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@  Laser  annealing  of  metallic  alloy  substrates. 

  A  smooth  homogeneous  surface  is  provided  on  an  alu- 
minium  alloy  disk  substrate  by  rotating  the  substrate,  heat- 
ing  the  rotating  substrate  with  a  laser  beam  to  melt  a  portion 
of  the  upper  surface,  including  any  second  phase  defects, 
and  polishing  the  melted  surface  after  it  has  solidified. 



This  i n v e n t i o n   r e l a t e s   to  a  method  of  improving  the  m i c r o s t r u c t u r e  

homogeneity  of  a  m e t a l l i c   a l loy   disk  s u b s t r a t e   having  second  p h a s e  

d e f e c t s   on  the  su r f ace   t h e r e o f .  

While  the  m e t a l l u r g i c a l   a r t   is  crowded  with  methods  for  m o d i f y i n g  

the  su r f ace   p r o p e r t i e s   of  metal  a r t i c l e s ,   most  of  these   do  not  i n v o l v e  

me l t i ng ,   but  are  so l i d   s t a t e   t r a n s f o r m a t i o n s .   Although  the  l a s e r   h a s  

been  used  in  the  f i e l d   of  m e t a l l u r g y   s ince   soon  a f t e r   i t s   i n v e n t i o n ,  

the  vas t   m a j o r i t y   of  l a s e r   metal  t r e a t i n g   o p e r a t i o n s   involve   e i t h e r   no 

me l t i ng ,   as  in  the  t r a n s f o r m a t i o n   ha rden ing   of  s t e e l ,   or  ex t remely   deep  

me l t ing   as  in  welding  and  c u t t i n g .  

The  t echn ique   shown  as  shock  ha rden ing   uses  ex t remely   high  power  
d e n s i t i e s   and  shor t   i n t e r a c t i o n   t imes  to  produce  a  metal  vapour  c l o u d  

which  leaves   the  metal  su r f ace   with  a  high  enough  v e l o c i t y   to  c r e a t e   a 

shock  wave  at  the  metal  s u r f a c e .   Hole  d r i l l i n g   uses  a  l a s e r   to  p r o d u c e  

holes   in  m a t e r i a l s   by  v a p o u r i z a t i o n   of  the  s u b s t r a t e   by  the  l a s e r   beam. 

Deep  p e n e t r a t i o n   welding  uses  a  moderate  power  d e n s i t y   and  a  m o d e r a t e  

i n t e r a c t i o n   time  to  produce  deep  mel t ing   in  metal  a r t i c l e s   to  be  j o i n e d .  
The  me l t ing   is  u s u a l l y   accompanied  by  the  fo rmat ion   of  a  hollow  c a v i t y  

which  is  f i l l e d   with  plasma  and  metal  vapour.   F i n a l l y ,   t r a n s f o r m a t i o n  

ha rden ing   is  performed  at  low  power  d e n s i t i e s   and  long  i n t e r a c t i o n  

t i m e s .  

Shock  ha rden ing   and  hole  d r i l l i n g   are  u s u a l l y   performed  u s i n g  

pulsed   l a s e r s   s ince  pu l sed   l a s e r s   are  the  most  r e a s o n a b l e   way  to  a c h i e v e  

the  d e s i r e d   combinat ion   of  power  d e n s i t y   and  i n t e r a c t i o n   time.  Deep 

p e n e t r a t i o n   welding  and  t r a n s f o r m a t i o n   ha rden ing   are  u s u a l l y   p e r f o r m e d  

using  a  con t inuous   l a s e r   and  the  i n t e r a c t i o n   time  is  c o n t r o l l e d   by 

sweeping  the  l a s e r   beam  over  the  area  to  be  welded  or  hardened .   The 

region  of  the  p r e s e n t   i n v e n t i o n   is  shown  as  "skin  m e l t i n g " .   This  r e g i o n  

is  bounded  on  one  side  by  c o n d i t i o n s   where  su r f ace   v a p o u r i z a t i o n   w i l l  

occur  and  on  the  o ther   side  by  c o n d i t i o n s   where  su r f ace   me l t ing   w i l l  



occur .   T r a n s f o r m a t i o n   ha rden ing   is  performed  at  c o n d i t i o n s   where  

su r f ace   me l t i ng   w i l l   not  occur  while  shock  ha rden ing ,   hole  d r i l l i n g   and  

deep  p e n e t r a t i o n   welding  a l l   involve   a  s i g n i f i c a n t   amount  of  s u r f a c e  

v a p o u r i z a t i o n .  

