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Surface  grinding  apparatus. 

A  surface  grinding  apparatus  for  grinding  the  surface  of  a 
workpiece  (W)  such  as  a  semiconductor  wafer.  The  surface 
grinding  apparatus  comprises  a  support  stand  (4),  at  least  one 
workpiece  holding  chuck  table  (6)  rotatably  mounted  on  the 
support  stand  (4),  a  rotatably  mounted  grinding  wheel  (8)  for 
grinding  the  surface  of  the  workpiece  (W)  held  on  the  chuck 
table  (6),  chuck  table  rotating  means  (76)  for  rotating  the 
chuck  table  (6)  and  wheel  rotating  means  (116)  for  rotating  the 
grinding  wheel  (8).  When  grinding  the  surface  of  the  workpiece 
(W)  held  on  the  chuck  table  (6)  with  the  grinding  wheel  (8),  the 
grinding  wheel  (8)  is  rotated  and  the  chuck  table  (6)  is  also  ro- 
tated  to  rotate  the  workpiece  (W)  held  on  the  chuck  table  (6). 



FIELD  OF  THE  INVENTION 

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

a p p a r a t u s ,   and  more  s p e c i f i c a l l y ,   to  a  s u r f a c e   g r i n d i n g  

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

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

DESCRIPTION  OF  THE  PRIOR  ART 

As  i s   w e l l   known  to  t h o s e   s k i l l e d   in  t h e   a r t ,  

t he   m a n u f a c t u r i n g   of   s e m i c o n d u c t o r   d e v i c e s   r e q u i r e s  

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

s e m i c o n d u c t o r   w a f e r   to  make  t h e   t h i c k n e s s   of  t h e  

s e m i c o n d u c t o r   w a f e r   as  r e q u i r e d .   In  g e n e r a l ,   a  s u r f a c e  

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

J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n   No.  Sho  5 6 - 1 5 2 5 6 2  

(o r   U.S .   P a t e n t   No.  4 , 4 8 1 , 7 3 8   or   E u r o p e a n   P a t e n t  

P u b l i c a t i o n   No.  0  039  209)  i s   c o n v e n i e n t l y   u s e d   a s  

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

of  a  s e m i c o n d u c t o r   w a f e r .   T h i s   s u r f a c e   g r i n d i n g  

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

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

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

w h e e l s   r o t a t a b l y   m o u n t e d   a t   i n t e r v a l s   in  t he   r o t a t i n g  

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

f o r   r o t a t i n g   the   s u p p o r t   t a b l e   and  w h e e l   r o t a t i n g  

means   f o r   r o t a t i n g   t h e   g r i n d i n g   w h e e l s .  

In  t h e   a f o r e s a i d   s u r f a c e   g r i n d i n g   a p p a r a t u s ,  

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

h e l d   on  the   c h u c k   t a b l e .   Each  of  t h e   p l u r a l i t y   o f  

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

and  t he   s u p p o r t   t a b l e   i s   a l s o   r o t a t e d   a t . a   r e l a t i v e l y  

low  s p e e d .   C o n s e q u e n t l y ,   t he   s e m i c o n d u c t o r   w a f e r  

h e l d   on  the   c h u c k   t a b l e   f i x e d   to  t he   s u p p o r t   t a b l e  



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

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

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

g r i n d i n g   w h e e l s .  

As  i s   u n d e r s t o o d   f rom  t he   d e s c r i p t i o n   in  t h e  

s p e c i f i c a t i o n   of  J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n  

No.  Sho  5 6 - 1 5 2 5 6 2   (o r   U.S .   P a t e n t   No.  4 , 4 8 1 , 7 3 8   o r  

E u r o p e a n   P a t e n t   P u b l i c a t i o n   No.  0  039  2 0 9 ) ,   t h e  

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

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

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

s a t i s f a c t o r y   and  i t   has   p r o b l e m s   to  be  s o l v e d   t h a t   ( a )  

a  g r i n d i n g   whee l   of   an  a n n u l a r   s h a p e   as  a  w h o l e   i s  

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

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

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

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

g r i n d   t h e   who le   s u r f a c e   of   t he   s e m i c o n d u c t o r   w a f e r  

w i t h   s u c h   a  g r i n d i n g   w h e e l .   T h e r e f o r e ,   when  a  

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

n e e d s   to  be  c o r r e s p o n d i n g l y   made  l a r g e .   I t   i s   n o t  

