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BACKGROUND  AND  SUMMARY  OF  THE  INVENTION 

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

c o n t a c t   s u r f a c e   ( s u c h   as  an  e l e c t r i c a l   s w i t c h  

c o n t a c t )   h a v i n g   low  c o n t a c t   r e s i s t a n c e ,   r e l a t i v e l y  

low  c o s t ,   a c c e p t a b l e   s o l d e r a b i l i t y ,   and  h i g h  

c o r r o s i o n   r e s i s t a n c e .   The  e l e c t r i c a l   c o n t a c t  

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

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

to  r e p l a c e   c o n v e n t i o n a l   e l e c t r i c a l   c o n t a c t   s u r f a c e s  

w h e r e i n   a  g o l d   l a y e r   of  a t   l e a s t   a b o u t   30 

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

s u b s t r a t e . .  

In  t h e   e l e c t r i c a l   c o n n e c t o r   i n d u s t r y   w h e r e  

low  v o l t a g e   a n d / o r   c u r r e n t   s i g n a l s   mus t   be  c o n d u c t e d  

r e l i a b l y ,   and  in  some  s i t u a t i o n s   w h e r e   i n t e r m e d i a t e  

v o l t a g e   a n d / o r   c u r r e n t   s i g n a l s   mus t   be  c o n d u c t e d ,  

g o l d   i s   c u r r e n t l y   u s e d   to  i n s u r e   low  c o n t a c t  

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

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

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

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

t he   g o l d   l a y e r   i s   n o r m a l l y   a t   l e a s t   a b o u t   30  m i c r o -  

i n c h e s   ( e . g .   5 0 - 1 0 0   m i c r o i n c h e s ) .   At  a  t h i c k n e s s   o f  

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

o r d e r   of  5  c e n t s / c m 2 .   I t  i s   t h e   c h a r a c t e r i s t i c   o f  

g o l d   - -   w i t h   s u c h   a  t h i c k n e s s   - -   t h a t   i t   i s   p o r o u s  
and  t h u s   t h r o u g h   t i m e   t he   u n d e r l y i n g   m a t e r i a l ,   o r  
i t s   c o r r o s i n n ; p r o d u c t s ,   may  m i g r a t e   to  t he   s u r f a c e  

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

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

or  s u l f u r   c o m p o u n d s   can  p o l y m e r i z e   on  a  g o l d   s u r f a c e  



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

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

d i s s o l v e s   in   and   e m b r i t t l e s   some  s o l d e r   a l l o y s .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   an  e l e c -  

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

t h e   d r a w b a c k s   a s s o c i a t e d   w i t h   t h e   c o n v e n t i o n a l  

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

in  low  and  i n t e r m e d i a t e   v o l t a g e   a n d / o r   c u r r e n t  

s i g n a l   s i t u a t i o n s   e f f e c t i v e   c o n d u c t i o n   can   b e  

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

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

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

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

m e t a l   s u c h   as   c o p p e r ,   b r o n z e ,   b r a s s ,   a l u m i n u m ,   o r  

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

c r y s t a l l i n e )   t r a n s i t i o n   m e t a l   a l l o y   e l e c t r o l y t i c a l l y  

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

An  " a m o r p h o u s "   a l l o y   i s   one  t h a t   has   a  

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

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

( i . e .   n o n - c r y s t a l l i n e ) .   T y p i c a l l y ,   m e t a l   a l l o y s   a r e  

c r y s t a l l i n e .   When  X - r a y   d i f f r a c t i o n   t e s t s   a r e   d o n e  

on  c r y s t a l l i n e   m a t e r i a l s ,   i t   can   be  s e e n   t h a t   t h e  

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

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

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

h e i g h t   g i v e s   an  i n d i c a t i o n   of  t h e   s i z e   of  t h e  

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

p a r t i c u l a r l y   s h a r p   p e a k s ,   t h e   a m o r p h o u s   m a t e r i a l  

b e i n g   c h a r a c t e r i z e d   by  l a c k   of  o r d e r   in   t h e   a t o m i c  

s t r u c t u r e .   The  e x a c t   n a t u r e   of  t h e   a m o r p h o u s  

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

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

t i o n s   of  t h e   a t o m s   in   a m o r p h o u s   m a t e r i a l s .   In  t h i s  

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



" M e t a l l i c   G l a s s e s "   by  C h a u d h a r i   e t   a l ,   a p p e a r i n g   i n  

S c i e n t i f i c   A m e r i c a n ,   Volume  242,   N o .  4 ,   1 9 8 0 ,   p a g e s  

9 8 - 1 1 7 .  

