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@  High  density,  controlled  impedance  connector. 

©  A  high  density  electrical  connector  is  shown  in  which 
discrete  dielectric  wafers  mount  several  contact  elements 
within  grooves  on  a  first  surface  of  the  wafer  while  mounting 
a  single  ground  plane  within  a  recess  on  a  second  surface. 
This  configuration,  when  the  wafers  are  stacked  side-by- 
side,  forms  the  contacts  in  a  stripiine  connection  in  which 
the  impedance  of  each  contact  may  be  controlled.  The  wa- 
fers  may  be  inserted  into  slots  within  a  housing  to  form  a 
high  density  connector  for  joining  a  daughter  board  to  a 

01  motherboard. 
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HIGH  DENSITY,  CONTROLLED  IMPEDANCE  CONNECTOR 

BACKGROUND  OF  THE  INVENTION 

5 
I  .  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  a  h i g h   d e n s i t y ,  

c o n t r o l l e d   i m p e d a n c e   c o n n e c t o r   and ,   more  p a r t i c u l a r l y ,   t o  

a  h i g h   d e n s i t y   c o n n e c t o r   w h i c h   may  be  u t i l i z e d   to   ma te   a  

,Q  p l u r a l i t y   of  m o d u l e s   ( d a u g h t e r   b o a r d s )   to   a  b a c k p l a n e  

( m o t h e r   b o a r d )   w h e r e i n   e a c h   e l e c t r i c a l   c o n n e c t i o n   has   a  

c o n t r o l l e d   i m p e d a n c e   and  a  min imum  a m o u n t   of  c r o s s t a l k .  

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

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

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

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

h a n d l i n g   h i g h   s p e e d   s i g n a l s   s u c h   as  h i g h   s p e e d   d i g i t a l  

p u l s e s .   The  a d v a n t a g e   of  t h e   f l a t   c a b l e   i s   t h a t   one  o r  

2Q  two  s i d e s   of  t h e   c a b l e   may  be  p r o v i d e d   w i t h   a  c o n d u c t i v e  

l a y e r   w h i c h ,   in   t u r n ,   i s   c o n n e c t e d   t o   g r o u n d .   I f   a  

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

i s   f o r m e d .   When  c o n d u c t i v e   l a y e r s   a r e   u s e d   on  b o t h  

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

2-  t h e   m a t h e m a t i c s   and  p r o p e r t i e s   of  s u c h   f l a t   c a b l e s ,   s e e :  

B o s s i ,   D e n n i s   F . ,   T e s t i n g   E l e c t r i c a l   And  T r a n s m i s s i o n  

P r o p e r t i e s   In  F l a t   C a b l e ,   p r e s e n t e d   a t   t h e   1 9 t h  

I n t e r n a t i o n a l   Wire   &  C a b l e   S y m p o s i u m ,   A t l a n t i c   C i t y ,   New 

J e r s e y ,   D e c e m b e r ,   1 9 7 0 .  

_  .  A  f l a t   c a b l e   f o r m e d   w i t h   a  p l u r a l i t y   of   f l a t  

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

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

in  U .S .   L e t t e r s   P a t e n t   No.  3 , 6 1 2 , 7 4 4 ,   i s s u e d   O c t o b e r   1 2 ,  

1971  and  i n v e n t e d   by  P . J .   T h o m a s .   A  s e c o n d   f l a t   c a b l e   i n  

t h e   fo rm  of  a  m i c r o s t r i p   i s   d e s c r i b e d   in  U .S .   L e t t e r s  

P a t e n t   No.  4 , 4 4 1 , 0 8 8 ,   w h i c h   i s s u e d   A p r i l   3,  1984  by  C . J .  
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A n d e r s o n .   The  A n d e r s o n   p a t e n t   d i s c u s s e s   t h e   r e d u c t i o n   o f  

c r o s s t a l k   by  a d j u s t i n g   t h e   amoun t   of  d i e l e c t r i c   m a t e r i a l  

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

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

5  o v e r   t h e   f l a t   c o n d u c t o r .  

The  a d v a n t a g e   o f   u t i l i z i n g   a  f l a t   c a b l e   b e c o m e s  

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

t h e   r e f e r e n c e s   c i t e d   a b o v e .   T h a t   i s ,   t h e   d i m e n s i o n s   o f  
t h e   c a b l e   may  be  a l t e r e d   t o   s e l e c t   or   c o n t r o l   t h e  

10  i m p e d a n c e   and  to   r e d u c e   t h e   a m o u n t   of  c r o s s t a l k .   T h i s  

c o n c e p t   was  i n c o r p o r a t e d   i n t o   an  e a r l y   c o n n e c t o r   w h e r e i n  

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

on  one   s i d e   by  a  g r o u n d   p l a n e   and   on  t h e   o t h e r   b y  
c o n d u c t i v e   s t r i p s .   The  d i s t a n c e   b e t w e e n   t h e   c o n d u c t i v e  

■̂ 5  s t r i p s   and  t h e   r e s i l i e n t   g r o u n d   p l a n e   was  s a i d   to   a c h i e v e  

i m p e d a n c e   m a t c h i n g   c h a r a c t e r i s t i c s .   See  U .S .   L e t t e r s  

P a t e n t   No.  3 , 4 0 1 , 3 6 9 ,   i s s u e d   S e p t e m b e r   10,  1968  by  P . H .  

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

2q  t h e r e i n   to   p e r m i t   a  h i g h   f r e q u e n c y   s i g n a l   to   p a s s   t h e r e  

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

an  IBM  T e c h n i c a l   D i s c l o s u r e   B u l l e t i n ,   Volume  10,  No.  3 ,  

A u g u s t   1967 ,   pp.   2 0 3 - 4 .   T h i s   c o n n e c t o r   d o e s   n o t  

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

25  i n v e n t i o n .  

I t   i s   a l s o   k n o w n   in   t h e   p r i o r   a r t   t o   u s e   a  

c o n n e c t o r   h a v i n g   a  p l u r a l i t y   of   c o n t a c t s   m o u n t e d   d i r e c t l y  
i n t o   a  m o t h e r   b o a r d .   T h e s e   c o n t a c t s   m a t e   w i t h   c o n d u c t i v e  
e l e m e n t s   upon   t h e   m o t h e r   b o a r d   and  i n c l u d e   s p r i n g   f i n g e r s  

2Q  t h a t   w ipe   c o n d u c t i v e   e l e m e n t s   on  a  d a u g h t e r   b o a r d   to   m a k e  

e l e c t r i c a l   c o n n e c t i o n   b e t w e e n   t h e   d a u g h t e r   b o a r d   and  t h e  

m o t h e r   b o a r d .   In  one   s u c h   c o n n e c t o r ,   s h o w n   in   U . S .  