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

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

such   as  n a t u r a l   or  s y n t h e t i c   d i a m o n d   a b r a s i v e   g r a i n s  

by  a  s u i t a b l e   m e t h o d   in  v i e w   of  v a r i o u s   a s p e c t s   o f  

the   w h e e l   p r o d u c t i o n   p r o c e s s ;   and  (b)  t he   r e l a t i v e  

movemen t   of  a  s e m i c o n d u c t o r   w a f e r   to  t h e   r o t a t i n g  

g r i n d i n g   whee l   in  t he   g r i n d i n g   i s   o n l y   the   s e n d i n g  

movemen t   of   t he   s e m i c o n d u c t o r   w a f e r   a c c o m p a n i e d   by  t h e  

r o t a t i o n   of   t he   s u p p o r t   t a b l e   a t   t h e   r e l a t i v e l y   l o w  

s p e e d   and  the   g r i n d i n g   t r a i l s   by  the   g r i n d i n g   w h e e l  

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

d e f i n e d   by  the   movement   of   t h e   o u t e r   p e r i p h e r a l   e d g e  

of  t h e   r o t a t i n g   g r i n d i n g   w h e e l .   T h e r e f o r e ,  



the   g r i n d i n g   r e s i s t a n c e   i s   r e l a t i v e l y   l a r g e   and  i t  

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

s e n d i n g   movemen t   of   t he   s e m i c o n d u c t o r   w a f e r .   T h e n ,  

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

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

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

l i m i t e d .  

SUMMARY  OF  THE  INVENTION 

I t   i s   a  p r i m a r y   o b j e c t   of   t h i s   i n v e n t i o n   t o  

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

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

g r i n d i n g   the   s u r f a c e   of   a  s e m i c o n d u c t o r   w a f e r ,   i n  

w h i c h   a  g r i n d i n g   w h e e l   i s   n o t   n e c e s s a r i l y   made  l a r g e  

in  d i a m e t e r   even   when  a  s e m i c o n d u c t o r   w a f e r   i s   m a d e  

l a r g e   in  d i a m e t e r   and  i t   i s   p o s s i b l e   to  c a r r y   o u t  

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

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

g r i n d i n g   a c c u r a c y .  

I t   h a s   now  b e e n   f o u n d   as  a  r e s u l t   of   e x t e n s i v e  

i n v e s t i g a t i o n s   and  e x p e r i m e n t s   of   t he   p r e s e n t   i n v e n t o r  

t h a t   t h e   a f o r e s a i d   o b j e c t   can   be  a t t a i n e d   b y  

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

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

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

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

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

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

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

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

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

s u r f a c e   g r i n d i n g   a p p a r a t u s .  

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d  

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



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

r o t a t a b l y   m o u n t e d   on  t he   s u p p o r t   s t a n d ,   a  r o t a t a b l y  

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

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

means   f o r   r o t a t i n g   the   c h u c k   t a b l e   and  w h e e l   r o t a t i n g  

means   f o r   r o t a t i n g   the   g r i n d i n g   w h e e l ,   w h e r e i n   w h e n  

g r i n d i n g   the   s u r f a c e   of  t he   w o r k p i e c e   h e l d   on  t h e  

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

i s   r o t a t e d   and  t h e   c h u c k   t a b l e   i s   a l s o   r o t a t e d   t o  

r o t a t e   t he   w o r k p i e c e   h e l d   on  t he   c h u c k   t a b l e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  s i m p l i f i e d   t op   p l a n   v i ew   s h o w i n g  

the   m a j o r   c o n s t i t u e n t s   of   one  e m b o d i m e n t   of  t h e   s u r f a c e  

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

i n v e n t i o n ;  

F i g u r e   2  i s   a  s e c t i o n a l   v i ew   s h o w i n g   a  p a r t   o f  

the   s u r f a c e   g r i n d i n g   a p p a r a t u s   of   F i g u r e   1 ;  

F i g u r e   3  and  F i g u r e   4  a r e   s i m p l i f i e d   p a r t i a l  

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

s u r f a c e   g r i n d i n g   m a n n e r   by  means   of   t he   s u r f a c e  

g r i n d i n g   a p p a r a t u s   of  F i g u r e   1;  a n d  

F i g u r e   5  i s   a  s e c t i o n a l   v i e w ,   s i m i l a r   t o  

F i g u r e   2,  s h o w i n g   a  m o d i f i e d   e m b o d i m e n t   of  t he   c h u c k  

t a b l e   r o t a t i n g   m e a n s .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