Three  l i t e r a t u r e   r e f e r e n c e s   e x i s t   which  d e s c r i b e   the  use  of  l a s e r s  

in  s i t u a t i o n s   i n v o l v i n g   s u r f a c e   m e l t i n g .   "Applied  Physics   L e t t e r s "   V o l .  

21  (1972),   pp23-25  d e s c r i b e s   l a b o r a t o r y   exper iments   in  which  t h i n  

su r f ace   zones  were  mel ted  on  n o n e u t e c t i c   aluminium  a l l o y s   using  a  p u l s e d  

l a s e r .   An  exper iment   in  which  m e t a s t a b l e   c r y s t a l l i n e   phases  were  

produced  by  su r f ace   m e l t i n g ,   us ing  a  pu l sed   l a s e r ,   is  d e s c r i b e d   i n  

" J o u r n a l   of  M a t e r i a l   Science"  Vol.  7  (1972),  pp627-630.   A  s i m i l a r  

exper iment   in  which  m e t a s t a b l e   phases   were  produced  in  a  s e r i e s   o f  

n o n e u t e c t i c   Al-Fe  a l l oys   is  d e s c r i b e d   in  " M a t e r i a l   Science  E n g i n e e r i n g "  

Vol.  5,  (1969),  pp  1 - 1 8 .  

U.S.  4 ,122 ,240   d i s c l o s e s   the  mel t ing   of  a  metal   su r face   l aye r   by  a  

high  energy  source  such  as  a  l a s e r   to  produce  m e t a l l u r g i c a l   changes  i n  

the  s u r f a c e .   This  p a t e n t   does  not  teach  any  subsequent   p o l i s h i n g   of  a 

s u r f a c e   made  more  homogeneous  by  m e l t i n g .  

According  to  the  i n v e n t i o n   the re   is  p rov ided   a  method  of  i m p r o v i n g  

the  m i c r o s t r u c t u r e   homogeneity  of  a  m e t a l l i c   a l l oy   disk  s u b s t r a t e   h a v i n g  

second  phase  d e f e c t s   on  the  su r f ace   t h e r e o f ,   c h a r a c t e r i s e d   in  t ha t   t h e  

method  comprises   the  s teps   of  r o t a t i n g   said  disk  s u b s t r a t e   at  a  

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

beam  to  melt  said  s u b s t r a t e   su r f ace   i n c l u d i n g   sa id   second  phase  d e f e c t s ,  

whereby  said  melted  second  phase  d e f e c t s   are  d i f f u s e d   into  said  m e l t e d  

su r f ace   to  produce  a  s i n g l e   phase  l aye r   on  said  s u b s t r a t e   s u r f a c e ,   and  

p o l i s h i n g   said  s i ng l e   phase  su r f ace   to  produce  an  e s s e n t i a l l y  

d e f e c t - f r e e   s u r f a c e .  

The  p r e s e n t   i n v e n t i o n   is  a p p l i c a b l e   for  use  with  aluminium  a l l o y  

disk  s u b s t r a t e s   which  con ta in   second  phase  d e f e c t s   t h e r e i n .   An  example  

is  an  aluminium-magnesium  a l l oy   c o n t a i n i n g   second  phase  d e f e c t s   of  o t h e r  

m a t e r i a l .   In  the  case  of  s u b s t r a t e s   for  magnet ic   r e c o r d i n g   d i sks   t h e  



presence   of  such  second  phase  d e f e c t s   on  the  s u b s t r a t e   s u r f a c e  

i n t e r f e r e s   with  the  a p p l i c a t i o n   of  a  magnet ic   coa t ing   to  the  s u r f a c e .  

