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

Patentamt 

European  Patent  Office  @  Publication  number:  0 1 2 1   7 0 7  

Office  europeen  des  brevets 

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

Application  number:  84101834.4  ©  Int.  CI.3:  B 2 4 B   3 7 / 0 4  

Date  of  filing:  22.02.84 

@  Priority:  10.03.83  US  474120  ®  Applicant:  International  Business  Machines  Corporation, 
Old  Orchard  Road,  Armonk,  N.Y.  10504  (US) 

@  Inventor:  Basi,  Jagtar  Singh,  97  Nantucket  Drive,  Fishkill 
<§)  Dateof  publication  of  application:  17.10.84  New  York  12524  (US) 

Bulletin  84/42  Inventor:  Mendel,  Eric,  3  High  Point  Drive,  Poughkeepsle 
New  York  12603  (US) 

@>  Representative  :  Oechssler,  Dietrich  Dr.  rer.  nat., 
@  Designated  Contracting  States:  DE  FR  GB  Schonaicher  Strasse  220,  D-7030  Boblingen  (DE) 

CI  
<  

o  

@  Method  for  polishing  amorphous  aluminum  oxide. 

  The  method  comprises  the  chemical-mechanical  pol- 
ishing  of  amorphous  aluminum  oxide  surfaces  to  a  high 
degree  of  perfection.  The  aluminum  oxide  surfaces  are 
continuously  wetted  with  a  water-citric  acid  slurry  contain- 
ing  a  soft  abrasive  material.  The  continuously  wiping  of  the 
aluminum  oxide  surface  is  accomplished  with  a  firm  surface 
(16)  using  pressure  while  maintaining  a  relative  movement 
between  the  aluminum  oxide  surface  and  the  firm  surface 
(16)  to  remove  the  water  reacted  aluminum  oxide  product 
from  the  high  points  of  the  aluminum  oxide  surface.  This 
method  is  continued  until  a  high  degree  of  perfection  of  the 
surface  is  accomplished.  The  slurry  is  typically  composed 
of  colloidal  silicon  dioxide  dispersed  in  water  containing 
citric  acid. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   of   c h e m i c a l - m e c h a -  

n i c a l   p o l i s h i n g   of   an  a m o r p h o u s   a l u m i n u m   o x i d e   s u r f a c e .  

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

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

s u r f a c e   h a v i n g   a  h i g h   d e g r e e   o f   p e r f e c t i o n .   I t   has   b e e n  

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

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

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

o x i d e   or  s i m i l a r   m a t e r i a l .   On  t h e   s u r f a c e   o f   t h e s e  

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

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

s i s t a n c e   to   b r e a k a g e ,   i m p r o v e d   m a c h i n i n g   and  g o o d  

w e a r a b i l i t y .   I t   i s   a l s o   d e s i r a b l e   to   h a v e   s u c h   m e c h a -  

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

of  p e r f e c t i o n .  

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

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

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

b e e n   a c c o m p l i s h e d   up  to   t h e   p r e s e n t .  

T h e r e   h a s   b e e n   s u b s t a n t i a l   work   done   in   t h e   p o l i s h i n g  

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

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

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

w o r k e r s   in   t h e   f i e l d .   E x a m p l e s   of  t h i s   work   a r e  

H.W.  G u t s c h e ,   U . S .   P a t e n t   4  011  0 9 9 ,   M a r c h   8,  1 9 7 7 ;  

J . S .   B a s i ,   U .S .   P a t e n t   4  057  939 ,   N o v e m b e r   15,   1 9 7 7 ;  

"The  P r e p a r a t i o n   of   S a p p h i r e   S u r f a c e s   f o r   S i l i c o n  

E p i t a x y "   by  T .A.   Z e v e k e   e t   a l .   p u b l i s h e d   in   S o v i e t  

P h y s i c s - C r y s t a l l o g r a p h y ,   V o l .   13,  N o .  3 ,   N o v e m b e r -  

D e c e m b e r   1 9 6 8 ,   p.  493  t h r o u g h   p.  495;   " R e m o v a l   of   t h e  



