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©  Electroless  copper  plating  bath  and  plating  method  using  such  bath. 
  The  electroless  copper  plating  bath  having  improved  sta- 
bility  contains  a  cationic  polymer  from  acrylamide  and/or 
methacrylamide.  The  plating  bath  also  contains  essentially  a 
cupric  ion  source,  a  reducing  agent forthe  cupric  ion  source, 
and  a  complexing  agent  for  the  cupric  ion. 

A  substrate  to  be  plated  is  contacted  with  the  plating 
bath  maintained  preferably  at  a  temperature  in  the  range 
between  about  70°C  and  about  80°C. 



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

i s   w e l l - k n o w n   in   t h e   p r i o r   a r t .   F o r   i n s t a n c e ,   a n  

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

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

f o r   t he   c u p r i c   i o n ,   a  c h e l a t i n g   or   c o m p l e x i n g   a g e n t ,  

and  a  pH  a d j u s t o r .   In  a d d i t i o n ,   i f   t h e   s u r f a c e   b e i n g  

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

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

on  t he   s u r f a c e   p r i o r   to  c o n t a c t   w i t h   t h e   p l a t i n g  

b a t h .   Among  t h e   more  w i d e l y   e m p l o y e d   p r o c e d u r e s   f o r  

c a t a l y z i n g   a  s u b s t r a t e   is   t he   u se   o f   s t a n n o u s   c h l o r i d e  

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

to   form  a  l a y e r   of   m e t a l l i c   p a l l a d i u m   p a r t i c l e s .  

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

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

r e m a i n s   room  f o r   a d d i t i o n a l   i m p r o v e m e n t .   C e r t a i n  

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

a r t i c l e s   of   v e r y   h i g h   q u a l i t y   s u c h   as  t h o s e   to  b e  

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

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

and  l a r g e   n u m b e r s   of  h o l e s   such   as   t h r o u g h - h o l e s   a n d  

b l i n d   h o l e s ) .  

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

p l a t i n g   i s   t h e   f o r m a t i o n   of  w h a t   i s   known  as  e x t r a n e o u s  

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

a r e a s   on  a  s u b s t r a t e   can  r e s u l t   in   s h o r t - c i r c u i t i n g   b y  

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

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

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



a d v e r s e l y   a f f e c t e d   by  t he   p r e s e n c e   of   n o d u l e s   on  t h e  

s u r f a c e .  

The  p r o b l e m   o f   n o d u l e   f o r m a t i o n   can   be  a v o i d e d ,   h o w e v e r  

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

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

a  l e s s - a c t i v e   b a t h .  

I t   i s   t h e   o b j e c t   of  t h e   i n v e n t i o n   to   p r o v i d e   an  e l e c -  

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

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

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

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

same  t i m e  t h e   r a t e   of   p l a t i n g   c a n  b e   i n c r e a s e d .  

T h i s   o b j e c t   i s   a c h i e v e d   by  a  p l a t i n g   b a t h   as  d i s c l o s e d  

in  c l a i m   1  and   by  a  m e t h o d   as  c l a i m e d   in  c l a i m   9 .  

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

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

M o r e o v e r ,   t h e   l o n g e v i t y   o f  t h e   b a t h s   of   t h e   p r e s e n t  
i n v e n t i o n   i s  r e l a t i v e l y   l o n g   ( e . g . ,   a  b a t h   can   b e  

u s e d   f o r   a b o u t   one  w e e k ) .  

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

b a t h   and   t h e   i n v e n t i v e   m e t h o d   a r e   d i s c l o s e d   in   t h e  

s u b c l a i m s .  

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

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

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

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

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

r a t e s   can   be  a c h i e v e d   by  p r o v i d i n g   a b o u t   1  p a r t   p e r  



b i l l i o n   to   a b o u t   1 , 0 0 0   p a r t s   p e r   b i l l i o n   and   p r e f e r a b l y  

a b o u t   1  p a r t   p e r   b i l l i o n   to  a b o u t   500  p a r t s   p e r   b i l l i o n  

of  a  c a t i o n i c   p o l y m e r   f rom  a c r y l a m i d e   a n d / o r   f r o m  

m e t h a c r y l a m i d e .  

