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(h)  Amorphous  alloy  for  magnetic  head  and  magnetic  head  with  an  amorphous  alloy. 
@  An  amorphous  alloy  for  a  magnetic  head  has  a  composi- 
tion  which  may  be  represented  as 

Coioo-T-x-Y-zNiTHfxBYSiz  or 
Coioo-T-x-Y-zReT'HfxBYSiz, 

where  T,  T',  X,  Y  and  Z  satisfy  the  conditions  of  0.75  «T=S14, 
0.2=sT'<1.5,  6=sX=s15,  3=sY=s8  and  0=sZ=s0.01.  Such  an 
amorphous  alloy  has  a  high  crystallization  temperature,  said 
temperature  being  higher  than  500°C,  and  does  not  lower  the 
effective  magnetic  permeability,  even  if  gradual  cooling  is 
performed  after  heat  treatment.  A  magnetic  head  having  a 
core  consisting  of  such  an  amorphous  alloy  is  not  deterior- 
ated  in  its  magnetic  properties,  even  if  the  head  is  made  by 
glass  bonding. 
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A n   amorphous  alloy  for  a  magnetic  head  has  a  composi- 
tion  which  may  be  represented  as 

or 

where  T,  T',  X,  Y  and  Z  satisfy  the  conditions  of  0.75  ≤T≤14, 
0.2≤T'≤1.5,  6≤X≤15,  3≤Y≤8  and  0≤Z≤0.01.  Such  an 
amorphous  alloy  has  a  high  crystallization  temperature,  said 
temperature  being  higher  than  500°C,  and  does  not  lower  the 
effective  magnetic  permeability,  even  if  gradual  cooling  is 
performed  after  heat  treatment.  A  magnetic  head  having  a 
core  consisting  of  such  an  amorphous  alloy  is  not  deterior- 
ated  in  its  magnetic  properties,  even  if  the  head  is  made  by 
glass  bonding. 



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

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

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

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

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

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

such   as  an  F e - N i   a l l o y   ( P e r m a l l o y )   or   an  F e - S i - A A   a l l o y  

( S e n d u s t ) .   H o w e v e r ,   the   F e - N i   a l l o y   has  a  d i s a d v a n t a g e ,  

in  t h a t   i t s   wear   r e s i s t a n c e   is   low;   and ,   a l t h o u g h   t h e  

F e - S i - A t   a l l o y   has   good  w e a r   r e s i s t a n c e ,   i t   a l s o  

has   d i s a d v a n t a g e s ,   in  t h a t   i t s   m e c h a n i c a l   s t r e n g t h ,  

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

The  a m o r p h o u s   a l l o y   h a v i n g   no  c r y s t a l l i n e  

s t r u c t u r e ,   such   as  a  C o - F e - N i - S i - B   a l l o y ,   has   r e c e n t l y  

been   i d e n t i f i e d   as  an  i d e a l   m a t e r i a l   f o r   a  m a g n e t i c  

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

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

and  low  m a g n e t o s t r i c t i o n ,   a l o n g   w i t h   h i g h   m e c h a n i c a l  

s t r e n g t h ,   good  wear   r e s i s t a n c e   and  good  p r o c e s s i n g  

c a p a c i t y .  

H o w e v e r ;   in  g e n e r a l ,   t he   m a g n e t i c   head   u s e d   f o r  

a  VTR  ( v i d e o   t a p e   r e c o r d e r )   m u s t   be  s t a b l y   and  r i g i d l y .  

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

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



g l a s s   a d h e s i v e   to  fo rm  t h e   gap .   The  g l a s s   b o n d i n g  

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

p e r a t u r e   h i g h e r   t h a n   4 0 0 ° C ,   and  a  g r a d u a l   c o o l i n g   a f t e r  

h e a t   t r e a t m e n t .   H o w e v e r ,   t he   a m o r p h o u s   a l l o y s   a l l   h a v e  

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

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

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

v i c i n i t y   of  t h e   c r y s t a l l i z a t i o n   t e m p e r a t u r e .   F u r t h e r ,  

t h e   c o n v e n t i o n a l   low  m a g n e t o s t r i c t i o n   a m o r p h o u s   a l l o y s  
c o n t a i n   a t   l e a s t   two  or   more   of  t h e   m a g n e t i c   e l e m e n t s  

c o m p r i s e d   of  Co,  Fe  and  Ni .   C o n s e q u e n t l y ,   an  i n d u c t i o n  

m a g n e t i c   a n i s o t r o p y   is   p r o d u c e d   by  the   h e a t   t r e a t m e n t ,  

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

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

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

u s i n g   them  f o r   t he   m a g n e t i c   head   of  a  VTR  is  l o w .  

T h u s ,   t h e r e   is   a  p r e s e n t   need   f o r   an  a m o r p h o u s  

a l l o y   whose   m a g n e t i c   p r o p e r t i e s   do  no t   d e t e r i o r a t e  

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

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

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

t r e a t m e n t   ( i . e . ,   h i g h e r   t h a n   5 0 0 ° C ) ,   whose   m a g n e t i c  

p r o p e r t i e s   do  n o t   d e t e r i o r a t e ,   even   w i t h   t he   g r a d u a l  

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

one  of  t he   m a g n e t i c   e l e m e n t s   is  c o n t a i n e d   in  t h e  

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

c o o l i n g ,   of  t he   e f f e c t i v e   m a g n e t i c   p e r m e a b i l i t y   o f  

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

p r e v e n t e d .   H o w e v e r ,   s u c h   an  a m o r p h o u s   a l l o y   h a s  

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

h i g h   s a t u r a t i o n   m a g n e t i z a t i o n   and  low  m a g n e t o s t r i c t i o n  

c a n n o t   be  s a t i s f i e d .  