L e t t e r s   P a t e n t   No.  3 , 6 5 1 , 4 3 2 ,   i s s u e d   March   21,  1972 ,   b y  
H.  E.  H e n s c h e n ,   e t   a l   .  ,  i m p e d a n c e   m a t c h i n g   of  a  m i c r o -  

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

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

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

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

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

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

b u l k y   and  d o e s   no t   l e n d   i t s e l f   to   a  h i g h   d e n s i t y  

c o n n e c t o r   s y s t e m .  

Two  a d d i t i o n a l   c o n n e c t o r   s y s t e m s   u t i l i z i n g   r o u n d  

w i r e s   w h i c h   a r e   b e n t   a t   n i n e t y   d e g r e e s   to   fo rm  c o n t a c t s  

10  t h a t   a r e   i n s e r t e d   i n t o   a  m o t h e r   b o a r d   a r e   shown  in  U . S .  

L e t t e r s   P a t e n t   No.  4 , 0 7 0 , 0 8 4 ,   i s s u e d   J a n u a r y   24,  1978 ,   b y  

R.V.  H u t c h i s o n ,   and  No.  4 , 2 3 2 , 9 2 9 ,   i s s u e d   N o v e m b e r   1 1 ,  

1980 ,   by  F.  Zobawa .   The  f i r s t   p a t e n t   d i s c u s s e s   a  m e a n s  

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

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

s u b s t r a t e .   An  a l t e r n a t i v e   a r r a n g e m e n t   shows  a  f l e x i b l e  

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

c o n d u c t i v e   e l e m e n t s   on  t h e   o t h e r .   The  s e c o n d   p a t e n t  
d i s c u s s e s   r e d u c t i o n   of   c r o s s t a l k   by  an  i n t e r m e d i a t e  

20  g r o u n d   p l a n e   l o c a t e d   b e t w e e n   t h e   c o n t a c t s .   Each  of  t h e s e  

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

h i g h   d e n s i t y   c o n n e c t o r .  

SUMMARY  OF  THE  INVENTION 

25  A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t h e   p r e s e n t  
i n v e n t i o n   to   p r o v i d e   a  h i g h   d e n s i t y   c o n n e c t o r   w h i c h   i s  

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

c r o s s t a l k .  

I t   is  a n o t h e r   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   t o  

3Q  p r o v i d e   a  h i g h   d e n s i t y   c o n n e c t o r   w h i c h   p e r m i t s   t h e  

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

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

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

A  f u r t h e r   o b j e c t   i s   to   p r o v i d e   a  h i g h   d e n s i t y  

35  c o n n e c t o r   w h i c h   may  be  e a s i l y   c o n f i g u r e d   to   a c c o m o d a t e  

d i f f e r e n t   s i z e d   p r i n t e d   c i r c u i t   b o a r d s   and   d i f f e r e n t  
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m o u n t i n g   c o n f i g u r a t i o n s   . 

Yet  a  f u r t h e r   o b j e c t   is   to  p r o v i d e   a  c o n f i g u r a t i o n  

f o r   an  e l e c t r i c a l   c o n n e c t o r   w h i c h   may  be  e a s i l y   r e p l a c e d  
and  r e p a i r e d .  

5  A  s t i l l   f u r t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   t o  

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

In  a c c o m p l i s h i n g   t h e s e   and  o t h e r   o b j e c t s ,   t h e r e   i s  

p r o v i d e d   a  d i s c r e t e   w a f e r   f o r m e d   f rom  a  d i e l e c t r i c  

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

m o u n t e d   by  s a i d   w a f e r .   A  s i n g l e ,   g r o u n d   p l a n e   e l e m e n t  

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

t h e   w a f e r .   The  d i s c r e t e   w a f e r s   a r e   t h e n   s t a c k e d  

s i d e - b y - s i d e   in   an  a r r a n g e m e n t   w h i c h   p e r m i t s   t h e   c f r o u n d  

15  p l a n e ,   m o u n t e d   by  two  w a f e r s ,   to   s u r r o u n d   t h e   p l u r a l i t y  
of   c o n d u c t i v e   e l e m e n t s ,   m o u n t e d   by  a  s i n g l e   d i s c r e t e  

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

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

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

20  d u c t i v e   e l e m e n t s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

u n i q u e   i d e a s   of  t h e   p r e s e n t   i n v e n t i o n .   T h e s e   e m b o d i m e n t s  

25  w i l l   be  b e t t e r   u n d e r s t o o d   a f t e r   c o n s i d e r a t i o n   o f   t h e  

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

F i g .   1  i s   a  s i d e   v i e w   s h o w i n g   an  a l t e r n a t i v e  

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

p r e s e n t   i n v e n t i o n ;  

30  F i g .   2  i s   an  end  v i ew   of  F i g .   1 ;  

F i g .   3  i s   a  b o t t o m   p l a n e   v i ew   of  F i g .   1 ;  

F i g .   4  i s   an  e x p l o d e d ,   p e r s p e c t i v e   v i e w ,   s h o w i n g  

t h e   c o n n e c t o r   i l l u s t r a t e d   in   F i g s .   1 - 3 ;  

F i g .   5  i s   a  c r o s s   s e c t i o n a l   v i ew   s h o w i n g   t h e   h i g h  

35  d e n s i t y   c o n n e c t o r   m o u n t i n g   f o u r   d a u g h t e r   b o a r d s   upon  a  
m o t h e r   b o a r d ;  
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F i g .   6  shows  a  t y p i c a l   l a y o u t   f o r   t he   c o n d u c t i v e  

p a d s   w h i c h   may  be  u t i l i z e d   u p o n   a  m o t h e r   b o a r d   or   a  

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

1 - 5 ;  

F i g .   7  i s   a  p e r s p e c t i v e   v i ew  s h o w i n g   an  i n s u l a t e d  

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

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   8  i s   a  c r o s s - s e c t i o n a l   v i ew   t a k e n   a l o n g   l i n e  

8-8   of   F i g .   7 ;  

F i g .   9  i s   a  c r o s s - s e c t i o n a l   v i ew   of   a  h i g h   d e n s i t y  

c o n n e c t o r   i n c o r p o r a t i n g   t h e   w a f e r   shown  in  F i g s .   7  and  8 ;  

F i g .   10  i s   a  c r o s s - s e c t i o n a l   v i e w   of   t h e   s e c o n d  

s i d e   of  t h e   w a f e r   shown  in  F i g .   9 ;  

F i g .   11  i s   a  s i d e   v i e w ,   s i m i l a r   to   Fig*.  1 ,  

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

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

i n v e n t i o n ;  