M i c r o s c o p i c   P o l i s h i n g   Damage  From  S a p p h i r e   and  S p i n e l "  

by  M.  B e r k e n b l i t   e t   a l . ,   IBM  T e c h n i c a l   D i s c l o s u r e   B u l -  

l e t i n ,   V o l .   13 ,   No.  12,   May  1 9 7 1 ,   pp .   3781  and  3 7 8 2 ;  

"The   C h e m i c a l   P o l i s h i n g   and  E t c h   P i t t i n g   of   S a p p h i r e "  

by  R.G.   V a r d i m a n ,   p u b l i s h e d   in   J .   E l e c .   Chem.  S o c . ,  

V o l .   1 1 8 ,   No.  11 ,   pp .   1804  t h r o u g h   1 8 0 9 ,   N o v e m b e r   1 9 7 1 ;  

and  " P o l i s h i n g   o f   S a p p h i r e   and  C o l l o i d a l   S i l i c a "   b y  

H.W.  G u t s c h e   e t   a l . ,   J .   E l e c .   S o c .   S o l i d   S t a t e   S c i e n c e  

and  T e c h n o l o g y ,   V o l .   1 2 5 ,   N o .  1 ,   pp .   136  t h r o u g h   1 3 8 ,  

J a n u a r y   1 9 7 8 .   The  c h e m i c a l   a n d  m e c h a n i c a l   p o l i s h i n g  

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

e x a m p l e ,   z i n c   s e l e n i d e   in   J . S .   B a s i ,   U . S .   P a t e n t  

3  869  3 2 3 ,   M a r c h   4,  1975  and  c a d m i u m   t e l l u r i d e   b y  

J . S .   B a s i ,   U . S .   P a t e n t   3  869  3 2 4 ,   M a r c h   4,  1 9 7 5 .  

I t   i s   t h e   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  

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

f a c e   to   a  h i g h   d e g r e e   of   p e r f e c t i o n .  

T h i s   o b j e c t   i s   a c h i e v e d   by  a  m e t h o d   as  d e f i n e d   a t   t h e  

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

t h e   c h a r a c t e r i z i n g   p a r t   of   c l a i m   1 .  

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

of   l e s s   t h a n   a b o u t   5 . 0 8   nm  a f t e r   s a i d   p o l i s h i n g   can   b e  

o b t a i n e d .  

The  i n v e n t i v e   m e t h o d   can   be  s u m m a r i z e d   as  f o l l o w s :  

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

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

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

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

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

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



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

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

t h e   f i r m   s u r f a c e   to   r e m o v e   t h e   w a t e r - c i t r i c   a c i d   r e a c t -  

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

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

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

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

s i l i c o n   d i o x i d e   d i s p e r s e d   in  w a t e r   c o n t a i n i n g  c i t r i c  

a c i d .  

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

in  t h e   s u b c l a i m s .  

The  i n v e n t i o n   w i l l   b e c o m e   more   a p p a r e n t   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   t a k e n   in   c o n j u n c t i o n  

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

The  d r a w i n g s   show  t h e   f o l l o w i n g :  

FIGURE  1  i l l u s t r a t e s   t h e   l a y e r e d   s t r u c t u r e   o f  

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

FIGURE  2  shows   a  s i d e   v i e w   of   an  a p p a r a t u s ,  

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

in   p r a c t i c i n g  t h e   p o l i s h i n g   p r o c e s s  
of   t h e   i n v e n t i o n .  

FIGURE  3  shows   a  p l a n   v i e w   of   t h e   F i g .   2 

a p p a r a t u s .  