As  d e s c r i b e d   a b o v e ,   a  m a g n e t i c   head   w i t h   a n  

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

y e t   p r o v i d e d ,   w h i c h   m a g n e t i c   head   has  h i g h  

s a t u r a t i o n   m a g n e t i z a t i o n   and  low  m a g n e t o s t r i c t i o n  



and  m a i n t a i n s a  h i g h   l e v e l   of  e f f e c t i v e   m a g n e t i c  

p e r m e a b i l i t y .  

A  p r i m a r y   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  t o  

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

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

s a t u r a t i o n   m a g n e t i z a t i o n   and  low  m a g n e t o s t r i c t i o n .  

A n o t h e r   o b j e c t   o f ' t h e   p r e s e n t   i n v e n t i o n   is   t o  

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

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

500°C  and  u n d e r g o e s   no  d e t e r i o r a t i o n   of  i t s   m a g n e t i c  

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

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

c o o l i n g .  

S t i l l   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

is  to  p r o v i d e   a  m a g n e t i c   head   w h i c h   e x h i b i t s   e x c e l l e n t  

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

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

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

and  low  m a g n e t o s t r i c t i o n   is  s u b j e c t e d   to  a  g l a s s  

b o n d i n g   h e a t   t r e a t m e n t .  

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

a l l o y   f o r   a  m a g n e t i c   head  is  p r o v i d e d ,   w h i c h   a l l o y  

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

f o r m u l a :  

w h e r e   M  r e p r e s e n t s   Ni  or  Re.  T,  X,  Y  and  Z  r e s p e c t i v e l y  

r e p r e s e n t   t h e   a t o m i c   d e n s i t y   of  e l e m e n t s   M  (Ni  or  R e ) ,  

Hf,   B  a n d   S i ,   and  s a t i s f y   t he   f o l l o w i n g   i n e q u a l i t i e s :  



T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

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

c o n j u n c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g ,   in  w h i c h :  

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

C o - R e - H f - B   a l l o y   on  s a t u r a t i o n   m a g n e t i z a t i o n ,   in  c a s e s  

w h e r e   Co  is  s u b s t i t u t e d   f o r   R e .  

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

by  the   f o l l o w i n g   f o r m u l a :  

w h e r e   M  r e p r e s e n t s   e i t h e r   e l e m e n t   Ni  or   Re.  T,  X,  Y 

or   Z  r e p r e s e n t   t h e   a t o m i c   d e n s i t y   of  t h e   e l e m e n t   M  ( N i  

o r   R e ) ,   Hf ,   B  or   Si  in  t h e   a m o r p h o u s   a l l o y .   In  t h i s  

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

d e t e r m i n e d   t h a t   t h e   T,  X,  Y  and  Z  f a c t o r s   a r e   c o n t a i n e d  

w i t h i n   t h e   r a n g e s   of  c o n t e n t 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   i n e q u a l i t i e s :  

The  r e a s o n s  f o r   r e q u i r i n g   t h e   a b o v e   r e s p e c t i v e  

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

of   t he   a l l o y , - a s   a b o v e ,   may  be  e x p l a i n e d   in  g r e a t e r  

d e t a i l ,   w i t h   r e f e r e n c e   to  t he   p r e s e n t   i n v e n t i o n .  

An  a m o r p h o u s   a l l o y   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   m a i n l y   c o m p r i s e s   a  c o b a l t   ( C o ) .   Among  s u c h  

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

z a t i o n   h i g h e r   t h a n   0 , 8   T  (8  k G a u s s )   and   low  m a g n e t o s t r i c t i o n  
( λ s )   ( |   λs  |  @  1 0 - 6 )   can  be  r e a d i l y   o b t a i n e d .  

M  (Ni  or   Re)  i s   c o n t a i n e d   in  t h e   a m o r p h o u s   a l l o y  

b e c a u s e   t h e   n i c k e l   (Ni)   or  r h e n i u m   (Re)  s e r v e s   to  r a i s e  



t h e   c r y s t a l l i z a t i o n   t e m p e r a t u r e   of  t he   a l l o y   and  l o w e r  

t he   m a g n e t o s t r i c t i o n .   The  a t o m i c   d e n s i t y   T  of  t he   N i  

or  Re  is  so  s e t   as  to  s a t i s f y   the   a b o v e   f o r m u l a   ( 1 ) ;  

s i n c e ,   i f   the   a t o m i c   d e n s i t y   T  is  l o w e r   t h a n   0.2  a n d  

h i g h e r   t h a n   14,  t he   a d d i n g   e f f e c t   of  t he   Ni  or  Re 

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

I t   is  p r e f e r a b l e   to  s e t   t he   a t o m i c   d e n s i t y   T  o f  

t h e   Ni  w i t h i n   a  r a n g e   of  f rom  0 . 7 5   to   14 ,   when  t he   N i  

is   c o n t a i n e d   in  t h e   a m o r p h o u s   a l l o y .   The  Ni  has   t h e  

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

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

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

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

w i t h i n   the   a b o v e   r a n g e   of  a t o m i c   d e n s i t y .  