F i g .   12  i s   an  end  v i ew   of  F i g .   1 1 ;  

F i g .   13  i s   a  b o t t o m   p l a n   v i e w   of   t h e   c o n n e c t o r  

shown  in  F i g .   1 1 ;  
20  * 

F i g .   14  i s   a  p e r s p e c t i v e   v i ew   s h o w i n g   an  i n s u l a t i n g  

h o u s i n g   w h i c h   r e c e i v e s   t h e   d i s c r e t e   w a f e r s   of   F i g .   7 ;  

F i g .   15  i s   a  p a r t i a l   v i ew   s h o w i n g   t he   c o n d u c t i v e  

p a d s ,   w h i c h   may  be  u t i l i z e d   upon   a  p r i n t e d   c i r c u i t   b o a r d  

m o u n t i n g   t h e   c o n n e c t o r   shown  in  F i g s .   7 - 1 4 ;  

F i g .   16  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e  

1 6 - 1 6   of  F i g .   9 ;  

F i g .   17  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e  

1 7 - 1 7   of   F i g .   9 ;  

F i g .   18  i s   a  c u r v e   s h o w i n g   t h e   maximum  c r o s s t a l k   a s  
30  

a  p e r c e n t a g e   v e r s u s   t h e   p i t c h   to   h e i g h t   r a t i o   (P /H)   o f  

t h e   c o n n e c t o r ;  

F i g .   19  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n ,   s i m i l a r   t o  

F i g .   12,   s h o w i n g   a  c o n n e c t o r   a r r a n g e m e n t   w h e r e i n   t h e  

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

a l i g n e d   c o n f i g u r a t i o n ;  
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F i g .   20  i s   a  s c h e m a t i c ,   s i m i l a r   to   F i g .   19,  p r e -  
s e n t i n g   a  c o n n e c t o r   m o u n t i n g   a r r a n g e m e n t   w h e r e i n   t h e  

p r i n t e d   c i r c u i t   b o a r d s   may  be  m o u n t e d   in   p a r a l l e l ;  

F i g .   21  shows  a  s c h e m a t i c   a r r a n g e m e n t   of  t h e  
5  p l u r a l i t y   of   c o n d u c t i v e   e l e m e n t s   shown  in  t h e   c o n n e c t o r  

of   F i g s .   7 - 1 4 ;   a n d  

F i g .   22  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   s i m i l a r   t o  

F i g .   21  s h o w i n g   a n o t h e r   e m b o d i m e n t .  

10  DESCRIPTION  OF  THE  PREFERRED  AND  ALTERNATIVE  EMBODIMENTS 

R e f e r r i n g   now  to  t h e   d r a w i n g s ,   F i g s .   1-5  i l l u s t r a t e  

one  e m b o d i m e n t   of  t h e   h i g h   d e n s i t y   c o n n e c t o r   10  w h e r e i n  

F i g .   1  i s   a  s i d e   v i ew   s h o w i n g   v a r i o u s   c o m p o n e n t s   of  t h e  

c o n n e c t o r   i n c l u d i n g   a  d i s c r e t e   w a f e r   12  w h i c h ,   in*  t h i s  

15  a l t e r n a t i v e   e m b o d i m e n t ,   m o u n t s   a  p l u r a l i t y   o f   s i g n a l  
c a r r y i n g   c o n t a c t   e l e m e n t s   14  a d j a c e n t   to   w h i c h   i s   m o u n t e d  

a  s i n g l e   g r o u n d   p l a n e   e l e m e n t   16.  Each  d i s c r e t e   w a f e r   12 
i s   p l a c e d   in   a  s i d e - b y - s i d e   s t a c k   w i t h   o t h e r   d i s c r e t e  

w a f e r s   12  h a v i n g   g r o u n d   p l a n e   e l e m e n t s   16  p l a c e d   t h e r e -  
20  b e t w e e n   as  b e s t   s e e n   in   F i g .   4.  In  t h i s   c o n f i g u r a t i o n ,  

t h e   i n d i v i d u a l   c o n t a c t   e l e m e n t s   14  a r e   e n c a p s u l a t e d  
w i t h i n   t h e   i n s u l a t i n g ,   d i e l e c t r i c   m a t e r i a l   of   w a f e r   1 4  

and   s u r r o u n d e d   on  e a c h   s i d e   by  g r o u n d   p l a n e s   16  f o r  

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

25  1 4 .  

In  t h e   e m b o d i m e n t s   shown  in  F i g s .   1 - 5 ,   i t   w i l l   b e  

s e e n   t h a t   t h e   i n d i v i d u a l   c o n t a c t   e l e m e n t s   14  a r e  
f a b r i c a t e d   to  form  a  n i n e t y   d e g r e e   t u r n   ( F i g .   5)  w h i c h   i s  
t e r m i n a t e d   a t   e a c h   end  by  a  p a i r   of   s p r i n g   w i p i n g   f i n g e r  

30  18.  S i m i l a r l y ,   t h e   g r o u n d   p l a n e   e l e m e n t s   16  a r e   e a c h  

p r o v i d e d   w i t h   f o u r   s p r i n g   w i p i n g   f i n g e r s   19  ( F i g .   4 ) .  

The  s p r i n g   f i n g e r s   18  and  19  a r e   b e n t   a t   an  a n g l e   to   t h e  

r i g h t   in  F i g s .   1,  2  and  4  w i t h   f i n g e r s   18  e x t e n d i n g   f r o m  

e a c h   w a f e r   12  a t   a  s u r f a c e   w h i c h   h a s   b e e n   r e c e s s e d   a t   20  

35  to   p e r m i t   f l e x u r e   in   t h e   r i g h t - h a n d   d i r e c t i o n .   As  s e e n  
in  F i g s .   1  and  3,  t h e   r i g h t - h a n d   f l e x u r e   of  t h e   s p r i n g  
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f i n g e r s   18  and  19  f i t s   o v e r   a d j a c e n t   s p r i n g   f i n g e r s   s o  

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

w i t h i n   t h e   s i d e - b y - s i d e   s t a c k   of  w a f e r s   12.  A  s p a c e r   22  

is   p r o v i d e d   a t   t h e   f a r   r i g h t   edge   of  e a c h   s t a c k ,   f o l l o w e d  

5  by  a  m o u n t i n g   b r a c k e t   24.  The  g r o u n d   p l a n e   e l e m e n t   16  

and   s p a c e r s   22  h a v e   a  c o n f i g u r a t i o n   s i m i l a r   to   t h e  

c o n f i g u r a t i o n   of  w a f e r   12  i n c l u d i n g   a  r e c e s s   23.  I t   m a y  

now  be  s e e n   t h a t   t h e   p u r p o s e   of  t h e   s p a c e r   22  and  i t s  

r e c e s s   23  i s   to   p r o v i d e   an  a r e a   i n t o   w h i c h   t h e   s p r i n g  