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

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

i n v e n t i o n   w i l l   be  d e s c r i b e d   b e l o w   in  d e t a i l   w i t h  

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

F i g u r e   1  s i m p l y   i l l u s t r a t e s   t he   m a j o r  

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

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



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

is   p r o v i d e d   w i t h   a  d i s c - s h a p e d   s u p p o r t   t a b l e   4  o f  

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

a b o u t   t h e   c e n t r a l   a x i s   2  e x t e n d i n g   s u b s t a n t i a l l y  

p e r p e n d i c u l a r l y   ( v e r t i c a l l y   to  t h e   p a p e r   in  F i g u r e   1 ) .  

A  p l u r a l i t y   o f ,   f o u r   in  t he   i l l u s t r a t e d   e m b o d i m e n t ,  

d i s c - s h a p e d   w o r k p i e c e   h o l d i n g   c h u c k   t a b l e s   6  a r e  

r o t a t a b l y   m o u n t e d   on  t h e   s u p p o r t   t a b l e   4  w h i c h  

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

p o s i t i o n s .   C o n v e n i e n t l y ,   t h e   p l u r a l i t y   of  c h u c k  

t a b l e s   6  a r e   r e s p e c t i v e l y   a r r a n g e d   a t   a  p l u r a l i t y   o f  

p o s i t i o n s   whose   r a d i a l   d i s t a n c e s   f rom  t he   c e n t r a l   a x i s  

2  a r e   t he   same  one  a n o t h e r   and  w h i c h   a r e   a t   e q u a l  

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

s u p p o r t   t a b l e   4  ( i . e .   a t   e q u a l   a n g u l a r   i n t e r v a l s ) .  

Work  s t a t i o n s   A,  B,  C  and  D  a r e   r e s p e c t i v e l y  

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

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

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

C o n v e n i e n t l y ,   t h e s e   work  s t a t i o n s   A,  B,  C  and  D  a r e  

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

d i r e c t i o n   of   t he   s u p p o r t   t a b l e   4  ( i . e .   a t   e q u a l  

a n g u l a r   i n t e r v a l s )   and  the   m u t u a l   a n g u l a r   i n t e r v a l  

b e t w e e n   t h e   work  s t a t i o n s   A,  B,  C  and  D  is   c o n s i s t e n t  

w i t h   t h e   m u t u a l   a n g u l a r   i n t e r v a l   b e t w e e n   the   p l u r a l i t y  

of  c h u c k   t a b l e s   6.  The  work  s t a t i o n   A  i s   a  w o r k p i e c e  

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

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

on  i t s   s u r f a c e   i s   t a k e n   ou t   f rom  t h e   c h u c k   t a b l e   6  b y  

a  s u i t a b l e   u n l o a d i n g   means   ( n o t   shown)   and  a  n e w  

w o r k p i e c e   to  be  g r o u n d   on  i t s   s u r f a c e   i s   p l a c e d   o n  

the   c h u c k   t a b l e   6  by  a  s u i t a b l e   l o a d i n g   means   ( n o t  

s h o w n ) .   The  work  s t a t i o n s   B,  C  and  D  a r e   a  r o u g h  

g r i n d i n g   s t a t i o n ,   an  i n t e r m e d i a t e   g r i n d i n g   s t a t i o n   a n d  



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

whee l   a s s e m b l y   h a v i n g   a  g r i n d i n g   w h e e l   8  i s   d i s p o s e d  

to  e a c h   of   t h e s e   g r i n d i n g   s t a t i o n s   B,  C  and  D.  T h e  

s u r f a c e   of   a  w o r k p i e c e   h e l d   on  the   c h u c k   t a b l e   6  i s  

s u b j e c t e d   to  a  r o u g h   g r i n d i n g   in  t he   r o u g h   g r i n d i n g  

s t a t i o n   B,  an  i n t e r m e d i a t e   g r i n d i n g   in  t he   i n t e r m e d i a t e  

g r i n d i n g   s t a t i o n   C  and  a  f i n i s h i n g   g r i n d i n g   in   t h e  

f i n i s h i n g   g r i n d i n g   s t a t i o n   D  to   be  d e s c r i b e d   in   m o r e  

d e t a i l   h e r e i n a f t e r .  

