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(w)  Carrier  assembly  for  two-sided  polishing  operation. 
  The  present  invention  relates  to  a  carrier  assembly  (10; 
110)  comprising  a  drive  ring  (12;  112;  212)  made  of  a  hard 
material  in  which  at  least  one  aperture  (16;  116)  is  formed  for 
retaining  a  preferably  removeable  workpiece  holder  (18,  20, 
22,24,26;  118;  218)  made  of  softer  material  than  the  material 
used  to  make  the  drive  ring. The workpiece  holder  contains  a 
cavity  which  holds  and  retains  the  workpiece  (28,  30,  32,  34, 
36;  128,  130;  228,  230).  The  softer  material  of  the  workpiece 
holder  protects  and  cushions  the  workpiece  while  the  drive 
ring  made  of  hard  material  withstands  the  forces  generated 
during  polishing,  lapping  and  grinding  operations. 



B a c k g r o u n d   of  t he   I n v e n t i o n  

F i e l d   of  t h e   I n v e n t i o n  

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

f o r   h o l d i n g   w o r k p i e c e s   f o r   p o l i s h i n g ,   l a p p i n g   or  g r i n d -  

ing  o p e r a t i o n s   and  is  p a r t i c u l a r l y   s u i t e d   to  t w o - s i d e d  

o p e r a t i o n s .   More  s p e c i f i c a l l y ,   t h e   i n v e n t i o n   r e l a t e s  

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

ing   one  or  more   w o r k p i e c e   h o l d e r s   in  wh ich   t he   w o r k -  

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

r i n g   to   d i m i n i s h   d e f e c t   f o r m a t i o n   of  t he   w o r k p i e c e  

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

The  p r e s e n t   i n v e n t i o n   is   i n t e n d e d   p r i m a r i l y  

f o r   u se   in  d o u b l e - s i d e d   o p e r a t i o n s   in  w h i c h   b o t h   s i d e s  

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

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

o t h e r w i s e   i n d i c a t e d ,   f o r   t he   s a k e   of  c o n v e n i e n c e ,   t h e  

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

to   r e f e r   to   t he   d i f f e r e n t   t y p e s   of  p o l i s h i n g ,   l a p p i n g  

or   g r i n d i n g   t r e a t m e n t s ,   s i n c e   t he   p r e s e n t   i n v e n t i o n   c a n  

be  u s e d   w i t h   any  or   a l l   of  t h e m .  



D e s c r i p t i o n   of  t h e   P r i o r   A r t  

T y p i c a l   d o u b l e - s i d e d   p o l i s h e r s   use  i r o n   o r  

s t e e l   p l a t e s   a n d / o r   a  v a r i e t y   of  s y n t h e t i c   or  n a t u r a l  

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

t h e   w o r k p i e c e   to  be  p o l i s h e d .   In  a  t y p i c a l   m a c h i n e ,  

c a r r i e r   a s s e m b l i e s   w h i c h   h o l d   w o r k p i e c e s   a re   d r i v e n   by  

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

c u l a r   member   w i t h   t e e t h   a r r a n g e d   on  t h e   i n n e r   p e r i p h e r y  

of  t h e   c i r c l e .   C o n c e n t r i c   to  and  c e n t r a l l y   l o c a t e d  

w i t h i n   t h e   s t a t i o n a r y   member   is  a  r o t a t i n g   d r i v e   m e m b e r  

w i t h   t e e t h   on  i t s   o u t e r   p e r i p h e r y .   C a r r i e r   a s s e m b l i e s  

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

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

The  c a r r i e r   a s s e m b l i e s   a r e   c i r c u l a r   d i s k s   wh ich   i n c l u d e  

a p e r t u r e s   t h a t   r e t a i n   t h e   w o r k p i e c e s ,   s u c h   as  s e m i -  

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

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

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

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

as  n i c k e l   a l l o y s   l i k e   INCONEL  and  MONEL,  t r a d e m a r k e d  

a l l o y s ' o f   I n t e r n a t i o n a l   N i c k e l   C o m p a n y ,   I n c .   T h e i r  

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

t h e   p r o d u c t i o n   of  e x t e r i o r   t e e t h   t h a t   a r e   a b l e   to   w i t h -  



s t a n d   t h e   s e v e r e   f o r c e s   b u i l d i n g . u p   b e t w e e n   the  d r i v i n g  

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

and  of  t h e   c a r r i e r   a s s e m b l y   w h i c h   b u i l d   up  d u r i n g   t h e  

p o l i s h i n g   p r o c e s s .   H o w e v e r ,   t h e   same  s t r e n g t h   a n d  

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

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

When  p o l i s h i n g   s o f t e r   or   f r i a b l e   m a t e r i a l s ,  

f o r   e x a m p l e   e l e c t r o n i c   s u b s t r a t e s ,   s u c h   as  s i l i c o n ,   GGG 

( g a l l i u m   g a d o l i n i u m   g a r n e t ) ,   GaAs,   e t c . ,   t h e   ha rd   e d g e  

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

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

m o v e m e n t   a n d / o r   t h e   movemen t   of  t h e   s u b s t r a t e   w i t h i n  

t h e   a p e r t u r e ,   may  p r o d u c e   c h i p p i n g   a n d / o r   c r a c k i n g   o f  

t h e   s u b s t r a t e   e d g e .   The  i n t e r a c t i o n   may  p r o d u c e   s u b -  

s t r a t e   d e f o r m a t i o n s   t h a t   a re   n o t   v i s i b l e   to   the   u n -  

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

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

A t t e m p t s   have  been   made  to  c o n s t r u c t   t h e  

c a r r i e r   a s s e m b l y   e n t i r e l y   ou t   of  s o f t e r   m a t e r i a l ,   s u c h  

as  p o l y e s t e r ,   p o l y e t h y l e n e ,   p o l y c a r b o n a t e ,   n y l o n ,   p o l y -  

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

( s u c h   as  DELRIN,  a  t r a d e m a r k   of  E.  I.  du  P o n t   d e  

N e m o u r s   &  C o m p a n y ) ,   b o t h   u n r e i n f o r c e d   and  r e i n f o r c e d  



w i t h   v a r i o u s   f i b e r s .   The  u s e   o f  t h e   s o f t e r   m a t e r i a l  

h e l p s   p r e v e n t   d e f e c t s   in  t h e   w o r k p i e c e   b e i n g   p o l i s h e d ,  

bu t   r e s u l t s   in  e x c e s s i v e ,   p r e m a t u r e   wear   of  t he   c a r r i e r  

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

o v e r a l l   c o s t s .  

I n c o r p o r a t i n g   t h e   two  t y p e s   of  m a t e r i a l s ,   a  

r e l a t i v e l y   h a r d   m e t a l   and  a  r e l a t i v e l y   s o f t   m a t e r i a l  

m e n t i o n e d   a b o v e ,   i n t o   a  c a r r i e r   by  c o a t i n g   the   h a r d e r  

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

e f f e c t i v e   a l t e r n a t i v e   f o r   t h i c k e r   c a r r i e r s   and  c o r r e s -  

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

t h i n n e r   s u b s t r a t e s ,   h o w e v e r ,   t h e   c o r e   m a t e r i a l   mus t   b e  

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

and  s u b s t a n t i a l l y   u s e l e s s .  

