
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  @  Publication  number:  0   2 0 6   4 2 0  

Office  europeen  des  brevets  
^   ̂  

EUROPEAN  PATENT  A P P L I C A T I O N  

Application  number:  86201059.2  ®  Int.  CI.4:  H  01  F  1/18,  C  23  F  1 / 2 8  

Date  of  filing:  18.06.86 

<§)  Priority:  20.06.85  NL  8501774 

Date  of  publication  of  application  :  30.12.86 
Bulletin  86/52 

@  Designated  Contracting  States:  AT  DE  FR  GB  NL 

71)  Applicant:  N.V.  Philips'  Gloeilampenfabrieken, 
Groenewoudseweg  1,  NL-5621  BA  Eindhoven  (NL) 

Inventor:  Van  Mensvoort,  Adrianus  Johannes,  c/o  INT. 
OCTROOIBUREAU  B.V.  Prof.  Holstlaan  6,  NL-5656  AA 
Eindhoven  (NL) 
Inventor:  Havekes,  Josephus  Gerhardus  Maria,  c/o  INT. 
OCTROOIBUREAU  B.V.  Prof.  Holstlaan  6,  NL-5656  AA 
Eindhoven  (NL) 

g)  Representative  :  Auwerda,  Cornells  Petrus  et  al, 
INTERNATIONAAL  OCTROOIBUREAU  B.V.  Prof. 
Holstlaan  6,  NL-5656  AA  Eindhoven  (NL) 

o  
CM 

<0 
o  
CM 

@  Method  for  the  manufacture  of  a  ferromagnetic  amorphous  metal  tape  and  such  a  ferromagnetic  amorphous  metal  tape. 

  The  invention  relates  to  a  method  for  the  manufacture  of 
a  ferro  magnetic  amorphous  metal  tape  having,  at  least  on 
one  side,  an  insulating  silicon  dioxide  layer  with  favourable 
adhesive  properties.  In  a  way  common  in  the  art  an  amor- 
phous  metal  tape  is  manufactured  from  an  amorphous  me- 
tal  alloy  comprising  between  8  and  20  at.  %  of  silicon.  At 
least  part  of  the  surface  of  the  metal  tape  is  etched  using  an 
etching  fluid  thereby  forming  an  insulating  layer  of  silicon 
dioxide.  The  etching  fluid  comprises  a  solution  of  iron(III)- 
chloride  in  water. 

The  insulating  layer,  which  preferably  has  a  thickness 
of  0.05  µm  to  1  µm,  suppresses  the  development  of  eddy 
currents  when  the  said  amorphous  metal  tape  is  used,  for 
example,  in  transformer  cores. 



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

h a v i n g ,   a t   l e a s t   on  one  s i d e ,   an  i n s u l a t i n g   c o a t i n g   of  s i l i -  

con  d i o x i d e .  

The  i n v e n t i o n   a l s o   r e l a t e s   to  a  f e r r o m a g n e t i c  

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

Such   a  m e t a l   t a p e   i s   u s e d ,   f o r   e x a m p l e   a f t e r  

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

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

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

m a g n e t i s a t i o n ,   f o r   e x a m p l e ,   h i g h e r   t h a n   1  T e s l a ,   m a y  
be  u s e d   v e r y   a d v a n t a g e o u s l y   a t   h i g h   f r e q u e n c i e s ,   f o r  

e x a m p l e ,   f r e q u e n c i e s   o v e r   16  kHz .   H o w e v e r ,   t h i s   p r o d u c e s  

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

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

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

one  a n o t h e r .   T h i s   can   be  a c h i e v e d   by  m e a n s   of   w e l l - k n o w n  

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

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

( p o s s i b l y   i n   c o m b i n a t i o n   w i t h   s i l i c o n   d i o x i d e   p o w d e r )   a n d  

t h e r m a l l y   o x i d i z i n g   t h e   a m o r p h o u s   m e t a l   t a p e   or  a  

l a c q u e r   l a y e r   a p p l i e d   t h e r e t o .  