F i g .   1  i l l u s t r a t e s   a  c r o s s - s e c t i o n a l   v i e w   of   t h e   m e c h a -  

n i c a l   p a r t   25  t o   be  p o l i s h e d  b y   t h e   p o l i s h i n g   p r o c e s s  
of  t h e   p r e s e n t   d e s c r i p t i o n .   T h e   25  i n c l u d e s   a  

s u b s t r a t e   8  and  an  a m o r p h o u s   a l u m i n u m   o x i d e   l a y e r   9  o f  

a b o u t   5  to   8  m i c r o m e t e r s   in  t h i c k n e s s   f o r m e d   upon   t h e  



s u b s t r a t e .   I t   i s   p r e f e r r e d   t o   u t i l i z e   as  t h e   s u b s t r a t e  

8  a  c o m b i n a t i o n   o f   a l u m i n u m   o x i d e   and  t i t a n i u m   c a r b i d e  

in   a  f i n e   g r a i n   m i x t u r e   t h a t   h a s   b e e n   p r e s s e d   a n d  

s i n t e r e d   o r   h o t   p r e s s e d .   H o w e v e r ,   t i t a n i u m   c a r b i d e  

p a r t i c l e s   a l o n e   may  be  c o m p r e s s e d   i n t o   d e s i r e d   p a r t s  
in   a  s i m i l a r   f a s h i o n .   The  m i x t u r e   i s   c h a r a c t e r i z e d   b y  

an  a v e r a g e   p a r t i c l e   s i z e   of   l e s s   t h a n   a b o u t   5  m i c r o n s  

and  p r e f e r a b l y   t h e   p a r t i c l e s   a r e   1  to   2  m i c r o n s   i n  

l e n g t h .   The  p r e f e r r e d   m i x t u r e   i s   in   t h e   r a n g e   of   a b o u t  

60  to   80  %  a l u m i n u m   o x i d e   and  40  to   20  %  t i t a n i u m  

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

p o r o s i t y   and  e x h i b i t s   i m p r o v e m e n t   in   Y o u n g ' s   and  S h e a r  

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

To  p r o d u c e   a  m a t e r i a l   f o r   t h e   s u b s t r a t e   8  h a v i n g  

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

p o w d e r s   of   t h e   d e s i r e d   p a r t i c l e   s i z e s   and  m i x e d   in   t h e  

d e s i r e d   c o m p o s i t i o n   of   a b o u t   80  to   60 %  a l u m i n u m   o x i d e  

to   20  to   40  %  t i t a n i u m   c a r b i d e   t o   a  h o m o g e n e o u s   m i x -  

t u r e .   The  d r y   p o w d e r   i s   m e a s u r e d   and  p o u r e d   to   f i l l   a  

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

c o m p a c t e d   w i t h   an  a p p l i e d   l o a d   of   a p p r o x i m a t e l y   6 8 . 9 5  

to   2 0 6 . 8 5   b a r .   The  p r e c o m p a c t e d   mo ld   i s   l o a d e d   i n t o   a  

h o t   p r e s s   and   h e a t e d   to   a  t e m p e r a t u r e   in   t h e   r a n g e   o f  

1 4 0 0 ° C   to   1 6 5 0 ° C .   The  p r e s s e d   p a r t   i s   h o t   p r e s s e d ,   w h e n  

t h e   d e s i r e d   t e m p e r a t u r e   i s   r e a c h e d   a t   a  p r e s s u r e   of   b e -  

t w e e n   2 7 5 . 8   and  4 1 3 . 7   b a r .   The  p r e s s e d   p a r t   i s   c o o l e d  

to   room  t e m p e r a t u r e   f o r   a  d e s i r e d   t i m e   to   m a i n t a i n   a  

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

t h e   m o l d ,   d e b u r r e d   and  s a n d   b l a s t e d   to   r e m o v e   a n y  

e x c e s s   g r a p h i t e .   The  p a r t   i s   now  m a c h i n e d   to   t h e   d e -  

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

m a c h i n i n g   and  m e c h a n i c a l   l a p p i n g   m e t h o d s .  