I t   is  p r e f e r a b l e   to  s e t   t he   a t o m i c   d e n s i t y   T  o f  

t he   Re  w i t h i n   a  r a n g e   of  f rom  0 .2   to  6,  when  the   Re 

is   c o n t a i n e d   in  t he   a m o r p h o u s   a l l o y .   The  Re  has   t h e  

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

c o n s t a n t   of  t he   a l l o y ,   w i t h   t he   a d d i t i o n   of  s m a l l  

a m o u n t s .   When  t h i s   e f f e c t   is  s u b s t a n t i a l ,   t h e  

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

n e g a t i v e   v a l u e ,   w i t h   the   a d d i t i o n   of  t h e   Re.  T h e  

a t o m i c   d e n s i t y   T  of  t he   Re  is   s e t   a t   a  l e v e l   h i g h e r  

t h a n   0 . 2 ;   s i n c e ,   i f   the   Re  is   l o w e r   t h a n   0 . 2 ,   t h e  

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

i s   l o w e r e d   by  t h e   a d d i t i o n   of  t he   Re  i s   l e s s e n e d .   T h e  

a t o m i c   d e n s i t y   T  of  the   Re  is   s e t   l o w e r   t h a n   6;  s i n c e ,  

i f   the   Re  is  more  t h a n   6,  t he   s a t u r a t i o n   m a g n e t i z a t i o n  

of  the   a l l o y ,   by  the   a d d i t i o n   of  t h e   Re,  i s   r e d u c e d .  

On  t he   o t h e r   h a n d ,   the   Re  has   t h e   e f f e c t   o f  

r a i s i n g   t he   s a t u r a t i o n   m a g n e t i z a t i o n   l e v e l   of  t h e  

a l l o y .   The  f i g u r e   shows  t he   v a r i a t i o n   in   t h e   s a t u r a t i o n  

m a g n e t i z a t i o n   l e v e l   wh ich   o c c u r s   in  c a s e s   w h e r e i n   t h e  

a t o m i c   d e n s i t y   T  of  t he   Re  is  a l t e r e d   in  t h e   a l l o y  

C o 7 8 . 5 - T R e T H f 1 1 . 5 B 1 0 . 0 ,   i . e . ,   t he   s a t u r a t i o n   m a g n e t i z a -  

t i o n   e f f e c t   w h i c h   o c c u r s   in  c a s e s   w h e r e i n   t h e   Co  i s  



s u b s t i t u t e d   f o r   t h e   Re.  As  i s   e v i d e n t   f rom  t he   F i g u r e ,  

t h e   s a t u r a t i o n   m a g n e t i z a t i o n   l e v e l   of  t he   a l l o y   can  b e  

r a i s e d   by  s e t t i n g   t he   a t o m i c   d e n s i t y   T  of  t he   Re  w i t h i n  

a  r a n g e   of  f rom  0 .2   to   1 . 5 .   T h e r e f o r e ,   an  a m o r p h o u s  

a l l o y   w h i c h   has   a  h i g h   c r y s t a l l i z a t i o n   t e m p e r a t u r e ,  

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

s a t u r a t i o n   m a g n e t i z a t i o n   l e v e l   may  be  p r o v i d e d ,   b y  

s e t t i n g   t he   a t o m i c   d e n s i t y   T  of  t h e   Re  w i t h i n   a  r a n g e  
of   f rom  0 .2   to   1 . 5 .  

The  h a f n i u m   (Hf)  i s   c o n t a i n e d   in  t he   a m o r p h o u s  

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

t h e   Hf  has   t he   e f f e c t   of  r a i s i n g   t he   c r y s t a l l i z a t i o n  

t e m p e r a t u r e   of  t he   a l l o y .   The  a t o m i c   d e n s i t y   X  of  H f  

i s   so  s e t   as  to   s a t i s f y   t h e   a b o v e   f o r m u l a   ( 2 ) ;   s i n c e ,  

i f   t h e   X  is  l o w e r   t h a n   6,  a  c r y s t a l l i z a t i o n   t e m p e r a t u r e  

h i g h e r   t h a n   500°C  c a n n o t   be  o b t a i n e d   a n d ,   s i m i l a r l y ,   i f  

t h e   X  is   h i g h e r   t h a n   15,   a  c r y s t a l l i z a t i o n   t e m p e r a t u r e  

h i g h e r   t h a n   500°C  c a n n o t   be  o b t a i n e d   and  i t   w i l l   b e  

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

o f   t he   a l l o y   a b o v e   0 , 8   T  (8  k G a u s s ) .  

