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©  Electrical  component. 
  An  electrical  component  comprises  a  metallic  conductor 
and  an  inorganic  conductive  layer  thereon.  The  conductive 
layer  has  preferably  been  formed  by  a  vacuum  deposition 
method,  and  is  bonded  to  the  electrical  conductor  by  an 
intermediate  layer. 

The  inorganic  conductive  layer  may,  for  example,  be  a 
non-linear  material,  a  ferromagnetic,  or  ferro-magnetic 
material,  or  a  material  exhibiting  PTC  or  NTC  behaviour. 



T h i s   i n v e n t i o n   r e l a t e s   to  e l e c t r i c a l   c o m p o n e n t s ,  

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

t i v e   l a y e r   f o r m e d   f rom  an  e l e c t r i c a l l y   c o n d u c t i v e   m e t a l  

c o m p o u n d   or  a l l o y .  

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

p o n e n t   wh ich   c o m p r i s e s   a  m e t a l l i c   e l e c t r i c a l   c o n d u c t o r  

and  a  c o n d u c t i v e   l a y e r   f o r m e d   f rom  an  e l e c t r i c a l l y   c o n -  

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

b e i n g   b o n d e d   to  t h e   e l e c t r i c a l   c o n d u c t o r   by  an  i n t e r -  

m e d i a t e   m e t a l l i c   or  r e f r a c t o r y   l a y e r .  

The  i n v e n t i o n   i s   a p p l i c a b l e   to   many  f o r m s   of  e l e c -  

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

l a y e r   is  p r o v i d e d   in  o r d e r   to  e x h i b i t   an  e l e c t r i c a l  

e f f e c t .   The  e l e c t r i c a l l y   c o n d u c t i v e   l a y e r   may  be  a  

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

d u c t i v i t y ,   and  may  be  e i t h e r   l i n e a r   or  n o n - l i n e a r   in  i t s  

e l e c t r i c a l   c h a r a c t e r i s t i c s .   For  e x a m p l e   in  one  form  o f  

d e v i c e ,   t h e   c o n d u c t i v e   l a y e r   may  be  f o r m e d   f rom  a  

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

e a r t h   m e t a l   t i t a n a t e ,   t h a t   e x h i b i t s   a  p o s i t i v e   t e m -  

p e r a t u r e   c o e f f i c i e n t   of  r e s i s t a n c e   ( r e f e r r e d   to  h e r e i n -  

a f t e r   as  a  P . T . C .   m a t e r i a l )   or  i t   may  e x h i b i t   a  n e g a t i v e  

t e m p e r a t u r e   c o e f f i c i e n t   of  r e s i s t a n c e   ( r e f e r r e d   t o  

h e r e i n a f t e r   as  an  N . T . C .   m a t e r i a l ) .   Such  m a t e r i a l s   may 



have   r e s i s t i v i t i e s   t h a t   v a r y   t h r o u g h   s e v e r a l   o r d e r s   o f  

m a g n i t u d e   as  t h e   t e m p e r a t u r e   of  t h e   m a t e r i a l   is   r a i s e d  

t h r o u g h   an  i n t e r v a l   of  10  to  50oC.   D e v i c e s   t h a t   u t i l i s e  

s u c h   P . T . C .   m a t e r i a l s   may  be  u s e d   f o r   i n s t a n c e   as  s e l f  

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

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

s w i t c h e s   and  t h e   l i k e .   In  some  a p p l i c a t i o n s   t h e   c o n d u c -  

t i v e   l a y e r   may  be  f o r m e d   f rom  a  f e r r o e l e c t r i c   m a t e r i a l  

or  f rom  a  f e r r o m a g n e t i c   m a t e r i a l   or  f rom  o t h e r   c u r i e  

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

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

q u e n c y   a t t e n u a t i o n   l i n e s   in  w h i c h   u n w a n t e d   h i g h   f r e q u e n -  

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

f e r r o e l e c t r i c   c o a t i n g s   may  be  u s e d   f o r   e x a m p l e   as  s k i n  

e f f e c t   h e a t e r s .   E x a m p l e s   of  f e r r o e l e c t r i c   m a t e r i a l s  

i n c l u d e   t h o s e   c e r a m i c s   of  t h e   g e n e r a l   f o r m u l a   AM03 

w h e r e i n   A  r e p r e s e n t s   l e a d   or  an  a l k a l i n e   e a r t h   m e t a l ,  

p r e f e r a b l y   b a r i u m   or  s t r o n t i u m ,   and  M  r e p r e s e n t s   t i t a -  

n i u m ,   t i n   z i r c o n i u m   or  h a f n i u m ;   l i t h i u m   n i o b a t e ,   l i t h i u m  

t a n t a l a t e ,   l e a d   t i t a n a t e   z i r c o n a t e   or  l e a d   m e t a n i o b a t e ;  

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

t e s ,   e . g .   c o m p o u n d s   of  t h e   g e n e r a l   f o r m u l a   M F e 2 0 4  

w h e r e i n   M  r e p r e s e n t s   f o r   e x a m p l e   i r o n   ( F e 3 0 4 ) ,   n i c k e l ,  

c o b a l t   or  z i n c ;   m a g n e s i u m   m a n g a n e s e   f e r r i t e s   and  f e r r o -  

c h r o m a t e s ;   m a g n e t i c   i r o n   o x i d e s   s u c h   as  gamma  Fe203   o r  

c e r t a i n   o x i d e s   of  ch romium  or  n i c k e l .   In  y e t   o t h e r  

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

d e p e n d e n t   r e s i s t i v i t y ,   f o r   e x a m p l e   in  t h e   c a s e   of  z i n c  

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

of  v o l t a g e   d e p e n d e n t   d e v i c e   t h a t   may  be  made  a c c o r d i n g  

to  t h i s   i n v e n t i o n   i n c l u d e   t h r e s h o l d   and  memory  s w i t c h i n g  

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

e x a m p l e   in  U .S .   P a t e n t   S p e c i f i c a t i o n   No.  3 , 2 7 1 , 5 9 1 ,   t h e  

d i s c l o s u r e   of  w h i c h   is  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 .  



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

o n l y   a  s a m p l e   of  t h e   r a n g e   of  c o n d u c t i v e   l a y e r s   t h a t   may  
be  u sed   f o r   one  r e a s o n   or  a n o t h e r   in  an  e l e c t r i c a l   c o m -  

p o n e n t .  

A l t h o u g h   such   c o m p o n e n t s   a r e   v e r y   u s e f u l   in  m a n y  

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

t h a t   i t   is  d i f f i c u l t   f o r   t h e   c o n d u c t i v e   c o a t i n g   t o  

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

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

s e v e r e   m e c h a n i c a l   a b u s e .   In  o t h e r   c a s e s ,   even  if   t h e  

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

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

w i t h s t a n d   h i g h   t e m p e r a t u r e s   e . g .   a b o v e   200°C  or  t e m -  

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

to  w i t h s t a n d   m e c h a n i c a l   a b u s e   a n d / o r   t e m p e r a t u r e   e x c u r -  

s i o n s   may  be  s i g n i f i c a n t l y   i m p r o v e d   by  t he   p r o v i s i o n   o f  

an  i n t e r m e d i a t e   m e t a l l i c   or  r e f r a c t o r y   l a y e r .   The  p r e -  
f e r r e d   f o r m s   of  i n t e r m e d i a t e   l a y e r s   u sed   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 re   as  d e s c r i b e d   in  E u r o p e a n  

P a t e n t   S p e c i f i c a t i o n   No.  1 3 2 3 4 3 ,   t h e   d i s c l o s u r e   of  w h i c h  

is  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 ,   and  in  o u r  

c o p e n d i n g   B r i t i s h   P a t e n t   A p p l i c a t i o n s   Nos.   8500816  a n d  

8500817   c o r r e s p o n d i n g   to  E u r o p e a n   P a t e n t   A p p l i c a t i o n s  

Nos .   8 5 3 0 4 8 7 1 . 8   and  8 5 3 0 4 8 7 2 . 6 ,   t h e   d i s c l o s u r e s   of  w h i c h  

a r e   a l s o   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  c o n d u c -  

t i v e   l a y e r   e m p l o y e d   in  t he   p r e s e n t   i n v e n t i o n   may  be  p r e -  

s e n t   in  p l a c e   of  t he   r e f r a c t o r y   c o a t i n g   or  l a y e r  

d e s c r i b e d   in  t h o s e   a p p l i c a t i o n s   or  i t   may,  i f   d e s i r e d ,  

be  p r e s e n t   in  a d d i t i o n   to  a  s e m i c o n d u c t i n g   or  c o n d u c t i n g  

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

wh ich   c a s e   t h e   l a y e r   a c t s   as  a  k e y i n g   l a y e r   to  i m p r o v e  

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



P r e f e r a b l y   t h e   m e t a l   f rom  which   t h e   e l e c t r i c a l   c o n -  

d u c t o r   is  f o r m e d   has   a  m e l t i n g   p o i n t   of  a t   l e a s t   8 0 0 0 C  

more   p r e f e r a b l y   a t   l e a s t   900°C,   and  e s p e c i a l l y   a t   l e a s t  

1 0 0 0 ° C .   The  p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y   a p p l i -  

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

a l l o y   t h e r e o f   f o r   e x a m p l e   w i r e   and  c a b l e   t h a t   may  n e e d  

to  be  c a p a b l e   of  f u n c t i o n i n g   when  s u b j e c t e d   to   temp  e r a -  

t u r e   e x c u r s i o n s ,   or  even   when  s u b j e c t e d   to   t e m p e r a t u r e s  

of  2000C  or  a b o v e ,   f o r   l e n g t h s   of  t i m e .  

