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54)  Method  of  depositing  nickel-iron-boron  alloy  magnetic  films. 

Nickel-iron-boron  alloy  magnetic  films  containing  from 
0.1  to  2.0%  boron  by  weight  and  from  17  to  27%  iron  by 
weight  are  electrolytically  deposited  using  a  bath  having  a 
pH  of  2.5  or  less,  and  containing  a  borane  reducing  agent. 
Thefilms  have  a  high  resistance to  corrosion  and  a  coercivity 
less  than  0.1  Oe  in  films  3000A  thick. 



This  p r e s e n t   r e l a t e s   to  methods  of  d e p o s i t i n g   n i c k e l - i r o n -  

boron  a l l oy   magnet ic   f i l m s .  

U.S.  p a t e n t   s p e c i f i c a t i o n   3 ,483 ,029   e n t i t l e d   "Method  and  

Composi t ion  for  D e p o s i t i n g   N i c k e l - I r o n - B o r o n   Magnetic  Films"  d e s c r i b e s  

in  the  Example  an  NiFeB  e l e c t r o l e s s l y   d e p o s i t e d   a l loy   with  0.8%  B, 
0 

19.3%  Fe  and  the  remainder   Ni.  The  f i lm  was  12,550  A  t h i c k   and  had  

a  c o e r c i v i t y   of  Ho =  l .Oe.   The  m a g n e t o s t r i c t i o n   was  near  zero.   The 

a n i s o t r o p i c   f i e l d   was  abou t   4.8  Oe.  The  pH  of  the  bath  was  above  8 .  

A  p r o c e s s   for  d e p o s i t i n g   a  n i c k e l - i r o n - b o r o n   a l loy   m a g n e t i c  

fi lm  which  c o n t a i n s   from  0.1  to  2  per  cent  boron  by  weight  i s  

c h a r a c t e r i s e d   acco rd ing   to  t h e . i n v e n t i o n ,   by  being  an  e l e c t r o l y t i c  

d e p o s i t i o n   p roce s s   employing  a  b a t h   having  a  pH  at  or  below  2.5  and  

c o n t a i n i n g   a  borane  r educ ing   a g e n t .  

T h e  p r e s e n t   i n v e n t i o n   p rov ides   n i c k e l - i r o n - b o r o n   a l l oy   m a g n e t i c  

f i lms  having  ex t remely   low  c o e r c i v i t y   and  very  high  r e s i s t a n c e   t o  
0 

c o r r o s i o n .   Magnetic  f i lms  3000A  t h i c k   or  t h i c k e r   d e p o s i t e d   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 ,   have  a  c o e r c i v i t y   and  a  bubble  c o l l a p s e  

f i e l d   of  l e s s   than  0.1  Oe.  They  a lso   have  e x c e l l e n t   m a g n e t i c  

a n i s o t r o p y  

In  accordance   with  the  p r e s e n t   i n v e n t i o n ,   magnetic   f i lms  a r e  

e l e c t r o d e p o s i t e d   from  an  acid  (pH  below  2.5)  bath  c o n t a i n i n g   s m a l l  

amounts  of  a  borane  r educ ing   agent  such  as  Dimethylamine  b o r a n e .  

Table  I  below  gives  one  s p e c i f i c   bath  f o rmu la t i on   and  a  range  o f  

bath  f o r m u l a t i o n s .  



The  d imethy lamine   borane  (DMAB)  is  p r e d i s s o l v e d   in  100  cc  H20. 
1.6  g/1  of  DMAB  is  near   maximum  s o l u b i l i t y   in  the  s p e c i f i c   bath  i n  

Table  I.  The  sodium  l a u r y l   SO4  is  a  s u r f a c t a n t ,   which  i m p r o v e s  

p l a t i n g .   The  sodium  s a c c h a r i n   serves   to  reduce  s t r e s s   in  the  p l a t e d  

f i lm .   The  bo r i c   ac id   se rves   as  a  pH  r e g u l a t o r   and  d e p o s i t   b r i g h t e n e r .  

λ  = 0  at  16.5  mA/cm2  when  FeCl2 .   4H20  =  1.9  g / l .   A g i t a t i o n   r a t e  

anywhere  from  0.5  cycle   per  second  to  2  cyc l e s   per  second  can  b e  

u t i l i z e d .   A g i t a t i o n   of  1  c y c l e / s e c o n d   in  a  paddle   c e l l   is  t h e  

e q u i v a l e n t   of  200  rpm  on a   r o t a t i n g   disc  e l e c t r o d e .  