I t   i s   b e l i e v e d   t h a t   t h e   c a t i o n i c   p o l y m e r ,   in   t h e   c o n -  

c e n t r a t i o n s   e m p l o y e d ,   h e l p s   in   t he   o x i d a t i o n   o f   C u + ,  

t h e r e b y   p r e v e n t i n g   b u l k   p r e c i p i t a t i o n   of   CU20  w h i c h ,  

in  t u r n ,   e n h a n c e s   t h e   s t a b i l i t y   of  the   b a t h   and  h e l p s  

in  r e d u c i n g   n o d u l e   f o r m a t i o n .   M o r e o v e r , ,   i t   i s   b e l i e v e d ,  

in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h a t   t h e  

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

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

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

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

and  t h e   s u r f a c e   to   be  c o a t e d ,   t h e r e b y   e n h a n c i n g   t h e  

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

c r e a s e d   p l a t i n g   r a t e .  

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

u n d e r   t h e   t r a d e   d e s i g n a t i o n   " R e t e n " .  

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

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

c o n t a i n   a t   l e a s t   two  a c t i v e   or  a v a i l a b l e   c a t i o n i c  

m o i e t i e s .   The  p o l y m e r s   a r e   a t   l e a s t   w a t e r - m i s c i b l e  

and  a r e   p r e f e r a b l y   w a t e r - s o l u b l e   or  at   l e a s t   s o l u b l e  

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

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

q u a t e r n a r y   p h o s p h o n i u m   and  q u a t e r n a r y   ammonium  g r o u p s .  

P o l y m e r s   c o n t a i n i n g   a t   l e a s t   two  c a t i o n i c   m o i e t i e s  

a r e   c o m m e r c i a l l y   a v a i l a b l e   and  need   no t   be  d e s c r i b e d  

h e r e i n   in   any   g r e a t   d e t a i l .   E x a m p l e s   of  c o m m e r c i a l l y  

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

210,   R e t e n   220 ,   and  R e t e n   300 ,   m a r k e t e d   by  H e r c u l e s ,  



d e s c r i p t i o n   of   w h i c h   can  be  f o u n d   in   " W a t e r - S o l u b l e  

P o l y m e r s " ,   B u l l e t i n   VC-482A,   H e r c u l e s   I n c o r p o r a t e d ,  

W i l m i n g t o n ,   D e l a w a r e   1 9 8 9 9 ,   d i s c l o s u r e   of   w h i c h   i s  

i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

R e t e n   210  i s   in   p o w d e r   form  a n d  i s   a  c o p o l y m e r   o f  

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

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

1  %  s o l u t i o n   o f   6 0 0 - 1 0 0 0   c p s .  

R e t e n   220  i s   in   p o w d e r   form  and  i s   a  c o p o l y m e r   o f  

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

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

1  %  s o l u t i o n   o f   8 0 0 - 1 2 0 0   c p s .  

R e t e n   300  i s   a  l i q u i d   and  i s   a  h o m o p o l y m e r   of   b e t a -  

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

h a v i n g   a  B r o o k f i e l d   v i s c o s i t y   of  a  1  %  s o l u t i o n   o f  

3 0 0 - 7 0 0   c p s .  

The  m o l e c u l a r   w e i g h t   of  t h e   R e t e n   p o l y m e r s   i s   u s u a l l y  

r e l a t i v e l y   h i g h   and   v a r i e s   f rom  a b o u t   5 0 , 0 0 0   to   a b o u t  

1 , 0 0 0 , 0 0 0   or  m o r e .   T h e s e   h i g h   m o l e c u l a r   w e i g h t   p o l y -  

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

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

( p o s i t i v e   c h a r g e )   i s   o b t a i n e d   by  a t t a c h i n g   to   t h e  

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

T h e s e   q u a t e r n a r y   ammonium  g r o u p s   p r o v i d e   t h e   n u m b e r   o f  

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

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

a c c o r d a n c e   w i t h  t h e   p r e s e n t   i n v e n t i o n   and   t h e i r   m e t h o d s  

o f   a p p l i c a t i o n   a r e   d i s c l o s e d   in   U . S .   P a t e n t s   3 , 8 4 4 , 7 9 9  

and   4 , 1 5 2 , 4 6 7   d i s c l o s u r e s   of   w h i c h   a r e   i n c o r p o r a t e d  

h e r e i n   by  r e f e r e n c e .  



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

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

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

c u p r i c   i o n ,   and  a  pH  a d j u s t o r .   The  p l a t i n g   b a t h s   a l s o  

p r e f e r a b l y   i n c l u d e   a  c y a n i d e   i o n   s o u r c e   and  an  a n i o n i c  

s u r f a c e - a c t i v e   a g e n t .   The  c u p r i c   ion   s o u r c e   g e n e r a l l y  

u s e d   i s   a  c u p r i c   s u l f a t e   or   a  c u p r i c   s a l t   of  t h e  

c o m p l e x i n g   a g e n t   to  be  e m p l o y e d .  