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

i n v e n t i o n   e . g .   e l e c t r i c a l   w i r e ,   and  e s p e c i a l l y   one  o r  

more   a d d i t i o n a l   c o n d u c t i n g   l a y e r s   may  be  p r o v i d e d   on  t o p  

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

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

r a t e s   such   as  t h o s e   m e n t i o n e d   in  our   B r i t i s h   P a t e n t  

A p p l i c a t i o n   No.  8 5 0 0 8 1 8 .  

In  t he   c a s e   w h e r e   t he   a r t i c l e   c o m p r i s e s   an  e l e c -  

t r i c a l   w i r e   or  c a b l e ,   so  t h a t   t he   u n d e r l y i n g   c o p p e r  
f o r m s   t h e   c o n d u c t o r   of  t h e   c a b l e ,   t h e   c o n d u c t o r   may  be  a  

s i n g l e ,   s o l i d   c o n d u c t o r   or  i t   may  be  a  s t r a n d e d   c o n d u c -  

t o r   in  wh ich   i n d i v i d u a l   s t r a n d s   a r e   l a i d   t o g e t h e r   t o  

fo rm  a  b u n d l e   w h i c h   p r e f e r a b l y   c o n t a i n s   7,  19  or  37 

s t r a n d s .   Where  t h e   c o n d u c t o r   is  s t r a n d e d   i t   is  p r e -  

f e r r e d   f o r   t he   b u n d l e   to   be  c o a t e d   r a t h e r   t h a n   t he   i n d i -  

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

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

a r o u n d   t he   i n d i v i d u a l   s t r a n d s   so  t h a t   s u b s t a n t i a l l y   o n l y  

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

s t r a n d s   a re   c o a t e d .   The  i n t e r m e d i a t e   l a y e r   may  a l s o  

e x t e n d   a r o u n d   t h e   b u n d l e   o r ,   f o r   e x a m p l e   in  t h e   c a s e   o f  

a  n i c k e l   i n t e r m e d i a t e   l a y e r ,   may  e x t e n d   a r o u n d   t h e   i n d i -  

v i d u a l   s t r a n d s .  



T h i s   fo rm  of  c o n d u c t o r   has  t h e   a d v a n t a g e   t h a t   t h e  

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

d i m e n s i o n s   of  t h e   b u n d l e   a r e   k e p t   to   a  minimum  ( s i n c e  

t h e   t h i c k n e s s   of  t h e   c o a t i n g   may  c o n s t i t u t e   a  s i g n i f -  

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

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

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

t h e   c e n t r a l   r e g i o n   of  t h e   c o n d u c t o r ,   w i l l   be  u n c o a t e d   b y  

t h e   l a y e r .   If   a  c a b l e   is  f o r m e d   a c c o r d i n g   to   t h e   i n v e n -  

t i o n   f rom  a  s t r a n d e d   c o n d u c t o r ,   i t   has   t h e   a d v a n t a g e  

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

t o r   w i r e s   and  y e t   has   s u f f i c i e n t   e l e c t r i c a l   i n s u l a t i o n  

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

as  d e s c r i b e d   in  t h e   a b o v e   E u r o p e a n   P a t e n t   S p e c i f i c a t i o n .  

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

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

p u t   and  t h e  n a t u r e   of  t he   c o n d u c t i v e   l a y e r .  

The  p r o p e r t i e s   of  i n t e r m e d i a t e   c o a t i n g s   a r e   known 

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

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

t h e   t e c h n i q u e s   t h a t   e x h i b i t   r e l a t i v e l y   low  d e p o s i t i o n  

r a t e s   w i l l   form  l a y e r s   h a v i n g   r e l a t i v e l y   h i g h   d e n s i t y ,  

i . e .   not   b e i n g   p o r o u s ,   and  h a v i n g   h i g h e r   a d h e s i o n   t o  

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

h a s   been   f o r m e d   by  a  vacuum  d e p o s i t i o n   p r o c e s s ,   e . g .   a  

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

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



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

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

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

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

In  o r d e r   to   o p t i m i s e   t he   a d h e s i o n   b e t w e e n   t h e  

i n t e r m e d i a t e   or  k e y i n g   l a y e r   and  t h e   c o n d u c t i v e   l a y e r ,  
i t   may  be  b e n e f i c i a l   f o r   t h e   i n t e r m e d i a t e   or  k e y i n g  

l a y e r   to  c o m p r i s e   t h e   or  one  of  t h e   m e t a l s   t h a t   is  p r e -  
s e n t   in  t h e   c o n d u c t i v e   l a y e r .   A l t e r n a t i v e l y   or  in  a d d i -  

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

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

may  be  u s e d .  

As  s t a t e d   a b o v e ,   t he   i n t e r m e d i a t e   l a y e r   may  b e  

f o r m e d   f rom  a  m e t a l   or  r e f r a c t o r y .   I t   i s   p o s s i b l e   f o r  

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

f o r   t he   l a y e r s   to  be  bo th   m e t a l l i c ,   b o t h   r e f r a c t o r y   o r  

f o r   a  m e t a l l i c   and  a  r e f r a c t o r y   l a y e r   to   be  p r e s e n t .   I n  

o r d e r   to  i m p r o v e   f u r t h e r   t he   h i g h   t e m p e r a t u r e   p r o p e r t i e s  

of  t he   c o m p o n e n t ,   and  e s p e c i a l l y   in  t h e   c a s e   where   t h e  

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

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

c a l l e d   t h e   " a d d i t i o n a l   l a y e r " )   to   be  p r e s e n t   b e t w e e n   t h e  

i n t e r m e d i a t e   l a y e r   and  t he   m e t a l l i c   c o n d u c t o r .   T h e  

m e t a l   is  p r e f e r a b l y   one  which   f o r m s   a  good  bond  b e t w e e n  

t h e   u n d e r l y i n g   m e t a l   and  the   r e f r a c t o r y   k e y i n g   l a y e r   a n d  

a l s o ,   as  d e s c r i b e d   in  our  c o p e n d i n g   A p p l i c a t i o n   N o .  

8500816   o n e  w h i c h   a c t s   as  a  b a r r i e r   to   d i f f u s i o n   of  o x y -  

gen  or  c o p p e r   or  bo th   or  wh ich   a c t s   to   r e d u c e   s t r e s s   i n  

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

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

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

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



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

con  or  n i c k e l   a l t h o u g h   o t h e r   m e t a l s   may  be  u s e d .   In  t h e  

c a s e   of  w i r e s   h a v i n g   s t r a n d e d   c o n d u c t o r s ,   i t   is  p r e -  

f e r a b l y   f o r   t he   w i r e   to   have   t he   s t r u c t u r e   as  d e s c r i b e d  

in  our   P a t e n t   A p p l i c a t i o n   No.  8 5 0 0 8 1 7 ,   i . e .   one  i n  w h i c h  

t h e   a d d i t i o n a l   l a y e r   may  e x t e n d   a r o u n d   t h e   i n d i v i d u a l  

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

c o n d u c t o r   bu t   no t   a r o u n d   t h e   i n d i v i d u a l   s t r a n d s .  

In  t h e   c a s e   of  w i r e s   a c c o r d i n g   to   t h e   i n v e n t i o n ,  

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

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

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

t h e   d e s i r e d   d i e l e c t r i c   p r o p e r t i e s   and  o t h e r   p r o p e r t i e s  

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

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

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

In  some  c a s e s   i t   may  be  d e s i r a b l e   f o r   t h e   w i r e   t o  

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

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

( e s p e c i a l l y   f e r r i t e s )   or  t h e   l i k e .  

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

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

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

t e r i n g   m e t h o d s .  