,Q  f i n g e r s   18  and   19  may  f l e x   when   t h e   c o n n e c t o r   10  i s  

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

of   t h e   m o u n t i n g   b r a c k e t s   24  on  o p p o s i t e   s i d e s   of   t h e  

w a f e r   s t a c k   c o m p l e t e s   t h e   a s s e m b l y .  
As  b e s t   s e e n   in  F i g .   4,  t h e   w a f e r s   12,  g r o u n d   " p l a n e  

,c  e l e m e n t s   16,   s p a c e r s   22  and   m o u n t i n g   b r a c k e t s   24  a r e  

a s s e m b l e d   in   a  s t a c k   w h i c h   may  be  f o r m e d   by  a  s e r i e s   o f  

r e p e a t e d   p a r t s   to   any  d e s i r e d   l e n g t h .   T h e s e   p a r t s   a r e  

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

s m a l l e r   a p e r t u r e s   25  f o r   r e c e i v i n g   a  s e t   of   l o c a t i n g  

-Q  s h a f t s   26  and   a  l a r g e r   a p e r t u r e   27  f o r   r e c e i v i n g   a  

s u p p o r t   s h a f t   28.  The  c o n n e c t o r   10  i s   t h u s   a s s e m b l e d   b y  

s t a c k i n g   a  m o u n t i n g   b r a c k e t   24  on  t h e   l e f t - h a n d   end  o f  

t h e   s t a c k   f o l l o w e d   by  a  g r o u n d   p l a n e   e l e m e n t   16,  a  w a f e r  

12,  and  a  g r o u n d   p l a n e   e l e m e n t   16  u n t i l   a  p r e d e t e r m i n e d  

2c  n u m b e r   of   w a f e r s   and   g r o u n d   p l a n e   e l e m e n t s   h a v e   b e e n  

s t a c k e d   upon  t h e   s h a f t s   26  and  28.  I t   s h o u l d   be  n o t e d  

h e r e   t h a t   t h e   n u m b e r   of  g r o u n d   p l a n e   e l e m e n t s   16  i s   o n e  

more  t h a n   t h e   g r o u n d   p l a n e   e l e m e n t s   12.  The  s t a c k   i s   t h e n  

f o l l o w e d   by  a  s p a c e r   22  w h i c h   p r o v i d e s   t h e   r e c e s s e s   23  

30  i n t o   w h i c h   t h e   s p r i n g   f i n g e r s   18  f o r   c o n t a c t s   14  a n d  

s p r i n g   f i n g e r s   19  f o r   g r o u n d   p l a n e   16  e x t e n d .   The  n e x t  

e l e m e n t   in  t h e   s t a c k   i s   a  s e c o n d   m o u n t i n g   b r a c k e t   24.  I n  

t h e   e m b o d i m e n t   shown  in  F i g s .   1 - 3 ,   t h e   s t a c k   i s   t y p i c a l l y  

12"  x  1 / 2 "   x  1 / 2 "   in  s i z e .   The  s u p p o r t   s h a f t   28  r e c e i v e s  

35  a  s c r e w   30  a t   e a c h   end   w h o s e   t h r e a d s   p a s s   t h r o u g h   a  

c l e a r a n c e   h o l e   in  b r a c k e t   24  i n t o   t h e   i n t e r n a l l y   t h r e a d e d  
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end  of   s h a f t   28  f o r   c o m p r e s s i n g   and  r e t a i n i n g   t h e   1 2 "  

s t a c k   in  i t s   d e s i r e d   c o n f i g u r a t i o n .   In  t h e   h i g h   d e n s i t y  
c o n n e c t o r   10  shown  in  F i g s .   1 - 5 ,   t h e r e   a r e   f o u r   c o n t a c t  

e l e m e n t s   14  w i t h   c o r r e s p o n d i n g   s p r i n g   f i n g e r s   18  m o u n t e d  

5  b e t w e e n   t h e   two  s p r i n g   f i n g e r s   19  a s s o c i a t e d   w i t h   t h e  

g r o u n d   p l a n e   e l e m e n t   16.  T h i s   a s s u r e s   good  e l e c t r i c a l  
i s o l a t i o n   f o r   t h e   f o u r   c o n t a c t s   1 4 .  

R e f e r r i n g   now  to  F i g .   5,  t h e   c o n n e c t o r   10  i s   s h o w n  
w i t h   e a c h   b r a c k e t   24  h a v i n g   f o u r   l o c a t i n g   p i n s   32  

10  e x t e n d i n g   f rom  two  a d j a c e n t   s u r f a c e s .   A  f i r s t   s u r f a c e  
m o u n t s   a  b a c k p l a n e   or   m o t h e r   b o a r d   34  w h e r e i n   l o c a t i n g  
p i n s   32  a r e   r e c e i v e d   by  a p e r t u r e s   36  w i t h i n   t h e   b o a r d   3 4 .  

M o u n t e d   a t   a  r i g h t   a n g l e ,   or  n i n e t y   d e g r e e s   to   t h e   m o t h e r  
b o a r d   34  i s   a  m o d u l e   or  d a u g h t e r   b o a r d   38,  a l s o   h a v i n g  

15  a p e r t u r e s   36  t h e r e i n   f o r   r e c e i v i n g   t h e   l o c a t i n g   p i n s   3 2 .  
The  m o t h e r   and  d a u g h t e r   b o a r d s   34  and  38  a r e   r e t a i n e d  

a g a i n s t   t h e   c o n n e c t o r   10  by  s u i t a b l e   f a s t e n i n g   m e a n s ,  
s u c h   as  s c r e w s   40.  As  s e e n   in  t h e   r i g h t - h a n d   p o r t i o n   o f  

F i g .   5,  t h e   s c r e w s   40  p a s s   t h r o u g h   t h e   b o a r d s   34  and  38  

20  i n t o   t h r e a d e d   h o l e s   in  t h e   m o u n t i n g   b r a c k e t s   34.  F u r t h e r  
down  t h e   s t a c k   of  c o n n e c t o r   10,  as  s e e n   in  t h e   l e f t - h a n d  

p o r t i o n   of  F i g .   5,  t h e   w a f e r s   12  a r e   i l l u s t r a t e d   w i t h   t h e  

c o n t a c t   e l e m e n t s   14  e n c a p s u l a t e d   t h e r e i n .   I t   w i l l   b e  

u n d e r s t o o d   t h a t   t h e   s p r i n g   f i n g e r s   18  of  c o n t a c t   e l e m e n t s  

25  14  a r e   c o m p r e s s e d   a g a i n s t   t h e   m o t h e r   and  d a u g h t e r   b o a r d s  
34  and  38  w i t h i n   t h e   r e c e s s e s   20  to   make  an  e l e c t r i c a l  

c o n n e c t i o n   t h e r e b e t w e e n .  