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

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

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

d i e l e c t r i c   t a r g e t   of   h i g h   p u r i t y .   When  d e p o s i t i n g   a l u -  

m i n u m  o x i d e   f i l m s  o n e  w o u l d   u s e   an  a l u m i n u m   o x i d e   d i s c  

of   h i g h   p u r i t y .   The  t a r g e t   i s   m e t a l l i z e d   on  one  s i d e  

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

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

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

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

of  v a c u u m   s e a l s  a n d   an  i n s u l a t i n g   r i n g .  A   p r o t e c t i v e  

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

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

0 .5   cm  in  o r d e r   to   p r e v e n t   s p u t t e r i n g   f r o m   t h i s  r e g i o n .  

The  s o u r c e   of   p o w e r   i s   an  r f   g e n e r a t o r .   In  a  t y p i c a l  

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

ed  to   t h e   d i s c h a r g e   b e c a u s e   t h e  p o w e r   d e n s i t y   a f f e c t s  

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

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

i s t i c s .   "RF  S p u t t e r e d   A l u m i n u m   O x i d e   F i l m s   on  S i l i c o n "  

by  C . A . T .   S a l a m a   p u b l i s h e d   in   J .   E l e c t r o c h e m i c a l   S o c . ,  

J u l y   1 9 7 0 ,   Vo l .   117 ,   pp.   9 1 3 - 9 1 7 ,   may  be  r e f e r r e d   t o  

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

s p u t t e r i n g .  

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

may  be  u n d e r s t o o d   w i t h   r e f e r e n c e   to   F i g s .   2  and  3.  T h e  

p o l i s h i n g   m a c h i n e   i n c l u d e s   a  b o w l   10  h a v i n g   a  s l u r r y  

o u t l e t   12  and  a  d r i v e n   p l a t e   14.  M o u n t e d   on  t h e   p l a t e  

14  by  any  s u i t a b l e   m e a n s   ( n o t   shown)  i s   a  s o f t ,   f i r m  

s u r f a c e   or  pad   16  c o m p o s e d  o f   a  p o r o m e r i c   m a t e r i a l .   T h e  

pad  m a t e r i a l s   u s e d   a r e   t r u e   p o r o m e r i c   c o m p r i s e d   of   a  

t o p   c o a t   a n d ' s u b s t r a t e  l a y e r .  T h e   t h i c k n e s s   of  t o p   c o a t  

i s   c r i t i c a l .   Top  c o a t   t h i c k n e s s   i s   3 8 1 - 5 0 8   µm,  s u b -  

s t r a t e   i s   5 0 8 - 6 3 5   µm.  T o t a l   p a c k a g e   i s   1 0 2 2  +   5 0 . 8   µm 



t h i c k .   The  t o p   c o a t   i s   d e s i g n e d   and  made  by  a  c o a g u l a -  

t i o n   p r o c e s s   to   o b t a i n   a  m a c r o   and   m i c r o   p o r e   r a n d o m  

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

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

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

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

m a t e r i a l   r e f e r e n c e   can   be  made  to   "Pad   M a t e r i a l s   f o r  

C h e m i c a l - M e c h a n i c a l   P o l i s h i n g "   by  E r i c   M e n d e l   e t   a l . ,  

in   V o l .   7 9 - 1 ,   E x t e n d e d   A b s t r a c t s   of   E l e c .   Chem.  S o c .  

S p r i n g   M e e t i n g ,   B o s t o n ,   M a s s .   May  6 - 1 1 ,   1 9 7 9 ,   Abs .   N o .  

186 ,   pp .   4 8 8 - 4 9 0 .   P a d s   of   t h i s   t y p e   w h i c h   a r e   c o m m e r -  

c i a l l y   a v a i l a b l e   i n c l u d e :   R o d e l   210  made  by  R o d e l   I n c .  

of   N e w a r k ,   D e l a w a r e   USA,  POLTEX  made  by  t h e   GEOS  C o r p . ,  

S t a n f o r d ,   CT.  and  NEWMAN  p o l i s h i n g   p a d s   made  by  t h e  