In   p a r t i c u l a r   f r o m   J a p a n e s e   P a t e n t   A p p l i c a t i o n  
( K o k a i )   JP  5 7 / 2 0 4 , 1 0 4   ( s e e   C h e m i c a l   A b s t r a c t s ,   V o l .   9 8 ,  

1 9 8 3 ,   100  077  X)  a  m e t h o d   i s   known   to  a p p l y   a  s i l i c o n  

d i o x i d e   i n s u l a t i n g   l a y e r   to  an  a m o r p h o u s   i r o n   a l l o y   b y  
m e a n s   of  a  p l a s m a   v a p o u r - p h a s e   r e a c t i o n   b e t w e e n   SiH4  a n d  

N 0   a t   a  t e m p e r a t u r e   b e t w e e n   100  and   1 5 0 ° C .  

I t   i s   an  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   a  

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

l a y e r   to  an  a m o r p h o u s   m e t a l   t a p e .   I t   i s   d e s i r a b l e   f o r   t h e  



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

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

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

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

d i o x i d e   l a y e r   c an   be  c h o s e n   w i t h i n   w i d e   l i m i t s   and   can   b e  

a d j u s t e d .  

T h e s e   o b j e c t s   a r e   a c h i e v e d   i n   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   by  a  m e t h o d   i n   w h i c h ,   i n  a   c u s t o m a r y   m a n n e r ,  

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

m e t a l   a l l o y   c o m p r i s i n g   b e t w e e n   8  and   20  a t  %   of  s i l i c o n ,  

a f t e r   w h i c h   a t   l e a s t   p a r t   of  t h e   s u r f a c e   of  t h e   m e t a l   t a p e  

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

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

c o m p r i s e s   a  s o l u t i o n   of   i r o n   ( I I I ) - c h l o r i d e   i n   w a t e r .  

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

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

s i l i c o n ,   h o w e v e r ,   d o e s   n o t   d i s s o l v e   and   i s   o x i d i z e d   to  f o r m  

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

a t   l e a s t   8  a t . %   s i l i c o n   m u s t   be  p r e s e n t   i n   t h e   a m o r p h o u s  

m e t a l   a l l o y .   The  u p p e r   l i m i t   of  20  a t . %   of  s i l i c o n   i s  

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

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

S i n c e   t h e   s i l i c o n   d i o x i d e   l a y e r   i s   n o t   d e p o s i -  

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

v e r y   w e l l   to  t h e   s u b s t r a t e .   D u r i n g   w i n d i n g   t h e   t a p e   a n d  

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

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

r e s   up  to  4 5 0  C .   An  A u g e r   a n a l y s i s   of  t h e   s u r f a c e   c a r r i e d  

ou t   i n   c o m b i n a t i o n   w i t h   i o n   e t c h i n g   shows   t h a t   t h e r e   i s   a  

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

of  t h e   a m o r p h o u s   m e t a l   t a p e .  

An  a d d i t i o n a l   a d v a n t a g e   of  t h e   m e t h o d   i n  

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   i s   t h a t ,   w i t h o u t   any   p r o b l e m s ,  

an  i n s u l a t i n g   l a y e r   c an   be  a p p l i e d   to  a l l   s i d e s   of  t h e  

a m o r p h o u s   m e t a l   t a p e .  

The  m e t h o d   i n   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   m a y  



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

m e t a l   a l l o y .   P r e f e r a b l y ,   an  a m o r p h o u s   m e t a l   a l l o y   i s   u s e d  

w h i c h   i s   r e p r e s e n t e d   by  t h e   f o l l o w i n g   c o m p o s i t i o n   M a R b T c S i d ,  
w h e r e   M  i s   a t   l e a s t   one  of  t h e   m e t a l s   s e l e c t e d   f r o m   t h e  

g r o u p   f o r m e d   by  Fe ,   Co  and   Ni ,   a t   l e a s t   one  of  t h e   e l e m e n t s  

s e l e c t e d   f r o m   t h e   g r o u p   f o r m e d   by  s a i d   P,  w h e r e   T  i s   a t  