To  a c c o m p l i s h   t h e   e l e c t r i c a l   c o n n e c t i o n ,   t h e   s p r i n g  
f i n g e r s   18  c o n t a c t   s u i t a b l e   p a d s   42  s u c h   as  t h o s e   s h o w n  

30  in   F i g .   6  m o u n t e d   u p o n   t h e   d a u g h t e r   b o a r d   38 .   E a c h  
i n d i v i d u a l   pad  42  i s   p r o v i d e d   w i t h   a p e r t u r e s   44  to   m a k e  

an  e l e c t r i c a l   c o n n e c t i o n   to   t h e   f a r   s i d e   of  t h e   d a u g h t e r  
b o a r d   w h e r e   c o n n e c t i o n   w i t h   e l e c t r i c a l   c o n d u c t o r s   ( n o t  

shown)   i s   c o m p l e t e d .   The  s p r i n g   f i n g e r s   19  on  t h e   g r o u n d  

35  p l a n e   e l e m e n t s   16  c o n t a c t   a  p a i r   of  c o n d u c t i v e   s t r i p s   4 6  

on  e i t h e r   s i d e   of  t h e   p a d s   4 2 .  
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In  t h e   a l t e r n a t i v e   e m b o d i m e n t   shown  in  F i g s .   1 - 5 ,  

t h e   c o n n e c t o r   10  c o n s i s t s   of  a  s t a c k   of   f i v e   b r a c k e t s   2 4 ,  

f o u r   s p a c e r s   22,  two  h u n d r e d   and  f o u r   w a f e r s   12  and  t w o  

h u n d r e d   and   e i g h t   g r o u n d   p l a n e s   14 .   The  r e a d e r   w i l l  
5  r e m e m b e r   t h a t ,   in   t h e   e m b o d i m e n t   shown,   t h e r e   a r e   f o u r  

s u b s   t a c k s   of  w a f e r s   12  so  t h a t   t h e   one  a d d i t i o n a l   g r o u n d  

p l a n e   16  in   e a c h   s u b s t a c k   t o t a l s   t h e   f o u r   a d d i t i o n a l  

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

10  c o n t a c t s   made  by  s p r i n g   f i n g e r s   18  and  f o u r   h u n d r e d   a n d  

s i x t e e n   g r o u n d   c o n t a c t s   made  by  f i n g e r s   1 9 .  

A  p r e f e r r e d   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   i s  

shown  in  F i g s .   7 - 1 4 .   As  b e s t   s e e n   in   F i g s .   7  and  8,  a  
d i s c r e t e   d i e l e c t r i c   w a f e r   52  i s   m o l d e d   f r o m   s u i t a b l e  

15  i n s u l a t i o n   m a t e r i a l s ,   s u c h   as  p o l y s u l f o n e ,   to   moun t   a  

p l u r a l i t y   of  i n d i v i d u a l   c o n d u c t i v e   c o n t a c t   e l e m e n t s   5 4 ,  

F i g .   9,  on  one  s i d e ,   and  to   moun t   a  s i n g l e   g r o u n d   p l a n e  
e l e m e n t   56  on  t h e   o t h e r   s i d e   t h e r e o f ,   F i g .   10.   E a c h  

i n d i v i d u a l   s i g n a l   c o n t a c t   54  i s   c o n s t r u c t e d   w i t h   a n  
20  a r c u a t e   c u r v e   of  n i n e t y   d e g r e e s   w h i c h   i s   t e r m i n a t e d   a t  

e a c h   end   by  a  s p r i n g   w i p i n g   f i n g e r s   58 .   The  s p r i n g  
f i n g e r s   58  a r e   s h o w n   in   t h e i r   c o m p r e s s e d   p o s i t i o n   i n  

F i g s .   9  and  10  as  i f   p r e s s e d   a g a i n s t   a  p r i n t e d   c i r c u i t  
b o a r d   s u c h   as  b o a r d s   34  or  38.  The  g r o u n d   p l a n e   e l e m e n t  

25  56  i s   a l s o   p r o v i d e d   w i t h   a  p l u r a l i t y   of   s p r i n g   f i n g e r s  
59,  w h i c h   c o i n c i d e   in  t h e i r   s p a c i n g   w i t h   e a c h   i n d i v i d u a l  

s p r i n g   f i n g e r   58  f rom  t h e   c o n t a c t   e l e m e n t s   54.  In  t h e  

p r e f e r r e d   e m b o d i m e n t ,   t h e   c o n t a c t   e l e m e n t s   54  and  g r o u n d  
p l a n e   e l e m e n t s   56  may  be  c o n s t r u c t e d   f rom  b e r y l l u m   c o p p e r  

30  or  o t h e r   s u i t a b l e   a l l o y s .  

The  d i e l e c t r i c   w a f e r   w a f e r   52  i s   m o l d e d   i n t o   a  

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

s u r f a c e s   60  and  62  ( F i g .   7 ) .   The  f i r s t   s u r f a c e   60  i s  

p r o v i d e d   w i t h   a  p l u r a l i t y   of   g r o o v e s   64,  e i g h t   a r e   s h o w n  
35  in  t h e   p r e f e r r e d   e m b o d i m e n t   of  F i g .   8,  w h i c h   r e c e i v e d   t h e  

a r c u a t e   c o n t a c t   e l e m e n t s   54.  Two  e d g e s   of   s u r f a c e   6 0  
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a r r a n g e d   a t   r i g h t   a n g l e s   to   one   a n o t h e r   a r e   r e l i e v e d  

a l o n g   t h o s e   e d g e s   to   a  d e p t h   e q u a l   t o   t h e   d e p t h   o f  

g r o o v e s   64  to   form  r e c e s s e s   66.  T h e s e   r e c e s s e s   66  p r o -  
v i d e   c l e a r a n c e   f o r   t h e   m o t i o n   of  t h e   s p r i n g   f i n g e r s   58  a s  

5  t h e y   a r e   p r e s s e d   a g a i n s t   t h e   p r i n t e d   c i r c u i t   b o a r d s .   T h e  

s e c o n d   s u r f a c e   62  of  w a f e r   52  i s   p r o v i d e d   w i t h   a  s i n g l e  

r e c e s s   68  w h i c h   r e c e i v e s   t h e   g r o u n d   p l a n e   e l e m e n t   5 6 .  