Af te r   the  a d d i t i o n   of  DMAB  s o l u t i o n   to  the  ba th ,   the  pH  r i s e s  

for  a  few  minu tes .   Af te r   r e a d j u s t i n g   the  pH  to  2.5  the  ba th   i s  

u s a b l e .   If  the  c o n c e n t r a t i o n   of  FeCl2 .   4H20  is  h ighe r   than  1 . 9  

g / l ,   the  c u r r e n t   w i l l   have  to  be  r a i s e d   in  o rder   to  m a i n t a i n   the  λ  = 

0  compos i t i on .   For  example,  if   the  FeCl2 .   4H20  is  i n c r e a s e d   to  5 . 0  

g / l ,   λ=0  is  o b t a i n e d   at  49.6  mA/cm2  when  p l a t i n g   onto  a  ca thode  i n  

a  con t inuous   shee t   form.  At  t h i s   high  c u r r e n t   d e n s i t y   the  DMAB 

seems  to  have  a  s m a l l e r   e f f e c t   on  the  f i lm.   When  p l a t i n g   is  c o n d u c t e d  

at  low  d e n s i t y ,   the  r e s u l t i n g   f i lms  i n c o r p o r a t e   2%  boron.   D e s p i t e  

t h i s   small  q u a n t i t y   of  boron,  the  magnetic   b e h a v i o u r   of  the  f i lm  i s  

markedly  improved.  The  f i lms  also  have  e x c e l l e n t   a n i s o t r o p y .  



A  NiFeB  f i lm  5400A  th i ck   depos i t ed   in  accordance   with  t h e  
o  0 

p r e s e n t   i n v e n t i o n   on  a  s u b s t r a t e   compr i s ing   1000A  p l a t i n u m / l O O A  

t i t a n i u m   on  g l a s s   had  a  value  for  H0  of  0.1  or  l e s s .   The  i n s t r u m e n t  

commonly  used  to  measure  the  magnetic  p r o p e r t i e s   of  NiFe  f i lms  i s  

not  s u f f i c i e n t l y   s e n s i t i v e   to  measure  va lues   at  t h i s   very  low  l e v e l .  

When  NiFeB  f i lms   are  depos i t ed   in  accordance   with  the  p r e s e n t  

i n v e n t i o n   on  T  and  I  ba r s ,   or  when  a  shee t   f i lm  is  shaped  by  i o n  

m i l l i n g   or  s p u t t e r   e t c h i n g ,   the  s u p e r i o r i t y   in  c o e r c i v i t y   of  NiFeB 

over  NiFe  is  s t i l l   a p p a r e n t .   This  makes  the  NiFeB  qu i t e   u s e f u l   f o r  

bubble  memory  a p p l i c a t i o n s .   When  p l a t i n g   th rough   masks,  we  have  

a lso   d i s c o v e r e d   to  our  s u r p r i s e   tha t   the  d e p o s i t s   of  NiFeB  a r e  

smoother  and  the  t h i c k n e s s   of  i n d i v i d u a l   f e a t u r e s   over  a  l a rge   a r e a  

are  c o n s i d e r a b l y   more  uniform  than  for  NiFe.  This  sugges t s   t h a t   i n  

a d d i t i o n   to  p r o v i d i n g   boron  i n c o r p o r a t e d   i n  t h e   f i lm,   DMAB  acts   as  a  

smoothing  agent  and  a  l e v e l l i n g   a g e n t .  

While  the  above  example  employed  d imethy lamine   borane ,   i t  

should  be  a p p a r e n t   to  those  s k i l l e d   in  the  a r t   t h a t   o ther   b o r a n e  

c o n t a i n i n g   compounds,  p a r t i c u l a r l y   borane  r e d u c i n g   agen t s ,   may  be  

used  to  ob t a in   s i m i l a r   r e s u l t s .   Other  u s e f u l   compounds  i nc lude ,   f o r  

example,  amine  boranes   such  as  t r i m e t h y l a m i n e   borane ,   and  o t h e r  

a l i p h a t i c   h e t e r o c y c l i c ,   arylamine  and  h e t e r o a r o m a t i c   boranes   and  

b o r o h y d r i d e s .  

I  Examples  of  f i lms   p l a t e d   onto  a  con t inuous   s h e e t  

metal  c a t h o d e  

Films  were  e l e c t r o p l a t e d   at  room  t e m p e r a t u r e   in  a  >40  Oe  m a g n e t i c  

f i e l d   from  the  bath  as  shown  in  Table  I  onto  a  cathode  in  a  c o n t i n u o u s  

sheet   form  except   for  the  fo l lowing  c h a n g e s :  

(a)  F e C l 2 ·   4 H 2 O   was  1.6  g / 1  

DMAB  1.2  g / l  

and  c u r r e n t   dens i t y   was  5.0  ma/cm2 



The  r e s u l t i n g   4000A  t h i ck   f i lm  had  a  c o e r c i v i t y   Hc  <0.1  Oe  and  

a  very  square   B-H  loop.  The  f i lm  compos i t i on   was  19%  Fe,  0.6%B; 

80.2%  Ni.  The  f i lm  was  z e r o m a g n e t o s t r i c t i v e   ( λ = 0 ) .  