The  p r e s e n t   i n v e n t i o n   employs  a  high  energy  source  to  f i r s t   melt  t h e  

su r face   l ayer   of  an  aluminium  s u b s t r a t e   i n c l u d i n g   me l t ing   the  s econd  

phase  d e f e c t s   t he reon .   The  melted  second  phase  d e f e c t s   d i f f u s e   into  t h e  

su r round ing   melted  m a t e r i a l   and  the  coo l ing   is  such  tha t   the  s e c o n d  

phase  d e f e c t   m a t e r i a l   can  not  reform  the  s u b s t r a t e   s u r f a c e .   T h i s  

produces   a  s ing le   phase  l aye r   which  makes  the  s u b s t r a t e   su r f ace   more 

homogeneous.  This  is  fo l lowed  by  a  p o l i s h i n g   p rocess   of  the  c o o l e d  

su r f ace   to  produce  a  h igh ly   p o l i s h e d ,   e s s e n t i a l l y   d e f e c t - f r e e   s u r f a c e  

wi thout   changing  the  bulk  p r o p e r t i e s   of  the  s u b s t r a t e .  

The  i n v e n t i o n   wi l l   now  be  d e s c r i b e d   by  way  of  example  w i t h  

r e f e r e n c e   to  the  accompanying  drawing  which  is  a  graph  i l l u s t r a t i n g  

v a r i a t i o n s   in  su r f ace   melt  depth  as  a  f u n c t i o n   of  the  l i n e a r   v e l o c i t y   o f  

the  s u b s t r a t e   for  d i f f e r e n t   l eve l s   of  a p p l i e d   l a s e r   p o w e r .  

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   adapted  for  use  in  t h e  

f a b r i c a t i o n   of  m e t a l l i c   s u b s t r a t e s   which  are  to  be  used  as  s u b s t r a t e s  

for  magnet ic   r e c o r d i n g   d i sks .   Such  s u b s t r a t e s ,   e s p e c i a l l y   t h o s e  

in tended   for  use  with  th in   f i lm  magnet ic   r e c o r d i n g   l aye r s   t h e r e o n  

produced  by  some  type  of  e v a p o r a t i v e   t e c h n i q u e ,   r e q u i r e   a  very  smooth 

s u r f a c e .   However,  the  na tu re   of  the  aluminium  a l loys   used  for  t h e s e  

s u b s t r a t e s ,   for  example  a l l o y s   of  aluminium  and  magnesium,  is  such  t h a t  

they  u s u a l l y   con ta in   second  phase  d e f e c t s   which  render   t h e i r   t o p o g r a p h y  

inhomogeneous.   Such  i n h o m o g e n e i t i e s   remain  in  the  su r f ace   of  p r e s e n t  

s u b s t r a t e s ,   even  a f t e r   e f f o r t s   to  remove  them,  such  as  by  m a c h i n i n g ,  

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

These  i n h o m o g e n e i t i e s   render   the  s u b s t r a t e s   u n a t t r a c t i v e   for  use  i n  

th in   f i lm  magnetic   r e c o r d i n g   d isks   because  they  can  r e s u l t   i n  

c o r r e s p o n d i n g   i n h o m o g e n e i t i e s   or  i r r e g u l a r i t i e s   in  the  magnet ic   l a y e r .  

In  accordance   with  the  p r e s e n t   i n v e n t i o n ,   such  s u b s t r a t e s   are  f i r s t  

s u b j e c t e d   to  annea l ing   by  a  high  energy  source  such  as  a  l a s e r   to  m e l t  

the  ou te r   l ayer   of  the  s u b s t r a t e   s u r f a c e .   This  mel t ing   melts   both  t h e  



r e g u l a r   aluminium  a l l oy   on  the  su r f ace   as  well  as  any  second  p h a s e  

d e f e c t s   p r e s e n t   t he reon .   Af te r   m e l t i n g ,   the  second  phase  d e f e c t s  

d i f f u s e   in to   the  su r round ing   me l t ed . a lumin ium  a l l o y ,   and  because  of  t h e  

r ap id   coo l ing   a f t e r   m e l t i n g ,   these   second  phase  d e f e c t s   do  not  reform  on 

the  s u b s t r a t e   s u r f a c e .   Thus,  a f t e r   coo l ing   and  s o l i d i f i c a t i o n ,   t h e  

s u r f a c e   l aye r   is  a  s i n g l e   phase  l a y e r .  