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

a c c o r d i n g   to   t h e   i n v e n t i o n   p r e f e r a b l y   is   a  n i c k e l -  

p h o s p h o r u s   a l l o y ,   s u c h   as  one  h a v i n g   a b o u t   1 5 - 2 5  

a t o m i c   p e r c e n t   p h o s p h o r u s   ( p r e f e r a b l y   a b o u t   20  

p e r c e n t ) ,   w i t h   c o b a l t ,   or  some  o t h e r   t r a n s i t i o n  

m e t a l s ,   u t i l i z a b l e   in  a d d i t i o n   t o ,   or  in  p l a c e   o f ,  

t he   n i c k e l .   V a r i o u s   m a t e r i a l s   may  be  a d d e d   to  t h e  

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

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

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

( S i F 6 - - ) ,   h e x a f l u o t i t a n a t e   ( T i F 6 - - ) ,   or  h e x a f l u o z i r -  

c o n a t e   ( Z r F 6 - - )   i o n s .  

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

e l e c t r o l y t i c a l l y   d e p o s i t e d   on  t h e   s u b s t r a t e ,   t h e  

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

l a y e r   of  g o l d .   When  t h e   a m o r p h o u s   n i c k e l   a l l o y   i s  

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

t he   c o n t a c t o r   t h a t   r e s u l t s   e x h i b i t s   s u p e r i o r  

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

w h e r e i n   t h e   same  t h i c k n e s s   of  g o l d   i s   c o a t e d   on  a  

c r y s t a l l i n e   m e t a l   a l l o y .   For   i n s t a n c e ,   a  g o l d  

t h i c k n e s s   of  l e s s   t h a n   30  m i c r o i n c h e s   o v e r   t h e  

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

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

e q u a l   t o ,   or  s u p e r i o r   t o ,   c o n v e n t i o n a l   c o n t a c t o r s  

w h e r e i n   a  c o a t i n g   of  5 0 - 1 0 0   m i c r o i n c h e s   of  g o l d   i s  

p r o v i d e d .   In  f a c t ,   i t   i s   p o s s i b l e   to   o b t a i n  

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

c o a t i n g   i s   one  m i c r o i n c h   t h i c k   ( a t   t h i s   t h i c k n e s s  

t h e   c o s t   of  t h e   g o l d   i s   o n l y   a b o u t   0 .1   c e n t s / c m 2 ) ,  

a l t h o u g h   a  r a n g e   of  5 -15   m i c r o i n c h e s   i s   p r e f e r r e d .  

The  e l e c t r i c a l   c o n t a c t   s u r f a c e   r e s u l t i n g   has   s t a b l e  



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

t o   a  s e r i e s   of  common  a t m o s p h e r i c   c o r r o d a n t s ,   a n d  

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

p u r s u a n t   to   ASTM  B 6 6 7 - 8 0   has   a  c o n t a c t   r e s i s t a n c e  

l e s s   t h a n   4  m i l l i o h m s .  

A c c o r d i n g   to   a n o t h e r   a s p e c t   of  t h e   p r e s e n t  

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

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

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

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

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

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

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

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

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

e n t s .   A  n u m b e r   of   b a t h   a d d i t i v e s   can   be  p r o v i d e d   t o  

i n f l u e n c e   c o n t a c t   r e s i s t a n c e   and  c o r r o s i o n   p r o t e c -  

t i o n   in  a  p o s i t i v e   way.   T y p i c a l   b a t h   a d d i t i v e s  

i n c l u d e   b o r i c   a c i d ,   h y d r o x y a c e t i c   a c i d ,   a c e t i c   a c i d ,  

B - a l a n i n e ,   s u c c i n i c   a c i d ,   s u r f a c t a n t s   of  t h e  

a l k o x y l a t e d   l i n e a r   a l c o h o l i c   c l a s s ,   S i F 6 - -   i o n s ,  

T i F 6 - -   i o n s   and  Z r F 6 - -   i o n s .   The  b a t h   t e m p e r a t u r e  

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

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

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

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

e l e c t r i c a l   c o n t a c t   s u r f a c e s   t h a t   h a v e   low,   s t a b l e  

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

e v e n   when  s u b j e c t e d   to   c o r r o s i v e   c o n d i t i o n s ,   and  a t  

a  r e l a t i v e l y   low  c o s t .   T h i s   and  o t h e r   o b j e c t s   o f  