R e c e s s   68  e x t e n d s   to  t h e   two  e d g e s   of  t h e   h e x a g o n a l   w a f e r  

52  t h a t   a r e   a r r a n g e d   a t   n i n e t y   d e g r e e s   to   one  a n o t h e r   t o  

10  p e r m i t   t h e   s p r i n g   f i n g e r s   59  of  t h e   g r o u n d   p l a n e   e l e m e n t  

56  to   be  e x p o s e d   to  t h e   p r i n t e d   c i r c u i t   b o a r d s   o p p o s i t e  

f i n g e r s   5 8 .  

I t   w i l l   be  s e e n   f rom  a  c o m p a r i s o n   of  t h e   c o n t a c t s  
58  in   F i g .   9  w i t h   t h e   c o n t a c t s   59  in   F i g .   10  tha%  t h e  

j_5  g r o u n d   p l a n e   c o n t a c t s   59  a r e   w i d e r   t h a n   t h e i r   c o u n t e -  

r p a r t s   58.  T h i s   c o n f i g u r a t i o n   a s s u r e s   t h a t   t h e   n a r r o w e r  

s p r i n g   f i n g e r s   58  of   t h e   s i g n a l   c a r r y i n g   c o n t a c t s   54  a r e  
b e t t e r   s h i e l d e d   by  t h e   i n d i v i d u a l   s p r i n g   f i n g e r s   59  t o  

r e d u c e   c r o s s t a l k   b e t w e e n   f i n g e r s   5 8 .  

20  R e f e r r i n g   now  to   F i g s .   1 1 - 1 3 ,   i t   w i l l   be  s e e n   t h a t  

t h e   d i s c r e t e   w a f e r s   52  w i t h   t h e   c o n t a c t s   54  and  g r o u n d  

p l a n e   56  i n   p l a c e   may  be  s t a c k e d   in   a  s i d e - b y - s i d e  

a r r a n g e m e n t   to  c r e a t e   a  s t a c k   t h a t   f o r m s   t h e   h i g h   d e n s i t y  

c o n n e c t o r   50.  I t   i s   p o s s i b l e   to   form  t h e   g r o o v e s   64  d e e p  

2c  e n o u g h   w i t h i n   t h e   s u r f a c e s   60  of  w a f e r s   52  to   p l a c e   o n e  
w a f e r   a g a i n s t   t h e   o t h e r   w i t h o u t   c a u s i n g   t h e   c o n t a c t  

e l e m e n t s   54  t o   t o u c h   t h e   a d j a c e n t   g r o u n d   p l a n e   5 6 .  

H o w e v e r ,   in   t h e   p r e f e r r e d   e m b o d i m e n t ,   a  s l o t t e d   h o u s i n g  
72  i s   p r o v i d e d   to   r e c e i v e   t h a t   d i s c r e t e   w a f e r s   5 2 .  

,q  H o u s i n g   72,  F i g .   14,  has   a  h e x a g o n a l   c r o s s   s e c t i o n   and  i s  

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

p o l y s u l f o n e ,   w i t h   a  p l u r a l i t y   of  s l o t s   74  w h i c h   a r e   o p e n  

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

a n o t h e r .   The  s l o t s   74  a r e   a r r a n g e d   to   r e c e i v e   t h e   w a f e r s  

tc  52,   c o n t a c t   e l e m e n t s   54,   and   g r o u n d   p l a n e s   56 .   T h e  

h o u s i n g   72  t h u s   f o r m s   a  f i r s t   h o u s i n g   f o r   m o u n t i n g   t h e  
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p l u r a l i t y   of   w a f e r s   52.  H o u s i n g   72  i s   t h e n   i n s e r t e d   i n t o  

an  e l o n g a t e d   o p e n i n g   76  in  t h e   s e c o n d   h o u s i n g   78.  T h e  

i n s e r t i o n   of  f i r s t   h o u s i n g   72  i n t o   e l o n g a t e d   o p e n i n g s   76  

may  be  a c c o m p l i s h e d   by  r e m o v i n g   t h e   t o p   of  h o u s i n g   7 8 .  

5  H o w e v e r ,   in  t h e   p r e f e r r e d   e m b o d i m e n t ,   a  p i e   s h a p e d   p i e c e  
79  i s   r e m o v e d .   H o u s i n g   72  i s   t h e n   r o t a t e d   s l i g h t l y   a n d  

i n s e r t e d   i n t o   o p e n i n g   76  so  as  no t   to   i n j u r e   t h e   s p r i n g  
f i n g e r s   58  and  59.  By  r o t a t i n g   t h e   h o u s i n g   72,  i t   i s  

p o s s i b l e   to   i n s e r t   t h e   h o u s i n g   72  i n t o   s l o t   76  f a r   e n o u g h  

10  to   p e r m i t   t h e   c l e a r a n c e   of   c o n t a c t s   58  and  59  i n t o   t h e  
l e f t - h a n d   o p e n i n g   of  s l o t   76.  Once  h o u s i n g   72  i s   f i r m l y  
in  p l a c e   in   h o u s i n g   s l o t   76,  t h e   wedge   member   79  may  b e  

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

as  s c r e w s ,   n o t   s h o w n .   The  s e c o n d   h o u s i n g   78  i s   p r o v i d e d  

15  w i t h   l o c a t i n g   p i n s   80  and   t h r e a d e d   a p e r t u r e s   81  f o r  

a l i g n i n g   and  m o u n t i n g   t h e   c o n n e c t o r   50  to   s u i t a b l e  

p r i n t e d   c i r c u i t   b o a r d s   82  and  84,  or  by  s c r e w s   85,  F i g .  
1 2 .  

I t   w i l l   be  s e e n   in  F i g s .   11  and  13  t h a t   t h e   s t a c k  

2q  o f   w a f e r s   52  c o m p r i s e s   a  g r o u n d   p l a n e   56  a t   t h e   f a r  
l e f t - h a n d   end  of  t h e   s l o t   76  a d j a c e n t   h o u s i n g   72.  T h e  

g r o u n d   p l a n e   i s   m o u n t e d   by  t h e   w a f e r   52  w h o s e   n e x t  
s u r f a c e   m o u n t s   t h e   c o n t a c t   e l e m e n t s   54.  T h i s   a l t e r n a t e  
s t a c k   c o n t i n u e s   u n t i l   t h e   f a r   r i g h t - h a n d   end  of  s l o t   7 6  

25  w h e r e i n   t h e   l a s t   w a f e r   52  i n c l u d e s   o n l y   t h e   g r o u n d   p l a n e  
56.  T h u s ,   s l o t   76  may  moun t   one  h u n d r e d   and  one  w a f e r s  
52  t h e r e i n   h a v i n g   one  h u n d r e d   s e t s   of  c o n t a c t   e l e m e n t s   5 4  
and  one  h u n d r e d   and  one  s e t s   of   g r o u n d   p l a n e   e l e m e n t s   5 6 .  
T h i s   c o n f i g u r a t i o n   m o u n t s   a  t o t a l   of  s i x t e e n   h u n d r e d   a n d  

30  e i g h t   s p r i n g   f i n g e r   c o n t a c t s   54  and  56.  The  r e a d e r   w i l l  

u n d e r s t a n d   t h a t   t h e   s p r i n g   f i n g e r s   54  and  56  a r e   s h o w n  

s c h e m a t i c a l l y   in  F i g s .   11  and  13  as  s i m p l e   d o t s .  