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

m e t h o d   such  as  a  s p u t t e r i n g   m e t h o d ,   f o r   f o r m i n g   t h e  

i n t e r m e d i a t e   or  k e y i n g   l a y e r   is  t h a t   i t   a l l o w s   g r e a t e r  

c o n t r o l   ove r   t h e   c h e m i c a l   c o m p o s i t i o n   and  m e c h a n i c a l  

p r o p e r t i e s   of  t h e   k e y i n g   l a y e r   to  be  e x e r c i s e d .   F o r  

e x a m p l e ,   i t   is  o f t e n   a d v a n t a g e o u s   f o r   t h e   k e y i n g   l a y e r  



to   be  n o n - s t o i c h i o m e t r i c   s i n c e   t h i s   may  i n c r e a s e   t h e  

a d h e s i o n   b e t w e e n   the   k e y i n g   l a y e r   and  any  u n d e r l y i n g  

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

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

t h a t   s t r e s s e s   t h a t   may  be  i n d u c e d   in  t h e   c o a t i n g ,   f o r  

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

l o c a l i s e d   to  a  b o u n d a r y   of  t h e   l a y e r   and  so  t h a t   d i f -  

f e r e n t   p a r t s   of  t he   l a y e r   w i l l   e x h i b i t   d i f f e r e n t   p r o p e r -  
t i e s .   For   e x a m p l e ,   a  r e l a t i v e l y   m e t a l - r i c h   p a r t   of  t h e  

k e y i n g   l a y e r   may  e x h i b i t   good  a d h e s i o n   to  t h e   c o n d u c t o r  

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

c o a t i n g   h a v i n g   l e a s t   m e t a l   or  s e m i - m e t a l   may  e x h i b i t  

b e t t e r   a d h e s i o n   to  t he   c o n d u c t i v e   l a y e r .  

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

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

l a y e r   or   i t   may  c o n t a i n   one  or  more  l a y e r s   or  s t r a t a   o f  

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

may  h a v e   an  o u t e r   r e g i o n   of  r e l a t i v e l y   u n i f o r m  

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

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

The  r e l a t i v e   t h i c k n e s s e s   of  t h e   n o n - u n i f o r m   and  u n i f o r m  

l a y e r s   may  v a r y   w i d e l y .   For  e x a m p l e   t h e   m a j o r   p a r t   o f  

t h e   k e y i n g   may  have   a  n o n - u n i f o r m   s t o i c h i o m e t r y   or  t h e  

m a j o r   p a r t   of  the   l a y e r ' s   t h i c k n e s s   may  be  of  u n i f o r m  

s t o i c h i o m e t r y ,   in  wh ich   l a t t e r   c a s e   t h e   n o n - u n i f o r m   p a r t  

of  t h e   l a y e r   c o u l d   even  be  c o n s i d e r e d   as  an  i n t e r m e d i a t e  

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

e s p e c i a l l y   a t   h igh   t e m p e r a t u r e s .   If   t h e   u n d e r l y i n g  

m e t a l -   or  s e m i - m e t a l - r i c h   p a r t   of  t h e   k e y i n g   l a y e r   i s  

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

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

c o m p o s i t i o n   of  any  a d d i t i o n a l   l a y e r ,   and  in  some  c a s e s  

i t   may  be  d e s i r a b l e   f o r   t h e   m e t a l   or  s e m i - m e t a l   r i c h  



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

s e m i - m e t a l   so  t h a t   t h e r e   is   a  g r a d u a l   c h a n g e   f rom  t h e  

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

l a y e r .   T h i s   is   p a r t i c u l a r l y   p r e f e r r e d   i f   t h e   s y s t e m  

i n c l u d e s   an  u n d e r l y i n g   l a y e r   of  t h e   same  m e t a l   or  s e m i -  

m e t a l .  

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

can  be  d e t e r m i n e d   e x p e r i m e n t a l l y   u s i n g   w a v e l e n g t h  

d i s p e r s i v e   e l e c t r o n   m i c r o p r o b e   a n a l y s i s   or  by  u s i n g   x -  

ray   p h o t o e l e c t r o n   s p e c t r o s c o p y   (XPS) .   The  c o m p o s i t i o n  

of  t h e   c o a t i n g   as  i t   c h a n g e s   f rom  m e t a l   to   r e f r a c t o r y  

t h r o u g h o u t   i t s   d e p t h   can  be  a s s e s s e d   u s i n g   A u g e r  

e l e c t r o n   s p e c t r o s c o p y   (AES)  in  wh ich   t h e   f i l m   i s   c o n -  

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

c o m p o s i t i o n   a n a l y s i s .  

The  v a r i a t i o n   in  s t o i c h i o m e t r y   i s   no t   l i m i t e d   to  a  

v a r i a t i o n   in  t h e   m e t a l   or  s e m i - m e t a l / o x y g e n   p r o p o r t i o n s .  

In  a d d i t i o n   or  a l t e r n a t i v e l y   t h e   r e l a t i v e   p r o p o r t i o n s   o f  

two  d i f f e r e n t   m e t a l s   or  s e m i - m e t a l s   may  be  v a r i e d   s o  

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

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

t h e   o x i d e   of  a  d i f f e r e n t   m e t a l .  

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

a t o m i c   or  m o l e c u l a r   s p e c i e s   a r e   e j e c t e d   f rom  a  t a r g e t ,  

wh ich   may  be  f o r m e d   f rom  t h e   m a t e r i a l   to   be  d e p o s i t e d ,  

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

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

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

d u c t o r   s u b s t r a t e   h e l d   in  a  medium  v a c u u m ,   e . g .   10-4   t o  

10-2  m b a r .   The  p o s i t i v e   i o n s   r e q u i r e d   f o r   b o m b a r d m e n t  

may  be  g e n e r a t e d   in  a  g low  d i s c h a r g e   w h e r e   t he   s p u t -  



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

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

r e s p e c t   to   g r o u n d   and  t h e   g low  d i s c h a r g e )   i s   m a i n t a i n e d  

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

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

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

t h r o u g h o u t   t he   p r o c e s s .   DC  p o w e r   may  be  a p p l i e d   w h e n  

t h e   t a r g e t   is   an  e l e c t r i c a l l y   c o n d u c t i n g   m a t e r i a l .   T h e  

a d v a n t a g e   of  such   t e c h n i q u e s   is  t h a t   c o n t r o l   o v e r   t h e  

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

t h e   s p e c i e s   e j e c t e d   is  v e r y  m u c h   h i g h e r   t h a n   w i t h   e v a -  

p o r a t i o n   m e t h o d s   e . g .   t y p i c a l l y   1  to   10  eV  f o r   s p u t -  

t e r i n g   as  c o m p a r e d   w i t h   0 . 1   to   0 .5   eV  f o r   e v a p o r a t i o n  

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

b o n d i n g   a r e   a c h i e v e d   but   t h e   d e p o s i t i o n   r a t e   in  t h e  

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

e l e c t r o n   beam  e v a p o r a t i o n .  

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

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

( t a r g e t )   by  means   of  a  m a g n e t i c   f i e l d .   The  e f f e c t   o f  

t h e   m a g n e t i c   f i e l d   on  t h e   gas   d i s c h a r g e   i s   d r a m a t i c .   I n  

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

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

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

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

m e n t   p r o c e s s   w i l l   be  d e f l e c t e d   by  means   of  t h e   L o r e n t z  

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

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

as  t h e   number   of  i o n i s e d   a r g o n   a t o m s   b o m b a r d i n g   t h e  

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

i n c r e a s e   in  p l a s m a   d e n s i t y   and  a  c o n s i d e r a b l e   i n c r e a s e  

in  d e p o s i t i o n   r a t e .   B i a s   s p u t t e r i n g   (o r   s p u t t e r   i o n  

p l a t i n g )   may  be  e m p l o y e d   as  a  v a r i a t i o n   of  t h i s   t e c h -  



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

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

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

r e s u l t s   in  h i g h l y   c l e a n e d   s u r f a c e s .   S p u t t e r i n g   of  t h e  

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

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

m e c h a n i s m .   T h i s   has  t h e   a d v a n t a g e   t h a t   t h e   i n t e r f a c i a l  

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

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

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

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

t e r i n g   of  t h e   t a r g e t   m a t e r i a l .   The  t a r g e t   v o l t a g e   w i l l  

be  t y p i c a l l y   l e s s   t h a n   lkV,   d e p e n d e n t   on  s y s t e m   d e s i g n  

and  t a r g e t   m a t e r i a l .   The  w i r e   s u b s t r a t e ,   may  b e  

i m m e r s e d   in  i t s   own  l o c a l i s e d   p l a s m a   d e p e n d e n t   upon  i t s  

b i a s   p o t e n t i a l ,   wh ich   w i l l   be  l o w e r   t h a n   t h a t   of  t h e  

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

a t   e i t h e r   t a r g e t   or  s u b s t r a t e   is  d e p e n d a n t   upon  m a n y  
v a r i a b l e s   and  w i l l   d i f f e r   in  d e t a i l   f rom  s y s t e m   t o  

s y s t e m .   T y p i c a l   power   d e n s i t i e s   on  t h e   t a r g e t   a r e  
1 0 - 2 0 W / c m 2 .   The  l o a d   to  t he   s u b s t r a t e   may  be  s u b s t a n -  

t i a l l y   l o w e r ,   o f t e n   as  l i t t l e   as  5%  of  t h e   t a r g e t   l o a d .  