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

f rom  a b o u t   3  to   a b o u t   15  g r a m s   p e r   l i t e r   and  p r e f e r a b l y  

a b o u t   8  to   a b o u t   12  g r a m s   p e r   l i t e r   c a l c u l a t e d   a s  

c u p r i c   s u l f a t e .  

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

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

a r e   u s e d   in   a m o u n t s   f rom  a b o u t   0 .7   to   a b o u t   7  g r a m s  

p e r   l i t e r   and  m o s t   p r e f e r a b l y   f rom  a b o u t   0 .7   to   a b o u t  

2 .2   g r a m s   p e r   l i t e r .  

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

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

t r i o x a n e ,   d i m e t h y l h y d a n t o i n ,   and  g l y o x a l ;   b o r o h y d r i d e s  

s u c h   as  a l k a l i   m e t a l   a l k a l i   b o r o h y d r i d e s   ( s o d i u m   a n d  

p o t a s s i u m   b o r o h y d r i d e )   and  s u b s t i t u t e d   b o r o h y d r i d e s  

such   as  s o d i u m   t r i m e t h o x y   b o r o h y d r i d e ;   b o r a n e s   s u c h   a s  

amine   b o r a n e   ( i s o p r o p y l   a m i n e   b o r a n e   and  m o r p h o l i n e  

b o r a n e ) .  

E x a m p l e s   of   some  s u i t a b l e   c o m p l e x i n g   a g e n t s   i n c l u d e  

R o c h e l l e   S a l t s ,   e t h y l e n e   d i a m i n e   t e t r a a c e t i c   a c i d ,   t h e  

s o d i u m   ( m o n o - ,   d i - ,   t r i - ,   and  t e t r a - s o d i u m )   s a l t s   o f  

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

a c i d   and  i t s   a l k a l i   s a l t s ,   g l u c o n i c   a c i d ,   g l u c o n a t e s ,  

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



e t h y l e n e   d i a m i n e   a c e t a t e s   s u c h   as  N - h y d r o x y   e t h y l ,  

e t h y l e n e   d i a m i n e   t r i a c e t a t e .   In  a d d i t i o n ,   a  n u m b e r   o f  

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

in   U . S .   P a t e n t s   2 , 9 9 6 , 4 0 8 ;   3 , 0 7 5 , 8 5 6 ;   3 , 0 7 5 , 8 5 5 ;   a n d  

2 , 9 3 8 , 8 0 5   d i s c l o s u r e s   o f   w h i c h   a r e   i n c o r p o r a t e d   h e r e i n  

by  r e f e r e n c e .  

The  a m o u n t   o f   c o m p l e x i n g   a g e n t   i s   d e p e n d e n t   upon   t h e  

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

g e n e r a l l y   f rom  a b o u t   20  t o   a b o u t   50  g r a m s   p e r   l i t e r  

or   i n   a  3-4  f o l d   m o l a r   e x c e s s .  

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

s u r f a c e   a c t i v e   a g e n t   w h i c h   a s s i s t s   in  w e t t i n g   t h e  

s u r f a c e   to   be  c o a t e d .   A  s a t i s f a c t o r y   a n i o n i c   s u r f a c e  

a c t i v e   a g e n t   i s ,   f o r   i n s t a n c e ,   an  o r g a n i c   p h o s p h a t e  

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

R E - 6 1 0 " .   G e n e r a l l y ,   t h e   a n i o n i c   s u r f a c e   a c t i v e   a g e n t   i s  

p r e s e n t   in  a m o u n t s   f r o m   a b o u t   0 . 0 2   to   a b o u t   0 .3   g r a m s  

p e r   l i t e r .  

In  a d d i t i o n ,   t he   pH  of   t h e   b a t h   i s   u s u a l l y   g e n e r a l l y  

c o n t r o l l e d ,   f o r   i n s t a n c e ,   by  t h e   a d d i t i o n   of   a  

b a s i c   c o m p o u n d   s u c h   as  s o d i u m   h y d r o x i d e   or  p o t a s s i u m  

h y d r o x i d e   in   t h e   n e c e s s a r y   a m o u n t   to   a c h i e v e   t h e  

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

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

i s   b e t w e e n   1 1 . 8   and  1 2 . 5 .  