(b)  FeCl2·4H2O  was  1.8  g / l  

DMAB  was  1.5  g / l  

c u r r e n t   d e n s i t y   was  10  ma/cm2 

0 
The  compos i t ion   of  the  4000A  f i lm  was  19.4%Fe,  0.4%B  and  80.2%Ni.  

Magnet ic   r e s u l t s   were  s u b s t a n t i a l l y   the  same  as  in  (a)  a b o v e .  

(c)  FeCl2·4H2O  was  1.8  g / l  

DMAB  was  1.5  g / l  

c u r r e n t   d e n s i t y   was  21.6  ma/cm2 

The  compos i t ion   of  the  4000A  f i lm  was  21.6%Fe,  0.3%B  and  

78.1%Ni.  Magnetic  p r o p e r t i e s   were  s u b s t a n t i a l l y   the  same  as  in  (a) 

above.  Film  was  s l i g h t l y   off   from  zero  m a g n e t o s t r i c t i o n .  

II  Examples  of  f i lms   p l a t e d   t h rough   p h o t o r e s i s t   masks  

(a)  D i s c r e t e   f e a t u r e s   were  p l a t e d   onto  a  con t inuous   t h i n  

m e t a l l i z i n g   s t a r t e r   sheet   ca thode   on  top  of  a  ga rne t   coa ted   w i t h  

3000A  of  S i O 2  s p a c e r   and  on  top  of  Si  wafer  with  3000A  SiO2  masked 

by  Sh ip l ey   1350  r e s i s t   with  2pm  wide  f e a t u r e s   exposed  in  r e s i s t   t o  

d e f i n e   the  bubble  memory  C-  and  I - b a r   and  chevron  p a t t e r n .  

The  bath  compos i t ion   was :  

NiCl2·6H2O  109  g / l  

H3B03  25  g / l  

Na  s a c c h a r i n   1  g / l  

Na  l a u r y l   s u l f a t e   0.1  g / 1  

F e C l 2   4H20  1.5  g / l  

DMAB  was  v a r i e d   from  0  to  2  g / l  

the  o v e r a l l   c u r r e n t   d e n s i t y   id  v a r i e d   from  3.48  to  5  ma/cm2. 



The  f i lm  c o m p o s i t i o n s   w e r e :  

In  both  cases   where  the  DMAB  was  added  to  the  s o l u t i o n   t h e  

f i lms   were  smoother;   the  t h i c k n e s s   of  v a r i o u s   f e a t u r e s   showed  l e s s  

v a r i a t i o n   from  spot  to  spot  on  the  wafer;   the  c o e r c i v e   force  of  t h e  

f e a t u r e s   was  much  lower  than  in  the  f e a t u r e s   p l a t e d   w i thou t   t h e  

Boron,  and  the  ga rne t   dev ices   showed  lower  o p e r a t i v e   m a r g i n s  o f   t h e  

magnet ic   f i e l d .   The  o p e r a t i v e   margin  was  much  lower  than  in  d e v i c e s  

p l a t e d   in  the  absence  of  DMAB  in  the  bath  (a).  When  DMAB  was  added  

(baths   (b)  and  (c ) ) ,   the  p e r c e n t a g e   of  i ron  in  the  f e a t u r e s ,   p l a t e d  

th rough   a  mask,  was  always  h igher   than  in  the  absence  of  DMAB. 

(b)  D i s c r e t e   f e a t u r e s   were  p l a t e d   onto  a  c o n t i n u o u s   t h in   f i l m  

m e t a l l i z i n g   s t a r t e r   shee t   on  SiO2  on  a  ga rne t   and  on  3000A  of  SiO2 
on  Si  wafers   th rough  2p  openings   in  s h i p l e y   1350  r e s i s t .  

The  bath  compos i t i on   was:  

NiCl2·6H2O  109  g / 1  

H3B03  25  g / 1  

Na  Saccha r in   1.0  g / 1  

Na  Lauryl  S u l f a t e   0.6  g / l  

FeCl2·4H2O  1.1  g / 1  

DMAB  va r i ed   from  1.6  to  2.2  g / l  

Overa l l   c u r r e n t   d e n s i t y   va r i ed   from  5  to  7.0  ma/cm2. 