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

by  t r a n s i t i o n   m e t a l s ,   r a r e   e a r t h   m e t a l s   and   Be,  A l ,   G e ,  

I n ,   Sn  and   Sb,  w h e r e  a   h a s   a  v a l u e   f r o m   70  to   86  a t   %, 

b  f r o m   7  to  22  a t .   % ,  c   f r o m   0  to   6  a t .  %   a n d  d   f r o m   8 

to  20  a t .   %.  S i m i l a r   a m o r p h o u s   m e t a l   a l l o y s   a r e   known   p e r  

s e ,   f o r   e x a m p l e   f r o m   G e r m a n   P a t e n t   S p e c i f i c a t i o n   DE  3  326  556 

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

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

In   a  p r e f e r r e d   e m b o d i m e n t   of  t h e   m e t h o d   i n  

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

c o m p r i s e s   a t   l e a s t   70  a t .  %   of  F e .   S u c h   a m o r p h o u s   m e t a l  

a l l o y s   h a v e   a  s u r f a c e   l a y e r   of  i r o n   o x i d e / i r o n   h y d r o x i d e  

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

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

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

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

s h o u l d   p r e f e r a b l y   be  b e t w e e n   200  and   750  g / 1 .  

P a r t i c u l a r l y ,   i n   t h e   c a s e   of   h i g h   c o n c e n t r a t i o n s  

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

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

c h l o r i c   a c i d   up  to  a  c o n c e n t r a t i o n  o f   1  m o l . / l .  

In   a  s u i t a b l e   e m b o d i m e n t   of  t h e   m e t h o d   i n  

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 ,   t h e   m e t a l   t a p e   i s   e t c h e d  

a t   a  t e m p e r a t u r e   b e t w e e n   15  and   8 0 ° C .   In   t h e   m e t h o d   i n  

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 ,   t h e   e t c h i n g   r a t e   i s   h i g h e s t  
a t   a  t e m p e r a t u r e   b e t w e e n   70  and   8 0 ° C .  

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

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

in   t h a t   t h e   a m o r p h o u s   m e t a l   a l l o y   c o m p r i s e s   a t   l e a s t   11 

a t .  %   of  S i ,   t h a t   t h e   a m o r p h o u s   m e t a l   t a p e   i s   l e t   t h r o u g h  



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

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

c a r r i e d   a l o n g   f o r   b e t w e e n   1  and   10  s.  a f t e r   w h i c h   t h e  

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

I n   o r d e r ,   on  t h e   one  h a n d ,   to  o b t a i n   p r o p e r  
e l e c t r i c a l   i n s u l a t i o n   b e t w e e n   t h e   i n d i v i d u a l   l a y e r s   o f  

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

o t h e r   h a n d   to   m i n i m i z e   t h e   v o l u m e   f r a c t i o n   of   n o n - m a g n e t i c  

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

of   s i l i c o n   d i o x i d e   h a s   a  t h i c k n e s s   b e t w e e n   0 . 0 5 / u m   and   1 / u m  
i n   t h e   f e r r o   m a g n e t i c   a m o r p h o u s   m e t a l   t a p e   i n   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 .  

The  r e q u i r e d   t h i c k n e s s   of   t h e   i n s u l a t i n g  

c o a t i n g   c an   be  o b t a i n e d   by  a  s u i t a b l e   c h o i c e   of  t h e   e t c h i n g  

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

m e t a l   t a p e ,   f o r   e x a m p l e ,   by  s t i r r i n g   and   by  a  s u i t a b l e  

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

t h e   e t c h i n g   f l u i d .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n   m o r e  

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

E m b o d i m e n t   1 :  

F rom  a  m i x t u r e   of   m o l t e n   e l e m e n t s   h a v i n g   t h e  

f o l l o w i n g   c o m p o s i t i o n   Fe  
7 0 . 2   M n 2 S i  17.5 B 10 C 0.3  ,  an  a m o r p h o u s  

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

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

a  q u i c k l y   r o t a t i n g   c o o l e d   w h e e l ,   t h e   m e l t   b e i n g   c o o l e d   a t  

a  r a t e   of   105  to   1 0 6 0 C / s .   The  t a p e   t h u s   f o r m e d   h a s   a  

t h i c k n e s s   o f ,   f o r   e x a m p l e ,   2 0 / u m   and   a  w i d t h   o f ,   f o r  

e x a m p l e ,   12  mm. 