The  p r e s e n t   i n v e n t i o n   o v e r c o m e s   t he   p r o b l e m s  

a s s o c i a t e d   w i t h   t h e   p r i o r   a r t   in  t h a t   i t   a l l o w s   the   u s e  

of  a  h a r d ,   d u r a b l e   m a t e r i a l   f o r   an  o u t e r   d r i v e   r i n g   a n d  

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

p r o t e c t   t h e   w o r k p i e c e s   to  be  p o l i s h e d .  

Summary   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   i n c l u d e s   a  c a r r i e r  

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

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



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

f o r   d r i v i n g l y   c o n n e c t i n g   the   d r i v e   r i n g   to  a  d r i v i n g  

s o u r c e ,   t he   a s s e m b l y   c h a r a c t e r i z e d   by  the   d r i v e   r i n g  

c o n t a i n i n g   a t   l e a s t   one  a p e r t u r e   f o r   r e t a i n i n g   a  w o r k -  

p i e c e   h o l d e r ,   and   a  w o r k p i e c e   h o l d e r   r e t a i n e d   in  t h e  

a p e r t u r e ,   t h e   w o r k p i e c e   h o l d e r   b e i n g   a d a p t e d   to  h o l d   a  

w o r k p i e c e   in  a  c a v i t y   f o r m e d   in  t h e   w o r k p i e c e   h o l d e r ,  

t h e   d r i v e   r i n g   b e i n g   made  of  a  m a t e r i a l   r e l a t i v e l y  

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

w o r k p i e c e   h o l d e r ,   the   r e l a t i v e l y   h a r d e r   m a t e r i a l   b e i n g  

more   c a p a b l e   of  w i t h s t a n d i n g   f o r c e s   a s s o c i a t e d   w i t h   t h e  

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

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

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

and  c r a c k i n g   any  w o r k p i e c e   h e l d   w i t h i n   a  w o r k p i e c e  

h o l d e r   f o r m e d   t h e r e o f   t h a n   the   r e l a t i v e l y   h a r d  

m a t e r i a l .  

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

a l l o w s   the   e f f e c t i v e   and  e f f i c i e n t   o p e r a t i o n   of  t he   t w o  

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

t a r y   d o u b l e - s i d e d   c a r r i e r :   (1)  t r a n s m i s s i o n   of  m o t i o n  

to   t he   w o r k p i e c e   b e i n g   p o l i s h e d ,   and  (2)  p r o t e c t i o n   o f  

t h a t   w o r k p i e c e   w h i l e   i t   is  b e i n g   p o l i s h e d .  



A  n u m b e r   of  w o r k p i e c e   h o l d e r s   can  be  a n d  

p r e f e r a b l y   a r e   u s e d   in  one  c a r r i e r   a s s e m b l y .   The  w o r k -  

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

f e r e n t   s h a p e s   to   a c c o m m o d a t e   d i f f e r e n t   s h a p e d   w o r k -  

p i e c e s   to   be  p o l i s h e d .   The  w o r k p i e c e   h o l d e r s   of  t h e  

p r e s e n t   i n v e n t i o n   p r e f e r a b l y   a r e   r e m o v e a b l e ,   r e p l a c e -  

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

I n d i v i d u a l   w o r k p i e c e   h o l d e r s   c o u l d   be  f a b r i -  

c a t e d   of  t h e   b e s t   m a t e r i a l s ,   s h a p e   and  s i z e   to  c o r r e s -  

pond   to   t h e   r e q u i r e m e n t s   of  a  p a r t i c u l a r   w o r k p i e c e .  

The  i n v e n t i o n   a l l o w s   the   u se   of  a  s i n g l e   s e t   of  r e l a -  

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

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

d i f f e r e n t   w o r k p i e c e s .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

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

t i o n ,   t h e r e   is   shown  in  t h e   d r a w i n g s   a  fo rm  which   i s  

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

t h i s   i n v e n t i o n   is   no t   l i m i t e d   to   t he   p r e c i s e   a r r a n g e -  

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

F i g u r e   1  is  a  p l a n   v i e w   of  one  e m b o d i m e n t   o f  

a  c a r r i e r   a s s e m b l 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 .  



F i g u r e   2  is   a  v e r t i c a l   s e c t i o n a l   v i ew  of  t h e  

c a r r i e r   a s s e m b l y   of  F i g u r e   1  t a k e n   a l o n g   t h e   l i n e   2 - - 2  

in  F i g u r e   1  w i t h   p o l i s h i n g   p l a t e n s   i l l u s t r a t e d   s c h e -  

m a t i c a l l y   in  p h a n t o m .  

F i g u r e   3  is   a  p l a n   v i ew  of  a  s e c o n d   e m b o d i -  

ment   of  a  c a r r i e r   a s s e m b l 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 .  

F i g u r e   4  i s   a  v e r t i c a l   s e c t i o n a l   v iew  of  t h e  

c a r r i e r   a s s e m b l y   of  F i g u r e   3  t a k e n   a l o n g   l i n e   4 - - 4   i n  

F i g u r e   3  w i t h   p o l i s h i n g   p l a t e n s   i l l u s t r a t e d   s c h e m a t i -  

c a l l y   in  p h a n t o m .  

F i g u r e   5  i s   a  v e r t i c a l   s e c t i o n a l   v i ew  of  a  

t h i r d   e m b o d i m e n t   of  a  c a r r i e r   a s s e m b l 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 .  

D e t a i l e d   D e s c r i p t i o n  
of  t h e   P r e f e r r e d   E m b o d i m e n t s  

R e f e r r i n g   to   t he   d r a w i n g s   in  d e t a i l ,   w h e r e i n  

l i k e   n u m e r a l s   i n d i c a t e   l i k e   e l e m e n t s ,   t h e r e   is  shown  i n  

F i g u r e   1  a  c a r r i e r   a s s e m b l y   10.  C a r r i e r   a s s e m b l y   1 0  

c o m p r i s e s   a  d r i v e   r i n g   12  h a v i n g   t e e t h   14  on  i t s   o u t e r  

p e r i p h e r y .   T e e t h   14  a r e   i l l u s t r a t e d   as  g e a r   t e e t h   a n d  

may  be  of  any  known  t o o t h   s h a p e ,   f o r   e x a m p l e   i n v o l u t e .  

A  p i n   t o o t h   s t r u c t u r e   c o u l d   a l s o   be  u sed   i f   d e s i r e d .  



C a r r i e r   a s s e m b l y   10  of   t he   p r e s e n t   i n v e n t i o n   may  be  a n d  

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

in  p l a c e   of  c u r r e n t l y   a v a i l a b l e   s i n g l e - p i e c e   c a r r i e r  

a s s e m b l i e s .  