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

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

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



DETAILED  D E S C R I P T I O N  

A  d e p o s i t i o n   of  an  a m o r p h o u s   t r a n s i t i o n  

m e t a l   a l l o y   can   be  p r o v i d e d   on  a  s u b s t r a t e   b y  

i m m e r s i n g   t h e   s u b s t r a t e   (o r   a  p o r t i o n   t h e r e o f )   in  a  

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

have   b e e n   f o u n d   to  have   b e t t e r   c o r r o s i o n   r e s i s t a n c e  

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

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

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

p r o p e r t i e s   t h a n   a  c o n t a c t o r   f o r m e d   by  a  t h i c k e r  

c o a t i n g   of  g o l d   ove r   a  c r y s t a l l i n e   m a t e r i a l .  

F u r t h e r ,   a c c e p t a b l e   c o n t a c t s   can   be  o b t a i n e d ,  

a c c o r d i n g   to   t h e   i n v e n t i o n ,   w i t h   o n l y   a  v e r y   t h i n  

c o a t i n g   of  g o l d .  

T y p i c a l   t r a n s i t i o n   m e t a l   a l l o y s   t h a t   a r e  

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

as  e l e c t r i c a l   s w i t c h   c o n t a c t s )   a c c o r d i n g   to  t h e  

i n v e n t i o n   a r e   n i c k e l   a n d  c o b a l t .   N i c k e l   is   t h e  

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

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

t r a n s i t i o n   m e t a l s .   H o w e v e r ,   g e n e r a l l y   c o m p a r a b l e ,  

and  s o m e t i m e s   s u p e r i o r ,   r e s u l t s   can   be  a c h i e v e d  

s u b s t i t u t i n g   c o b a l t ,   f o r   a l l   or  p a r t   of  t he   n i c k e l ,  

in  t h e   p l a t i n g   b a t h .  

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

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

a  m e t a l   s u c h   as  c o p p e r ,   b r o n z e ,   b r a s s ,   a l u m i n u m ,   o r  

s i l v e r ,   or  a l l o y s   t h e r e o f )   i s   f o r m e d   w h e n  

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

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

p r o v i d e d   in  t h e   a l l o y   t h a t   i s   f o r m e d .   A  p h o s p h o r u s  

c o n c e n t r a t i o n   of  at   l e a s t   a b o u t   12%,  and  p r e f e r a b l y  

of  a b o u t   1 5 - 2 5   a t o m i c   p e r c e n t   i s   d e s i r e d   in  o r d e r   t o  

a c h i e v e   good   c o r r o s i o n   r e s i s t a n c e   and  low  c o n t a c t  



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

a l l o y   h a s   a b o u t   20  a t o m i c   p e r c e n t   p h o s p h o r u s .  

The  b a t h   t e m p e r a t u r e   c o n d i t i o n s ,   and  t h e  

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

o r d e r   t o   m a x i m i z e   t h e   c o r r o s i o n   r e s i s t a n c e   a n d  

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

d e n s i t y   i s   a b o u t   50  a m p . / f t . 2  -   2500  a m p . / f t . 2 ,   w i t h  

a  r a n g e   of   a b o u t   1 0 0 - 9 0 0   a m p . / f t . 2   p r e f e r r e d .  

T y p i c a l   t e m p e r a t u r e s   a r e   7 0 - 8 5 ° C   w i t h   7 5 - 8 0 ° C  

p r e f e r r e d .   T e m p e r a t u r e   i s   n o t   c r i t i c a l ,   bu t   l o w e r  

t e m p e r a t u r e   w i l l   h ave   a  t e n d e n c y   to  i n c r e a s e   t h e  

p r e f e r e n c e   of  c o b a l t   f o r   n i c k e l   in  t he   p l a t i n g   w h e r e  

b o t h   a r e   p r e s e n t   in  t h e   b a t h .  