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

c o n t a i n i n g   e t c h i n g   f l u i d ,   w h i c h   f l u i d   c o m p r i s e s   600  g / l   o f  

i r o n ( I I I ) - c h l o r i d e   and   0 .1  m o l / l   of   h y d r o c h l o r i c   a c i d .  

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

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

a l o n g   f o r   5  s e c o n d s   a t   a  t e m p e r a t u r e   of   50°C .   S u b s e q u e n t l y ,  

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



w a t e r ,   a f t e r   w h i c h   i t   i s   d r i e d   i n   warm  a i r ,   e a c h   of   t h e s e  

s t e p s   t a k i n g   b e t w e e n   5  and   10  s e c o n d s .   P r e f e r a b l y ,   t h i s  

m e t h o d   i s   p e r f o r m e d   i n   known   m a n n e r   as  a  c o n t i n u o u s  p r o -  

c e s s .   To  e n h a n c e   o x i d a t i o n   of  t h e   m e t a l   t a p e ,   a i r   o r  

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

f l u i d .  

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

t h i c k n e s s   of  0 . 6 / u m   i s   o b t a i n e d   by  e t c h i n g   away  1 / u m  
t h i c k   l a y e r   f r o m   t h e   s u r f a c e   of  t h e   a m o r p h o u s   m e t a l   t a p e .  

The  o x i d e   l a y e r   t h u s   f o r m e d   i s   v e r y   s t a b l e   as  a p p e a r s  

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

p l a c e d   i n   n i t r o g e n   f o r   1  h o u r   a t   a  t e m p e r a t u r e   of  4 5 0 ° c  

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

t h e   o x i d e   l a y e r .   The  s t a b i l i t y   i s   f a r   g r e a t e r   t h a n   t h a t  

of  t h e   i r o n   o x i d e / i r o n   h y d r o x i d e   s k i n   w h i c h   i s   p r e s e n t   o n  

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

s u s c e p t i b l e   to  a m b i e n t   c o n d i t i o n s .  

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

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

f o r   w h i c h   p u r p o s e   t h e   t a p e  i s   wound   or  l a m i n a t e d   and   s u b -  

s e q u e n t l y   h e a t e d   to  r e l i e v e   t h e   m e c h a n i c a l   s t r e s s e s .   T h e  

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

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

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

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

low  to  a v o i d   c r y s t a l l i z a t i o n   of  t h e   a m o r p h o u s   m e t a l   a l l o y .  

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

u s i n g   an  e p o x y   r e s i n   and   s u b s e q u e n t l y   i t   i s   c u t   to  s h a p e .  

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

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

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

i n d i v i d u a l   l a y e r s ,   y e t   i t   can   n o t   by  i t s e l f   s u p p r e s s   t o  

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

p r o d u c t .  

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

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

on  t h e   g e o m e t r y   of  t h e   w i n d i n g ,   on  t h e   f o r c e s   e x e r t e d  



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

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

d e p e n d e n t   on  t h e   i n s u l a t i n g   l a y e r s   p r e s e n t   b e t w e e n   t h e  

m a g n e t i c   l a y e r s .   A  s i l i c o n   d i o x i d e   l a y e r   h a v i n g   a  t h i c k n e s s  

of   0 . 0 5 / u m   s u f f i c e s   to  l a r g e l y   s u p p r e s s   t h e   e d d y   c u r r e n t s .  