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

i o n   a n d   m o s t   p r e f e r a b l y   c o n t a i n s   a b o u t   10  to   a b o u t  

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

c o n c e n t r a t i o n   in  t h e   b a t h   w i t h i n   t h e   r a n g e   of   0 . 0 0 0 2  

t o  0 . 0 0 0 4  m o l a r .   E x a m p l e s   o f   some  c y a n i d e s   w h i c h   c a n  

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



t he   a l k a l i   m e t a l ,   a l k a l i n e   e a r t h   m e t a l ,   and  a m m o n i u m  

c y a n i d e s .   In  a d d i t i o n ,   t h e   p l a t i n g   b a t h   can  i n c l u d e  

o t h e r   m i n o r   a d d i t i v e s   as  known  in  t h e   a r t .  

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

g r a v i t y   w i t h i n   t h e   r a n g e   of   1 . 0 6 0   to   1 . 0 8 0 .   M o r e o v e r ,  

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

b e t w e e n   70°C  and   80°C  and  m o s t   p r e f e r a b l y   b e t w e e n   7 0 ° C  

and  75°C.   For   a  d i s c u s s i o n   of   t h e   p r e f e r r e d   p l a t i n g  

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

c o n c e n t r a t i o n s ,   s ee   U . S .   P a t e n t   3 , 8 4 4 , 7 9 9 .  

In  a d d i t i o n ,   i t   i s   p r e f e r r e d   to  m a i n t a i n   t he   02  of   t h e  

b a t h   b e t w e e n   2  ppm  and  4  ppm  and  p r e f e r a b l y   a b o u t   2 . 5  

to  a b o u t   3 .5   ppm,  as  d i s c u s s e d   in  U.S .   P a t e n t   4 , 1 5 2 , 4 6 7 .  

The  02  c o n t e n t   can   be  c o n t r o l l e d   by  i n j e c t i n g   o x y g e n  
and  an  i n e r t   gas   i n t o   t h e   b a t h .  

The  o v e r a l l   f l o w   r a t e   of  t h e   g a s e s   i n t o   t he   b a t h   i s  

g e n e r a l l y   f r o m   a b o u t   2 8 . 3 2   to  a b o u t   5 6 6 . 4   1  p e r   m i n u t e  

pe r   3785  1  ( a b o u t   1  to   a b o u t   20  s t a n d a r d   c u b i c   f e e t  

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

from  a b o u t   1 4 1 . 6   to   a b o u t   2 8 3 . 2   1  p e r   m i n u t e   p e r   3785  1 

( a b o u t   5  to  a b o u t   10  s t a n d a r d   c u b i c   f e e t   p e r   m i n u t e   p e r  
t h o u s a n d   g a l l o n s )   of  b a t h .  

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

w i t h   t h e   p r e s e n t   i n v e n t i o n   a r e   a b o u t   5 . 0 8   to  a b o u t  

7 .62   µm  ( a b o u t   0 .2   to  a b o u t   0 .3   m i l s )   of  p l a t e d   c o p p e r  
t h i c k n e s s   p e r   h o u r .  

The  f o l l o w i n g   n o n - l i m i t i n g   e x a m p l e   i s   p r e s e n t e d   t o  

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



EXAMPLE  1 

A  p l a t i n g   b a t h   c o n t a i n i n g   a b o u t   9  g r a m s   p e r   l i t e r   o f  

c u p r i c   s u l f a t e ,   a b o u t   2 .0   g r a m s   p e r   l i t e r   of   f o r m a l d e -  

h y d e ,   a b o u t   36  g r a m s   p e r   l i t e r   of  e t h y l e n e   d i a m i n e  

t e t r a a c e t i c   a c i d ,   a b o u t   28  m i l l i g r a m s   p e r   l i t e r   o f  

s o d i u m   c y a n i d e ,   a b o u t   1 .2   p a r t s   p e r   b i l l i o n   of   R e t e n  

210,   and  a b o u t   0 . 0 5   g r a m s   p e r   l i t e r   of   G a f a c   i s   p r e -  
f e r r e d .   The  b a t h   has   a  pH  of   a b o u t   12.  The  b a t h   i s   f e d  

t h r o u g h   a  p l a t i n g   t a n k   a t   a  t e m p e r a t u r e   of   a b o u t   7 3 ° C .  