Wi th   r e f e r e n c e   to   F i g u r e   2  as  w e l l   as  F i g u r e   1 ,  

the   s t r u c t u r e   of  t he   s u p p o r t   t a b l e   4  and  the   c h u c k  

t a b l e s   6  m o u n t e d   on  t he   s u p p o r t   t a b l e   4  i s   d e s c r i b e d   i n  

d e t a i l .   In  t he   i l l u s t r a t e d   s u r f a c e   g r i n d i n g   a p p a r a t u s ,  

a  s t a t i c   main   s u p p o r t   s h a f t   ( n o t   shown)   e x t e n d i n g  

s u b s t a n t i a l l y   p e r p e n d i c u l a r l y   a l o n g   t h e   c e n t r a l   a x i s   2 

of  t he   s u p p o r t   t a b l e   4  i s   d i s p o s e d   and  the   s u p p o r t  

t a b l e   4  i s   r o t a t a b l y   m o u n t e d   on  the   u p p e r   end  p o r t i o n  

of  t h i s   ma in   s u p p o r t   s h a f t .   A  t a b l e   r o t a t i n g   means   10  

such   as  an  e l e c t r i c   m o t o r   i s   d r i v i n g l y   c o n n e c t e d   to  t h e  

s u p p o r t   t a b l e   4  t h r o u g h   a  s u i t a b l e   t r a n s m i t t i n g   e l e m e n t  

( n o t   shown)   and  t h e   s u p p o r t   t a b l e   4  i s   i n t e r m i t t e n t l y  

or  c o n t i n u o u s l y   r o t a t e d   in   t he   d i r e c t i o n   shown  b y  

an  a r r o w   12  in   F i g u r e   1  by  t he   t a b l e   r o t a t i n g   means   1 0  

to  be  d e s c r i b e d   in   more  d e t a i l   h e r e i n a f t e r .   F o u r  

c h u c k   t a b l e   s u p p o r t   b l o c k s   14  ( o n l y   one  of  them  i s  

shown  in  F i g u r e   2)  a re   f i x e d   t o  t h e   p e r i p h e r a l   e d g e  

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

of  t he   s u p p o r t   t a b l e   4  a t   c i r c u m f e r e n t i a l l y   e q u a l l y  

s p a c e d   p o s i t i o n s   and  t he   c h u c k   t a b l e   6  i s   r o t a t a b l y  

m o u n t e d   on  each   of  t h e s e   c h u c k   t a b l e   s u p p o r t   b l o c k s   1 4 .  

More  s p e c i f i c a l l y ,   a  c i r c u l a r   o p e n i n g   16  o p e n  

u p w a r d l y   i s   f o r m e d   in  t h e   c h u c k   t a b l e   s u p p o r t   b l o c k   1 4  

w h i c h   m a y  b e  n e a r l y   c y l i n d r i c a l ,   and  b e a r i n g   m e m b e r s   18  

and  20  a r e   d i s p o s e d   in  t h i s   o p e n i n g   16.  The  u n d e r  



s u r f a c e   of  t he   b e a r i n g   member  18  i s   c a u s e d   to  a b u t  

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

o p e n i n g   16,  an  a n n u l a r   s p a c e r   member   22  i s   d i s p o s e d  

b e t w e e n   t he   b e a r i n g   m e m b e r s   18  and  20,  t he   i n t e r n a l  

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

a n n u l a r   s u p p o r t   p l a t e   23  f i x e d   to  t h e   u p p e r   s u r f a c e   o f  

the   c h u c k   t a b l e   s u p p o r t   b l o c k   14  i s   c a u s e d   to  a b u t  

a g a i n s t   t h e   u p p e r   s u r f a c e   of   t h e   b e a r i n g   member   2 0 ,  

and  t h u s   t h e   b e a r i n g   m e m b e r s   18  and  20  a r e   h e l d   a t  

r e q u i r e d   p o s i t i o n s .   The  u n d e r   p o r t i o n   of   a  r o t a t i n g  

s h a f t   24  i s   i n s e r t e d   in  t h e   b e a r i n g   m e m b e r s   18  and  2 0 ,  

and  t h u s   t h e   r o t a t i n g   s h a f t   24  i s   r o t a t a b l y   m o u n t e d   o n  

the   c h u c k   t a b l e   s u p p o r t   b l o c k   14.  The  c h u c k   t a b l e   6  

i s   f i x e d   to   t he   u p p e r   end  of  t h e   r o t a t i n g   s h a f t   2 4  