The  b o r o n   (B)  i s   c o n t a i n e d   in   t h e   a m o r p h o u s   a l l o y  

of   t he   i n v e n t i o n   b e c a u s e   t h e   B  h a s   t h e   e f f e c t   of  a i d i n g  

in   t he   f o r m a t i o n   of  t h e   a m o r p h o u s   a l l o y   and  i m p r o v i n g  

t h e   p h y s i c a l   p r o p e r t i e s   of  t h e   a l l o y .   The  a t o m i c  

d e n s i t y   Y  of  t h e   B  is   so  s e t   as  to   s a t i s f y   t he   a b o v e  

f o r m u l a   ( 3 ) ;   s i n c e ,   i f   t h e   Y  is   l o w e r   t h a n   3,  t h e  

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

a l l o y   w i t h   t he   B  is   l e s s e n e d   a n d ,   i f   t h e   Y  is   h i g h e r  

t h a n   14,   t he   r u s t   r e s i s t a n c e   of   t h e   a l l o y   d e t e r i o r a t e s  

and  b r i t t l e n e s s   is  p r o d u c e d .   I t   i s   p r e f e r a b l e   to  s e t  

t h e   a t o m i c   d e n s i t y   Y  of  t h e   B  l o w e r   t h a n   8;  s i n c e ,   i f  

t h e   a t o m i c   d e n s i t y   Y  of  t he   B  i s   l e s s   t h a n   8,  t h e  

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

i t s   w e a r   r e s i s t a n c e   can  be  i m p r o v e d .  

F u r t h e r ,   i t   is  p r e f e r a b l e   to   s e t   t he   X  and  Y  a t  

s u c h   a  l e v e l   as  to  s a t i s f y   t h e   f o l l o w i n g   i n e q u a l i t y   ( 7 ) ,  



when  the   a l l o y   c o n t a i n s   t he   R e .  

I f   the   X/ (X+Y)  f a c t o r   is  l o w e r   t h a n   0 . 5 ,   the   e f f e c t  

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

is   r e d u c e d   by  the   a d d i t i o n   of  the   Re  c a n n o t   be  o b t a i n e d .  

I f   t he   X/(X+Y)  f a c t o r   is  h i g h e r   t h a n   5 / 6 ,   t he   f o r m a t i o n  

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

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

c a n n o t   be  o b t a i n e d .  

The  a d d i t i o n   of  t he   s i l i c o n   (S i )   is   e f f e c t i v e   i n  

a i d i n g   t he   f o r m a t i o n   of  the   a m o r p h o u s   a l l o y .   In  t h i s  

c a s e ,   t h e   a t o m i c   d e n s i t y   Z  of  the   Si  is  so  s e t   as  t o  

s a t i s f y   t he   above   f o r m u l a   ( 4 ) .   The  f o r m a t i o n   of  t h e  

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

e l e m e n t ,   s u c h   as  B,  even   i f   t he   Si  is  no t   c o n t a i n e d   i n  

t h e   a l l o y .   F u r t h e r ,   the   a t o m i c   d e n s i t y   Z  of  t he   Si  i s  

so  s e t   as  to  be  l o w e r   t h a n   11;  s i n c e ,   i f   i t   is  h i g h e r  

t h a n   11,  t he   e f f e c t   of  f o r m i n g   the   a m o r p h o u s   a l l o y   b y  

the   a d d i t i o n   of  the   Si  is  l e s s e n e d .  

To  o b t a i n   an  a m o r p h o u s   a l l o y   w h i c h   has  h i g h  

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

f o r c e ;   a n d ,   y e t ,   does   not   have   i t s   e f f e c t i v e   m a g n e t i c  

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

c o n t a i n   t he   S i .   H o w e v e r ,   when  t he   a t o m i c   d e n s i t y   Z 

of  t he   Si  i s   s e t   w i t h i n   a  r a n g e   of  f rom  0  to  0 . 0 1 ,   a n  

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

s u b s t a n t i a l l y   s i m i l a r   to  an  a l l o y   h a v i n g   no  S i .  

T h e r e f o r e ,   i t   is  p r e f e r a b l e   to  s e t   t he   a t o m i c   d e n s i t y  

Z  of  t he   Si  w i t h i n   a  r a n g e   of  f rom  0  to  0 . 0 1 .  

The  a t o m i c   d e n s i t i e s   X,  Y,  Z  of  t he   Hf,   B  a n d   S i  

a r e   so  s e t   as  to  s a t i s f y   t he   above   f o r m u l a e   ( 5 ) ,   ( 6 ) .  

I f   t h e   t o t a l   a d d i t i o n   amoun t   of  the   B  a n d   Si  is   l o w e r  

t h a n   3  a t   a t o m i c   d e n s i t y   Y+Z,  the   f o r m a t i o n   of  t h e  

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

t h a n   13,   an  a l l o y   h a v i n g   a  m a g n e t i c   p e r m e a b i l i t y   h i g h e r  



t h a n   5 , 0 0 0   ( i n   1  kHz)  c a n n o t   be  o b t a i n e d .   When  t h e  

t o t a l   a d d i t i o n   a m o u n t   of  t h e   Hf,   B  a n d   Si  is  l o w e r  

t h a n   11  a t   a t o m i c   d e n s i t y   X+Y+Z,  t he   c r y s t a l l i z a t i o n  

t e m p e r a t u r e   of  t h e   a l l o y   is   d e c r e a s e d   to  a  l e v e l   l o w e r  

t h a n   500°C;   a n d ,   when  h i g h e r   t h a n   25,  t he   s a t u r a t i o n  

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

t h a n   0 ,7   T  (7  k G a u s s ) , ' w i t h   t h e   r e s u l t   t h a t   an  a c t u a l   p r o b l e m  

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

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

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

p o w d e r s   of  Co,  Ni  ( o r   R e ) ,   Hf ,   B  a n d   Si  ( as   r e q u i r e d )  

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

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

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

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

as   r e q u i r e d .  