G.  Newman  &  C o . ,   S a n t a   C l a r a ,   C a l i f o r n i a .   The  p l a t e   14  

i s   r o t a t e d   by  m e a n s   of   s u i t a b l e   d r i v i n g   m e a n s   ( n o t  

shown)   c o u p l e d   t h r o u g h   s h a f t   18.  M e c h a n i c a l   p a r t s   25  

to   be  p o l i s h e d ,   a r e   m o u n t e d   on  t h e   p l a t e   20  by  m e a n s  

of   s u i t a b l e   a d h e s i v e   or   o t h e r   s u i t a b l e   m e t h o d .   T h i s  

p l a t e   20  w i t h   i t s   m o u n t e d   p a r t s   t h e r e o n   i s   m a i n t a i n e d  

a g a i n s t   t h e   s u r f a c e   16  by  arm  22  h a v i n g   b e a r i n g   s u r -  

f a c e s   26  and  a  s u b s t a n t i a l   p r e s s u r e   P  a p p l i e d   t h r o u g h  

s h a f t   28  t o   u r g e   t h e   w a f e r s   s t r o n g l y   a g a i n s t   t h e   s u r -  

f a c e   16.   The  p r e f e r r e d   p r e s s u r e   i s   b e t w e e n   a b o u t  

1 .5   x  104  t o   5 . 2 5   ×  1 0 4   Pa  ( a b o u t   150  to   425  g m J c m 2 ) .  

The  arm  22  i s   s u s p e n d e d   f rom  t h e   p o l i s h i n g   bowl   e d g e  

and  p o s i t i o n e d   on  t h e   s i d e   of   t h e   p l a t e   20  in   t h e   p a t h  

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

of   p l a t e   14 .   The  r o t a t i o n   of   p l a t e   14  p r o d u c e s   a  

r o t a t i o n   of   t h e   p l a t e   20.  The  s u r f a c e   of   t h e   p a r t s   25  

i s   c o n t i n u o u s l y   w e t t e d   w i t h   e x c e s s   q u a n t i t y   of   p o l i s h -  

i n g   s l u r r y   by  f l o w i n g   i t   t h r o u g h   t h e   p i p e   32  w i t h   i t s  

r e s t r i c t e d   o p e n i n g   o n t o   t h e   s u r f a c e   16  of  r o t a t i n g  

p l a t e   14.   A  p a r a s t o l i c   pump  34  moves   t h e   s l u r r y   t h r o u g h  

t h e   p i p e   32.   E x c e s s   s l u r r y   i s   s p l a s h e d   f r o m   t h e   end  o f  



t h e   r o t a t i n g   p l a t e   14  and  f l o w s   o u t   of   t h e   e x c e s s  

s l u r r y   o p e n i n g   1 2 .  

The  c i t r i c   a c i d - a q u e o u s   d i s p e r s i o n   of   s i l i c o n   d i o x i d e  

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

and  s i l i c a   g e l s   h a v i n g   s i l i c o n   d i o x i d e   p a r t i c l e   s i z e s  

i n  t h e   r a n g e   of   1  t o   500  nm  ( m i l l i m i c r o n s ) ,  i n   c o n c e n -  

t r a t i o n s   of   6  to   16  w e i g h t   p e r c e n t   s i l i c a .   C o n v e n i e n t  

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

i d e ,  i s   t h e   t r a d e m a r k e d   s i l i c a  s o l   c o m p o s i t i o n   LUDOX 

c o l l o i d a l  s i l i c a   made  by  E . I .   D u p o n t   C o . ,   W i l m i n g t o n ,  

D e l . ,   NALCOAG  1034A  c o l l o i d a l   s i l i c a   made  by  N a l c o  

Chem.  C o . ,   C h i c a g o ,   I 1 1 . ,  Q U S O   s i l i c a s   made  b y  

P h i l a d e l p h i a   Q u a r t z   Co.  of  P h i l a d e l p h i a ,   P a . ,   SYLOID 

701  w a f e r   p o l i s h i n g   m a t e r i a l   made  by  D a v i s o n   Chem.  D i v .  

of   W.R.  G r a c e   and  C o . ,   B a l t i m o r e ,   Md.  and  " S y t o n   H T - 5 0 "  

made  by  M o n s a n t o  C o m p a n y ,  S t .   L o u i s ,   M o . , . U S A .  