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

b l o c k   14.  The  i l l u s t r a t e d   c h u c k   t a b l e   6  has   a  d i s c -  

s h a p e d   ma in   p o r t i o n   26,  a  c i r c u l a r   p r o t r u s i o n   2 8  

f o r m e d   on  t h e   u n d e r   s u r f a c e   of   t h e   ma in   p o r t i o n   26  a n d  

a  c o n n e c t i n g   s c r e w   p o r t i o n   30  e x t e n d i n g   d o w n w a r d l y  

from  t h e   c e n t e r   of   t h e   c i r c u l a r   p r o t r u s i o n   28.  On  t h e  

o t h e r   h a n d ,   a  c i r c u l a r   d e p r e s s i o n   32  f o r   r e c e i v i n g   t h e  

c i r c u l a r   p r o t r u s i o n   28  of   t he   c h u c k   t a b l e   6  and  a  

s c r e w   h o l e   33  b o r e d   in  t he   c e n t e r   of   t h e   c i r c u l a r  

d e p r e s s i o n   32  a r e   f o r m e d   in  t h e   u p p e r   s u r f a c e   o f   t h e  

r o t a t i n g   s h a f t   24.  The  c o n n e c t i n g   s c r e w   p o r t i o n   3 0  

of  t h e   c h u c k   t a b l e   6  is   s c r e w e d   i n t o   t he   s c r e w   h o l e  

33  of   t h e   r o t a t i n g   s h a f t   24  and  t h u s   t he   c h u c k   t a b l e   6 

is   f i x e d   to  t he   u p p e r   end  of   t he   r o t a t i n g   s h a f t   2 4 .  

In  t h e   s t a t e   t h a t   t h e   c h u c k   t a b l e   6  i s   f i x e d   to   t h e  

r o t a t i n g   s h a f t   24  as  r e q u i r e d ,   t h e r e   i s   a  s m a l l  

i n t e r v a l   b e t w e e n   t h e   u n d e r   s u r f a c e   of   t he   c i r c u l a r  

p r o t r u s i o n   28  of   t h e   c h u c k   t a b l e   6  and  t he   b o t t o m  

s u r f a c e   of   t he   c i r c u l a r   d e p r e s s i o n   32  of   the   r o t a t i n g  

s h a f t   24,   and  a  c l o s e d   s p a c e   34  i s   d e f i n e d   b e t w e e n  



the   b o t h .   In  t he   r o t a t i n g   s h a f t   24  i s   f o r m e d   a  

p a s s a g e   36  e x t e n d i n g   a x i a l l y   f rom  i t s   u p p e r   end  o p e n  
to  t he   b o t t o m   s u r f a c e   of  the   c i r c u l a r   d e p r e s s i o n   32  t o  

i t s   l o w e r   end  open  to  t he   u n d e r   s u r f a c e   of  t h e  

r o t a t i n g   s h a f t   24.  A  h o l l o w   m a n i f o l d   38  i s   f i x e d   t o  

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

o p e n i n g   16  f o r m e d   in  t he   chuck   t a b l e   s u p p o r t   b l o c k   1 4  

and  t h e   l o w e r   end  of   t he   p a s s a g e   36  i s   a d a p t e d   f o r  

c o m m u n i c a t i o n   w i t h   t h i s   m a n i f o l d   38.  In  t he   l o w e r   e n d  

p o r t i o n   of   t he   c h u c k   t a b l e   s u p p o r t   b l o c k   14  i s   f o r m e d  

a  p a s s a g e   40  e x t e n d i n g   r a d i a l l y   f rom  i t s   i n t e r n a l   e n d  

a d a p t e d   f o r   c o m m u n i c a t i o n   w i t h   t he   m a n i f o l d   38  to  i t s  

e x t e r n a l   end  open  to  t he   o u t e r   p e r i p h e r a l   s u r f a c e   o f  

the   c h u c k   t a b l e   s u p p o r t   b l o c k   14.  The  e x t e r n a l   end  o f  

the   p a s s a g e   40  i s   c o n n e c t e d   to  a  vacuum  s o u r c e   46  a n d  