A  m a g n e t i c   h e a d   can   be  p r o d u c e d   f rom  t h e   c o r e  

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

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

d e v i c e   f o r   a  VTR  can   be  c o n s t r u c t e d   by  m o u n t i n g   t h e  

m a g n e t i c   head   on  a  r o t o r ;   o r ,   a  r o t a r y   m a g n e t i c   h e a d  

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

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

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

The  a m o r p h o u s   a l l o y   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   has   a  c r y s t a l l i z a t i o n   t e m p e r a t u r e   l e v e l   h i g h e r  

t h a n   500°C  and  d o e s   s u s t a i n   no  d e c r e a s e   in  i t s   e f f e c t i v e  

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

c a r r i e d   ou t   to  make  a  h e a d   t i p .   T h e r e f o r e ,   a  m a g n e t i c  

h e a d   w h i c h   has   e x c e l l e n t   e l e c t r o m a g n e t i c   c o n v e r s i o n  

p r o p e r t i e s ,   and  m a g n e t i c   p r o p e r t i e s   s u c h   as  a  h i g h  

s a t u r a t i o n   m a g n e t i z a t i o n   l e v e l ,   a  low  m a g n e t o s t r i c t i o n  

l e v e l ,   h i g h   e f f e c t i v e   m a g n e t i c   p e r m e a b i l i t y ,   h i g h  

m e c h a n i c a l   s t r e n g t h   and  h i g h   w e a r   r e s i s t a n c e   c a n  

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



a l l o y   of  the   p r e s e n t   i n v e n t i o n .  

Some  e x a m p l e s   of  the   i n v e n t i o n   may  be  d e s c r i b e d  

as  f o l l o w s ,   in  c o n j u n c t i o n   w i t h   c o m p a r a t i v e   e x a m p l e s .  

In  T a b l e   1,  E x a m p l e s   1  to  4  and  C o m p a r a t i v e   E x a m p l e s   1 

to  6  of  the   N i - s e r i e s   a m o r p h o u s   a l l o y   a re   l i s t e d .   I n  

T a b l e   2,  E x a m p l e s   5  to  7  and  C o m p a r a t i v e   E x a m p l e s   7  t o  

11  of  the   R e - s e r i e s   a m o r p h o u s   a l l o y   a re   l i s t e d .  







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

T a b l e s   1  and  2  we re   r e s p e c t i v e l y   p r e p a r e d   by  a  l i q u i d  

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

s p e c i m e n s   of  an  a m o r p h o u s   a l l o y ,   w h i c h   w e r e   30  µm 
t h i c k   and  12  mm  w i d e ,   were   p r o d u c e d   by  i n j e c t i n g   t h e  

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

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

argon  gas  a t m s p h e r e   t h r o u g h   argon  gas  under  p r e s s u r e   ( 0 , 0 9 8  -   0,98  b a r  

( 0 . 1  -   1 .0   k g / c m 2 ) ) f r o m   t h e   n o z z l e   of  a  q u a r t z   t u b e ;  

and  by  t h e n   q u e n c h i n g   t h e   a l l o y s .   The  s p e c i m e n s   i n  

C o m p a r a t i v e   E x a m p l e   1  c o n t a i n e d   no  Hf;  t h e   s p e c i m e n s  

in  C o m p a r a t i v e   E x a m p l e   2  c o n t a i n e d   B  a n d   S i ,   so  t h a t  

t h e   t o t a l   a m o u n t   Y+Z  of  t h e   a t o m i c   d e n s i t i e s   of  t h e  

B  a n d   Si  e x c e e d e d   13;  C o m p a r a t i v e   E x a m p l e   3  c o n t a i n e d  

Hf,   B  a n d   S i ,   so  t h a t   t h e   t o t a l   a m o u n t   X+Y+Z  of  t h e  

a t o m i c   d e n s i t i e s   e x c e e d e d   25;  C o m p a r a t i v e   E x a m p l e   4 

c o n t a i n e d   Hf  b u t   no  Ni ;   and  C o m p a r a t i v e   E x a m p l e   5 

c o n t a i n e d   Hf,   so  t h a t   t h e   a t o m i c   d e n s i t y   X  of   t h e  

Hf  e x c e e d e d   1 5 .  

C o m p a r a t i v e   E x a m p l e   6  e m p l o y e d   an  Mn-Zn  f e r r i t e  

of   t h e   head   m a t e r i a l   w h i c h   is   c u r r e n t l y   u s e d   in  d o m e s t i c  

VTRs.   G e n e r a l   d a t a ,   e x c e p t i n g   t h e   c r y s t a l l i z a t i o n  

t e m p e r a t u r e s ,   was  l i s t e d   in  T a b l e   1 .  