V a r i o u s   a d d i t i v e s   may  be  p r o v i d e d   in  t h e  

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

r e s i s t a n c e   and  c o r r o s i o n   r e s i s t a n c e .   When  t h e   b a t h  

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

a b o u t   0 . 1   m o l a r   to   t h e   s o l u b i l i t y   l i m i t   ( w i t h   t h e  

a d d i t i o n   of   s m a l l   a m o u n t s   of  HF  to   m a i n t a i n  

s o l u b i l i t y   i f   n e c e s s a r y )   t h e   o v e r a l l   c o r r o s i o n  

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

e n h a n c e d .   A  g e n e r a l l y   c o m p a r a b l e   e n h a n c e m e n t   o f  

c o r r o s i o n   r e s i s t a n c e   may  a l s o   be  o b t a i n e d   b y  

s u b s t i t u t i n g   T i F 6 - -   or  Z r F 6 - -   i o n s   f o r   p a r t   or  a l l  

of  t h e   S i F 6 - -   i o n s .  

In  a  p l a t i n g   b a t h   c o n t a i n i n g   n i c k e l   o r  

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

and   c a t h o d e   m a t e r i a l s   may  be  u t i l i z e d .   For  i n s t a n c e  

t h e   a n o d e   can   e i t h e r   be  i n e r t   ( p l a t i n i z e d   t i t a n i u m ,  

p l a t i n u m ,   or  g r a p h i t e ) ,   or  can   be  of  n i c k e l   (or   l i k e  

t r a n s i t i o n   m e t a l   to  be  d e p o s i t e d ) .   I f   T i F 6 - - ,  

S i F 6 - -   or   Z r F 6 - -   i o n s   a r e   i n c l u d e d   in  t h e   b a t h   a  

n i c k e l   or   c o b a l t   a n o d e   m u s t   be  u s e d .   Wi th   an  i n e r t  

a n o d e   a d d i t i o n s   of  n i c k e l   or  c o b a l t   mus t   be  m a d e  

f r o m   t i m e   t o   t i m e   ( p r e f e r a b l y   in  t h e   fo rm  of  N i C 0 3  



or  COC03)  to   m a i n t a i n   t he   n i c k e l   c o n t e n t .   Wi th   t h e  

n i c k e l   a n o d e   t h e   c o n t e n t   of  n i c k e l   ion  in  the   b a t h  

t e n d s   to   r i s e   s i n c e   each   two  e l e c t r o n s   at  t he   a n o d e  

c a u s e   t h e   d i s s o l u t i o n   of  a b o u t   one  n i c k e l   i o n ,   w h i l e  

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

r e d u c e d .   A  n i c k e l   and  an  i n e r t   a n o d e   can  be  u s e d  

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

the   c u r r e n t ,   and  t h u s   m a i n t a i n   a  b a l a n c e d   b a t h   w i t h  

r e g a r d   to   n i c k e l .   P h o s p h o r o u s ,   in  t he   form  o f  

p h o s p h o r o u s   or  h y p o p h o s p h o r o u s   a c i d ,   and  p r e f e r a b l y  

in  t h e   f o r m   of  p h o s p h o r o u s   a c i d ,   mus t   be  a d d e d   f r o m  

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

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

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

c r i t i c a l   and   t h e   b a t h   b a l a n c e   can   be  m a i n t a i n e d  

r a t h e r   e a s i l y . .  

A f t e r   d e p o s i t i o n   of  t h e   n i c k e l   p h o s p h o r o u s  

a l l o y ,   or  t h e   l i k e ,   on  a  s u b s t r a t e ,   a  c o a t i n g   o f  

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

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

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

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

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

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

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

on  t he   a m o r p h o u s   a l l o y ,   t h e   c o n t a c t o r   t h a t   r e s u l t s  

can  be  e x p e c t e d   to   have   e n h a n c e d   p r o p e r t i e s   c o m p a r e d  

to  c o n t a c t o r s   f o r m e d   by  the   same  t h i c k n e s s   of  g o l d  

c o a t i n g   o v e r   a  c r y s t a l l i n e   m a t e r i a l .   In  f a c t ,  

a c c e p t a b l e   e l e c t r i c   c o n t a c t s   can  be  p r o d u c e d   e v e n  

when  t h e   t h i c k n e s s   of  t h e   g o l d   c o a t i n g   is   a b o u t   1 

m i c r o i n c h .   P r e f e r a b l y   the   g o l d   c o a t i n g   i s   in  t h e  

r a n g e   of  5 - 3 0   m i c r o i n c h e s ,   and  more  p r e f e r a b l y   5 - 1 5  

m i c r o i n c h e s .  