The  c i t r i c   a c i d - a q u e o u s   d i s p e r s i o n   of   s i l i c o n   d i o x i d e  

or  s i l i c o n   d i o x i d e  s l u r r y   i s   r e q u i r e d   to   h a v e   a  pH  i n  

t h e   r a n g e   of   a b o u t   7  to   9.  I t   i s   p r e f e r a b l e   t h a t   t h e  

s l u r r y   h a v e   a  pH  s l i g h t l y   b a s i c   and  of   t h e   o r d e r   of   8 .  

The  b a s i c   pH  may  be  o b t a i n e d   by  a d d i n g   s m a l l   q u a n t i t i e s  

of   c i t r i c   a c i d   s o l u t i o n   of  80  g r a m s / l i t e r   w a t e r   to   t h e  

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

pH.  The  s l u r r y   w i t h   t h e   c i t r i c   a c i d   i s   s t a b l e   f o r   48 

h o u r s   w i t h o u t   any  g e l l i n g   or  p r e c i p i t a t i o n .   S l u r r i e s  

w i t h   o t h e r   a c i d s   s u c h   as  h y d r o c h l o r i c   a c i d   a r e   s t a b l e  

f o r   o n l y   s h o r t   p e r i o d s   of  t i m e .   At  h i g h e r   pH  t h a n   9  t h e  

s u r f a c e   w i l l   r o u g h e n ,   g i v i n g   an  o r a n g e - p e e l   l i k e   e f f e c t .  

Lower   pH  p o l i s h i n g   p r o d u c e s   u n d e s i r a b l y   s l o w   p o l i s h i n g  

r a t e s .   The  p o l i s h i n g   t i m e   i s   a l s o   d e p e n d e n t   upon   t h e  

p r e - p o l i s h i n g   s u r f a c e   r o u g h n e s s   c o n d i t i o n .   I t   i s   p r e -  
f e r r e d   to   h a v e   t h e   r o u g h n e s s   of  t h e   p r e - p o l i s h i n g   s u r -  
f a c e   a b o u t   1 0 1 . 6   nm  ( p e a k   to   v a l l e y   h e i g h t ) .   The  r o u g h -  



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

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

d e p o s i t e d ,   and  upon   t h e   d e p o s i t i o n   m e t h o d .   T h a t   i s   t h e  

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

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

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

d a m a g e .  

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

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

s u r f a c e   f i n i s h e s   of  l e s s   t h a n   t h e   o r d e r   of  5 . 0 8   nm 

( 0 . 2   m i c r o   i n c h e s )   ( p e a k   to   v a l l e y   h e i g h t ) .   T h i s  

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

m e n t   so  t h e   s u r f a c e   f i n i s h   i s   e v e n   b e t t e r   t h a n   t h a t  

5 . 0 8   nm.  The  s u r f a c e   f i n i s h   i s   m e a s u r e d   by  t h e   c o n -  

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

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

a p p e a r s   t h a t   t h e   c i t r i c   a c i d   w a t e r   s l u r r y   has   a  r e a c -  

t i o n   b e t w e e n   t h e   a l u m i n u m   o x i d e   and  t h e   w a t e r   in  t h e  

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

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

t h e   s i l i c o n   d i o x i d e   s l u r r y   and  p o l i s h i n g   p a d .   T h e  

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

c i t r i c   a c i d   c o m p l e x  

i 

The  r e s u l t i n g   p o l i s h i n g   p r o d u c e s   u n d e r   t h e s e   c o n d i t i o n s  

no  r e l i e f   b e t w e e n   t h e   a l u m i n u m   o x i d e   g r a i n   b o u n d a r i e s  

and  a  h i g h l y   p e r f e c t   s u r f a c e .  

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

u n d e r s t a n d i n g   of   t h e   i n v e n t i o n ,   and  v a r i a t i o n s   may  b e  

made  by  one  s k i l l e d   in  t h e   a r t   w i t h o u t   d e p a r t i n g   f r o m  

t h e   s p i r i t  a n d   s c o p e   of   t h e   i n v e n t i o n .  