C o m p a r a t i v e   E x a m p l e  7   c o n t a i n e d   l e s s   t h a n   h a l f  

t h e   r a t i o   X/ (X+Y)  of   t h e   Hf  to   t h e   sum  of   t h e   Hf  a n d  

t h e   B,  C o m p a r a t i v e   E x a m p l e   8  c o n t a i n e d   Hf  in  s u c h   a n  

a m o u n t   t h a t   t h e   a t o m i c   d e n s i t y   Y  of   t h e   Hf  e x c e e d e d  

15 ,   C o m p a r a t i v e   E x a m p l e   9  c o n t a i n e d   no  Re,   C o m p a r a t i v e  

E x a m p l e   10  c o n t a i n e d   Nb  ( i n s t e a d   of  t h e   R e ) ,   a n d  

C o m p a r a t i v e   E x a m p l e   11  c o n t a i n e d   no  Re  and  no  H f .  

The  f o l l o w i n g   p r o p e r t i e s   were   m e a s u r e d ,   as  b e l o w ,  

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

t h e   c r y s t a l l i z a t i o n   t e m p e r a t u r e ,   f o r   t h e   C o m p a r a t i v e  

E x a m p l e   6  we re   a l s o   m e a s u r e d .  

( i )   C r y s t a l l i z a t i o n   T e m p e r a t u r e  

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



by  a  d i f f e r e n t i a l   t h e r m a l   a n a l y z e r ,   in  s u c h   a  m a n n e r  

t h a t   t h e   t e m p e r a t u r e s   were   d e t e r m i n e d   by  t he   h e a t  

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

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

( i i )   S a t u r a t i o n   M a g n e t i z a t i o n  

S a t u r a t i o n   M a g n e t i z a t i o n   was  d e t e r m i n e d   b y  

m e a s u r i n g   t he   v a l u e s   of   t he   m a g n e t i z a t i o n   of  t h e  

r e s p e c t i v e   s p e c i m e n s ,   in  a  m a g n e t i c   f i e l d   of  0 , 8   MAm- 1  (10  k O e ) ,  

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

i n s t r u m e n t .  

( i i i )   E f f e c t i v e   M a g n e t i c   P e r m e a b i l i t y  

The  t h i n   s t r i p   s p e c i m e n s   w e r e   p u n c h e d   in  a  r i n g  

s h a p e ,   h a v i n g   a  10  mm  o u t e r   d i a m e t e r   and  an  8  mm 

i n n e r   d i a m e t e r ,   and  t en   s h e e t s   of  t he   s p e c i m e n s   w e r e  

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

f i l m s   of  soda   g l a s s   h a v i n g   a  s o f t e n i n g   p o i n t   of  3 8 0 ° C .  

T h e n ,   a f t e r   the   l a m i n a t e   was  h e a t   t r e a t e d   a t   500°C   t o  

530°C  f o r   30  m i n . ,   i t   was  g r a d u a l l y   c o o l e d   a t   a  r a t e  

of  3°C  pe r   m i n u t e ,   and  l a m i n a t e d   c o r e s   w e r e   o b t a i n e d .  

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

t i v e l y   wound  w i t h   30  t u r n s   of  p r i m a r y   and  s e c o n d a r y  

c o i l s ,   t he   i n d u c t a n c e s   were   m e a s u r e d   by  an  i m p e d a n c e  

m e t e r ,   and  the   e f f e c t i v e  m a g n e t i c   p e r m e a b i l i t y   pi  l e v e l s  

w e r e   o b t a i n e d   by  c a l c u l a t i o n .   The  e f f e c t i v e   m a g n e t i c  

p e r m e a b i l i t i e s   were  a t   t h e   5 0 0  k H z   and  5  MHz  l e v e l s   f o r  

t h e   R e - s e r i e s   a m o r p h o u s   a l l o y   and  a t   t h e   5  MHz  l e v e l s  

f o r   t h e   N i - s e r i e s   a m o r p h o u s   a l l o y .  

( i v )   C o e r c i v e   F o r c e   a n d  

S a t u r a t i o n   M a g n e t i c   F l u x   D e n s i t y  

The  c o e r c i v e   f o r c e s   and  s a t u r a t i o n   m a g n e t i c   f l u x  

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

t h o s e   u s e d   in  m e a s u r i n g   the   e f f e c t i v e   m a g n e t i c   p e r -  

m e a b i l i t y ,   and  by  o b t a i n i n g   a  DC  m a g n e t i z a t i o n   c u r v e  

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

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



(v)  S a t u r a t i o n   M a g n e t o s t r i c t i o n   C o n s t a n t  

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

( v i )   Wear  A m o u n t  

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

r e s p e c t i v e l y   c u t   to  fo rm  m a g n e t i c   head   c o r e s   f o r   a  VTR,  

and  t h e   wea r   r e s i s t a n c e s   of  t h e   h e a d s   were   m e a s u r e d .  

Wear   r e s i s t a n c e   was  e v a l u a t e d   by  o b s e r v i n g   t he   t a p e  

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

a  VTR  c a s s e t t e   t a p e   c o a t e d   w i t h   y - F e 2 0 3   was  fed   on  t h e  

m a g n e t i c   head   f o r   500  h o u r s ,   f rom  t he   s i d e   s u r f a c e   b y  

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

a m o u n t s   c o n v e r t e d   to   t h a t   p e r   100  h o u r s .  