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

h a r d   g o l d ,   a l t h o u g h   s o f t   g o l d   i s   a l s o   p r a c t i c a l  

a l t h o u g h   u s u a l l y   w i t h   s o m e w h a t   l e s s   d e s i r a b l e  

r e s u l t s .   The  t h i c k n e s s   of  t h e   a m o r p h o u s   t r a n s i t i o n  

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

c r i t i c a l .   I t   m e r e l y   need   be  t h i c k   e n o u g h   to  a c h i e v e  

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

p r e f e r r e d   t h i c k n e s s   i s   in  t h e   r a n g e   of  a b o u t   5 0  

m i c r o i n c h e s  -   150  m i c r o i n c h e s .   R a n g e s   of  25  

m i c r o i n c h e s  -   1000  m i c r o i n c h e s   a r e   p r a c t i c a l .  

In  t h e   t y p i c a l   m a n u f a c t u r e   of  an  e l e c t r i c a l  

c o n t a c t   a c c o r d i n g   to   t h e   i n v e n t i o n   ( w h i c h   may  be  o f  

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

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

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

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

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

a  c l e a n e r ,   and   t h e n   d e i o n i z e d   w a t e r ,   and  t h e n   a  

d i l u t e   h y d r o c h l o r i c   a c i d   s o l u t i o n .   Then  i t   i s  

p l a c e d   in   t h e   N i - C o - P   p l a t i n g   b a t h   and  a f t e r   p l a t i n g  

i t   i s   r i n s e d   i s   d e i o n i z e d   w a t e r .   Then  t h e   g o l d  

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

3 0 - 3 5 ° C   w i t h   a  c u r r e n t   d e n s i t y   of  a b o u t  

10  a m p . / f t . 2 .   A f t e r   t h e   g o l d   p l a t i n g   i s   a p p l i e d   i t  

i s   a g a i n   i m m e r s e d   in  d e i o n i z e d   w a t e r .  

A l t e r n a t i v e l y ,   f o r   many  e l e c t r i c a l   c o n t a c t  

s h a p e s   ( s u c h   as   edge   c a r d   c o n n e c t o r s ) ,   i t   i s  

p o s s i b l e   to   p l a t e   b l a n k s   or   c o u p o n s   f i r s t ,   and  o n l y  
a f t e r   t h e y   h a v e   b e e n   p l a t e d   and   a  g o l d   s t r i k e  

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

The  f o l l o w i n g   a r e   e x a m p l e s   of  t he   p r a c t i c e  

of  t h e   i n v e n t i o n :  



E x a m p l e   1 

A  p l a t i n g   b a t h   was  f o r m e d   w i t h   t h e  

f o l l o w i n g   c o m p o s i t i o n :  

.75  M/1  N i C l 2  .   6H20 

.25  M/l  N i C 0 3  

1 . 2 5   M/l   H3PO3 

An  e l e c t r i c a l l y   c o n d u c t i v e   s u b s t r a t e   w a s  

i m m e r s e d   in  t h e   b a t h ,   w h i c h   was  m a i n t a i n e d   at   a  

t e m p e r a t u r e   of  a b o u t   80°C ,   and  w i t h   a  c u r r e n t  

d e n s i t y   a t   t h e   c a t h o d e   of  a b o u t   150  m a / c m 2 .   When 

r e m o v e d   f rom  t he   b a t h ,   t h e   s u b s t r a t e   had  a n  

a m o r p h o u s   n i c k e l - p h o s p h o r u s   a l l o y   t h e r e o n .   A  o n e  

(1)  m i c r o i n c h   s t r i k e   of  g o l d   was  p r o v i d e d   on  t h e  

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

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

s u b s t a n t i a l l y   as  low  as  a  s i m i l a r   s u b s t r a t e   w i t h   a  

50  m i c r o i n c h   or  g r e a t e r   c o a t i n g   of  g o l d ,   t he   c o n t a c t  

r e s i s t a n c e   was  s t a b l e   o v e r   t i m e ,   and  as  s t a b l e   i n  

c o r r o s i v e   e n v i r o n m e n t s   ( s u c h   as  when  s u b j e c t e d   t o  

the   S02  t e s t   - -   100  p e r c e n t   r e l a t i v e   h u m i d i t y   and  1 

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

t e m p e r a t u r e ,   o v e r   f o r t y   h o u r s   - - ,   and  t he   mixed   g a s  
t e s t   - -   t h e   same  c o n d i t i o n s   as  t he   S02  t e s t   o n l y  

a d d i n g   1  p e r c e n t   n i t r o g e n   d i o x i d e   and  1  p e r c e n t  

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

was  much  l e s s   e x p e n s i v e   t h a n   t h e   c o n v e n t i o n a l   o n e ,  
and  had  b e t t e r   s o l d e r a b i l i t y   c h a r a c t e r i s t i c s .  