One  o r   a l t e r n a t e l y   a  p l u r a l i t y   of  a p e r t u r e s  

16,  e a c h   a d a p t e d   to   r e t a i n   a  w o r k p i e c e   h o l d e r ,   a r e  

f o r m e d   in  d r i v e   r i n g   12.  P r e f e r a b l y ,   and  as  s e t   f o r t h  

b e l o w   w i t h   r e s p e c t   to   F i g u r e   3,  o n l y   one  a p e r t u r e   i s  

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

16  be  m i l l e d   or   o t h e r w i s e   m a c h i n e d   in  d r i v e   r i n g   1 2 ,  

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

p r o v i d e s   an  a p e r t u r e   edge   p r o f i l e   w h i c h   is  s t r a i g h t   a n d  

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

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

a p e r t u r e s   16  a r e   d i s c r e t i o n a r y ,   so  l o n g   as  t h e r e   is  a  

s u f f i c i e n t   d i s t a n c e   b e t w e e n   t he   a p e r t u r e s   and  the   p e r i -  

m e t e r   of  t h e   d r i v e   r i n g   and  s u f f i c i e n t   s p a c i n g   b e t w e e n  

e a c h   of  t h e   a d j a c e n t   a p e r t u r e s   so  as  no t   to  u n d u l y  

w e a k e n   t h e   d r i v e   r i n g   or  c a u s e   i n t e r f e r e n c e   among  t h e  

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

e a c h   of  t he   a p e r t u r e s .   I t   is  p r e s e n t l y   p r e f e r r e d   t o  

s p a c e   t h e   a p e r t u r e s   e q u i d i s t a n t   f rom  e a c h   o t h e r   a s  

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



c e n t e r   of  t h e   d r i v e   r i n g .   P r e f e r a b l y ,   w o r k p i e c e   h o l d e r  

a p e r t u r e s   16  a r e   a r r a n g e d   in  a  c i r c u l a r   p a t t e r n   i n  

w h i c h   t he   p e r i m e t e r   of  the   c i r c l e   p a s s e s   t h r o u g h   t h e  

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

t h e   c e n t e r   of  t he   d r i v e   r i n g   12  to   t he   c e n t e r   of  a n y  

a p e r t u r e   16  d e f i n e s   a  d i m e n s i o n   w h i c h   may  be  c a l l e d   t h e  

w o r k p i e c e   h o l d e r   c i r c l e   d i a m e t e r .  

W o r k p i e c e   h o l d e r s   18,   20,   22,   24  and  26  a r e  

i n s e r t e d   w i t h i n   and  r e t a i n e d   by  a p e r t u r e s   16.  T h e  

w o r k p i e c e   h o l d e r s   may  be  r e t a i n e d   in  a p e r t u r e s   1 6  

f a i r l y   l o o s e l y ,   such   t h a t   t h e y   and  t h e   w o r k p i e c e   h e l d  

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

p o r t e d   by  t h e   l o w e r   p o l i s h i n g   pad   or   p l a t e n ,   s c h e m a t i -  

c a l l y   r e p r e s e n t e d   a t   30  in   F i g u r e   2.  H y d r a u l i c   f o r c e s  

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

c e s s e s   may  c a u s e   the   w o r k p i e c e   and  w o r k p i e c e   h o l d e r   t o  

be  l o c a t e d   s o m e w h a t   a b o v e   t he   l o w e r   pad  or  p l a t e n   i n  

some  c i r c u m s t a n c e s .  

I t   is  p r e f e r r e d   t h a t   t h e   w o r k p i e c e   h o l d e r s  

u s e d   in  c o n n e c t i o n   w i t h   any  p a r t i c u l a r   d r i v e   r i n g   h a v e  

a  u n i f o r m   o u t e r   d i a m e t e r   so  t h a t   t h e y   may  be  r e m o v e d  

and  i n t e r c h a n g e a b l y   r e p l a c e d   w i t h   o t h e r   w o r k p i e c e  

h o l d e r s .   The  w o r k p i e c e   h o l d e r s   h a v e   a  c a v i t y   f o r m e d  



t h e r e i n   in  w h i c h   w o r k p i e c e s   or  s u b s t r a t e s   28,  30,  3 2 ,  

34  and   36  a r e   i n s e r t e d .  

The  w o r k p i e c e s   or  s u b s t r a t e s   can  be  e i t h e r  

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

p o l i s h e d ,   or   two  s u b s t r a t e s   p l a c e d   back   to   back  w i t h i n  

t he   c a v i t y   of  t h e   w o r k p i e c e   h o l d e r ,   w i t h   o r   w i t h o u t   a  

p o l y m e r i c   f i l m   or   f i b r o u s   p a p e r   s e p a r a t o r .   In  t h i s  

l a t t e r   i n s t a n c e ,   o n l y   one  m a j o r   f a c e   of  e a c h   s u b s t r a t e  

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

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

The  w o r k p i e c e   h o l d e r   c a v i t i e s   may  be  of  t h e  

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

by  w o r k p i e c e   h o l d e r s   18,  20,   22,  and  24,  or   may  have   a  

d i f f e r e n t   s h a p e   and  d i m e n s i o n s ,   as  i l l u s t r a t e d   by  w o r k -  

p i e c e   h o l d e r   26.  T h u s ,   t h e   s u b s t r a t e s   28,  30,  32  a n d  

34  a r e   a l l   c i r c u l a r   in  h o r i z o n t a l   c r o s s - s e c t i o n ,   w h i l e  

w o r k p i e c e   36  i s   s q u a r e   in  h o r i z o n t a l   c r o s s - s e c t i o n .  

The  s h a p e s   shown  in   F i g u r e   1  a r e   f o r   p u r p o s e s   of  i l l u s -  

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

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

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

of  w o r k p i e c e   36  and  t h e   c o r r e s p o n d i n g   d i f f e r e n t   s h a p e  

of  t h e   c a v i t y   in  w o r k p i e c e   h o l d e r   26,  w o r k p i e c e   h o l d e r  



26  c o u l d   be  i n t e r c h a n g e d   w i t h   any  of  t he   o t h e r   w o r k -  

p i e c e   h o l d e r s   i l l u s t r a t e d   in  F i g u r e   1 .  

The  w o r k p i e c e   h o l d e r s   in   F i g u r e   1  a r e   i l l u s -  

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

w i t h   t he   g e n e r a l   s h a p e   of  many  s u b s t r a t e s   w h i c h   a r e  

p o l i s h e d ,   h o w e v e r ,   o t h e r   s h a p e s   f o r   a p e r t u r e s   16,  w o r k -  

p i e c e   h o l d e r s   18,  20,  22,  24  and  26  and  w o r k p i e c e s   2 8 ,  

30,  32,  34  and  36  may  be  u s e d   and  the   s h a p e s   n e e d   n o t  

be  i d e n t i c a l   or  s i m i l a r   in  any  g i v e n   d r i v e   r i n g .  