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

v a l u e s   of  m a g n e t i c   p r o p e r t i e s   were   l i s t e d   in  T a b l e s   1 

and  2 .  

As  may  be  s e e n   f rom  T a b l e   1,  t he   c r y s t a l l i z a t i o n  

t e m p e r a t u r e s   of  t h e   a m o r p h o u s   a l l o y s   of  E x a m p l e s   1  t o  

4  w e r e   c o n f i r m e d   to   be  h i g h e r ,   by  a p p r o x .   3 0 0 ° C ,   t h a n  

t h o s e   of  t h e   a m o r p h o u s   a l l o y   c o n t a i n i n g   no  Hf.  I n  

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

t h e   e f f e c t i v e   m a g n e t i c   p e r m e a b i l i t i e s   µ '  (5  MHz)  o f  

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

E x a m p l e s   1  to  4  were   n o t   d e t e r i o r a t e d ,   as  c o m p a r e d   t o  

t h o s e   of  t h e   C o m p a r a t i v e   E x a m p l e s   1  to  5 .  

I t   was  a l s o   c o n f i r m e d   t h a t ,   when  the   a m o u n t   o f  

Si  a d d e d   a p p r o a c h e d   0,  t h e   s a t u r a t i o n   m a g n e t i c   f l u x  

d e n s i t y   had  i n c r e a s e d   and  t h e   d e t e r i o r a t i o n   o f  t h e  

e f f e c t i v e   m a g n e t i c   p e r m e a b i l i t y ,   w h i c h   is  due  to  t h e  

g r a d u a l   c o o l i n g ,   was  n o t   o b s e r v e d .   In  a d d i t i o n ,   i t  

was  a l s o   c o n f i r m e d   t h a t   t h e   wear   r e s i s t a n c e   was  s u b s t a n -  

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

B  a d d e d .  

As  may  r e a d i l y   be  s e e n   f rom  T a b l e   2,  in  C o m p a r a t i v e  

E x a m p l e   7,  t h e   s a t u r a t i o n   m a g n e t o s t r i c t i o n   c o n s t a n t   i s  

of   a  l a r g e   v a l u e ,   s i n c e   r a t i o   X/(X+Y)  is  l e s s   t h a n   0 . 5 ;  



and  C o m p a r a t i v e   E x a m p l e   8  has   an  e x t r e m e l y   s m a l l   s a t u r a -  

t i o n   m a g n e t i z a t i o n   v a l u e ,   s i n c e   the   a t o m i c   d e n s i t y   of  t h e  

Hf  e x c e e d s   15.  F u r t h e r ,   C o m p a r a t i v e   EXamples   9  and  10 

have   r e m a r k a b l y   l a r g e   s a t u r a t i o n   m a g n e t o s t r i c t i o n   c o n -  

s t a n t s ,   s i n c e   C o m p a r a t i v e   E x a m p l e   9  c o n t a i n e d   no  Re  a n d  

C o m p a r a t i v e   E x a m p l e   10  c o n t a i n e d   Nb  ( i n s t e a d   of  t h e   R e ) .  

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

E x a m p l e   11  was  c o n s i d e r e d   to  e x h i b i t   e x c e l l e n t   m a g n e t i c  

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

h e a d ;   s i n c e   t he   c r y s t a l l i z a t i o n   t e m p e r a t u r e   is  l o w ,  

e . g . ,   3 8 0 ° C ,   i t   is  c r y s t a l l i z e d   by  g l a s s   b o n d i n g   a t  

5 0 0 ° C ,   and  t he   v a l u e   of  t he   e f f e c t i v e   m a g n e t i c   p e r -  

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

On  t h e   o t h e r   h a n d ,   t he   a m o r p h o u s   a l l o y s   o f  

E x a m p l e s   5  to  7  a l l   have   h i g h   c r y s t a l l i z a t i o n   t e m -  

p e r a t u r e s   ( h i g h e r   t h a n   500°C)   and  h i g h   s a t u r a t i o n  

m a g n e t i z a t i o n   l e v e l s   ( h i g h e r   t h a n   8  K G a u s s ) ;   s u s t a i n  

no  d e t e r i o r a t i o n   in  t h e i r   e f f e c t i v e   m a g n e t i c   p e r m e -  
a b i l i t i e s ,   even   f rom  the   g r a d u a l   c o o l i n g   w h i c h   o c c u r s  

a f t e r   g l a s s   b o n d i n g ;   and  e x h i b i t   s a t u r a t i o n   m a g n e t o -  
s t r i c t i o n   c o n s t a n t s   of  s m a l l   v a l u e ,   such  as  on  t h e  

o r d e r   of  1 0 - 7 ,   as  an  a b s o l u t e   v a l u e .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   as  d e s c r i b e d  

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

o b t a i n e d ,   t he   m a g n e t i c   p r o p e r t i e s   of  w h i c h   a re   n o t  

i n f l u e n c e d   by  g l a s s   b o n d i n g .  