One  p r e f e r r e d   t e c h n i q u e   t h a t   is   u s e d   to   a p p l y   t h e  

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

in  w h i c h   r e a c t i v e   gas  is  i n t r o d u c e d   i n t o   t h e   v a c u u m  

c h a m b e r   in  a d d i t i o n   to  a r g o n   so  t h a t   a  compound   of  t h e  

t a r g e t   m a t e r i a l ,   w h i c h   in  t h i s   c a s e   is   a  m e t a l   or  s e m i  

m e t a l   r a t h e r   t h a n   t h e   compound   i t s e l f ,   w i l l   be  d e p o -  

s i t e d .   E x p e r i m e n t a l   r e s u l t s   have   shown  t h a t   t h e   l e v e l  

of  r e a c t i v e   gas  and  i t s   a d m i s s i o n   r a t e   have   a  s i g n i f i -  

c a n t   e f f e c t   on  d e p o s i t i o n   r a t e s .   The  p r e c i s i o n   c o n t r o l  

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

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



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

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

a b o v e ,   t h e   ion   b o m b a r d m e n t   of  t h e   s u b s t r a t e   e n h a n c e s  

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

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

c o a t i n g   w i t h   t h e   r e q u i r e d   s t o i c h i o m e t r y .  

P a r t i a l   p r e s s u r e   of  r e a c t i v e   gas  is  d e t e r m i n e d  

e x p e r i m e n t a l l y   bu t   w i l l   n o r m a l l y   be  b e t w e e n   2  and  25% 

bu t   s o m e t i m e s   up  to  30%,  t h e   e x a c t   l e v e l   d e p e n d i n g   o n  

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

r a t e .   R e a c t i v e   s p u t t e r i n g   i s   a l s o   a  p r e f e r r e d   t e c h n i q u e  

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

of  t h e   c o a t i n g .   For.  e x a m p l e ,   an  i n t e r m e d i a t e   " l a y e r "   o f  

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

d e p o s i t e d   in  such   a  way  t h a t   t h e r e   is  no  d e f i n e d   b o u n -  

d a r y   b e t w e e n   t he   c o n d u c t o r   m e t a l ,   k e y i n g   l a y e r   and  c o n -  

d u c t i n g   l a y e r .  

The  vacuum  c h a m b e r s   and  a n c i l l a r y   e q u i p m e n t ,  

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

v a r i e t y   of  t a r g e t s   u s e d   in  t h e s e   m e t h o d s   may  be  p u r -  
c h a s e d   c o m m e r c i a l l y .   Many  v a r i a t i o n s   in  d e s i g n   a r e  

p o s s i b l e   bu t   mos t   e m p l o y   t h e   use   of  "box"   s h a p e d   c h a m -  

b e r s   w h i c h   can  be  pumped  down  to  h i g h   vacuum  f o r   use   i n  

any  of  t h e   vacuum  d e p o s i t i o n   p r o c e s s e s   m e n t i o n e d .  

S y s t e m s   a r e   n o r m a l l y ,   b u t   no t   e x c l u s i v e l y ,   d e d i c a t e d   t o  

one  d e p o s i t i o n   p r o c e s s .   One  s y s t e m   w h i c h   may  b e  

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

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

d e p o s i t i o n   c h a m b e r s   and  e m p l o y s   one  or  more  a n c i l l a r y  

vacuum  c h a m b e r s   e i t h e r   s i d e   of  t he   main   d e p o s i t i o n  

c h a m b e r .  



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

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

to  a i r .   T h i s   r e d u c e s   t he   l o a d   on  i n d i v i d u a l   v a c u u m  

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

a r r a n g e m e n t s .   In  t h e   vacuum  d e p o s i t i o n   c h a m b e r   t h e  

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

1 0 - 4   and  10 -2   T o r r .  

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

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

v a r y   w i d e l y ,   and  t a r g e t s   in  e x c e s s   of  2  m e t r e s   in  l e n g t h  

may  be  e m p l o y e d .   B e t w e e n   two  and  f o u r   such   s o u r c e s   m a y  
be  a r r a n g e d   o p p o s i t e   one  a n o t h e r   so  as  to   s u r r o u n d   t h e  

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

f rom  at   l e a s t   two  s i d e s .   The  a r r a n g e m e n t   may  b e  

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

As  d e s c r i b e d   a b o v e   a  n e g a t i v e   b i a s   is  a p p l i e d   to  t h e  

m a g n e t r o n   to   i n i t i a t e   t he   s p u t t e r i n g   p r o c e s s .   The  w i r e  

may  be  h e l d   at   a  l o w e r   n e g a t i v e   b i a s   as  d e s c r i b e d  

e a r l i e r .  

R e f i n e m e n t s   to  t h e   s y s t e m   c a n ,   i f   d e s i r e d ,   b e  

e m p l o y e d .   For  e x a m p l e ,   t h e   use   of  an  i n t e r m e d i a t e  

vacuum  s t a t i o n   b e t w e e n   t h e   a i r   ( i n p u t   s i d e )   and  t h e  

d e p o s i t i o n   c h a m b e r   may  be  e m p l o y e d   to   g e n e r a t e   an  A r g o n  

ion   glow  d i s c h a r g e   w h i c h   c l e a n s   t h e   w i r e   c o n d u c t o r  

s u f a c e   by  ion  b o m b a r d m e n t   p r i o r   to  i t s   e n t r y   i n t o   t h e  

vacuum  d e p o s i t i o n   c h a m b e r   and  a l s o   h e a t s   t he   w i r e   c o n -  

d u c t o r .  

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

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

i n t e r m e d i a t e   l a y e r s .  



C o n d i t i o n s   may  be  c o n t r o l l e d   to  p r o d u c e   any  of  t h e  

c o n d u c t o r   c o a t i n g s   d e s c r i b e d   a b o v e   in  w h i c h   no  d e f i n e d  

b o u n d r i e s   o c c u r   b e t w e e n   t h e   l a y e r s .   For  e x a m p l e   a n  

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

f o r   t h e   c o n d u c t i n g   c o a t i n g   may  be  d e p o s i t e d   in  such   a  

way  t h a t   t h e r e   is  no  d e f i n e d   b o u n d a r y   b e t w e e n   t h e   c o n -  

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

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

b e t w e e n   t h e   d e p o s i t i o n   c h a m b e r   and  a i r   ( o u t p u t   s i d e )   t o  

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

l a y e r   and  a l s o   any  s u b s e q u e n t   l a y e r s ,   e . g .   f o r   l u b r i c a -  

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

e l e c t r o d e s .  

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

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

f o r   d e p o s i t i o n   of  t he   c o a t i n g .  

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

h e a t i n g   t h e   m a t e r i a l   such   t h a t   i t s   v a p o u r   p r e s s u r e  
e x c e e d s   1 0 - 2 m b a r .   E v a p o r a t i o n   t e m p e r a t u r e s   v a r y  

a c c o r d i n g   to  c o a t i n g   m a t e r i a l ,   e . g .   1 3 0 0 - 3 5 0 0 ° C   f o r  

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

u s u a l l y   10-4   to  1 0 - 6 m b a r .   S i m i l a r   w i r e   t r a n s p o r t  

s y s t e m s   to  t h o s e   d e s c r i b e d   may  be  u s e d   to  h o l d   t h e  

s u b s t r a t e   a b o u t   30-40   cm  a b o v e   t he   s o u r c e .   S e v e r a l  

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

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

m e t h o d   is   an  e l e c t r o n   beam  s o u r c e   w h e r e   a  beam  of  h i g h  

e n e r g y   e l e c t r o n s   e . g .   1 0 , 0 0 0 e V   i m p i n g e   o n t o   t h e   c o a t i n g  

m a t e r i a l   c o n t a i n e d   in  a  w a t e r - c o o l e d   c r u c i b l e .   The  u s e  

of  m u l t i - p o t   c r u c i b l e s   or  t w i n   s o u r c e   g u n s ,   e n a b l e  

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

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

c o n t r o l   e q u i p m e n t .  



Compound   c o a t i n g s   can  be  made  e i t h e r   by  d i r e c t   e v a -  

p o r a t i o n   f r o m   t h a t   compound   e . g .   TiN  or  by  r e a c t i v e  

e v a p o r a t i o n ,   e . g .   t i t a n i u m   e v a p o r a t e d   i n t o   a  p a r t i a l  

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

V a r i a t i o n s   in  t h e   p r o c e s s   e x i s t   e i t h e r   to  p r o m o t e   r e a c -  

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

(ARE)  can  be  u s e d   to  i n c r e a s e   t h e   r e a c t i o n   p r o b a b l y   b e t -  

ween  t h e   e v a p o r a n t   and  t he   r e a c t i v e   g a s .  