Once  a  p r i n t e d   c i r c u i t   b o a r d   or   m o t h e r   b o a r d   82  i s  

p r e s s e d   a g a i n s t   t h e   h o u s i n g   78  o f   c o n n e c t o r   50 ,   t h e  

35  s p r i n g   f i n g e r s   58  of  c o n t a c t   e l e m e n t s   54  s l i d e   a c r o s s  
p a d s   86  ( F i g .   15)  to  make  e l e c t r i c a l   c o n t a c t   w i t h   t h e  
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b o a r d   82.  S i m i l a r l y ,   t h e   s p r i n g   f i n g e r s   59  of   t h e   g r o u n d  

p l a n e   e l e m e n t s   56  s l i d e   a c r o s s   c o n d u c t i v e   s t r i p s   88  t o  

c o m p l e t e   t h e   s t r i p l i n e   c i r c u i t   f o r m e d   by  s u r r o u n d i n g  
c o n t a c t   e l e m e n t s   54  by  g r o u n d   p l a n e s   5 6 .  

5  As  s e e n   in   F i g .   16,   t h e   c r o s s   s e c t i o n   of   t h e  
s t r i p l i n e   c o n n e c t i o n   f o r m e d   by  g r o u n d   p l a n e   e l e m e n t s   56  

on  e i t h e r   s i d e   of  c o n t a c t   e l e m e n t s   54  h a s   b e e n   f o r m e d  
w i t h   t h e   s i d e - b y - s i d e   g r o u n d   p l a n e s   56  e q u a l   d i s t a n c e  
f rom  t he   c o n t a c t s   54.  The  g r o u n d   p l a n e s   56  a r e   s e p a r a t e d  

10  by  a  d i s t a n c e   "b"  w h e r e a s   t h e   c o n t a c t   e l e m e n t s   54  h a v i n g  
a  w i d t h   "w"  and  a  t h i c k n e s   " t "   a r e   s p a c e d   f rom  t h e   b o t t o m  

g r o u n d   p l a n e   56  by  a  d i s t a n c e   "H".  L a s t l y ,   t h e   c o n t a c t s  
54  a r e   s p a c e d   a p a r t   by  a  p i t c h   "P" .   The  i m p e d a n c e   Z  o f  

o  
e a c h   c o n t a c t   54  may  be  e x p r e s s e d   by  t h e   e q u a t i o n :  

15  

Z  =  60  1n  4 b  
o  er   ~ ~ ^   ( -8   w+t]""  

w h e r e i n :  

b  =  h e i g h t  

20  t  ~  t h i c k n e s s   of   c o n d u c t o r ;  

w  =  w i d t h   of  c o n d u c t o r  

e r   =  r e l a t i v e   d i e l e c t r i c   c o n s t a n t   o f   i s u l a t i o n  
m a t e r i a l s ;   a n d  

1  =  n a t u r a l   l o g  

25  From  t h e   f o r e g o i n g   e q u a t i o n ,   one  n o t e s   t h e r e   a r e  
f o u r   v a l u e s   w h i c h   may  be  a d j u s t e d   to   a d j u s t   and  c o n t r o l  
t h e   i m p e d a n c e   of   t h e   c o n n e c t o r .   T h e s e   i n c l u d e   t h e  
d i e l e c t r i c   c o n s t a n t   o f   t h e   i n s u l a t i n g   m a t e r i a l   w h i c h  
f o r m s   w a f e r   52,  t h e   w i d t h   and  t h i c k n e s s   of  c o n t a c t   5 4 ,  

3(J  
and  t h e   h e i g h t   b e t w e e n   t h e   g r o u n d   p l a n e   56  and  c o n t a c t  
54.  By  a d j u s t i n g   one  or  a l l   of  t h e s e   v a l u e s ,   one  may  
e s t a b l i s h   t h e   i m p e d a n c e   of  e a c h   c o n t a c t   e l e m e n t   54  a t   a  
c o n s t a n t   v a l u e ,   f o r   e x a m p l e :   60  ohms,   r e g a r d l e s s   of  t h e  

l e n g t h   of  t h a t   c o n t a c t   e l e m e n t .  

35  C r o s s t a l k   w i t h i n   c o n n e c t o r   50  may  be  r e d u c e d   b y  
p r o v i d i n g   a  t h i c k e r   s p r i n g   f i n g e r   59  f o r   e a c h   g r o u n d  
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p l a n e   56  t h a n   t h e   r e l a t e d   s p r i n g   f i n g e r   58  f o r   e a c h  

c o n t a c t   54.   T h i s   c o n f i g u r a t i o n   i s   s h o w n   in   F i g .   1 7 .  

C r o s s t a l k   may  a l s o   be  r e d u c e d   by  a d j u s t i n g   t h e   r a t i o   o f  

t h e   d i s t a n c e   b e t w e e n   two  a d j a c e n t   c o n t a c t   e l e m e n t s   54  o r  

5  p i t c h   "P"  in  p r o p o r t i o n   to   t he   h e i g h t   "H"  of  t h e   c o n t a c t s  

54  a b o v e   t h e   g r o u n d   p l a n e   56.  The  p e r c e n t a g e   o f  

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

(P /H)   i s   shown  in  F i g .   18.  By  a d j u s t i n g   t h e   p i t c h   of  t h e  

c o n t a c t   e l e m e n t s   54  or  t h e   e q u a l   s p a c i n g   of  t h e s e  

IQ  c o n t a c t s   f rom  t h e   g r o u n d   p l a n e s   56,  i t   i s   p o s s i b l e   t o  

r e d u c e   c r o s s t a l k   s i g n i f i c a n t l y   as  shown  by  t h e   c u r v e   o f  

F i g .   1 8 .  

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

b o a r d   84  a t   a  r i g h t   a n g l e   to   t h e   m o t h e r   b o a r d   82  in*  F i g .  