E x a m p l e   2 

In  t h i s   e x a m p l e ,   t h e   b a t h   c o m p o s i t i o n ,  

t e m p e r a t u r e ,   and  c u r r e n t   d e n s i t y   c h a r a c t e r i s t i c s  

were   s u b s t a n t i a l l y   t h e   same  as  in  e x a m p l e   1.  A f t e r  

t he   s u b s t r a t e   w i t h   an  a m o r p h o u s   n i c k e l - p h o s p h o r u s  



a l l o y   was  r e m o v e d   f rom  t h e   b a t h ,   an  a p p r o x i m a t e l y   10  

m i c r o i n c h   s t r i k e   of  g o l d   was  p r o v i d e d   on  t h e  

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

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

p r o p e r t i e s ,   e q u a l ,   or  s u p e r i o r   t o ,   an  e l e c t r i c a l  

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

in  c r y s t a l l i n e   f o r m ,   and  w i t h   a  50  m i c r o i n c h   c o a t i n g  
of   g o l d .  

E x a m p l e   3  

The  b a t h   c o m p o s i t i o n   in   t h i s   e x a m p l e   was  a s  
f o l l o w s :  

.2  M/1  N i C l 2   .6  ( H 2 0 )  

.8  M/1  NiS04   .6  ( H 2 0 )  

.5  M/l   H3PO3 

- . 5   M/1  H3PO4 

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

d e n s i t y ,   and   l i k e   p a r a m e t e r s ,   w e r e   s u b s t a n t i a l l y   t h e  

same  as  f o r   e x a m p l e   1,  and  a f t e r   d e p o s i t i o n   of  t h e  

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

1  m i c r o i n c h   f l a s h   of  g o l d   was  a p p l i e d .   By  t e s t i n g ,  
t h e   e l e c t r i c a l   c o n t a c t   s u r f a c e   f o r m e d   was  f o u n d   t o  

h a v e   a c c e p t a b l e   c o n t a c t   r e s i s t a n c e   ( i . e .   l e s s   t h a n   4 

m i l l i o h m s   when  t e s t e d   a c c o r d i n g   to   ASTM  B 6 6 7 - 8 0 )   a n d  

c o r r o s i o n   r e s i s t a n c e ,   a l t h o u g h   i t   was  no t   as  good  a s  
t h e   e l e c t r i c a l   c o n t a c t   s u r f a c e   p r o d u c e d   in  e x a m p l e  
1 .  

E x a m p l e   4  

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

as  f o l l o w s :  



.88  M/l  N i C l 2  .   6H20  

.25  M/l  N i C 0 3  

1 . 2 5   M/l  H 3 P 0 3  

.4  M/1  H 3 B 0 3  

.2  M/1  A c e t i c   a c i d  

.1  M/l  COC03 

The  b a t h   t e m p e r a t u r e   was  m a i n t a i n e d   a t  

a b o u t   7 5 ° C ,   w i t h   a  c u r r e n t   d e n s i t y   a t   t he   c a t h o d e   o f  

a b o u t   200  m a / c m 2 .   An  a n a l  s i s   of  t he   p l a t i n g  

r e s u l t i n g   f rom  i m m e r s i o n  o f   t h e   s u b s t r a t e   in  t h i s  

b a t h   s h o w e d   b u l k   v a l u e s   ( i n   a t o m i c   p e r c e n t )   of  6 . 8  

± 4 % . c o b a l t ,   0 .6   o x y g e n ,   7 3 . 3   p e r c e n t   n i c k e l ,   a n d  

1 9 . 3   p e r c e n t   p h o s p h o r u s .   A  1  m i c r o i n c h   s t r i k e   o f  

g o l d   was  p r o v i d e d   on  t h e   a m o r p h o u s   a l l o y .   T h e  

e l e c t r i c a l   c o n t a c t   s u r f a c e   f o r m e d   had  low  c o n t a c t  

r e s i s t a n c e   and  h i g h   c o r r o s i o n   r e s i s t a n c e ,   and  was  a n  

e x c e l l e n t   s u b s t i t u t e   f o r   c o n v e n t i o n a l   e l e c t r i c a l  

c o n t a c t   s u r f a c e s   of  g o l d   a b o u t   50  m i c r o i n c h e s   t h i c k  

(or  t h i c k e r )   a p p l i e d   o v e r   a  c r y s t a l l i n e   b a s e   m e t a l .  