a  s u p p l y   s o u r c e   48  of  a  l i q u i d   such   as  w a t e r   t h r o u g h   a  

c o n d u i t   44  h a v i n g   a  s u i t a b l e   s w i t c h i n g   v a l v e   42.   On 

the   o t h e r   h a n d ,   in  t he   c i r c u l a r   p r o t r u s i o n   28  and  t h e  

main   p o r t i o n   26  of  t he   c h u c k   t a b l e  5   a r e   f o r m e d   a  

p l u r a l i t y   of  p o r e s   ( n o t   shown)  e x t e n d i n g   f rom  t he   u n d e r  

s u r f a c e   of   t he   c i r c u l a r   p r o t r u s i o n   28  to  the   u p p e r  
s u r f a c e   of   t he   main   p o r t i o n   26.  When  a  w o r k p i e c e   s u c h  

as  a  s e m i c o n d u c t o r   w a f e r   i s   p l a c e d   on  t he   u p p e r   s u r f a c e  

of  t h e   c h u c k   t a b l e   6  in  t he   w o r k p i e c e   u n l o a d i n g   a n d  

l o a d i n g   s t a t i o n   A,  t he   s w i t c h i n g   v a l v e   42  i s   o p e r a t e d  

to  c o n n e c t   the   p a s s a g e   40  to  t he   vacuum  s o u r c e   4 6 .  

Then ,   a i r   i s   s u c k e d   t h r o u g h   t he   p l u r a l i t y   of  p o r e s   ( n o t  

shown)  f o r m e d   in  t he   c h u c k   t a b l e   6,  t he   s p a c e   3 4 ,  

the   p a s s a g e   36,  t he   m a n i f o l d   38,  t he   p a s s a g e   40  a n d  

the   c o n d u i t   44  to  t h u s   h o l d   t he   w o r k p i e c e   by  s u c t i o n  

o n t o   t h e   c h u c k   t a b l e   6.  When  the   w o r k p i e c e   i s   t a k e n  

out   f rom  t he   c h u c k   t a b l e   6  in  t h e   w o r k p i e c e   u n l o a d i n g  

and  l o a d i n g   s t a t i o n   A,  t he   s w i t c h i n g   v a l v e   42  i s  

o p e r a t e d   to  c o n n e c t   t he   p a s s a g e   40  to  t he   s u p p l y   s o u r c e  



48.  Then ,   a  l i q u i d   such   as  w a t e r   i s   s u p p l i e d   to  t h e  

u p p e r   s u r f a c e   of  t he   c h u c k   t a b l e   6  t h r o u g h   t h e   c o n d u i t  

44,  t h e   p a s s a g e   40,   t he   m a n i f o l d   38,  t he   p a s s a g e   3 6 ,  

the   s p a c e   34  and  t he   p l u r a l i t y   of   p o r e s   ( n o t   s h o w n )  

f o r m e d   in  t he   c h u c k   t a b l e   6  to  t h u s   f l o a t   up  t h e  

w o r k p i e c e   w h i c h   has   been   h e l d   by  s u c t i o n   to  t h e   c h u c k  

t a b l e   6 .  

In  t he   i l l u s t r a t e d   s u r f a c e   g r i n d i n g   a p p a r a t u s ,  

a  c h u c k   t a b l e   r o t a t i n g   means   f o r   r o t a t i n g   t h e  

p l u r a l i t y   of   c h u c k   t a b l e s   6  i s   a l s o   p r o v i d e d .   W i t h  

r e f e r e n c e   to  F i g u r e   2,  a  n e a r l y   d i s c - s h a p e d   c e n t r a l  

s u p p o r t   b l o c k   50  i s   f i x e d   to  t h e   c e n t r a l   p o r t i o n   o f  

t he   s u b s t a n t i a l l y   h o r i z o n t a l   u p p e r   s u r f a c e   of   t h e  

s u p p o r t   t a b l e   4.  At  t he   p e r i p h e r a l   edge   p o r t i o n   o f  

t h i s   c e n t r a l   s u p p o r t   b l o c k   50  i s   u n i t e d l y   f o r m e d   a  

c y l i n d r i c a l   u p r i g h t   w a l l   52  e x t e n d i n g   u p w a r d l y ,   a n d  

o n t o   t h i s   u p r i g h t   w a l l   52  i s   f i x e d   a  d i s c - s h a p e d  