^5  12,  i t   w i l l   be  u n d e r s t o o d   t h a t   t h e   c o n n e c t o r   50  and  i t s  

h o u s i n g   78  may  be  m o d i f i e d   w h e r e i n   t h e   c o n t a c t s   54  e x t e n d  

t h r o u g h   a  180  d e g r e e   a r c   to   mount   t h e   two  b o a r d s   82  a n d  

84  in  a  p a r a l l e l   i n - l i n e   c o n f i g u r a t i o n ,   F i g .   19.  F u r -  

t h e r ,   t h e   c o n n e c t o r   50  and  i t s   h o u s i n g   78  may  be  m o d i f i e d  

2q  to   a c c o m m o d a t e   t h e   c o n t a c t s   in   a  s t r a i g h t   l i n e   c o n f i g u r a -  

t i o n   w h e r e i n   t h e   two  b o a r d s   82  and  84  a r e   m o u n t e d   in  a  

p a r a l l e l   c o n f i g u r a t i o n ,   one  upon  t h e   o t h e r ,   F i g .   20.  T h e  

p r e f e r r e d   e m b o d i m e n t   h a s   a l s o   shown  t h e   s p r i n g   f i n g e r s   58  

f rom  t h e   c o n t a c t   e l e m e n t s   54  m o u n t e d   in  a l t e r n a t i n g   r o w s  

25  w i t h   f i n g e r s   59  f rom  t h e   g r o u n d   p l a n e s   e l e m e n t   56.  S u c h  

an  a r r a n g e m e n t   i s   shown  s c h e m a t i c a l l y   in  F i g .   21.  T h e r e  

a r e   o t h e r   e m b o d i m e n t s ,   h o w e v e r ,   w h e r e   i t   may  be  d e s i r a b l e  

to   p l a c e   t h e   s p r i n g   f i n g e r s   58  in  an  i m m e d i a t e   s i d e - b y -  

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

jq  e l e m e n t s   56.  Such  an  a r r a n g e m e n t   i s   shown  in  F i g .   2 2 .  

T h i s   a r r a n g e m e n t   may  be  e a s i l y   a c c o m p l i s h e d   by  t h e  

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

O t h e r   v a r i a t i o n s   o f   t h e   p r e s e n t   i n v e n t i o n   w i l l  

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

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

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

1 0  
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2 0  
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35  
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I  CLAIM: 

1  .  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r   w i t h  

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

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

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

w a f e r ;  

a  s i n g l e ,   s e c o n d   c o n d u c t i v e   e l e m e n t   f o r   c o n n e c t i o n  
10  to   an  e l e c t r i c a l   g r o u n d   m o u n t e d   by  e a c h   w a f e r ;  

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

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

m o u n t e d   by  e a c h   w a f e r   i s   m o u n t e d   .  on  e a c h   s i d e   of   s a i d  

p l u r a l i t y   of   f i r s t   c o n d u c t i v e   e l e m e n t s   to   fo rm  s t r i p l i n e  
15  c o n n e c t i o n s   in  a  h i g h   d e n s i t y   s t a c k .  

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

in  C l a i m   1,  a d d i t i o n a l l y   c o m p r i s i n g :  

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

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

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

a d j a c e n t   to   e a c h   w a f e r .  

25  3.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   as  c l a i m e d  

in  C l a i m   1,  a d d i t i o n a l l y   c o m p r i s i n g :  

s a i d   w a f e r s   a r e   d i e l e c t r i c ,   e a c h   h a v i n g   a  f i r s t   a n d  

s e c o n d   s i d e ;  

s a i d   p l u r a l i t y   o f   f i r s t   c o n d u c t i v e   e l e m e n t s   a r e  
30  m o u n t e d   upon   s a i d   f i r s t   s i d e   of   s a i d   w a f e r s ;  

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

upon  s a i d   s e c o n d   s i d e   of  s a i d   w a f e r s .  

4.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   as  c l a i m e d  

35  in  C l a i m   3,  a d d i t i o n a l l y   c o m p r i s i n g :  

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

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

5 

5.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   as  c l a i m e d  
in  C l a i m   1,  a d d i t i o n a l l y   c o m p r i s i n g :  

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

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

an  e l o n g a t e d   s t a c k .  

6.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   as  c l a i m e d  
in  C l a i m   1,  a d d i t i o n a l l y   c o m p r i s i n g :  

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

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

2 0  

7.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   as  c l a i m e d  
in  C l a i m   6,  w h e r e i n :  

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

p r i n t e d   c i r c u i t   b o a r d s   a t   n i n e t y   d e g r e e s   to   e a c h   o t h e r s .  
2 5  

8.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   as  c l a i m e d  
in  C l a i m   6  w h e r e i n :  

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

3 0  

9.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   as  c l a i m e d  
in  C l a i m   6  w h e r e i n :  

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

p r i n t e d   c i r c u i t   b o a r d s   in   p a r a l l e l   and  in  t h e   same  p l a n e  
35  w i t h   e a c h   o t h e r .  
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10.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   a s  

c l a i m e d   in  C l a i m   1,  a d d i t i o n a l l y   c o m p r i s i n g :  

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

r e t a i n i n g   s a i d   w a f e r s   and  f i r s t   and  s e c o n d   c o n d u c t i v e  
5  e l e m e n t s   in  s a i d   s t a c k .  

11.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   a s  
c l a i m e d   in  C l a i m   1,  a d d i t i o n a l l y   c o m p r i s i n g :  

f i r s t   and   s e c o n d   p r i n t e d   c i r c u i t   b o a r d s   h a v i n g  
10  c o n d u c t i v e   p a d s   t h e r e o n ;  

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

h a v i n g   s p r i n g   means   f o r   e n g a g i n g   s a i d   c o n d u c t i v e   p a d s ;  

m o u n t i n g   b r a c k e t   m e a n s ;  

s p a c e r   m e a n s ;  
15  s a i d   s t a c k   of  w a f e r s   and  f i r s t   and  s e c o n d  

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

12.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   a s  
20  c l a i m e d   in  C l a i m   11,  w h e r e i n :  

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

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

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

25  m o u n t e d   t h e r e i n ,   t h e r e   b e i n g   one  more  s e c o n d   c o n d u c t i v e  

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

s h a f t   means   f o r   r e t a i n i n g   s a i d   s t a c k   in  s a i d   o r d e r .  

30  13.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   a s  
c l a i m e d   in  C l a i m   12,  w h e r e i n :  

s a i d   m o u n t i n g   b r e a c k e t   means   m o u n t   s a i d   f i r s t   a n d  

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

35  c o n d u c t i v e   p a d s   . 
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14.  A  h i g h   d e n s i t y   e l e c t r i c a l   c o n n e c t o r ,   a s  
c l a i m e d   in  C l a i m   1,  a d d i t i o n a l l y   c o m p r i s i n g :  

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

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

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

10  s a i d   f i r s t   e l e m e n t s .  

15  
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