E x a m p l e   5 

A  member  of  p l a t i n g s   were   p r o d u c e d   on  e l e c -  

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

h a v i n g   a b o u t   20%  p h o s p h o r o u s ,   X%  c o b a l t ,   and  80-X% 

n i c k e l ,   u t i l i z i n g   the   c o n s t i t u e n t s   i n d i c a t e d   in  t h e  

f o l l o w i n g   t a b l e :  



P l a t i n g   was  a c c o m p l i s h e d   a t   7 5 - 7 8 ° C   u s i n g   a  

h a r d   a n o d e   ( e . g .   p l a t i n u m   or  p l a t i n i z e d   t i t a n i u m )  

and  a  c u r r e n t   d e n s i t y   of  a b o u t   100  a m p . / f t . 2 .  

The  sum  of  t h e   n i c k e l   p l u s   c o b a l t   i s   o n e  

m o l e / l i t e r   in   e a c h   f o r m u l a t i o n ,   and  CoCO3  is   t h e  

s o u r c e   of   a l l   t h e   c o b a l t   in  e a c h   of  t h e   f o r m u l a -  

t i o n s .   T h e r e f o r e ,   t h e   C o + 2 / N i + 2   r a t i o   in   t h e   b a t h  

i s   M/1  C o C O 3 / ( 1 - M / 1   C o C 0 3 ) .   The  C o / N i   r a t i o   in  t h e  

p l a t i n g   i s   % C o ( 8 0 - % C o ) .   The  r e l a t i o n s h i p   b e t w e e n  

C o + 2 / N i + 2   in   t h e   b a t h   and  C o / N i   in  t h e   p l a t e   i s :  

I t   i s   e v i d e n t   t h a t   t h e   c o b a l t   i s   b e i n g  

p l a t e d   p r e f e r e n t i a l l y   to   t h e   n i c k e l   and  t h a t   a t   l o w  

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

O p e r a t i n g   a t   l o w e r   t e m p e r a t u r e   w i l l   make  t h e  

p r e f e r e n c e   ( C o / N i   in  p l a t i n g )   g r e a t e r ,   as  w i l l  



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

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

c o b a l t   when  t h e y   a r e   new,  i . e .   f o r   t he   f i r s t   1 0 0  

a m p - m i n u t e s / l i t e r   t he   b a t h s   w i l l   p r o d u c e   o n l y   c a .  

1 /2   to   2 /3   t h e   d e s i r e d   c o b a l t   c o n t e n t   in  t h e  

p l a t i n g .  

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

c o n n e c t o r s ,   h a v i n g   10%  Co  we re   c o a t e d   w i t h   5,  10,   o r  

15  m i c r o i n c h e s   of  h a r d   g o l d ,   or  5  m i c r o i n c h e s   s o f t  

g o l d ,   and  s u b j e c t e d   to  d u r a b i l i t y   c y c l i n g   u t i l i z i n g  

c o n v e n t i o n a l   t e c h n i q u e s ,   and  e x p o s u r e   in  a  BCL  C l a s s  

I I I   e n v i r o n m e n t ,   and  u t i l i z i n g   t he   same  m a t e r i a l   o n  

b o t h   t h e   PC  b o a r d s   and  t h e   c o n n e c t o r   o p e n i n g s .   T h e  

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

Rc=  t h e   c o n t a c t   r e s i s t a n c e   a n d  

a=  a  m e a s u r e   of  t he   d e v i a t i o n s   of  t he   i n d i v i d u a l  

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



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

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

i n v e n t i o n   c o m p a r e d   to  a  50  m i c r o i n c h   p l a t i n g   of  h a r d  

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

W h i l e   t h e   i n v e n t i o n   h a s   b e e n   h e r e i n   s h o w n  

and  d e s c r i b e d   in   wha t   i s   p r e s e n t l y   c o n c e i v e d   to  b e  

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

i t   w i l l   be  a p p a r e n t   to   t h o s e   of   o r d i n a r y   s k i l l   i n  

t h e   a r t   t h a t   many  m o d i f i c a t i o n s   may  be  made  t h e r e o f  

w i t h i n   t h e   s c o p e   of  t h e   i n v e n t i o n ,   w h i c h   s c o p e   i s   t o  

be  a c c o r d e d   t h e   b r o a d e s t   i n t e r p r e t a t i o n * o f   t h e  

a p p e n d e d   c l a i m s   so  as  to   e n c o m p a s s   a l l   e q u i v a l e n t  

s t r u c t u r e s   and  m e t h o d s .  