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

l a y e r   of  c o p p e r   on  t h e   s u r f a c e   t h e r e o f .   The  o x y g e n  
c o n t e n t   of   t h e   b a t h   d u r i n g   p l a t i n g   i s   a b o u t   3  ppm.  T h e  

r a t e   of  p l a t i n g   i s   a b o u t   5 . 0 8   µm  p e r   h o u r .   The  n o d u l e  

r a t i n g   o f   t h e   s u b s t r a t e   i s   1  ( n o d u l e   r a t i n g   r e f e r s   t o  

n o d u l e s   p e r   6 . 4 5 1 6   cm2  (1  s q u a r e   i n c h )   w i t h   1  b e i n g  

t h e   b e s t   and   5  b e i n g   t h e   w o r s t } .   S i m i l a r   r e s u l t s   a r e  
o b t a i n e d   w i t h   d i e l e c t r i c   s u b s t r a t e s   c a t a l y z e d   f o r  

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



1 .   E l e c t r o l e s s   c o p p e r   p l a t i n g   b a t h   w h i c h   c o m p r i s e s :  

A.  c u p r i c   i o n   s o u r c e   in  an  a m o u n t   f rom  a b o u t  

3  to   a b o u t   15  g r ams   p e r   l i t e r   and  p r e f e r a b l y  

from  a b o u t   8  to   a b o u t   12  g r a m s   p e r   l i t e r  

c a l c u l a t e d   as  c u p r i c   s u l f a t e ;  

B.  a  r e d u c i n g   a g e n t   f o r   t he   c u p r i c   i on   s o u r c e  

in  an  a m o u n t   f rom  a b o u t   0 .7   to  a b o u t   7  g r a m s  

pe r   l i t e r   and  p r e f e r a b l y   f rom  a b o u t   0 .7   t o  

a b o u t   2 .2   g r a m s   pe r   l i t e r   c a l c u l a t e d   a s  

f o r m a l d e h y d e ;  

C.  a  c o m p l e x i n g   a g e n t ,   l i k e   e t h y l e n e   d i a m i n e  

t e t r a a c e t i c   a c i d   or  s a l t   t h e r e o f ,   f o r   t h e  

c u p r i c   i o n   in   an  a m o u n t   of   a b o u t   20  t o  

50  g rams   p e r   l i t e r ;   a n d  

D.  a b o u t   1  p a r t   p e r   b i l l i o n   to  a b o u t   1 , 0 0 0   p a r t s  

pe r   b i l l i o n   of   a  c a t i o n i c   p o l y m e r   f rom  a c r y l -  

amide   or  m e t h a c r y l a m i d e ,   or  b o t h .  

2.  P l a t i n g   b a t h   a c c o r d i n g   to   c l a i m   1  w h i c h   c o n t a i n s  

a b o u t   1  p a r t   p e r   b i l l i o n   to   a b o u t   500  p a r t s   p e r  
b i l l i o n   of  s a i d   c a t i o n i c   p o l y m e r .  

3.  P l a t i n g   b a t h   a c c o r d i n g   to   c l a i m   1  or  2  w h i c h   c o n -  
t a i n s   an  a n i o n i c   s u r f a c e - a c t i v e   a g e n t ,   g e n e r a l l y  
in  an  a m o u n t   f rom  a b o u t   0 . 0 2   to  a b o u t   0 .3   g r a m s  

p e r   l i t e r .  

4.  P l a t i n g   b a t h   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   1  to   3 

h a v i n g   a  pH  of   a b o u t   1 1 . 8   to  a b o u t   1 2 . 5 .  



5.  P l a t i n g   b a t h   a c c o r d i n g   to   a n y   one  o f   c l a i m s   1  t o  4  

w h i c h   a l s o   c o n t a i n s   a b o u t   10  t o   a b o u t   25  m i l l i g r a m s  

p e r   l i t e r   o f   a  c y a n i d e   i o n .  

6.  P l a t i n g   b a t h   a c c o r d i n g   to   a n y   one  o f   c l a i m s   1  to   5 

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

c a t i o n i c   p o l y m e r .  

7.  P l a t i n g   b a t h   a c c o r d i n g   to   a n y   one  o f   c l a i m s   1  to   6 

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

a c r y l a m i d e   and  ammonium  q u a t e r n a r y   c o m p o u n d .  

8.  P l a t i n g   b a t h   a c c o r d i n g   to   a n y   one  of   c l a i m s   1  to   7 

w h i c h   a l s o   c o n t a i n s   b e t w e e n   a b o u t   2  and  a b o u t  

4  ppm  O 2 .  

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

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

c o p p e r   p l a t i n g   b a t h   a c c o r d i n g   to   c l a i m   1 .  

10 .   M e t h o d   a c c o r d i n g   to   c l a i m  9   w h e r e i n   s a i d   e l e c -  

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

a  t e m p e r a t u r e   of  a b o u t   70°C  t o   a b o u t   8 0 ° C .  
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