E x a m p l e   1 

An  a m o r p h o u s  a l u m i n u m   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  

5-8  µm  was  f o r m e d   o n t o   a l u m i n u m   o x i d e - t i t a n i u m   c a r b i d e  

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

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

The  a l u m i n u m   o x i d e   l a y e r   was  f o r m e d   t h e r e o n   by  t h e  

s p u t t e r i n g   p r o c e s s   as  d e s c r i b e d   a b o v e .   T h e s e   p a r t s   w e r e  

p l a c e d   in   t h e   p o l i s h i n g   a p p a r a t u s   i l l u s t r a t e d   by  F i g .   2 

a n d  3 .   A  m i x t u e  o f  1   p a r t   s i l i c a   s o l   w i t h   4  p a r t s   o f  

d e i o n i z e d   w a t e r  w a s  p r e p a r e d .   The  s i l i c a   s o l   has   a  

s i l i c a   c o n t e n t   of  a b o u t   50  w e i g h t   p e r c e n t   w i t h   m a x i m u m  

p a r t i c a l   s i z e   of  40  to   45  nm.  T h i s   s l u r r y   has   a  s o l i d s  

c o n t e n t   of   10  w e i g h t   p e r c e n t   s i l i c a .   A  c i t r i c   a c i d  

s o l u t i o n   c o m p r i s i n g   80  g r a m s   c i t r i c   a c i d   in   one  l i t e r  

of  d e i o n i z e d   w a t e r   was  a d d e d   to   t h e   s i l i c a   s o l   s l u r r y  

w h i l e   m o n i t o r i n g   t h e   pH  of  t h e   s o l u t i o n .   The  s o l u t i o n  

was  a d j u s t e d   t o  a  p H   of   8  in   t h i s   m a n n e r .   The  p o l i s h -  

i n g   p r e s s u r e  u s e d   was  2 . 2 2 5   x  104  Pa .   The  r e m o v a l   r a t e  

was  1 .5   µ m / h o u r .   The  p o l i s h e d   s u r f a c e   i s   r i n s e d   i n  

d e i o n i z e d   w a t e r .   The  p o l i s h e d   s u r f a c e   f i n i s h   ( p e a k   t o  

v a l l e y )   was  5 . 0 8   nm  as  d e t e r m i n e d   by  t h e   c o n v e n t i o n a l  

s t y l u s   m e t h o d   d e s c r i b e d   in  " R e p o r t   on  t h e   M e a s u r e m e n t  

of  S u r f a c e   F i n i s h   by  S t y l u s   M e t h o d s "   by  R .E .   R e a s o n ,  

e t   a l . ,   p u b l i s h e d   by  t h e   Rank  T a y l o r   H o b s o n   D i v i s i o n  

L e i c e s t e r ,   E n g l a n d   1 9 4 4 .  

The  r e s u l t i n g   s u r f a c e s   w e r e   f l a t   to   l e s s   t h a n   1  µm  o v e r  

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

The  p o l i s h e d   a r e a   when  m e a s u r e d   w i t h   in  i n t e r f e r o m e t e r  

s e t   a t   one  µm  p e r   f r i n g e   s e n s i t i v i t y ,   t y p i c a l l y   s h o w s  

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

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

s u l t s   to   t h e   s t a t e  o f   t h e  a r t   of  s u r f a c e   f l a t n e s s   i n  

t h e   s i l i c o n   t e c h n o l o g y .  



E x a m p l e   2 

A m o r p h o u s   a l u m i n u m   o x i d e   l a y e r s   w e r e   p r e p a r e d   as  in   t h e  

E x a m p l e   1.  They   w e r e   p o l i s h e d   as  d e s c r i b e d   in   E x a m p l e   1 

u s i n g   pH  of   9 .5   and  11.  t h e   s u r f a c e s   w e r e   v i s u a l l y   u n -  

a c c e p t a b l e ,   due   t o   p i t s   and  o r a n g e - p e e l .   No  r e m o v a l  

r a t e   d a t a   t a k e n .  