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

r e s i s t a n c e   soon   a f t e r   p r o d u c t i o n   of  l e s s   t h a n   4 

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

s u b s t r a t e ;   and  c h a r a c t e r i z e d   by:  an  a m o r p h o u s  

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

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

t r a n s i t i o n   m e t a l   a l l o y ,   s a=d   g o l d   c o a t i n g   b e i n g  

b e t w e e n   a b o u t   1 -30   m i c r o i n c h e s   t h i c k .  

2.  An  e l e c t r i c a l   c o n t a c t   as  r e c i t e d   i n  

c l a i m   1  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s a i d  

t r a n s i t i o n   m e t a l   a l l o y   i s   a  n i c k e l - p h o s p h o r u s   a l l o y .  

3.  An  e l e c t r i c a l   c o n t a c t   as  r e c i t e d   i n  

c l a i m   2  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s a i d   n i c k e l -  

p h o s p h o r u s   a l l o y   i n c l u d e s   a b o u t   1 5 - 2 5   a t o m i c   p e r c e n t  

p h o s p h o r u s ;   and  i n c l u d e s   a b o u t   5 -15   a t o m i c   p e r c e n t  
c o b a l t .  

4.  An  e l e c t r i c a l   c o n t a c t   as  r e c i t e d   i n  

c l a i m  3   f u r t h e r   c h a r a c t e r i z e d   in   t h a t   s a i d   u n c o v e r e d  

c o a t i n g   of  g o l d   i s   h a r d   g o l d   b e t w e e n   a b o u t   5 - 1 5  

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

5.  A  m e t h o d   of  f o r m i n g   a  s t r u c t u r e  

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

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

a l l o y i n g   e l e m e n t s ;   and  (b)  c o n t r o l l i n g   t he   b a t h  

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

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

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

f o r m ,   on  t he   s u b s t r a t e ;   and  c h a r a c t e r i z e d   in  t h a t  

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



s u b s t r a t e ,   and  c h a r a c t e r i z e d   by  t h e   f u r t h e r   s t e p   o f  

(c)   a p p l y i n g   a  c o a t i n g   of  g o l d   h a v i n g   a  t h i c k n e s s  

of  b e t w e e n   1 - 3 0   m i c r o i n c h e s   to   t h e   e l e c t r o l y t i c a l l y  

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

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

u n c o v e r e d   g o l d   s u r f a c e .  

6.  A  m e t h o d   as  r e c i t e d   in   c l a i m   5  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   s t e p   (a)   i s   p r a c t i c e d  

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

and  n i c k e l   a l o n e ,   or  n i c k e l   and  c o b a l t .  

7.  A  m e t h o d   as  r e c i t e d   in   c l a i m   5  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   s t e p   (b)  i s   p r a c t i c e d   so  t h a t  

t h e   t e m p e r a t u r e   of  t h e   b a t h   i s   b e t w e e n   a b o u t   7 0 -  

8 5 ° C ,   and   so  t h a t   t h e   c u r r e n t   d e n s i t y   a t   t h e   c a t h o d e  

i s   b e t w e e n   a b o u t   1 0 0 - 9 0 0   a m p . / f t . 2   and  to   e f f e c t   a n  

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

t h a t   i t   h a s   a  t h i c k n e s s   of  a b o u t   2 5 - 1 0 0 0   m i c r o -  

i n c h e s ;   and   f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s t e p   ( a )  

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

b e t w e e n   0 . 1   m o l a r   to   t h e   s o l u b i l i t y   l i m i t   of   i o n s  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of  T i F 6 - - ,   S i F 6 - -  
and  Z r F 6 - -   i o n s .  

8.  A  m e t h o d   as  r e c i t e d   in   c l a i m   7  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   s t e p s   (a)   and  (b)  a r e  

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

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

i n c l u d i n g   a b o u t   1 5 - 2 5   a t o m i c   p e r c e n t   p h o s p h o r u s ,   a n d  

a t   l e a s t   5  a t o m i c   p e r c e n t   c o b a l t .  



9.  A  m e t h o d   as  r e c i t e d   in  c l a i m   5  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s t e p   (c)  i s   p r a c t i c e d   so  as  t o  

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

b e t w e e n   5 -15   m i c r o i n c h e s .  
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