As  i l l u s t r a t e d   in  F i g u r e   2,  d r i v e   r i n g   12  

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

w i t h   t he   c a r r i e r   a s s e m b l y .   The  w o r k p i e c e   h o l d e r s ,   s u c h  

as  w o r k p i e c e   h o l d e r   18  of  F i g u r e   2,  g e n e r a l l y   a r e  

t h i c k e r   t h a n   d r i v e   r i n g   12  to  p r o t e c t   t he   w o r k p i e c e ,  

i l l u s t r a t e d   as  w o r k p i e c e   28  in  F i g u r e   2.  G e n e r a l l y ,  

t he   w o r k p i e c e s ,   s u c h   as  w o r k p i e c e   28,  a r e   t h i c k e r   t h a n  

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

t h a t   t h e y   can   be  p o l i s h e d   by  the   l o w e r   and  u p p e r  

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

p h a n t o m   and  i d e n t i f i e d   by  n u m e r a l s   38  and  40,   r e s p e c -  

t i v e l y .  

F i g u r e   3  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of  a  

c a r r i e r   a s s e m b l y   110  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 .   C a r r i e r   a s s e m b l y   110  c o m p r i s e s   d r i v e   r i n g   1 1 2  

h a v i n g   t e e t h   114  a r o u n d   i t s   p e r i m e t e r .   A  s i n g l e  

c e n t r a l   a p e r t u r e   l16   is   f o r m e d   in  d r i v e   r i n g   1 1 2 .  

W o r k p i e c e   h o l d e r   118  i s   i n s e r t e d   i n t o   and  r e t a i n e d  

w i t h i n   a p e r t u r e   1 1 6 .  

In  many  i n s t a n c e s ,   i t   is  d e s i r e d   to  p r e v e n t  

the   r o t a t i o n   of  a  w o r k p i e c e   h o l d e r   in  t he   d r i v e   r i n g .  

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

n o n c i r c u l a r   a p e r t u r e s   and  c o r r e s p o n d i n g   w o r k p i e c e  

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

way  of  p r e v e n t i n g   r o t a t i o n   i s   i l l u s t r a t e d   in   F i g u r e   3 

by  p r o v i d i n g   a p e r t u r e   116  w i t h   a  p l u r a l i t y   of  p r o t r u -  

s i o n s   117  w h i c h   mate   w i t h   a  p l u r a l i t y   of  n o t c h e s   1 1 9  

f o r m e d   in  w o r k p i e c e   118 .   I t   s h o u l d   be  a p p a r e n t   t h a t  

t h e   p r o t r u s i o n s   and  n o t c h e s   c o u l d   be  f o r m e d   in  t h e  

o p p o s i t e   m e m b e r s .  

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

h o l d e r   118 .   Two  c a v i t i e s   a re   shown  in  F i g u r e   3  o n l y  

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

t h a t   d i f f e r e n t   s i z e s   or  s h a p e s   of  c a v i t i e s   c o u l d   b e  

f o r m e d   in  w o r k p i e c e   h o l d e r   118 .   W o r k p i e c e   128  is  r e -  

t a i n e d   by  one  c a v i t y   and  w o r k p i e c e   130  is  r e t a i n e d   b y  

t h e   o t h e r   c a v i t y .  



F i g u r e   4  is  a  v e r t i c a l  s e c t i o n a l   v i ew  of  t h e  

c a r r i e r   a s s e m b l y   i l l u s t r a t e d   in   F i g u r e   3  t a k e n   a l o n g  

l i n e   4 - - 4   of  F i g u r e   3.  The  F i g u r e   s h o u l d   be  s e l f -  

e x p l a n a t o r y   in  v i e w   of  the   d e s c r i p t i o n   of  F i g u r e s   2  a n d  

3  and  i l l u s t r a t e s   t he   r e l a t i v e   t h i c k n e s s e s   of  the   v a r i -  

ous  e l e m e n t s   in  r e l a t i o n   to  l o w e r   and  u p p e r   p o l i s h i n g  

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

and  i d e n t i f i e d   by  n u m e r a l s   132  and  134 ,   r e s p e c t i v e l y .  

F i g u r e   5  is  a  v e r t i c a l   s e c t i o n a l   v i ew   o f  

a n o t h e r   e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n   in  w h i c h  

t h e   v a r i o u s   e l e m e n t s   have   d i f f e r e n t   r e l a t i v e   t h i c k -  

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

w h i c h   in  p l a n   v i e w   is  i d e n t i c a l   to   F i g u r e   3,  f o r   p u r -  

p o s e s   of  i l l u s t r a t i o n .   In  t h i s   e m b o d i m e n t ,   w o r k p i e c e  

h o l d e r   218  is   t h i n n e r   t h a n   d r i v e   r i n g   212  and  w o r k -  

p i e c e s   228  and  230.   The  c a r r i e r   a s s e m b l y   of  F i g u r e   5 

may  be  p a r t i c u l a r l y   w e l l   s u i t e d   f o r   use   in  a  p o l i s h i n g  

o p e r a t i o n ,   as  d i s t i n c t   f rom  a  l a p p i n g   or   g r i n d i n g  

o p e r a t i o n .   In  p o l i s h i n g ,   t he   p o l i s h i n g   p a d s ,   not   i l -  

l u s t r a t e d ,   may  be  s u b j e c t   to  t he   f o r m a t i o n   of  a  g l a z e d  

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

o t h e r   d r o s s .   By  m a k i n g   the   w o r k p i e c e   h o l d e r   t h i n n e r  

t h a n   t h e   d r i v e   r i n g   and  the   w o r k p i e c e ,   t he   e d g e s   o f  



a p e r t u r e   216  may  a c t   to   s c r a p e   or   d r e s s   t he   p a d s   t o  

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

W h i l e   t h e   t y p e   of  m a t e r i a l   u s e d   to  make  t h e  

d r i v e   r i n g   on  t h e   one   hand   and  t h e   w o r k p i e c e   h o l d e r s   o n  

the   o t h e r   h a n d   a r e   n o t   c r u c i a l   in  an  a b s o l u t e   s e n s e ,  

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

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

D r i v e   r i n g   12,  112  s h o u l d   be  made  of  a  h a r d ,  

d u r a b l e   m a t e r i a l ,   u s u a l l y   m e t a l ,   s u c h   as  s t e e l ,   s t a i n -  

l e s s   s t e e l ,   and  any  n u m b e r   of  v a r i o u s   m e t a l   a l l o y s ,  

s u c h   as   INCONEL  AND  MONEL,  f o r   e x a m p l e .   The  m a t e r i a l  

s h o u l d   be  s t r o n g   and   h a r d   e n o u g h   to   be  c a p a b l e   of  w i t h -  

s t a n d i n g   f o r c e s   a s s o c i a t e d   w i t h   the   d r i v i n g   of  t h e  

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

in  any  e v e n t ,   more   c a p a b l e   of  w i t h s t a n d i n g   such   f o r c e s  

t h a n   t h e   r e l a t i v e l y   s o f t e r   m a t e r i a l   f o r m i n g   the   w o r k -  

p i e c e   h o l d e r s .   The  d r i v e   r i n g   i s   made  of  a  m a t e r i a l  

r e l a t i v e l y   h a r d e r   t h a n   t h e   m a t e r i a l   u s e d   to  make  t h e  

w o r k p i e c e   h o l d e r s .   T y p i c a l l y ,   t h e   d r i v e   r i n g   may  b e  

made  of  a  m e t a l ,   s u c h   as  s t e e l ,   h a v i n g   a  B r i n n e l l   h a r d -  

n e s s   of  a t   l e a s t   75 .   The  d r i v e   r i n g   s h o u l d   no t   w e a r  

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

o p e r a t i o n .  



