i n c r e a s e  



t h i s   n u m b e r ,   h o w e v e r ,   t h e   c o n n e c t i n g   t e r m i n a l s   2  m a y  

be  d i s p o s e d   r a d i a l l y   as  shown  in  F i g .   4b  or   in   a  m u l t i -  

s t a g e   a r r a n g e m e n t   as  shown  in  F i g .   4a.   When  t h e   n u m b e r  

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

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

I f   t h e   c e n t e r i n g  o f   t h e   p i n   3  in   t h e   s o c k e t   h o l e   d e v i a t e s  

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

t h e   f o r c e   n e c e s s a r y   f o r   i n s e r t i o n   or  r e m o v a l   of  t h e  

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

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

E x a m p l e   1 

The  f i r s t   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n  

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

1.  T h i s   e m b o d i m e n t   u s e d   two  c o n n e c t i n g   t e r m i n a l s  

2  c o n s i s t i n g   of  a  T i - N i   a l l o y   c o n t a i n i n g   5 0 . 5   a t %  

Ni .   An  a l l o y   s h e e t   p r o d u c e d   by  o r d i n a r y   p l a s t i c  

w o r k i n g   was  r e p e a t e d l y   s u b j e c t e d   to   c o l d   r o l l i n g   a n d  

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

a  l e n g t h   of   450  µm,  a  w i d t h   of  200  µm  and   a  t a p e r  

a n g l e   of  146°  was  b o r e d   in   a d v a n c e   in  an  a l u m i n a   s u b s t r a t e  

1  o n t o  w h i c h   a  b a s e   m e t a l   had   b e e n   e v a p o r a t e d .   T h e  

t h i n   s h e e t   was  s p o t - w e l d e d   or   was  d e p o s i t e d   by  v a p o u r  

d e p o s i t i o n   d i r e c t l y   o n t o   t h i s   s u b s t r a t e   1.  The  r e s u l t i n g  

T i - N i   a l l o y   f i l m   2  was  e t c h e d   by  p h o t o l i t h o g r a p h y  

t o   a  s h a p e   s u c h   as  shown   i n   F i g .   l ( b )   and  was  t h e n  

w o r k e d   i n   t h e   s e c t i o n a l   s h a p e   shown  in   F i g .   l ( a )  



and  d e s c r i b e d   a b o v e .   I t   was  t h e n   h e l d   a t   500°C  t o  

650°C  f o r   s e v e r a l   h o u r s   to   f o r m   a  c o n n e c t i n g   t e r m i n a l  

2  h a v i n g   a  p l a n a r   s h a p e   and  c r o s s - s e c t i o n a l   s h a p e  

c o r r e s p o n d i n g   t o   t h o s e   of  t h e   p a r e n t   p h a s e .   T h e  

c o n n e c t i n g   t e r m i n a l   2  had   a  r e c t a n g u l a r   s h a p e   h a v i n g  

a  l e n g t h  l =   350 µm,  a  w i d t h   b  =  100  µm  and   a  t h i c k n e s s  

t  =  50  µm  a n d   t h e   p r o j e c t i o n   l e n g t h   l 1   of   t h e   c o n n e c t i n g  

t e r m i n a l   2  o v e r   t h e   h o l e   i n   t h e   s u b s t r a t e   1  was  2 0 0  µ m .  

The  c o n n e c t i n g   t e r m i n a l   2  was  c o m b i n e d   w i t h   a  s q u a r e  

p r i s m - l i k e   p i n   3  (Cu  a l l o y )   h a v i n g   a  s i d e   of   100  µm. 