In  i o n - p l a t i n g ,   n e g a t i v e   b i a s   a p p l i e d   to  t h e  

s u b s t r a t e   in  an  i n e r t   gas   p r o m o t e s   s i m u l t a n e o u s  

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

as  d e s c r i b e d   in  t h e   s p u t t e r i n g   p r o c e s s .   B i a s   l e v e l s   o f  

-2kV  a r e   t y p i c a l l y   u sed   bu t   t h e s e   can  be  r e d u c e d   to  s u i t  

w i r e   s u b s t r a t e s .   A l t e r n a t i v e l y ,   h i g h   b i a s   can  b e  

a p p l i e d   to   a  p l a t e   p o s i t i o n e d   b e h i n d   t h e   t r a v e r s e   w i r e  

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

h i g h e r   in  t h e   ion  p l a t i n g   t e c h n i q u e ,   e . g .   10-3   t o  

1 0 - 2 m b a r ,   gas   s c a t t e r i n g   r e s u l t s   in  a  more  even   c o a t i n g  

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

gun  in  t h e   ion  p l a t i n g   t e c h n i q u e   is  d i f f e r e n t i a l l y  

pumped  to   m a i n t a i n   vacuum  h i g h e r   t h a n   1 0 - 4 m b a r .  

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

(PACVD)  m e t h o d   t he   s u b s t r a t e   to   be  c o a t e d   is  i m m e r s e d   i n  

a  low  p r e s s u r e   ( 0 . 1   to  10  T o r r )   p l a s m a   of  t h e   a p p r o -  

p r i a t e   g a s e s / v o l a t i l e   c o m p o u n d s .   T h i s   p r e s s u r e   is   m a i n -  

t a i n e d   by  b a l a n c i n g   the   t o t a l   gas   f l o w - r a t e   a g a i n s t   t h e  

t h r o u g h p u t   of  t h e   pumping   s y s t e m .   The  p l a s m a   i s  

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

e n e r g y   f r o m   a  power   g e n e r a t o r   t h r o u g h   a  m a t c h i n g   n e t w o r k  

i n t o   t h e   gas   med ium.   Thin   f i l m s   have   been  s u c c e s s f u l l y  

d e p o s i t e d   f rom  d i r e c t   c u r r e n t   and  h i g h e r .   f r e q u e n c y  

p l a s m a s   w e l l   i n t o   t h e   m i c r o w a v e   r a n g e .   At  h i g h   f r e q u e n -  



c i e s   t h e   e n e r g y   may  be  c a p a c i t a t i v e l y   or  i n d u c t i v e l y  

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

f i g u r a t i o n .   T y p i c a l l y   a  1 3 . 5 6   MHz  r a d i o - f r e q u e n c y  

g e n e r a t o r   w o u l d   be  u sed   h a v i n g   a  r a t i n g   w h i c h   w o u l d  

a l l o w   a  power   d e n s i t y   of  b e t w e e n   0 . 1  -   lOW/cm2  in  a  

c a p a c i t a t i v e l y - c o u p l e d   p a r a l l e l - p l a t e   t y p e   r e a c t o r .   T h e  

s u b s t r a t e ,   w h i c h   c o u l d   be  s e t   a t   a  t e m p e r a t u r e   of  up  t o  

400°C ,   may  be  g r o u n d e d ,   f l o a t i n g   or  s u b j e c t e d   to   a  d c  

v o l t a g e   b i a s   as  r e q u i r e d .   T y p i c a l l y   d e p o s i t i o n   r a t e s   f o r  

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

o b t a i n e d   by  s p u t t e r i n g .  

A f t e r   t h e   k e y i n g   l a y e r   has   been   f o r m e d ,   t h e   c o n d u c -  

t i v e   l a y e r   is   a p p l i e d .   As  s t a t e d   a b o v e ,   many  of  t h e  

m e t h o d s   f o r   f o r m i n g   the   i n t e r m e d i a t e   or  k e y i n g   l a y e r   may  
be  u s e d   f o r   f o r m i n g   t h e   c o n d u c t i v e   l a y e r ,   or  o t h e r  

m e t h o d s   may  be  u s e d   i n s t e a d .   R e a c t i v e   s p u t t e r i n g ,   e v a -  

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

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

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

l a y e r   h a v e   been   d e p o s i t e d   on  t h e   w i r e   c o n d u c t o r   i t   may  
be  d e s i r a b l e   to  c o a t   t he   l a y e r   w i t h   a  t h i n   c o a t i n g   of  a  

p o l y m e r i c   r e s i n   or  l a c q u e r   in  o r d e r   to   p r o v i d e   m e c h a n i -  

c a l   p r o t e c t i o n   and  a  b a r r i e r   a g a i n s t   w a t e r   or  e l e c t r o l y -  

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

p o l y m e r   a n d / o r   p o l y m e r i c   i n s u l a t i o n   may  t h e n   be  e x t r u d e d  

o n t o   t h e   c o a t e d   c o n d u c t o r   by  m e t h o d s   w e l l   known  in  t h e  

a r t .  

In  o r d e r   to  form  a  c a b l e ,   t h e   a p p r o p r i a t e   w i r e s  

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

and  be  e n c l o s e d   in  a  j a c k e t .   I f   d e s i r e d   t h e   w i r e s   may 
be  p r o v i d e d   w i t h   a  s c r e e n   or  e l e c t r o m a g n e t i c   i n t e r -  



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

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

w e l l   known  in  t h e   a r t   by  b r a i d i n g   t h e   w i r e   b u n d l e   a n d  

e x t r u d i n g   a  c a b l e   j a c k e t   t h e r e o n .   Any  of  t h e   m a t e r i a l s  

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

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

p o s i t i o n s   as  d e s c r i b e d   in  t he   U.K.  P a t e n t   S p e c i f i c a t i o n s  

Nos .   1 , 6 0 3 , 2 0 5   and  2 , 0 6 8 , 3 4 7 A   m e n t i o n e d   a b o v e   a re   p r e -  
f e r r e d .   I t   is  of  c o u r s e   p o s s i b l e   to   e m p l o y   a d d i t i o n a l  

means   fo r   p r o v i d i n g   i n t e g r i t y   of  t h e   c a b l e   such   as  m i c a  

t a p e   w r a p s ,   bu t   t h e s e   a r e   no t   n e c e s s a r y   nor  a re   t h e y  

d e s i r a b l e   in  v i ew   of  t h e   i n c r e a s e d   s i z e   and  w e i g h t   o f  

t h e   c a b l e .  

S e v e r a l   e m b o d i m e n t s   of  t h e   i n v e n t i o n   and  a  m e t h o d  

of  p r o d u c t i o n   t h e r e o f   w i l l   now  be  d e s c r i b e d   by  way  o f  

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

w h i c h :  

F i g u r e   1  is   a  c r o s s - s e c t i o n   t h r o u g h   one  form  o f  

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

F i g u r e   2  is  a  c r o s s - s e c t i o n   t h r o u g h   a  c a b l e  

e m p l o y i n g   t he   w i r e s   of  f i g u r e   1 ;  

F i g u r e   3  is  a  c r o s s - s e c t i o n   t h r o u g h   p a r t   of  a  f l a t  

c o n d u c t o r   f l a t   c a b l e ;  

F i g u r e   4  is  a  s c h e m a t i c   v iew  of  p a r t   of  t h e  

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

l i n g   m e c h a n i s m ;   a n d  

F i g u r e   5  i s   a  s c h e m a t i c   s e c t i o n   t h r o u g h   p a r t   o f  

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

t h e   i n v e n t i o n .  



R e f e r r i n g   to   f i g u r e   1  of  t h e   d r a w i n g s ,   a  26  AWG 

s t r a n d e d   c o p p e r   c o n d u c t o r  f o r m e d   f rom  19  c o p p e r   s t r a n d s  

is   c o a t e d   w i t h   a  3  m i c r o m e t r e   t h i c k   i n t e r m e d i a t e   o r  

k e y i n g   l a y e r   of  a l u m i n i u m   by  t he   s p u t t e r   ion   p l a t i n g  

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

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

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

n u m e r a l   2.  A  c o a t i n g   3  b a s e d   on  a  p o l y e t h e r i m i d e   or  a  

p o l y e t h e r   e t h e r   k e t o n e   o r  p o l y e t h e r   k e t o n e   or  an  ETFE 

c o p o l y m e r   is  t h e n   e x t r u d e d   on  t he   o x i d e   c o a t e d   c o n d u c t o r  

to  form  a  p o l y m e r i c   i n s u l a t i n g   l a y e r   of  mean  w a l l  

t h i c k n e s s   0 .2  mm. 