s u p p o r t   p l a t e   54.  In  t he   c e n t r a l   p o r t i o n   of   t h e   u p p e r  
s u r f a c e   of  t he   c e n t r a l   s u p p o r t   b l o c k   50  i s   f o r m e d   a  

c i r c u l a r   d e p r e s s i o n   56  and  in  t h e   c e n t r a l   p o r t i o n   o f  

the   s u p p o r t   p l a t e   54  i s   f o r m e d   a  c i r c u l a r   t h r o u g h  

o p e n i n g   58  e x t e n d i n g  v e r t i c a l l y .   B e a r i n g   m e m b e r s   6 0  

and  62  a r e   d i s p o s e d   in  t h e   d e p r e s s i o n   56  and  t h e  

o p e n i n g   58  r e s p e c t i v e l y ,   and  a  c e n t r a l   r o t a t i n g   s h a f t  

64  u p w a r d l y   e x t e n d i n g   s u b s t a n t i a l l y   p e r p e n d i c u l a r l y  

from  t h e   d e p r e s s i o n   56  i s   r o t a t a b l y   s u p p o r t e d   b y  

t h e s e   b e a r i n g   member s   60  and  62.  In  t he   u p p e r   s u r f a c e  

of   t h e   c e n t r a l   s u p p o r t   b l o c k   50  a r e   f u r t h e r   f o r m e d  

f o u r   c i r c u l a r   d e p r e s s i o n s   66  c o r r e s p o n d i n g l y   p o s i t i o n e d  

to  t h e   a n g u l a r   p o s i t i o n s   of   t he   c h u c k   t a b l e s   6 

r e s p e c t i v e l y ,   and  in  t he   s u p p o r t   p l a t e   54  a r e   f o r m e d  

f o u r   c i r c u l a r   o p e n i n g s   68  c o o r d i n a t i v e l y   p o s i t i o n e d  

w i t h   t h e s e   f o u r   d e p r e s s i o n s   66  r e s p e c t i v e l y .   ( O n l y  

one  d e p r e s s i o n   66  and  one  o p e n i n g   68  a r e   shown  i n  



F i g u r e   2 . )   B e a r i n g   members   70  and  72  a re   d i s p o s e d   i n  

the   d e p r e s s i o n s   66  and  o p e n i n g s   68  r e s p e c t i v e l y ,   a n d  

r o t a t i n g   s h a f t s   74  u p w a r d l y   e x t e n d i n g   s u b s t a n t i a l l y  

p e r p e n d i c u l a r l y   f rom  t he   d e p r e s s i o n s   66  a r e   r o t a t a b l y  

s u p p o r t e d   by  t h e s e   b e a r i n g   members   70  and  72.  T h e  

u p p e r   end  p o r t i o n   of  t he   a f o r e s a i d   c e n t r a l   r o t a t i n g  

s h a f t   64  e x t e n d i n g   u p w a r d l y   b e y o n d   t he   s u p p o r t   p l a t e  

54  i s   d r i v i n g l y   c o n n e c t e d   to  a  r o t a t i n g   s o u r c e   76  s u c h  

as  an  e l e c t r i c   m o t o r   t h r o u g h   a  s u i t a b l e   t r a n s m i t t i n g  

e l e m e n t   ( n o t   s h o w n ) .   The  r o t a t i n g   s o u r c e   76  may  b e  

m o u n t e d   on  the   s u p p o r t   t a b l e   4  t h r o u g h   a  s u i t a b l e  

s u p p o r t   f r a m e   ( n o t   shown)   or  may  be  m o u n t e d   a t   a  

s u i t a b l e   p o s i t i o n   s e p a r a t e   f rom  the   s u p p o r t   t a b l e   4 .  

A  g e a r   78  i s   f i x e d   to  t h e   c e n t r a l   r o t a t i n g   s h a f t   6 4  

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

b l o c k   50  and  the   s u p p o r t   p l a t e   54.  On  the   o t h e r   h a n d ,  

g e a r s   80  a re   f i x e d   to  t h e   r o t a t i n g   s h a f t s   7 4  

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

c e n t r a l   s u p p o r t   b l o c k   50  and  t he   s u p p o r t   p l a t e   54,  a n d  

each   of   t h e s e   g e a r s   80  i s   e n g a g e d   w i t h   the   g e a r   7 8 .  