The  t e m p e r a t u r e   of  t h e   Af ,   As ,   Mf  and  Ms 

p o i n t s   of   t h e   T i - N i   a l l o y   u s e d   i n  t h i s   e m b o d i m e n t  

w e r e   1 3 ° C ,  3 C ,   - 1 0 ° C   and  - 2 0 ° C ,   r e s p e c t i v e l y   a n d  

t h e   t e m p e r a t u r e   when   t h e   p i n   3  i s   i n s e r t e d   and  r e m o v e d  

was  f r o m   - 3 0 ° C   t o   - 5 0 ° C .   The  o p e r a t i n g   t e m p e r a t u r e  

of  t h e   c o n n e c t e r   was  2 0 ° C .   Go ld   p l a t i n g   was  a p p l i e d  

to   t h e   p i n   3  and   t o   t h e   c o n n e c t i n g   t e r m i n a l   2  of  t h e  

s o c k e t   4.  When  a  l a r g e   n u m b e r   o f   p i n -   a n d - s o c k e t  

p a i r s ,   e a c h   c o n s i s t i n g   of   o n e  p i n   3  a n d   one   s o c k e t  

4,  a r e  a r r a n g e d   on  t h e   same  i n s u l a t o r   s u b s t r a t e   1 ,  

t h e   gap   b e t w e e n   t h e   p i n s   3  i s   d e s i r a b l y   1 , 0 0 0   µm. 

A f t e r   i n s e r t i o n   and  r e m o v a l   of  t h e   p i n   w e r e   r e p e a t e d  

100  t i m e s ,   t h e   c o n n e c t e r   o p e r a t i o n   was   f o u n d   t o   b e  

s a t i s f a c t o r y .   The  f o r c e   n e c e s s a r y   f o r   i n s e r t i n g   a n d  

p u l l i n g   o u t   t h e   p i n   w a s  4  g / p i n  a s   d e s c r i b e d   e a r l i e r .  

E x a m p l e   2 

I f   t h e   f i l m   t h i c k n e s s   i s   r e d u c e d   i n   E x a m p l e   1  



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

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

e x a m p l e   i n v o l v e d   s i m u l t a n e o u s   e v a p o r a t i o n   of  Ti  a n d  

Ni  on  an  S i 0 2   i n s u l a t o r   s u b s t r a t e   by  e l e c t r o n   b e a m  

v a p o u r   d e p o s i t i o n   in   v a c u u m   to   f o r m   a  50  p m - t h i c k  

T i - N i   a l l o y   f i l m ,   f r o m   w h i c h   t h e   c o n n e c t i n g   t e r m i n a l  

2  d e s c r i b e d   a b o v e   was  p r o d u c e d .   The  f i l m   was  t h e n  

u n i f o r m l y   t r e a t e d   a t   a  t e m p e r a t u r e   a b o v e   7 0 0 ° C .   G o l d  

p l a t i n g   was  a p p l i e d   to   t h e   r e s u l t i n g   T i - N i   a l l o y   f i l m ,  

and  s u b s e q u e n t   t r e a t m e n t   was  made  f o r   t h e   i n s u l a t o r  

s u b s t r a t e .   In  o t h e r   w o r d s ,   w e t   e t c h i n g   was  c a r r i e d  

o u t   on  t h e   SiO2  i n s u l a t o r   s u b s t r a t e   u s i n g  a n   a q u e o u s  

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

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

s u r f a c e ,   u s i n g   CF4  t o   b o r e  a  h o l e   i n   t h e   SiO2  i n s u l a t o r  

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

t h e   same  way  as  i n   E x a m p l e   1.  The  i n s e r t i o n   and  r e m o v a l  

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

d a t a   as   t h o s e   of   E x a m p l e   1 .  

E x a m p l e   3 

A  p l u r a l i t y   of  s o c k e t s   4,  e a c h   h a v i n g   c o n n e c t i n g  

t e r m i n a l s   2  d i s p o s e d   r a d i a l l y   a r o u n d   t h e   h o l e   of  a n  

i n s u l a t o r   s u b s t r a t e   1,  w e r e   s u p e r p o s e d   and  c o n n e c t e d  

as  shown  in   F i g .   4.  In   t h i s   e x a m p l e ,   t h e   f i r s t   i n s e r t i o n ,  

h e a t i n g ,   c o o l i n g   and   r e m o v a l   of  t h e   p i n   3  were   e f f e c t e d  

f o r   e a c h   s o c k e t ,   and  a  p i n   j i g   h a v i n g   a  d i a m e t e r   g r e a t e r  



by  10%  t h a n   t h e   p i n   3  u s e d   f o r   a  p r a c t i c a l   d e v i c e  

was  u s e d .   S i n c e   a  c o n s i d e r a b l y   l a r g e r   j i g   was  u s e d  