F i g u r e   2  shows  a  c a b l e   f o r m e d   by  l a y i n g   t o g e t h e r  

s e v e n   w i r e s   shown  in  f i g u r e   1,  f o r m i n g   an  e l e c t r o m a g n e -  

t i c   i n t e r f e r e n c e   s c r e e n   4  a b o u t   t h e   b u n d l e   by  b r a i d i n g  

and  t h e n   e x t r u d i n g   t h e r e o n   a  j a c k e t   5  b a s e d   on  a  

h a l o g e n - f r e e   c o m p o s i t i o n   as  d e s c r i b e d   in  B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  2 , 0 6 8 , 3 4 7   Example   l A .  

F i g u r e   3  shows  a  f l a t   c o n d u c t o r   f l a t   c a b l e   c o m -  

p r i s i n g   an  a r r a y   of  f l a t   c o p p e r   c o n d u c t o r s   1  w i t h   a  1 0 0  

mi l   ( 2 . 5 4   mm)  s p a c i n g .   Each  c o p p e r   c o n d u c t o r   1  is   p r o -  
v i d e d   w i t h   a  3  m i c r o m e t r e   t h i c k   a l u m i n i u m   i n t e r m e d i a t e  

l a y e r   ( n o t   shown)   and  a  f e r r i t e   l a y e r   t h e r e o n   a s  

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

shown  by  r e f e r e n c e   n u m b e r a l   2,  and  t h e   c o a t e d   c o n d u c t o r s  

a r e   e m b e d d e d   in  a  s i n g l e   p o l y m e r i c   i n s u l a t i n g   l a y e r   3 

f o r m e d   f o r   e x a m p l e   f rom  one  of  t he   p o l y m e r s   d e s c r i b e d  

w i t h   r e f e r e n c e   to   f i g u r e   1 .  

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

t h e   k e y i n g   l a y e r   on  a  w i r e   c o n d u c t o r   s u b s t r a t e   by  t h e  

s p u t t e r i n g   m e t h o d   is  i l l u s t r a t e d   in  F i g .   4.  The  a p p a r a -  



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

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

r e e l   2  and  t a k e - u p   r e e l   3,  w i r e   s u p p o r t   r o l l s   10  a n d  

t e n s i o n i n g   r o l l s   11  i s   l o a d e d .   The  m e c h a n i s m   e n g a g e s  
m o t o r   d r i v e s   w h i c h   c o n t r o l   t h e   p a s s a g e   of  w i r e   4  so  t h a t  

t h e   w i r e   t r a v e r s e s   a  v e r t i c a l l y   m o u n t e d   t a r g e t   5  a  

n u m b e r   of  t i m e s .   D e p o s i t i o n   o c c u r s   by  t h e   p r o c e s s e s  

p r e v i o u s l y   d e s c r i b e d .   As  b e f o r e ,   v a r i a t i o n s   in  s e t - u p  

a r e   p o s s i b l e .   An  a d d i t i o n a l   t a r g e t   ( n o t   s h o w n )   may  b e  

e m p l o y e d   on  t he   o t h e r   s i d e   of  t he   w i r e   to  i n c r e a s e  

c o a t i n g   r a t e s   and  a d d i t i o n a l   t a r g e t s ,   e . g .   t a r g e t   6  c a n  

be  e m p l o y e d   to  d e p o s i t   i n t e r m e d i a t e   l a y e r s   b e f o r e   a n d / o r  

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

d e s i g n   of  t h e   gas  i n l e t   s y s t e m   to  s u i t   t h e   s p e c i f i c  

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

w h i c h   have  no  d e f i n e d   b o u n d a r i e s   as  d e s c r i b e d   p r e -  

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

and  t r a n s p o r t   s y s t e m   d e s i g n .  

In  t he   o p e r a t i o n   of  such  a  b a t c h   p r o c e s s   w i r e   4  i s  

t r a n s f e r r e d   f rom  one  r e e l   2  to   t he   o t h e r   3  w i t h i n   t h e  

c h a m b e r .   The  r o u t e   t a k e n   by  t he   w i r e   may  c a u s e   i t   t o  

p a s s   b e f o r e   t he   s m a l l e r   a n c i l l a r y   t a r g e t   6  to   d e p o s i t   a n  

i n t e r m e d i a t e   l a y e r   of  any  d e s i r e d   m a t e r i a l .   Power  t o  

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

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

of  t h e   i n t e r m e d i a t e   l a y e r   d e p o s i t .   The  w i r e   4  may  t h e n  

p a s s   in  f r o n t   of  t h e   l a r g e r   p r i m a r y   t a r g e t   5  to   d e p o s i t  

t h e   main  c o a t i n g .   A g a i n   t h i c k n e s s   w i l l   be  d i c t a t e d   by  a  

c o m b i n a t i o n   of  p o w e r ,   w i r e   s p e e d   and  a  n u m b e r   of  p a s s e s .  

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

t h e   p r i m a r y   c o a t i n g   is   c o n t r o l l e d   in  t h e   same  w a y .  

M u l t i - l a y e r s   can  be  b u i l t   up  by  r e v e r s i n g   t h e   m e c h a n i s m  

as  d e s i r e d   such   t h a t   t h e   w i r e   4  p a s s e s   back   p a s t   t h e  



t a r g e t s   5 ,6   in  r e v e r s e   o r d e r .   T h i c k n e s s   and  c o m p o s i t i o n  

may  be  a l t e r e d   in  t h e   r e v e r s e   p a s s   as  r e q u i r e d ,   e . g .   t h e  

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

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

m e t a l   on  t he   i n t e r m e d i a t e   l a y e r ,   e . g .   Ti  and  T i o x .  

D e p o s i t i o n   of  l a y e r s   w i t h   no  d e f i n e d   b o u n d a r y   b e t w e e n  

t h e   m e t a l   i n t e r m e d i a t e   l a y e r s   (or   s u b s t r a t e s )   and  t h e  

o x i d e   c o a t i n g s   may  be  a c h i e v e d   by  s e t t i n g   up  g r a d i e n t s  

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

t h a t   w i r e   a t   t h e   top   edge   of  t he   t a r g e t   5  is   s u b j e c t e d  

to  d e p o s i t i o n   in  an  Argon  r i c h   a t m o s p h e r e   w h i c h   g r a -  

d u a l l y   i n c r e a s e s   in  r e a c t i v e   gas  c o n t e n t   as  t h e   w i r e  

p r o g r e s s e s   down  t h e   f a c e   of  t h e   t a r g e t .   A  g r a d i e n t   c a n  

be  a c h i e v e d   by  a  b a f f l e   s y s t e m   ( n o t   shown)   w h i c h  

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

of  t h e   t a r g e t   t o w a r d s   t he   u p p e r   e n d .   A l t e r n a t i v e l y ,   a  

g r a d e d   m e t a l   f l u x   to  t he   s u b s t r a t e   c o u l d   be  e m p l o y e d   b y  

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

s u b s t r a t e .  

A  s i m p l e r   t e c h n i q u e   fo r   p r o d u c i n g   t h e   l a y e r   w i t h   no  

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

w h i c h   w i r e   4  i s   p a s s e d   back   and  f o r t h   t h r o u g h   t h e  

s y s t e m ,   and  w i t h   each   p a s s   t h e   l e v e l   of  r e a c t i v e   gas  i s  

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

c o r r e c t   s t o i c h i o m e t r y .   Thus  t h e   s t o i c h i o m e t r y   of  t h e  

i n t e r m e d i a t e   l a y e r   i n c r e a s e s   in  a  s e r i e s   of  s m a l l   i n c r e -  

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

C o m p o s i t e   t a r g e t s   may  a l s o   be  u sed   to   p r o d u c e   i n t e r -  

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

c a s e   of  d i s c r e t e   a r t i c l e s ,   t h e   a r t i c l e s   may  i n s t e a d   b e  

h e l d   in  f r o n t   of  t h e   t a r g e t   by  means   of  a  r o t a t i n g  

s a m p l e   h o l d e r .  



F i g u r e   5  is   a  s c h e m a t i c   s e c t i o n   t h r o u g h   p a r t s   of  a n  

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

a r r a n g e m e n t   of  l a y e r s   t h a t   may  be  f o r m e d   on  t he   c o p p e r  

s u b s t r a t e ,   t h e   t h i c k n e s s   of  t h e   l a y e r s   b e i n g   e x a g g e r a t e d  

f o r   t h e   s a k e   of  c l a r i t y .  