A  d i o x i d e   l a y e r   h a v i n g   a  t h i c k n e s s   of   b e t w e e n   0 .1  a n d  

0 . 3 / u m   p r o d u c e s   an  a l m o s t   o p t i m a l   e f f e c t ,   b e c a u s e   t h e  

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

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

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

c o r e .   A  t h i c k n e s s   up  to   1  /um  i s   t o l e r a b l e ,   l a r g e r   t h i c k -  

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

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

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

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

l o s s e s   by  a  f a c t o r   of   2  to  1 0 .  

E m b o d i m e n t   2 :  

An  amorphous   m e t a l   t a p e   w h i c h   i s   m a n u f a c t u r e d   a s  
d e s c r i b e d   i n   e m b o d i m e n t   1  and   w h i c h   h a s   t h e   same  c o m p o s i -  

t i o n ,   i s   i m m e r s e d   a t   d i f f e r e n t   t e m p e r a t u r e s   ( 2 0 ,   3 5  
and   5 0 ° C )   i n   e t c h i n g   f l u i d s   h a v i n g   d i f f e r e n t   c o m p o s i t i o n s  
(0 ,   0 . 2   and   0 . 4   m o l / 1   of  h y d r o c h l o r i c   a c i d   and   250 ,   4 7 5  

and   700  g / l   of   i r o n ( I I I ) - c h l o r i d e ) .   The  r e s u l t s   a r e   l i s t e d  

i n   t a b l e   1 .  





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

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

a p p r o x i m a t e l y   0 . 3 / u m .   The  e t c h i n g   r a t e   and   t h e   o x i d a t i o n  

r a t e   i n c r e a s e   as  t h e   t e m p e r a t u r e   r i s e s   and   p a r t i c u l a r l y  

as  t h e   c o n c e n t r a t i o n   of   t h e   i r o n ( I I I ) - c h l o r i d e  

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

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

The  e t c h i n g   r a t e   can   be  s l i g h t l y   i n c r e a s e d   b y  

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

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

h o w e v e r ,   w i l l   l e a d   to   a  s i l i c o n   d i o x i d e   l a y e r   w h i c h   i s  

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

E m b o d i m e n t s   3  to   8  and   c o m p a r a t i v e   e x a m p l e s   I V t o   X I .  

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

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

a c c o r d a n c e   w i t h   a  m e t h o d   as  d e s c r i b e d   i n   e m b o d i m e n t   1 .  

The  s a i d   m e t a l   t a p e s   w e r e   i m m e r s e d   a t   a  t e m p e r a t u r e   of  5 0 ° C  

i n   an  e t c h i n g   f l u i d   c o m p r i s i n g   0 . 8   m o l . / l   of   h y d r o c h l o r i c  

a c i d   and   250 ,   475  or  700  g / l   of   i r o n ( I I I ) - c h l o r i d e .  

The  r e s u l t s   a r e   l i s t e d   i n   t a b l e   I I ,   e x a m p l e s   3  up  to  a n d  

i n c l u d i n g   8  b e i n g   a l l o y s   h a v i n g   a  c o m p o s i t i o n   i n   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   and   t h e   a l l o y s   IX  up  to  and   i n c l u d i n g  

XI  b e i n g   c o m p o s i t i o n s   f o r   c o m p a r i s o n   w h i c h   a r e   n o t   i n  

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 .  





T a b l e   2  t a b u l a t e s   t h e   t i m e   i n t e r v a l   w i t h i n   w h i c h  

a  0 . 3 / u m   t h i c k   s i l i c o n   d i o x i d e   l a y e r   i s   f o r m e d .   In   t h e  

c a s e   of   t h e   c o m p o s i t i o n s   3  up  to  and   i n c l u d i n g   6  w h i c h  

h a v e   a  s i l i c o n   c o n t e n t   of   more   t h a n   11  a t . % ,   s u c h   a  

l a y e r   can   be  f o r m e d   w i t h i n   10  s e c o n d s .   In   t h e   c a s e   o f  

t h e   c o m p o s i t i o n s   IX  up  to  and   i n c l u d i n g   XI ,   w h i c h   a r e   n o t  

i n   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 ,   no  p r o p e r l y   i n s u l a t i n g  

s i l i c o n   d i o x i d e   l a y e r   i s   f o r m e d .  