The  w o r k p i e c e   h o l d e r   s h o u l d   be  made  of  a  

m a t e r i a l   r e l a t i v e l y   s o f t e r   t h a n   t h e   m a t e r i a l   f o r m i n g  

t h e   d r i v e   r i n g .   The  m a t e r i a l   f o r m i n g   the   w o r k p i e c e  

h o l d e r   s h o u l d   a l s o   be  s o f t e r   t h a n   t h e ' s u b s t r a t e   b e i n g  

p o l i s h e d   so  as  not   to  c h i p ,   c r a c k ,   s c r a t c h   or  o t h e r w i s e  

damage   t he   s u b s t r a t e .   The  p r e s e n t l y   p r e f e r r e d   m a t e -  

r i a l s   u s e d   to   make  the   w o r k p i e c e   h o l d e r   a r e   s y n t h e t i c  

p o l y m e r i c   r e s i n s .   R e s i n s   which   c o u l d   be  u s e d ,   f o r  

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

p o l y e s t e r ,   p o l y e t h y l e n e ,   p o l y c a r b o n a t e ,   p o l y v i n y l -  

c h l o r i d e ,   n y l o n ,   e p o x y ,   p h e n o l i c ,   m e l a m i n e ,   a c r y l a t e  

and  a c e t a l   ( s u c h   as  du  P o n t ' s   DELRIN)  p o l y m e r s .   D e -  

p e n d i n g   on  t h e   s u b s t r a t e   to  be  p o l i s h e d ,   the   p r e f e r r e d  

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

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

f i b e r s .  

The  m a t e r i a l   u s e d   to  f o r m   the   w o r k p i e c e   may 

be  s u f f i c i e n t l y   s o f t   and  e l a s t o m e r i c   to  a b s o r b   s h o c k s  

t r a n s m i t t e d   by  the   edge   of  the   s u b s t r a t e   t o w a r d   t h e  

a p e r t u r e   by  t he   p o l i s h i n g   p r o c e s s .   The  m a t e r i a l   may  b e  

s u f f i c i e n t l y   s o f t   w h e r e b y   i t   can  be  c u t   to  t he   a p p r o -  

p r i a t e   s h a p e   and  s i z e   in  t he   f i e l d   w i t h   r u d i m e n t a r y  

t o o l s ,   s u c h   as  a  r a z o r   k n i f e .   T h i s   does   not   mean  t h a t  



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

may  be  p r e f e r r e d   w i t h   some  s u b s t r a t e s   in  some  p o l i s h i n g  

o p e r a t i o n s .   The  w o r k p i e c e   h o l d e r   may  be  f a i r l y   r i g i d  

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

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

p o l i s h i n g   o p e r a t i o n .  

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

u s e d   to   fo rm  t h e   d r i v e   r i n g   and  the   w o r k p i e c e   h o l d e r  

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

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

s i z e   and  h o r i z o n t a l   and  c r o s s - s e c t i o n a l   s h a p e   of  t h e  

s u b s t r a t e ,   t h e   t y p e   of   m a c h i n e   in  w h i c h   t he   c a r r i e r  

a s s e m b l y   is  to   be  m o u n t e d ,   t h e   t y p e   of  p o l i s h i n g   m e d i u m  

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

and   o t h e r s   known  t o   t h o s e   of   o r d i n a r y   s k i l l   in  t h e   a r t .  

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

p r o v i d e s   a  u s e r   w i t h   a  g r e a t   d e a l   of  f l e x i b i l i t y .   T h e  

d r i v e   r i n g   is   h a r d   and  d u r a b l e   and  can  w i t h s t a n d   t h e  

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

o p e r a t i o n .   The  w o r k p i e c e   h o l d e r s   in  any  g i v e n   c a r r i e r  

a s s e m b l y   p r e f e r a b l y   a r e   r e m o v e a b l e ,   r e p l a c e a b l e   a n d  

i n t e r c h a n g e a b l e .   T h i s   a l l o w s   f o r   t he   maximum  d e g r e e   o f  

u s e   w i t h   a  m i n i m u m   a m o u n t   of  i n v e n t o r y   and  a l l o w s   f o r  



o n - s i t e   f a b r i c a t i o n   of  a p p r o p r i a t e   w o r k p i e c e   h o l d e r s   t o  

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

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

f u r t h e r   by  r e f e r e n c e   to  t he   f o l l o w i n g   p r o s p e c t i v e ,  

s p e c i f i c ,   n o n - l i m i t i n g   e x a m p l e s .  

E x a m p l e   1 

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

r e t a i n   f i v e   5 . 0 8   cm  (2  i n c h )   r o u n d   s e m i c o n d u c t o r   s u b -  

s t r a t e s   d u r i n g   f i n e   p o l i s h i n g .   Each  s u b s t r a t e   is  i n -  

d i v i d u a l l y   r e t a i n e d   by  i t s   own  w o r k p i e c e   h o l d e r   n e s t e d  

in  s e p a r a t e   a p e r t u r e s   w i t h i n   t h e   d r i v e   r i n g .   The  d i a -  

m e t e r   of  the   c a r r i e r   a s s e m b l y   ( i n c l u d i n g   the   t e e t h )   i s  

2 2 . 3 8   cm  ( 8 . 8 1   i n c h e s ) .   The  a p e r t u r e s   a r e   f o rmed   t o  

h a v e   a  w o r k p i e c e   h o l d e r   c i r c l e   d i a m e t e r   of  1 7 . 6 8   cm 

( 6 . 9 6   i n c h e s ) .   The  d i a m e t e r   of  t he   a p e r t u r e s   is  6 . 4 3 9  

cm  ( 2 . 5 3 5   i n c h e s )   and  the   o u t e r   d i a m e t e r   of  the  w o r k -  

p i e c e   h o l d e r s   is  6 . 4 1 4   cm  ( 2 . 5 2 5   i n c h e s ) .   The  c a v i t y  

has   a  d i a m e t e r   of  5 . 1 4 4   + / -   0 . 0 1 3   cm  ( 2 . 0 2 5   + / -   0 . 0 0 5  

i n c h e s ) .   The  d i s t a n c e   b e t w e e n   t he   o u t e r   p e r i m e t e r   a n d  

t he   c a v i t y   of  e a c h   w o r k p i e c e   h o l d e r   is  a b o u t   0 .64  cm 

( 0 . 2 5   i n c h ) .   The  g e n e r a l   a r r a n g e m e n t   is   i l l u s t r a t e d   i n  

F i g u r e   1,  a l t h o u g h   w o r k p i e c e   h o l d e r   26  wou ld   have  a 

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



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

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

and   t r u e .   H o w e v e r ,   t h e   c a v i t i e s   of  t he   w o r k p i e c e  

h o l d e r s   may  be  m i l l e d   i n d i v i d u a l l y   to  a c c o m m o d a t e   a n  

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

The  d r i v e   r i n g   is  p r e p a r e d   f rom  28  g a u g e  

( 0 . 0 3 8   cm  ( 0 . 0 1 5   i n c h )   maximum  t h i c k n e s s )   t y p e   3 0 4  

s t a i n l e s s   s t e e l .   The  d r i v e   t e e t h   a r e   d e s i g n e d   to  i n -  

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

m a c h i n e .   The  d r i v e   r i n g   has   43  t e e t h   w i t h   a  p i t c h  

d i a m e t e r   of  2 1 . 8   cm  ( 8 . 6   i n c h e s ) .  