A  c o p p e r   s u b s t r a t e   21  i s   p r o v i d e d   w i t h   a  t h i c k  

( e . g .   1  to   3  m i c r o m e t r e s )   l a y e r   22  of  n i c k e l   f o l l o w e d  

by  a  l a y e r   23  of  a l u m i n i u m   m e t a l ,   t h e   l a y e r   23  h a v i n g  

been   f o r m e d   e . g .   by  a  s p u t t e r i n g   m e t h o d .   An  a d d i -  

t i o n a l ,   l a y e r   24  of  f e r r i t e   or  d o p e d   b a r i u m   t i t a n a t e  

( e . g .   of  a b o u t   5  to   15  m i c r o m e t r e s   t h i c k n e s s )   has  b e e n  

d e p o s i t e d   on  t h e   l a y e r   23  by  an  a p p r o p r i a t e   m e t h o d .  

A l t h o u g h   t h e   l a y e r s   a r e   c l e a r l y   d e m a r c a t e d   in  t h e  

d r a w i n g   by  means   of  l i n e s ,   i t   w i l l   be  a p p r e c i a t e d   t h a t  

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

f o r m e d   in  p r a c t i c e ,   e s p e c i a l l y   b e t w e e n   the   c o p p e r / -  

a l u m i n i u m   l a y e r s .  

If   d e s i r e d ,   f u r t h e r   l a y e r s   may  be  f o r m e d   on  t h e  

a r t i c l e   as  a p p r o p r i a t e .   For  e x a m p l e   an  a l u m i n i u m   l a y e r  

or  an  a l u m i n i u m / n i c k e l / c o p p e r   c o m p o s i t e   l a y e r   may  b e  

f o r m e d   on  t h e   b a r i u m   t i t a n a t e   l a y e r   24  to   a c t   as  a  

s e c o n d   e l e c t r o d e .  

The  f o l l o w i n g   E x a m p l e s   i l l u s t r a t e   t he   i n v e n t i o n :  

EXAMPLES  1  AND  2 

19  s t r a n d ,   22  AWG  c o p p e r   w i r e   c o n d u c t o r s   w e r e  

p r o v i d e d   w i t h   a  4  m i c r o m e t r e s   t h i c k   t i t a n i u m   i n t e r -  

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



s c h e m a t i c a l l y   in  f i g u r e   4  of  t h e   d r a w i n g s .   The  s p u t -  

t e r i n g   c o n d i t i o n s   were   as  f o l l o w s :   t h e   w i r e   4  w a s  

p r e c l e a n e d   by  v a p o u r   d e g r e a s i n g   in  1 , 1 , 1 - t r i c h l o r o -  

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

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

such   t h a t   a  r e s i d e n c e   t i m e   of  3  m i n u t e s   was  a c h i e v e d .  

The  w i r e   4  was  t h e n   l o a d e d   i n t o   t h e   vacuum  c h a m b e r .  

The  c h a m b e r   was  t h e n   e v a c u a t e d   to   a  p r e s s u r e   of  l x i o - 6  

mbar  p r i o r   to  s t a r t i n g   t h e   p r o c e s s .   At  t h i s   s t a g e  

a r g o n   was  a d m i t t e d   to  a t t a i n   a  p r e s s u r e   of  1 .5   x  1 0 - 2  

mbar  w h e r e u p o n   a  h i g h   f r e q u e n c y   (80  kHz)  b i a s   p o t e n t i a l  

was  a p p l i e d   to   t h e   w i r e   h a n d l i n g   s y s t e m   which   was  i s o -  

l a t e d   f rom  g r o u n d .   A  b i a s   p o t e n t i a l   of  -850V  w a s  

a c h i e v e d ,   and  t h e   w i r e   was  t r a n s f e r r e d   from  r e e l   3  t o  

r e e l   2  s u c h   t h a t   a  r e s i d e n c e   t i m e   of  10  m i n u t e s   w a s  

a c h i e v e d .   On  c o m p l e t i o n   of  t h e   c l e a n i n g   c y c l e   t h e  

p r e s s u r e   was  r e d u c e d   to   8 . 1 0 - 3   mbar   and  the   d e p o s i t i o n  

p r o c e s s   s t a r t e d .  

4kW  of  DC  power   was  a p p l i e d   to  t he   t i t a n i u m  

t a r g e t   5.  The  w i r e   p a s s e d   f rom  r e e l   2  to  r e e l   3  b e i n g  

c o a t e d   as  i t   p a s s e d   t h e   t a r g e t   5.  R e s i d e n c e   t i m e   i n  

t h i s   r e g i o n   was  c o n t r o l l e d   by  w i r e   s p e e d   and  a d j u s t e d  

to  g i v e   t h e   r e q u i r e d   t h i c k n e s s .   The  r o l l e r   m e c h a n i s m  

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

p r o g r e s s e d   down  t h e   t a r g e t   l e n g t h .  

The  t i t a n i u m - c o a t e d   w i r e   was  t h e n   c o a t e d   w i t h   a  
s u b s t o i c h i o m e t r i c   o x i d e   of  t i t a n i u m ,   T iOx,   by  r e v e r s i n g  

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

t i t a n i u m   t a r g e t   in  an  a r g o n / o x y g e n   a t m o s p h e r e .   By  w a y  
of  c o m p a r i s o n ,   b a r e   c o p p e r   w i r e   ( w i t h   no  Ti  i n t e r -  

m e d i a t e   l a y e r )   was  a l s o   c o a t e d   w i t h   T iOx .   Both  Ti  a n d  

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



bu t   no t   e ach   i n d i v i d u a l   s t r a n d .   The  s a m p l e s   w e r e  

a s s e s s e d   f o r   t h e   a d h e s i o n   of  t h e   TiOx  l a y e r ,   and  t h e  

r e s u l t s   a r e   g i v e n   in  T a b l e   1 .  

The  a b i l i t y   of  E x a m p l e s   1  and  2  to  w i t h s t a n d   t h e r -  

mal  c y c l i n g   was  a l s o   t e s t e d .   S q u a r e   wave  c u r r e n t  

p u l s e s   (30A,   60  s e c o n d s   on ,   30  s e c o n d s   o f f )   w e r e  

r e p e a t e d l y   p a s s e d   down  t h e   w i r e   s a m p l e s ,   w h i c h   h e a t e d  

them  f rom  25°C  to  350°C  and  back  a g a i n .   The  T i O x  

c o a t i n g   of  e x a m p l e   1  was  s e e n   to  s p a l l   away  f rom  t h e  

c o n d u c t o r   a f t e r   1  c y c l e ,   w h e r e a s   Example   2  r e m a i n e d  

c o m p l e t e l y   i n t a c t   even  a f t e r   10  c y c l e s .  

The  r e s u l t s   show  t h a t   t h e   Ti  i n t e r m e d i a t e   l a y e r  

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

c o p p e r   w i r e .  



The  e l e c t r i c a l   p r o p e r t i e s   of  t h e   s p u t t e r e d   T i O x  

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

4pm  Ti  p l u s   4pm  TiOx.   The  c u r r e n t / v o l t a g e   r e l a t i o n s h i p  

of  t h e   TiOx  was  m e a s u r e d   u s i n g   a  v a r i a b l e   v o l t a g e   DC 

power   s u p p l y   and  an  a m m e t e r ,   m a k i n g   c o n t a c t   to  t h e  

TiOx  f i l m   v i a   an  e l e c t r o d e   made  of  s i l v e r - l o a d e d   c o n -  

d u c t i v e   p a i n t .   A  n o n - l i n e a r   r e l a t i o n s h i p   b e t w e e n  

c u r r e n t   and  v o l t a g e   was  f o u n d ,   and   t h e   TiOx  had  a  n e g a -  
t i v e   t e m p e r a t u r e   c o e f f i c i e n t   of  r e s i s t a n c e   ( i . e .   t h e  

TiOx  was  an  NTC  m a t e r i a l ) .   The  r e s i s t i v i t y   of  t h e  

TiOx  f i l m   was  f o u n d   to  be  7 . 1 0 7   ohm  cm  w i t h   an  a p p l i e d  

p o t e n t i a l   of  1V  ( l o w e r   w i t h   h i g h e r   p o t e n t i a l ) .  

EXAMPLES  3  AND  4 

19  s t r a n d ,   22  AWG  c o p p e r   w i r e   c o n d u c t o r s   w e r e  

c o a t e d   w i t h   l a y e r s   of  Ni  and  Ni0  as  shown  in  T a b l e   2 .  

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

f a c t u r e   t h e s e   s a m p l e s .   Ni0  i s   an  a n t i f e r r o m a g n e t i c  

m a t e r i a l   a t   room  t e m p e r a t u r e .  