I t   is   to  be  n o t e d  h e r e   t h a t   t he   Hf  u sed   in  t h e  

a m o r p h o u s   a l l o y s   f o r   the   m a g n e t i c   h e a d s   of  E x a m p l e s   5 

to  7  we re   99.8%  p u r e ;   and ,   t h a t ,   t h o u g h   such   a l l o y s  

a re   a p p r o x .   0.02%  Zr  in  c o n t e n t ,   an  i m p u r i t y   s u c h   a s  

t h i s   (Zr )   d o e s   no t   a f f e c t   t he   a d v a n t a g e s   of  t he   p r e s e n t  

i n v e n t i o n .   Even  whe re   H f  o f   r e l a t i v e l y   low  p u r i t y  

( s u c h   as  one  w h i c h   is  95%  and  is  a p p r o x .   3%  Zr  i n  

c o n t e n t )   is   e m p l o y e d ,   i t   has  been   c o n f i r m e d   t h a t   t h e  

a d v a n t a g e s   of  t he   a m o r p h o u s   a l l o y   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   can  s t i l l   be  o b t a i n e d .  



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

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

as  f o l l o w s :  

w h e r e   M  r e p r e s e n t s   Ni  or   Re;  and  T,  X,  Y  and  Z  r e s p e c -  

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

(Ni  or   R e ) ,   Hf ,   B  a n d   S i ,   and  s a t i s f y   t he   f o l l o w i n g  

i n e q u a l i t i e s   of  f o r m u l a e   (1)  to  ( 6 ) ,   as  f o l l o w s :  

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

a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   t he   M  f a c t o r  

i s   N i ,   and  t he   T  f a c t o r   s a t i s f i e s   t he   i n e q u a l i t y   of  t h e  

f o l l o w i n g   f o r m u l a   ( 8 ) :  

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

a c c o r d i n g   to  c l a i m   l ,   c h a r a c t e r i z e d   in  t h a t   t he   M 

f a c t o r   i s   Re,  t h e   T  f a c t o r   s a t i s f i e s   t h e   i n e q u a l i t y  

of   f o r m u l a   ( 9 ) ,   and  t h e   X  and  Y  f a c t o r s   s a t i s f y   t h e  

i n e q u a l i t y   of  f o r m u l a   ( 7 ) ,   as  f o l l o w s :  

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

a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i z e d   in  t h a t   the   T  f a c t o r  

s a t i s f i e s   t he   i n e q u a l i t y   of  t he   f o l l o w i n g   f o r m u l a   ( 1 0 ) :  



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

a c c o r d i n g   to  c l a i m   2  or  4,  c h a r a c t e r i z e d   in  t h a t   t h e  

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

f o r m u l a   ( 1 1 ) :  

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

a c c o r d i n g   to  c l a i m   2  or  4,  c h a r a c t e r i z e d   in  t h a t   t h e  

Z  f a c t o r   s a t i s f i e s   t he   i n e q u a l i t y   of  t he   f o l l o w i n g  

f o r m u l a   ( 1 2 ) :  

7.  A  m a g n e t i c   head   w i t h   an  a m o r p h o u s   a l l o y  

c o m p r i s i n g   t h e   c o r e ,   c h a r a c t e r i z e d   in  t h a t   t he   c o r e  

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

f o r m u l a   r e p r e s e n t e d   as  f o l l o w s :  

C o 1 0 0 - T - X - Y - Z M T H f X B y S i Z ,  

w h e r e   M  r e p r e s e n t s   Ni  or  Re;  and  T,  X,  Y  and  Z  r e s p e c -  

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

(Ni  or  R e ) ,   Hf,  B  a n d   S i ,   and  s a t i s f y   t he   f o l l o w i n g  

i n e q u a l i t i e s   of  f o r m u l a e   (1)  to  ( 6 ) ,   as  f o l l o w s :  

8.  The  m a g n e t i c   head   w i t h   an  a m o r p h o u s   a l l o y  

a c c o r d i n g   to  c l a i m   7,  c h a r a c t e r i z e d   in  t h a t   the   M  f a c t o r  

i s   Ni ,   and  t he   T  f a c t o r   s a t i s f i e s   t h e   i n e q u a l i t y   of  t h e  

f o l l o w i n g   f o r m u l a   ( 8 ) :  

9.  The  m a g n e t i c   head   w i t h   an  a m o r p h o u s   a l l o y  



a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i z e d   in  t h a t   t he   M 

f a c t o r   is   Re,  t he   T  f a c t o r   s a t i s f i e s   the   i n e q u a l i t y  

of  f o r m u l a   ( 9 ) ,   and  t he   X  and  Y  f a c t o r s   s a t i s f y   t he   i n e -  

q u a l i t y   of  f o r m u l a   ( 7 ) ,   as  f o l l o w s :  

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

a c c o r d i n g   to   c l a i m   9,  c h a r a c t e r i z e d   in  t h a t   t h e   T 

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

f o r m u l a   ( 1 0 ) :  

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

a c c o r d i n g   to  c l a i m   8  or  10,   c h a r a c t e r i z e d   in  t h a t   t h e  

Y  f a c t o r   s a t i s f i e s   t he   i n e q u a l i t y   of  t he   f o l l o w i n g  

f o r m u l a   ( 1 1 ) :  

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

a c c o r d i n g   to   c l a i m   8  or  10,   c h a r a c t e r i z e d   in  t h a t   t h e  

Z  f a c t o r   s a t i s f i e s   t he   i n e q u a l i t y   of  t he   f o l l o w i n g  

f o r m u l a   ( 1 2 ) :  
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