The  w o r k p i e c e   h o l d e r s   a r e   p r e p a r e d   f rom  a  

0 . 0 3 8   cm  ( 0 . 0 1 5   i n c h )   t h i c k   s h e e t   of  f i b e r g l a s s   r e -  

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

s e v e r a l   s o u r c e s   h a v i n g   a  G-10  g r a d e .  

E x a m p l e   2 

T h i s   e x a m p l e   i l l u s t r a t e s   t he   use   of  a  w o r k -  

p i e c e   h o l d e r   w h i c h   can  a c c o m m o d a t e   a  p o l y g o n   or  i r r e g -  

u l a r l y   s h a p e d   w o r k p i e c e .   Such  may  be  t he   c a s e   w i t h  

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

5 . 0 8   cm  (2  i n c h )   c a v i t y   f o r m e d   in  a  w o r k p i e c e   h o l d e r .  

A  d r i v e   r i n g   i s   f o r m e d   of  the   m a t e r i a l   a n d  

h a s   t h e   d i m e n s i o n s   s e t   f o r t h   in   E x a m p l e   1.  The  w o r k -  



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

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

w i t h   a  r a z o r   k n i f e .   The  i r r e g u l a r l y   s h a p e d   s u b s t r a t e  

is   p l a c e d   on  t o p   of  t he   w o r k p i e c e   h o l d e r   in  w h i c h   no  

c a v i t y   p r e v i o u s l y   has   been   m i l l e d   or  o t h e r w i s e   f o r m e d .  

The  s h a p e   of  t h e   s u b s t r a t e   is  t r a c e d   and  the   w o r k p i e c e  

h o l d e r   is  c u t   w i t h   the   r a z o r   k n i f e .   The  t r a c e d   and  c u t  

a r e a   is  r e m o v e d   f rom  the   w o r k p i e c e   h o l d e r   to  fo rm  t h e ,  

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

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

can  o c c u r   e i t h e r   a t   t he   s i t e   where   t he   w o r k p i e c e  

h o l d e r s   a r e   m a n u f a c t u r e d   or  at  the   s i t e   of  t h e   a c t u a l  

p o l i s h i n g .  

E x a m p l e   3 

T h i s   e x a m p l e   d e s c r i b e s   a  c a r r i e r   a s s e m b l y   f o r  

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

a s s e m b l y   d i a m e t e r   is  3 1 . 4 5   cm  ( 1 2 . 3 8   i n c h e s ) .   T h e  

d r i v e   r i n g   h a s   60  s t a n d a r d ,   i n v o l u t e   t e e t h   w i t h   a  p i t c h  

d i a m e t e r   of  3 0 . 4 8   cm  ( 1 2 . 0 0   i n c h e s ) .   The  d i a m e t r a l  

p i t c h   is  5.  The  d r i v e   r i n g   is  made  of  25  g a u g e   c o l d  

r o l l e d   s t e e l   s h e e t   w i t h   a  maximum  t h i c k n e s s   of  0 . 0 5 3 1  

cm  ( 0 . 0 2 0 9   i n c h e s ) .  



A  s i n g l e   a p e r t u r e   is   f o r m e d   in  t he   d r i v e   r i n g  

to  r e t a i n   a  s i n g l e   w o r k p i e c e   h o l d e r   of  the   t y p e   g e n e -  

r a l l y   i l l u s t r a t e d   in  F i g u r e   3.  I n t e r l o c k i n g   n o t c h e s  

and  p r o t r u s i o n s   as  i l l u s t r a t e d   in   F i g u r e   3  p r e v e n t  

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

d r i v e   r i n g .   In  t h i s   w a y ,   r o t a r y   m o t i o n   is  p r e v e n t e d  

w h i c h   m i g h t   o t h e r w i s e   e j e c t   t h e   w o r k p i e c e   or  t he   w o r k -  

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

r i n g   r o t a t i o n   to   t h e   w o r k p i e c e   h o l d e r .   The  w o r k p i e c e  

h o l d e r   i s   made  of  g r a d e   G-10  f i b e r g l a s s   r e i n f o r c e d  

e p o x y   c o m p o s i t e   l a m i n a t e   w i t h   a  t h i c k n e s s   of  0 . 0 5 3   cm 

( 0 . 0 2 1   i n c h e s ) .  

The  d r i v e   r i n g   a p e r t u r e   d i a m e t e r   ( n o t   i n -  

c l u d i n g   t h e   p r o t r u s i o n s )   i s   2 6 . 7 5 9   cm  ( 1 0 . 5 3 5   i n c h e s ) .  

The  w o r k p i e c e   h o l d e r   o u t e r   d i a m e t e r   is   2 6 . 7 3 4   cm 

( 1 0 . 5 2 5   i n c h e s ' ) .   U n l i k e   t h e   h o l d e r   i l l u s t r a t e d   i n  

F i g u r e   3,  s i x   7 . 6 2   cm  (3  i n c h )   r o u n d   s u b s t r a t e s   a r e  

r e t a i n e d  a n d   l a p p e d   w i t h i n   t h e   w o r k p i e c e   h o l d e r   c a v i -  

t i e s .   The  w o r k p i e c e   h o l d e r   c a v i t y   has   a  d i a m e t e r   o f  

a b o u t   7 . 6 8 4   + / -   0 . 0 1 3   cm  ( 3 . 0 2 5   + / -   0 . 0 0 5   i n c h e s ) .   T h e  

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

h o l d e r   c i r c l e   h a v i n g   a  d i a m e t e r   of  1 7 . 4 0   cm  ( 6 . 8 5  

i n c h e s ) .   W i t h   t h i s   s p a c i n g ,   t h e   w o r k p i e c e   h o l d e r   c a v i -  



t i e s   a r e   s p a c e d   f r o m  e a c h   o t h e r   ( a b o u t   1 . 0 2   cm;  0 . 4  

i n c h )   and  f rom  t h e   o u t e r   p e r i m e t e r   of  t he   w o r k p i e c e  

h o l d e r  ( a b o u t   0 . 8 2 6   cm;  0 . 3 2 5   i n c h )   by  a  s u f f i c i e n t  

d i s t a n c e   so  t h a t   t h e r e   is  a d e q u a t e   m a t e r i a l   to  h o l d ,  

s u p p o r t   and  r e t a i n   the   w o r k p i e c e s   and  to  a l l o w   f o r  

l a p p i n g   of  e a c h   w o r k p i e c e .  