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

of   t h e   s t r e s s   l o a d   t o   t h e   p i n   due   t o ' t h e   l a m i n a t i o n  

can   be  m i t i g a t e d .   T h i s   m e t h o d   s h o w e d   t h a t   t h e   f o r c e  

n e c e s s a r y   f o r   i n s e r t i n g   and   p u l l i n g   o u t   t h e   p i n   3 

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

of   s o c k e t s   w e r e   s u p e r p o s e d .  

As  d e s c r i b e d   a b o v e ,   t h e   p r e s e n t   i n v e n t i o n  

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

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

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

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

m i n i a t u r i z a t i o n   of   t h e   c o n n e c t e r ,   a  c o n n e c t e r   h a v i n g  

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

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

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

s u c h   as   c o m p u t e r s   and   c o m m u n i c a t i o n   e q u i p m e n t .  



1.  A  c o n n e c t e r   h a v i n g   a  c o n n e c t i o n   t e r m i n a l  

of  a  s h a p e   memory  a l l o y ;  

c h a r a c t e r i s e d   in   t h a t :  

t h e   c o n n e c t e r   i n c l u d e s   an  i n s u l a t o r   s u b s t r a t e  

(1)  h a v i n g   a  h o l e   t h e r e i n ;  a n d   i n  t h a t   t h e   c o n n e c t i o n  

t e r m i n a l   c o m p r i s e s   a  t h i n   s h e e t   (2)  of  t h e   s h a p e   m e m o r y  

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

p o r t i o n   f o r   i n s e r t i o n   of  a  p i n   ( 3 ) .  

2.  A  c o n n e c t e r   a c c o r d i n g   to   c l a i m   1  w h e r e i n  

t h e   t i p   of  t h e   t h i n   s h e e t   (2)   i s   b e n t   i n   t h e   d i r e c t i o n  

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

3.  A  c o n n e c t e r   a c c o r d i n g   t o   c l a i m   1  or   c l a i m  

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

two  t h i n   s h e e t s   (2)  of  t h e   s h a p e   memory   a l l o y ,   t h e  

gap   p o r t i o n   b e i n g   b e t w e e n   t h e   e n d s   of   t h e   two  s h e e t s .  

4.  A  c o n n e c t e r   a c c o r d i n g   t o   c l a i m   3,  w h e r e i n  

t h e   n u m b e r   n  of  t h i n   s h e e t s   i s  :  

w h e r e   nmax  i s   a  n u m b e r   d e t e r m i n e d   by  c o n s i d e r a t i o n  

of   t h i n  s h e e t   e a c h   h a v i n g   a  maximum  w i d t h   e q u a l   t o  

t h e i r   t h i c k n e s s .  

5.  A  c o n n e c t e r   a c c o r d i n g   t o   any  one   of  t h e  

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

p o r t i o n   a t   t h e   s u r f a c e   of   t h e   s u b s t r a t e   ( 1 ) .  



6.  A  c o n n e c t e r   a c c o r d i n g   t o   any  one  o f   t h e   p r e c e d i n g  

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

on  t h e   s u r f a c e   of  t h e   s u b s t r a t e   t o w a r d s   w h i c h   t h e  

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

7.  A  c o n n e c t e r   a c c o r d i n g   t o   any  one  of   t h e  

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

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

t e r m i n a l s   ( 2 ) ,   w h e r e b y   t h e   t e r m i n a l s   a r e   e l e c t r i c a l l y  

c o n n e c t e d   one  w i t h   a n o t h e r   w h e n   t h e   p i n   (3)  i s   i n s e r t e d .  

8.  A  c o n n e c t e r   a c c o r d i n g   t o   any  one  of   t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e   t h i n   s h e e t   (2)   i s   s h a p e d  

by  p h o t o l i t h o g r a p h y .  
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