E x a m p l e  3  

The  pH  was  a d j u s t e d   w i t h   c i t r i c   a c i d   a d d i t i o n s .   At  pH 
of   6  p o l i s h i n g   was  v e r y   s l o w   and  i m p o s s i b l e   to   m e a s u r e  

a c c u r a t e l y .   At  pH  of   7  to   9  as  b e s t   as   c o u l d   be  d e t e r -  

m i n e d   t h e   r e m o v a l   r a t e   was  2-3  µm  p e r   h o u r   a t   a  p r e s s u r e  
o f   3 . 7 5   x  104  P a .  



1.  A  m e t h o d   of   c h e m i c a l - m e c h a n i c a l   p o l i s h i n g   o f  a n  

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

p r o v i d i n g   a  s u b s t r a t e   (8)  h a v i n g   a  s u r f a c e   l a y e r  
(9)  of   s a i d   a l u m i n u m   o x i d e   of   a  t h i c k n e s s   in  t h e  

o r d e r   of   µ m ' s ;  

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

n u o u s l y   w e t t e d   w i t h   an  e x c e s s   q u a n t i t y   of   a n  

a q u e o u s   d i s p e r s i o n   c o n t a i n i n g   c i t r i c   a c i d   a n d  

a  s o f t   a b r a s i v e   m a t e r i a l ;  

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

w i t h   a  f i r m   s u r f a c e   (16)  u s i n g   p r e s s u r e   w h i l e  

m a i n t a i n i n g   r e l a t i v e   m o v e m e n t   b e t w e e n   t h e   a l u m i n u m  

o x i d e   s u r f a c e   and  t h e   f i r m   s u r f a c e   (16)  to   r e m o v e  
t h e   c i t r i c  a c i d   r e a c t e d   a l u m i n u m   o x i d e   p r o d u c t  
f r o m   t h e   h i g h   p o i n t s   of   t h e   a l u m i n u m   o x i d e   s u r -  
f a c e .  

2.  The  m e t h o d   of   c l a i m   1  w h e r e i n   t h e   pH  of   s a i d  

a q u e o u s   d i s p e r s i o n   i s   b e t w e e n   a b o u t   7  t o   9 .  

3.  The  m e t h o d   of   c l a i m   1  or   2  w h e r e i n   t h e   s a i d   a l u -  

minum  o x i d e   s u r f a c e   l a y e r   i s   a  s p u t t e r i n g   l a y e r  
of   5  to   8  µm  in  t h i c k n e s s .  

4.  The  m e t h o d   of  a n y  o n e   of   c l a i m s   1  to   3  w h e r e i n  

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

r i n s e d   w i t h   d e i o n i z e d   w a t e r .  

5.  The  m e t h o d   of   a n y  o n e   of  c l a i m s   1  to   4  w h e r e i n  

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



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

m i x t u r e   o f   a l u m i n u m   o x i d e   and  t i t a n i u m   c a r b i d e .  

6.  The  m e t h o d   o f   a n y  o n e   of   c l a i m s   1  t o   5  w h e r e i n  

s a i d   s o f t   a b r a s i v e   m a t e r i a l   i s   c o l l o i d a l   s i l i c o n  

d i o x i d e .  

7.  The  m e t h o d   o f   c l a i m   6  w h e r e i n   t h e   s i l i c o n   d i o x i d e  

p o r t i o n   o f   t h e   d i s p e r s i o n   i s   b e t w e e n   a b o u t   60  t o  

16  w e i g h t   p e r c e n t .  

8.  The  m e t h o d   o f   a n y  o n e   o f   c l a i m s   I  to   7  w h e r e i n   t h e  

r e m o v a l   r a t e   i s   b e t w e e n   a b o u t   1 .5   to   3  µm  p e r   h o u r  

a t   a  p r e s s u r e   of   l e s s   t h a n   4 . 2 5   x  104  Pa  ( a b o u t  

425  g m / c m 2 ) .  
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