T h i s   e x a m p l e   i l l u s t r a t e s   the   e f f e c t i v e n e s s   o f  

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

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

an  o p e r a t i o n   s u c h   as  l a p p i n g   in  w h i c h ,   t y p i c a l l y ,   l e s s  

c a r e   is   t a k e n ,   s i n c e   t h e   s u b s t r a t e   is  no t   as  h i g h l y  

p r o c e s s e d   a n d ,  h e n c e ,   is  l e s s   v a l u a b l e .   C u r r e n t l y ,  

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

p r o c e s s e s .   The  u se   of  a  s o f t e r   w o r k p i e c e   h o l d e r  

g r e a t l y   d i m i n i s h e s   t he   f o r m a t i o n   of  d e f e c t i v e   s e m i -  

c o n d u c t o r   s u b s t r a t e s .  

E x a m p l e   4 

T h i s ' e x a m p l e   i l l u s t r a t e s   t h a t   a  c a r r i e r  

a s s e m b l y   c a r r y i n g   a  s i n g l e   w o r k p i e c e   h o l d e r   a l s o   may  b e  

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

A  t y p e   304  s t a i n l e s s   s t e e l   26  g a u g e   d r i v e  

r i n g   w i t h   a  maximum  t h i c k n e s s   of  0 . 0 4 5 2   cm  ( 0 . 0 1 7 8  

i n c h )   is  f o r m e d   to   have   a  c a r r i e r   a s s e m b l y   d i a m e t e r   o f  



3 1 . 2 9   cm  ( 1 2 . 3 2   i n c h e s ) .   The  d r i v e   r i n g   i n c l u d e s   61  

i n v o l u t e   t e e t h   w i t h   a  d i a m e t r a l   p i t c h   of  5.  A  w o r k -  

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

F i g u r e   3  i s   f o r m e d   in  t h e   d r i v e   r i n g   to   h a v e   a  d i a m e t e r  

of  2 7 . 5 2 1   cm  ( 1 0 . 8 3 5   i n c h e s ) .   A  g r a d e   G-10  f i b e r g l a s s  

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

t h i c k n e s s   of  0 . 4 6   cm  ( 0 . 1 8   i n c h )   and  a  d i a m e t e r   o f  

2 7 . 4 9 6   cm  ( 1 0 . 8 2 5   i n c h e s )   is   r e t a i n e d   w i t h i n   t he   a p e r -  

t u r e .  

Two  c a v i t i e s ,   e a c h   w i t h   a  d i a m e t e r   o f  1 2 . 6 3 7  

cm  ( 4 . 9 7 5   i n c h e s ) ,   a r e   m i l l e d   in  t h e   w o r k p i e c e   h o l d e r  

w i t h   t h e   c e n t e r s   s p a c e d   1 3 . 3 4   cm  ( 5 . 2 5   i n c h e s )   a p a r t .  

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

0 . 6 9 9   cm  ( 0 . 2 7 5   i n c h ) .  

The  w o r k p i e c e   h o l d e r   w i l l   h e l p   to   m a i n t a i n  

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

d u r i n g   p o l i s h i n g .   M o r e o v e r ,   w h e r e   t h e   d r i v e   r i n g   i s  

t o r o i d a l   and  b e c a u s e   i t   is  s t r o n g   y e t   r e a s o n a b l y   f l e x -  

i b l e ,   i f   t h r o u g h   i n a t t e n t i v e   h a n d l i n g   or  m o u n t i n g ,   t h e  

d r i v e   r i n g   may  b e c o m e   d i s t o r t e d   and   may  no  l o n g e r   l a y  

f l a t   on  t h e   l o w e r   p o l i s h i n g   p a d ,   t h e   d r i v e   r i n g   may  b e  

s t r a i g h t e n e d   to  c o r r e c t   any  o u t - o f - p l a n e   d i s t o r t i o n .  



1.  A  c a r r i e r   a s s e m b l y   (10 ;   110)  f o r   use   i n  

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

d r i v e   r i n g   (12 ;   112;  212)  a d a p t e d   to  be  m o u n t e d   f o r  

r o t a t i o n   i n c l u d i n g   d r i v e   c o n n e c t i o n   means   (14;   1 1 4 ;  

214)  f o r   d r i v i n g l y   c o n n e c t i n g   t h e   d r i v e   r i n g   to   a  d r i v -  

ing  s o u r c e ,   t he   a s s e m b l y   c h a r a c t e r i z e d   by  the  d r i v e  

r i n g   c o n t a i n i n g   at   l e a s t   one  a p e r t u r e   (16;   116)  f o r  

r e t a i n i n g   a  w o r k p i e c e   h o l d e r ,   and  a  w o r k p i e c e   h o l d e r  

(18 ,   20,  22,  24,  26;  118 ;   218)  r e t a i n e d   in  the   a p e r -  

t u r e ,   t he   w o r k p i e c e   h o l d e r   b e i n g   a d a p t e d   to  h o l d   a 

w o r k p i e c e   ( 2 8 ,   30,  32,  34,  36;  128 ,   130;  228,  230)  in  a  

c a v i t y   f o r m e d   in  t he   w o r k p i e c e   h o l d e r ,   the  d r i v e   r i n g  

b e i n g   made  of  a  m a t e r i a l   r e l a t i v e l y   h a r d e r   t h a n   a  r e l a -  

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

t he   r e l a t i v e l y   h a r d e r   m a t e r i a l   b e i n g   more  c a p a b l e   o f  

w i t h s t a n d i n g   f o r c e s   a s s o c i a t e d   w i t h   the   d r i v i n g   of  t h e  

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

r e l a t i v e l y   s o f t e r   m a t e r i a l   b e i n g   more  c a p a b l e   of  p r o -  

t e c t i n g   and  c u s h i o n i n g   a g a i n s t   c h i p p i n g   and  c r a c k i n g  

any  w o r k p i e c e   h e l d   w i t h i n   a  w o r k p i e c e   h o l d e r   f o r m e d  

t h e r e o f   t h a n   the   r e l a t i v e l y   h a r d   m a t e r i a l .  



2.  A  c a r r i e r   a s s e m b l y   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   by  the   w o r k p i e c e   h o l d e r   ( 1 8 ,   20,  22,   2 4 ,  

26;  1 1 8 ,   218)   b e i n g   r e m o v a b l y   r e t a i n e d   in   t he   a p e r t u r e  

(16 ;   1 1 6 ) .  

3.  A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to   c l a i m   2 ,  

c h a r a c t e r i z e d   by  the   d r i v e   r i n g   (12;   112 ;   212)  c o n -  

t a i n i n g   a  p l u r a l i t y   of  a p e r t u r e s   (16 ;   1 1 6 ) ,   e a c h   a p e r -  

t u r e   r e t a i n i n g   a  w o r k p i e c e   h o l d e r   (18 ,   20 ,   22,  24,   2 6 ;  

118 ;   2 1 8 ) .  