The  s a m p l e s   were   t h e n   t e s t e d   to  d e t e r m i n e   t h e  

a d h e s i o n   of  t h e   top   c o a t   as  f o l l o w s .   A  f i x e d   l e n g t h   o f  

w i r e   was  s u b j e c t e d   to  a  t e n s i l e   s t r e s s   w h i l s t   t h e  

s t r a i n   was  c o n t i n u o u s l y   r e c o r d e d .   D u r i n g   t e s t i n g   t h e  

w i r e   s a m p l e   was  v i e w e d   t h r o u g h   an  o p t i c a l   m i c r o s c o p e .  

When  t h e   c o a t i n g   was  s een   to  s p a l l   s i g n i f i c a n t l y   t h e  

s t r a i n   was  r e c o r d e d .   The  s t r a i n   v a l u e   r e c o r d e d   a t   t h i s  

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

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

T a b l e   2 .  



E x a m p l e s   3  and  4  we re   a l s o   s u b j e c t e d   to  t h e   t h e r -  

mal  c y c l i n g   t e s t   d e s c r i b e d   a b o v e .   A g a i n ,   E x a m p l e   3  ( n o  

Ni  i n t e r m e d i a t e   l a y e r )   was  s e e n   to   s p a l l   a f t e r   1  c y c l e ,  

b u t   E x a m p l e   4  (0 .5pm  Ni  i n t e r m e d i a t e   l a y e r )   was  i n t a c t  

a f t e r   10  c y c l e s .  

EXAMPLES  5  AND  6 

F l a t   c o p p e r   c o n d u c t o r s   we re   s p u t t e r   c o a t e d   w i t h   a  

4um  t i t a n i u m   i n t e r m e d i a t e   l a y e r ,   and  s u b s e q u e n t l y  

c o a t e d   w i t h   S i - d o p e d   b a r i u m   t i t a n a t e   by  t h e r m a l   e v a -  

p o r a t i o n .   The  e v a p o r a t i o n   p r o c e s s   u s e d   was  as  f o l l o w s :  

p i e c e s   of  S i - d o p e d   b a r i u m   t i t a n a t e   were   l o a d e d   i n t o   a  

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

to   a b o u t   10-4   m b a r .   The  power   s u p p l y   to  t he   c r u c i b l e  

was  t h e n   s w i t c h e d   on,   h e a t i n g   t h e   e v a p o r a n t .   When  t h e  

h e a t i n g   c u r r e n t   r e a c h e d   a b o u t   280A,  t he   c h a r g e   s t a r t e d  

to  e v a p o r a t e .   H e a t i n g   was  c o n t i n u e d   f o r   a b o u t   12  m i n u -  

t e s ,   d u r i n g   which   t i m e   S i - d o p e d   BaTi03   was  d e p o s i t e d  



o n t o   t h e   T i - c o a t e d   c o p p e r   s u b s t r a t e s   ( w h i c h   were   h e l d  

a b o u t   20cm  a b o v e   t h e   c r u c i b l e ) .   U s i n g   t h i s   m e t h o d ,  

f i l m s   a b o u t   0 .3pm  t h i c k   we re   d e p o s i t e d .   To  fo rm  a  c o m -  

p a r i s o n ,   b a r e   c o p p e r   s u b s t r a t e s   ( w i t h   no  Ti  i n t e r -  

m e d i a t e   l a y e r )   were   a l s o   c o a t e d .  

The  a d h e s i o n   of  t h e   S i - d o p e d   BaTi03   f i l m s   w a s  

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

500°C   f o r   1  m i n u t e .   On  c o o l i n g ,   t h e   t i t a n a t e   f i l m   h a d  

s p a l l e d   away  f rom  the   b a r e   c o p p e r   s u b s t r a t e s ,   e x p o s i n g  

c o p p e r   t h a t   had  o x i d i s e d   in  p l a c e s .   In  c o n t r a s t ,   t h o s e  

s a m p l e s   p r o v i d e d   w i t h   t h e   µ m   Ti  i n t e r m e d i a t e   l a y e r  

r e m a i n e d   u n d a m a g e d .  

E x a m p l e s   1-6  c l e a r l y   d e m o n s t r a t e   t h a t   t h e   a d h e s i o n  

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

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

l a y e r s .  

EXAMPLE  7 

N i 0 -   c o a t e d   c o p p e r   w i r e   c o n d u c t o r s ,   i d e n t i c a l   t o  

t h o s e   of  E x a m p l e   3,  we re   s u b s e q u e n t l y   c o a t e d   w i t h  

s u b s t o i c h i o m e t r i c   t i t a n i u m   o x i d e ,   T iOx ,   as  d e s c r i b e d   i n  

E x a m p l e   1.  In  t h i s   i n s t a n c e ,   t h e   Ni0  was  u s e d   as  a n  

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

p r o p e r t i e s .   T h e s e   C u - N i O - T i O x   s a m p l e s   were   f o u n d   to  b e  

v e r y   r o b u s t   c o m p a r e d   w i t h   t h e   w i r e s   of  E x a m p l e   1  ( n o  

Ni0  i n t e r m e d i a t e   l a y e r ) ,   and  c o u l d   be  h a n d l e d   e a s i l y .  

They  a l s o   s u r v i v e d   10  t h e r m a l   c y c l e s   f rom  room  t e m -  

p e r a t u r e   to  2 5 0 ° C ,   w h i l e   t h o s e   of  E x a m p l e   1  s p a l l e d  

b a d l y   a f t e r   o n l y   1  c y c l e .  



1.  An  e l e c t r i c a l   c o m p o n e n t  w h i c h   c o m p r i s e s   a  

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

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   i n o r g a n i c   m e t a l  

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

e l e c t r i c a l   c o n d u c t o r   b y  a   m e t a l l i c   or  e l e c t r i c a l l y   n o n -  

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

2:  A  c o m p o n e n t   as  c l a i m e d   in  c l a i m  1 ,   w h e r e i n   t h e  

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

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

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

3.  A  c o m p o n e n t   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2 ,  

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

n o n - l i n e a r ,   f e r r o m a g n e t i c ,   f e r r o e l e c t r i c ,   P . T . C .   o r  

N . T . C .   m a t e r i a l .  

4.  A  c o m p o n e n t   as  c l a i m e d   in  any  one  of  c l a i m s   1  t o  

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

c h r o m i t e ,   f e r r o c h r o m i t e ,   a  m e t a l   t i t a n a t e   or  z i r c o n a t e ,  

a  n i c k e l   o x i d e ,   c h r o m i u m  o x i d e ,   or  z i n c   o x i d e   or  a  

t i t a n i u m   o x i d e .  

5.  A  c o m p o n e n t   as  c l a i m e d   in  any  one  of  c l a i m s   1  t o  

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

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

6.  A  c o m p o n e n t   as  c l a i m e d   in  any  one  of  c l a i m s   1  t o  

5,  w h e r e i n   t h e   i n t e r m e d i a t e   l a y e r   has  been   f o r m e d   b y  a  

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

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



7.  A  c o m p o n e n t   as  c l a i m e d   in  any  one  of  c l a i m s   1  t o  

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

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

8.  A  c o m p o n e n t   as  c l a i m e d   in  any  one  of  c l a i m s   1  t o  

7,  w h e r e i n   t h e   i n t e r m e d i a t e   l a y e r   i s   c a p a b l e   of  s u p -  

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

9.  A  c o m p o n e n t   as  c l a i m e d   in  any  one  of  c l a i m s   1  t o  

8,  w h i c h   c o n t a i n s   one  or  more   a d d i t i o n a l  m e t a l l i c   o r  

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

10 .   A  c o m p o n e n t   as  c l a i m e d   in  c l a i m   9,  w h e r e i n   t h e  

i n t e r m e d i a t e   l a y e r   is  a  r e f r a c t o r y   l a y e r   and  an  a d d i -  

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

r e f r a c t o r y   l a y e r   and  t h e   c o n d u c t o r .  

11.   A  c o m p o n e n t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e  

m e t a l l i c   e l e c t r i c a l   c o n d u c t o r   has   a  m e l t i n g   p o i n t   of  a t  

l e a s t   800°C  and  is   p r e f e r a b l y   c o p p e r .  

12.   A  c o m p o n e n t   as  c l a i m e d   in  any  one  of  c l a i m s   1  t o  

11,   w h i c h   i s   an  e l e c t r i c a l   w i r e .  

13.   A  c o m p o n e n t   as  c l a i m e d   in  c l a i m   12,  w h e r e i n   t h e  

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

c o n d u c t i v e   l a y e r   e x t e n d s   a r o u n d   t h e   c o n d u c t o r   bu t   n o t  

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

14.   A  c o m p o n e n t   as  c l a i m e d   in  c l a i m   12  or  c l a i m   1 3 ,  

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

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



15.   A  c o m p o n e n t   as  c l a i m e d   in  any  one  of  c l a i m s   1  t o  

11,   w h i c h   is  a  f l a t   c a b l e   and  has  a  p l u r a l i t y   of  t h e  

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

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

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