1.  A  m e t h o d   f o r   t h e   m a n u f a c t u r e   of  a  f e r r o -  

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

s i d e ,   an  i n s u l a t i n g   c o a t i n g   of  s i l i c o n   d i o x i d e ,   c h a r a c -  

t e r i z e d   in   t h a t ,   in   a  c u r s t o m a r y   m a n n e r ,   an  a m o r p h o u s  

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

c o m p r i s i n g   b e t w e e n   8  and  20  a t .  %   of  s i l i c o n ,   a f t e r   w h i c h  

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

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

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

a  s o l u t i o n   of  i r o n ( I I I ) - c h l o r i d e   in   w a t e r .  

2.  A  m e t h o d   as  c l a i m e d   i n   C l a i m   1,  c h a r a c t e r i z e d  

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

f o l l o w i n g   c o m p o s i t i o n   M a R b T c S i d ,   w h e r e   M  i s   a t   l e a s t   o n e  

of  t h e   m e t a l s   s e l e c t e d   f r o m   t h e   g r o u p   f o r m e d   by  Fe ,   C o ,  

N i ,   w h e r e   R  i s   a t   l e a s t   one  of  t h e   e l e m e n t s   s e l e c t e d  

f r o m   t h e   g r o u p   f o r m e d   by  B,  C  and   P,  w h e r e   T  i s   a t   l e a s t  

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

t r a n s i t i o n   m e t a l s ,   r a r e   e a r t h   m e t a l s   and   Be,  A l ,   Ge,  I n ,  

Sn  and   Sb,  w h e r e  a   h a s   a  v a l u e   f r o m   70  to  86  a t . % ,   b  

f r o m   7  to  22  a t .   % ,  c   f r o m   0  to  6  a t .  %   a n d  d  

f r o m   8  to  20  a t .   %. 

3.  A  m e t h o d   as  c l a i m e d   i n   C l a i m   2,  c h a r a c t e r i z e d  

i n   t h a t   t h e   a m o r p h o u s   m e t a l   a l l o y   c o m p r i s e s   a t   l e a s t   7 0  

a t .  %   of   F e .  

4.  A  m e t h o d   as  c l a i m e d   i n   C l a i m   1,  c h a r a c t e r i z e d  

i n   t h a t   t h e   c o n c e n t r a t i o n   of  i r o n ( I I I ) - c h l o r i d e   i n   t h e  

e t c h i n g   f l u i d   i s   b e t w e e n   200  and   750  g / 1 .  

5.  A  m e t h o d   as  c l a i m e d   i n   C l a i m   4,  c h a r a c t e r i z e d   i n  

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

up  to  a  c o n c e n t r a t i o n   of  1  m o l . / l .  

6.  A  m e t h o d   as  c l a i m e d   in   C l a i m   4  or  5 ,  

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

t e m p e r a t u r e   b e t w e e n   15  and   8 0 ° C ,  



7.  A  m e t h o d   as  c l a i m e d   i n   C l a i m   1,  c h a r a c t e r i z e d  

i n   t h a t   t h e   a m o r p h o u s   m e t a l   a l l o y   c o m p r i s e s   a t   l e a s t   11 

a t .  %   of   S i ,   t h a t   t h e   a m o r p h o u s   m e t a l   t a p e   i s   l e d   t h r o u g h  

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

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

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

c a r r i e d   a l o n g   f o r   b e t w e e n   1  and   10  s e c o n d s ,   a f t e r   w h i c h   t h e  

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

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

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

1  up  to  and   i n c l u d i n g   7,  c h a r a c t e r i z e d   i n   t h a t   t h e  

i n s u l a t i n g   s i l i c o n   d i o x i d e   l a y e r   h a s   a  t h i c k n e s s   of   0 . 0 5  

/um  to  1 / u m .  
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