In  the  p r e f e r r e d   embodiment,  the  c i r c u l a r   s u b s t r a t e   is  r o t a t e d  

while   the  l a s e r   scans  the  r o t a t i n g   disk  to  produce  the  d e s i r e d   h e a t i n g .  

The  h e a t i n g   is  c a r r i e d   out  in  the  p r e sence   of  an  i n e r t   gas,  p r i m a r i l y   t o  

p r e v e n t   plasma  fo rma t ion ,   which  tends  to  r e f l e c t   i n c i d e n t   energy  f rom 

the  s u r f a c e   to  be  hea ted   and  to  defocus  the  l a s e r   beam. 

I t   has  been  found  t h a t   the re   is  a  maximum  l i n e a r   v e l o c i t y   o f  

movement  of  the  s u b s t r a t e   r e l a t i v e   to  the  scanning  l a s e r   beam  above  

which  u n d e s i r a b l e   e f f e c t s   can  occur .   These  e f f e c t s   inc lude   t h e  

fo rmat ion   of  m i c r o - c r a c k s   and  m i c r o - v o i d s   in  the  r e s o l i d i f i e d   s u r f a c e  

l a y e r ,   most  p robab ly   induced  by  s t r e s s e s   produced  by  exces s ive   h e a t i n g .  

In  the  case  of  the  a luminium/magnesium  a l loy   known  as  5086  a lumin ium,  

the  maximum  l i n e a r   v e l o c i t y   appears   to  be  about  25.4  cms  (10 

i n c h e s ) / s e c o n d .   The  power  d e n s i t y   of  the  app l i ed   l a s e r   beam  energy  can  

be  in  the  range  of  104  to  1 0   w a t t s / c m 2 .  

The  fo l lowing   are  examples  of  the  use  of  the  t echn ique   of  t h e  

p r e s e n t   i n v e n t i o n .  

Example  1 

A  coupon  of  an  aluminium  magnesium  a l loy   having  a  t h i c k n e s s   o f  

0.381  cms  (0.150  inches)   and  i d e n t i f i e d   as  5086  Al-Mg  was  moved  at  a  

l i n e a r   v e l o c i t y   of  2.54  cms  (1  i n c h ) / s e c o n d   while  a  500  watt  pu l sed   Co2 
l aye r   scanned  the  coupon  s u r f a c e .   Af te r   t r e a t i n g   the  e n t i r e   coupon 

s u r f a c e ,   the  annealed   su r f ace   was  p o l i s h e d   to  remove  about  .0025  cms 

(.001  inch)  of  the  m e l t e d / s o l i d i f i e d   l a y e r .  



Comparison  of  m ic ropho tog raphs   of  the  coupon  su r face   be fo re   and 

a f t e r   the  annea l ing   and  p o l i s h i n g   t r e a t m e n t   of  t h i s   i n v e n t i o n   showed  a  

s i g n i f i c a n t   improvement  in  the  q u a l i t y   of  su r f ace   f i n i s h .   The  r e s u l t i n g  

su r face   was  e s s e n t i a l l y   d e f e c t - f r e e   and  showed  a  smooth  s i ng l e   p h a s e  

l aye r   ex tend ing   some  d i s t a n c e   into  the  coupon.  C r o s s - s e c t i o n a l  

mic ropho tog raphs   showed  a  me l t ing   of  app rox ima te ly   the  upper  0 . 0 0 5  

inches  of  the  s u b s t r a t e   m a t e r i a l .  