Film  Composi t ions   w e r e :  

In  a l l   cases   the  f i lms   have  shown  s u p e r i o r   su r f ace   s m o o t h n e s s ,  

s u p e r i o r   u n i f o r m i t y   of  t h i c k n e s s   from  f e a t u r e   to  f e a t u r e ,   very  low 

c losed   loop  c o e r c i v e   fo rce   and  the  bubble  dev ices   p l a t e d   on  g a r n e t s  

o p e r a t e d   at  much  lower  minimum  o p e r a t i n g   b ia s   f i e l d .  

The  minimum  b ias   f i e l d   in  the  absence   of  the  Boron  in  t h e  

3500A  f i lm  p l a t e d   in  2pm  wide  f e a t u r e s   is  of  the  o rder   of  25  to  30 

Oe,  while  for  the  same  t h i c k n e s s   f i lm  p l a t e d   from  the  above  b a t h  

c o n t a i n i n g   Boron  the  minimum  b ias   f i e l d   is  c o n s i s t e n t l y   150e  o r  

l o w e r .  

(c)  D i s c r e t e   f e a t u r e s   were  p l a t e d   onto  a  con t inuous   th in   f i l m  

m e t a l l i z i n g   s t a r t e r   shee t   on  SiO2  on  a  g a r n e t   and  on  3000A  SiO2  on  

top  of  Si  wafers   t h r o u g h   2µm  openings   of  the  C-  and  I -Bar   b u b b l e  

p a t t e r n   in  Sh ip ley   1350  r e s i s t   mask.  

The  bath  compos i t i on   was :  

NiCl2·6H2O  109  g / l  

H3B03  25  g / l  

Na  Saccha r in   1.0  g / l  

Na  Lauryl  S u l f a t e   0.6  g / l  

FeCl2·H2O  1.2  g / 1  

DMAB  v a r i e d   from  0  to  1.2  g / l  

o v e r a l l   c u r r e n t   d e n s i t y   id  va r i ed   from  3.6  to  7.2  ma/cm2. 



0 
The  r e s u l t i n g   3500A  p l a t e d   f e a t u r e s   had  the  f o l l o w i n g  

c h a r a c t e r i s t i c s :  

All  f i lms  in  which  DMAB  was  used  showed  s u p e r i o r   s m o o t h n e s s ,  

s u p e r i o r   t h i c k n e s s   u n i f o r m i t y   from  f e a t u r e   to  f e a t u r e   and  s u p e r i o r  

magnet ic   c h a r a c t e r i s t i c s .   The  bubble  memory  devices   p l a t e d   w i t h  

t h e s e  f i l m s   on  g a r n e t  s h o w e d   much  lower  v a l u e  o f   the  lower  o p e r a t i n g  

margin  of  t h e  b u b b l e   d e v i c e s .  

Cor ros ion   t e s t i n g   of  a l l   f i lms   p l a t e d   from  the  bath  c o n t a i n i n g  

DMAB,  and  hence  c o n t a i n i n g   B  in  a d d i t i o n   to  Ni  and  Fe,  showed  4  t o  

10  t imes  h igher   c o r r o s i o n   r e s i s t a n c e   than  the  f i lms  p l a t e d   from  t h e  

above  bath  in  absence  of  DMAB. 



1.  A  p r o c e s s   for   d e p o s i t i n g   a  n i c k e l - i r o n - b o r o n   a l l oy   m a g n e t i c  

f i lm,   the  boron  be ing   p r e s e n t   in  an  amount  from  0.1  to  2  per  cen t   b y  

weight ,   c h a r a c t e r i s e d   by  the  p roces s   being  an  e l e c t r o l y t i c   d e p o s i t i o n  

p roce s s   employing  a  bath  having  a  pH  at  or  below  2.5  and  c o n t a i n i n g  

a  borane  r e d u c i n g   a g e n t .  

2.  A  p r o c e s s   as  c la imed  in  claim  1,  in  which  the  borane  r e d u c i n g  

agent   is  d ime thy l amine   b o r a n e .  

3.  A  p r o c e s s   as  c la imed  in  claim  1  or  c la im  2,  in  which  the  b a t h  

a lso   c o n t a i n s   a  pH  r e g u l a t o r ,   a  s u r f a c t a n t   and  sodium  s a c c h a r i n .  

4.  A  magnet ic   f i lm  d e p o s i t e d   by  a  p r o c e s s   as  c la imed  in  any  p r e c e d i n g  

cla im,   the  f i lm  c o n t a i n i n g   0.1  to  2  per  cent   boron  by  weigh t ,   17  t o  

27  per  cent   i r o n   by  weight  and  the  ba l ance   n i c k e l .  

0 
5.  A  magnet ic   f i lm  as  claimed  in  c la im  4,  which  is  at  l e a s t   3000A 

th i ck   and  has  a  c o e r c i v i t y   less   than  0.1  o e r s t e d   (π/25  ampere  t u r n s  

per  cm).  


	bibliography
	description
	claims