4.  A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to   c l a i m   2 ,  

c h a r a c t e r i z e d   by  a  f i r s t   w o r k p i e c e   h o l d e r   (18)   h a v i n g   a  

p e r i p h e r a l   s h a p e   c o r r e s p o n d i n g   to   t he   s h a p e   of  t h e  

a p e r t u r e   ( 1 6 )   and   a  c a v i t y   s h a p e d   to  c o r r e s p o n d   to  t h e  

s h a p e   of  a  f i r s t   w o r k p i e c e   ( 2 8 ) ,   the   f i r s t   w o r k p i e c e  

h o l d e r   (18 )   b e i n g   r e p l a c e a b l e   by  a  s e c o n d   w o r k p i e c e  

h o l d e r   (26)   h a v i n g   a  p e r i p h e r a l   s h a p e   c o r r e s p o n d i n g   t o  

t h e   s h a p e   of  t h e   a p e r t u r e   (16)   and  a  c a v i t y   s h a p e   d i f -  

f e r e n t   t h a n   t h e   c a v i t y   s h a p e   of  t he   f i r s t   w o r k p i e c e  

h o l d e r   (18 )   to   c o r r e s p o n d   to   t h e   s h a p e   of  a  s e c o n d  

w o r k p i e c e   ( 3 6 ) .  

5.  A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to   c l a i m   4 ,  

c h a r a c t e r i z e d   by  the   d r i v e   r i n g   (12 ;   112 ;   212)   b e i n g  



made  of  m e t a l   and  the   w o r k p i e c e   h o l d e r   (18 ,   20,  22,  2 4 ,  

26;  1 1 8 ,   218)  b e i n g   made  of  s y n t h e t i c   p o l y m e r i c   r e s i n .  

6.  A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to  c l a i m   5 ,  

c h a r a c t e r i z e d   by  t he   d r i v e   r i n g   (12 ;   112 ;   212)  b e i n g  

made  of  a  m e t a l   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   o f  

s t e e l ,   s t a i n l e s s   s t e e l   and  n i c k e l   a l l o y s ,   and  the   w o r k -  

p i e c e   h o l d e r   ( 1 8 ,   20,  22,  24,  26;  118;   218)  b e i n g   m a d e  

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

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

p o l y c a r b o n a t e ,   p o l y v i n l y c h l o r i d e ,   a c e t a l ,   n y l o n ,   e p o x y ,  

p h e n o l i c ,   m e l a m i n e   and  a c r y l a t e   p o l y m e r s .  

7.  A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to  c l a i m   6 ,  

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

f i b e r   r e i n f o r c e d .  

8.  A  c a r r i e r   a s s e m b l y   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   by  t h e   d r i v e   r i n g   (12;   112;   212)  b e i n g  

made  of  m e t a l   and  the   w o r k p i e c e   h o l d e r   (18 ,   20,  22,  2 4 ,  

26;  118 ;   218)  b e i n g   made  of  s y n t h e t i c   p o l y m e r i c   r e s i n .  

9.  A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to  c l a i m   8 ,  

c h a r a c t e r i z e d   by  t h e   d r i v e   r i n g   (12 ;   112;   212)  b e i n g  

made  of  a  m e t a l   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   o f  

s t e e l ,   s t a i n l e s s   s t e e l   and  n i c k e l   a l l o y s ,   and  the  w o r k -  

p i e c e   h o l d e r   ( 1 8 ,   20,  22,  24,  26;  118;   218)  b e i n g   made  



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

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

p o l y c a r b o n a t e ,   p o l y v i n l y c h l o r i d e ,   a c e t a l ,   n y l o n ,   e p o x y ,  

p h e n o l i c ,   m e l a m i n e   and   a c r y l a t e   p o l y m e r s .  

10 .   A  c a r r i e r   a s s e m b l 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   by  t h e   s y n t h e t i c   p o l y m e r i c   r e s i n   is  f i b e r  

r e i n f o r c e d .  

11.  A  c a r r i e r   a s s e m b l y   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   by  t h e   a p e r t u r e   ( 1 1 6 ,   117)   and  t h e   o u t e r  

p e r i p h e r y   of  t h e   w o r k p i e c e   h o l d e r   ( 1 1 8 ,   119)   h a v i n g  

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

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

12.   A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to   c l a i m  

11,   c h a r a c t e r i z e d   by  t h e   d r i v e   r i n g   (12 ;   112 ;   2 1 2 )  

b e i n g   made  of  m e t a l   and  the   w o r k p i e c e   h o l d e r   ( 1 8 ,   2 0 ,  

22,  24 ,   26;   1 1 8 ;   218)   b e i n g   made  of  s y n t h e t i c   p o l y m e r i c  

r e s i n .  

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

12,   c h a r a c t e r i z e d   by  t h e   d r i v e   r i n g   (12 ;   112 ;   2 1 2 )  

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

ing  of  s t e e l ,   s t a i n l e s s   s t e e l   and  n i c k e l   a l l o y s ,   a n d  

t h e   w o r k p i e c e   h o l d e r   ( 1 8 ,   20,  22,  24,  26;  118 ;   2 1 8 )  

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



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

e t h y l e n e ,   p o l y c a r b o n a t e ,   p o l y v i n l y c h l o r i d e ,   a c e t a l ,  

n y l o n ,   e p o x y ,   p h e n o l i c ,   m e l a m i n e   and  a c r y l a t e   p o l y m e r s .  

14.  A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to   c l a i m  

13,  c h a r a c t e r i z e d   by  t h e   s y n t h e t i c   p o l y m e r i c   r e s i n  

b e i n g   f i b e r   r e i n f o r c e d .  

15.   A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   t he   d r i v e   c o n n e c t i n g   means   (14;   114;   214)  c o m -  

p r i s e s   d r i v e   t e e t h   ( 14 ;   114;  214)  f o r m e d   a l o n g   t h e  

o u t e r   p e r i p h e r y   of  t he   d r i v e   r i n g   (12;   112 ;   2 1 2 ) .  

16.  A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to  c l a i m   1 

w h e r e i n   t he   w o r k p i e c e   h o l d e r   (18,   20,  22,  24,  26;  118}  

is  t h i n n e r   t h a n   the   w o r k p i e c e   ( 28 ,   30,  32,  34,  36;  1 2 8 ,  

130)  and  t h i c k e r   t h a n   t h e   d r i v e   r i n g   (12 ;   1 1 2 ) .  

17.  A  c a r r i e r   a s s e m b l y   a c c o r d i n g   to  c l a i m   1 

w h e r e i n   t he   w o r k p i e c e   h o l d e r   ( 2 1 8 )   is  t h i n n e r   than   b o t h  

the   w o r k p i e c e   ( 2 2 8 ,   230)   and  the   d r i v e   r i n g   ( 2 1 2 ) .  
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