Example  2 

A  disk  35.56  cms  (14  inches)   in  d iamete r   with  a  t h i c k n e s s   of  0 . 3 8 1  

cms  (0.150  inch)  and  composed  of  the  5086  aluminium  a l l oy   was  r o t a t e d   a t  

a  maximum  v e l o c i t y   of  25.4  cms  (10  i n c h e s ) / s e c o n d   while  being  s c a n n e d  

r a d i a l l y   by  a  con t inuous   wave  Co2  l a s e r   having  a  maximum  output   of  4 . 4  

kw.  Fol lowing  t h i s ,   the  annealed   l ayer   was  p o l i s h e d .   Again,  m i c r o -  

pho tographs   of  the  su r f ace   before   and  a f t e r   t r e a t m e n t   in  accordance   w i t h  

the  p r e s e n t   i n v e n t i o n   showed  a  major  improvement  in  the  homogeneity  o f  

the  s u r f a c e .  

The  f i gu re   is  a  graph  i l l u s t r a t i n g   the  su r face   melt  depth  as  a  

f unc t i on   of  the  l i n e a r   v e l o c i t y   of  r o t a t i o n   of  the  disk  s u b s t r a t e   f o r  

d i f f e r e n t   l eve l s   of  app l i ed   l a s e r   power.  The  shaded  area  from  a  l i n e a r  

v e l o c i t y   of  25.4  cms  (10  i n c h e s ) / s e c o n d   and  lower  r e p r e s e n t s   t h e  

o p e r a t i n g   area  for  c a r ry ing   out  the  p r e s e n t   i n v e n t i o n ,   s ince  a s  

i n d i c a t e d   above,  h igher   v e l o c i t i e s   than  25.4  cms  (10  i n c h e s ) / s e c o n d   can  

r e s u l t   in  u n d e s i r a b l e   m i c r o - v o i d s   and  m i c r o - c r a c k s   in  the  t r e a t e d   l a y e r .  

As  would  be  expec ted ,   h igher   l e v e l s   of  l a s e r   power  r e s u l t   in  g r e a t e r  

melt  depth  for  a  given  l i n e a r   v e l o c i t y .  



1.  A  method  of  improving  the  m i c r o s t r u c t u r e   homogeneity  of  a  

m e t a l l i c   a l loy   disk  s u b s t r a t e   having  second  phase  d e f e c t s   on  the  s u r f a c e  

t h e r e o f ,   c h a r a c t e r i s e d   in  t h a t   the  method  comprises   the  s teps   o f  

r o t a t i n g   sa id   disk  s u b s t r a t e   at  a  p r e d e t e r m i n e d   v e l o c i t y ,   hea t i ng   s a i d  

r o t a t i n g   s u b s t r a t e   with  a  l a s e r   beam  to  melt  said  s u b s t r a t e   s u r f a c e  

i n c l u d i n g   said  second  phase  d e f e c t s ,   whereby  said  melted  second  p h a s e  

d e f e c t s   are  d i f f u s e d   in to   sa id   mel ted  su r f ace   to  produce  a  s ing le   p h a s e  

l aye r   on  said  s u b s t r a t e   s u r f a c e ,   and  p o l i s h i n g   said  s ing le   phase  s u r f a c e  

to  produce  an  e s s e n t i a l l y   d e f e c t - f r e e   s u r f a c e .  

2.  A  method  in  accordance   with  claim  1  in  which  s a i d  

p r e d e t e r m i n e d   l i n e a r   v e l o c i t y   of  r o t a t i o n   of  said  disk  s u b s t r a t e   is  no 

g r e a t e r   than  25.4  cms  (10  inches)   per  s e c o n d .  

3.  A  method  in  accordance   with  claim  1  or  2,  in  which  said  d i s k  

s u b s t r a t e   is  composed  of  an  a l loy   of  aluminium  and  magnesium. 

4.  A  method  in  accordance   with  any one  of  claims  1  to  3,  in  which  

sa id   disk  s u b s t r a t e   has  a  t h i c k n e s s   of  app rox ima te ly   0.0381  cms  (0 .150  

i n c h e s ) ,   i n c l u d i n g   the  s teps   of  me l t ing   sa id   disk  s u b s t r a t e   su r face   to  a 

t h i c k n e s s   of  app rox ima te ly   0.013  cms  (0.005  i n c h e s ) ,   and  p o l i s h i n g  

a p p r o x i m a t e l y   .0025cms  (0.001  inches)   from  said  melted  s u r f a c e .  
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