T o o t h e d   p u l l e y s   82  a r e   f i x e d   to  t he   r o t a t i n g   s h a f t s   7 4  

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

u p w a r d l y   b e y o n d   t h e   s u p p o r t   p l a t e   54.  T o o t h e d   p u l l e y s  

84  a re   a l s o   f i x e d   to  t he   r o t a t i n g   s h a f t s   24  

r e s p e c t i v e l y   to  w h i c h   t he   chuck   t a b l e s   6  a r e   f i x e d ,  

and  e n d l e s s   t o o t h e d   b e l t s   86  a r e   wound  a r o u n d   t h e  

c o r r e s p o n d i n g   t o o t h e d   p u l l e y s   82  and  84  r e s p e c t i v e l y .  

C o n s e q u e n t l y ,   as  i s   u n d e r s t o o d ,   when  the   common 

r o t a t i n g   s o u r c e   76  i s   e n e r g i z e d   to  r o t a t e   t he   c e n t r a l  

r o t a t i n g   s h a f t   64,  f o r   e x a m p l e ,   in  t he   d i r e c t i o n  

shown  by  an  a r r o w   88  in  F i g u r e   1,  e a c h   of  t he   p l u r a l i t y  

of  c h u c k   t a b l e s   6  i s   c a u s e d   to  r o t a t e   in  t he   d i r e c t i o n  

shown  by  an  a r r o w   90  in  F i g u r e   1  t h r o u g h   common  d r i v e  

c o n n e c t i n g   means   ( i . e .   t he   g e a r   78)  and  d r i v e  



c o n n e c t i n g   means   ( i . e .   t he   g e a r   80,  t he   t o o t h e d   p u l l e y  

82,  t he   t o o t h e d   b e l t   86  and  t he   t o o t h e d   p u l l e y   8 4 )  

p r o v i d e d   w i t h   r e s p e c t   to  e a c h   of   t he   p l u r a l i t y   o f  

chuck   t a b l e s   6 .  

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

92,  94  and  96  a re   a l s o   d i s p o s e d   on  t he   s u p p o r t   t a b l e   4  

by  s u i t a b l e   s u p p o r t   means   ( n o t   s h o w n ) .   These   p r o t e c t  

c o v e r s   92,  94  and  96  p r e v e n t   a  c o o l i n g   l i q u i d   s u c h   a s  

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

chuck   t a b l e   6  w i t h   t he   g r i n d i n g   w h e e l   8  to  be  d e s c r i b e d  

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

the   a b o v e - d e s c r i b e d   v a r i o u s   r o t a t i o n   s u p p o r t i n g  

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

on  t he   s u p p o r t   t a b l e   4 .  

In  each   of   t he   g r i n d i n g   s t a t i o n s   shown  b y  

l e t t e r s   B,  C  and  D  in  F i g u r e   1,  a  g r i n d i n g   w h e e l  

a s s e m b l y   i s   d i s p o s e d   a d j a c e n t   to  t he   s u p p o r t   t a b l e   4 .  

(Only   t he   g r i n d i n g   w h e e l s   8  in  t he   g r i n d i n g   w h e e l  

a s s e m b l i e s   a r e   s i m p l y   shown  by  t w o - d o t   c h a i n   l i n e   i n  

F i g u r e   1  f o r   c l e a r n e s s   of   t he   d r a w i n g . )   The  s t r u c t u r e s  

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

g r i n d i n g   s t a t i o n s   B , C   and  D  may  be  s u b s t a n t i a l l y  

the   same  and  o n l y   one  g r i n d i n g   w h e e l   a s s e m b l y   i s   s h o w n  

in  F i g u r e   2.  With  r e f e r e n c e   to  F i g u r e   2,  t h e  

i l l u s t r a t e d   g r i n d i n g   w h e e l   a s s e m b l y   shown  g e n e r a l l y  

by  a  n u m e r a l   98  h a s   a  s t a t i c   s u p p o r t   b a s e   s t a n d   1 0 0  

p o s i t i o n e d   a d j a c e n t   to  t h e   p e r i p h e r a l   edge  of  t h e  

s u p p o r t   t a b l e   4.  A  h o r i z o n t a l l y   m o v i n g   b l o c k   102  i s  

m o u n t e d   on  t he   b a s e   s t a n d   100  by  s u i t a b l e   s u p p o r t  

means   ( n o t   shown)  f o r   s u b s t a n t i a l l y   h o r i z o n t a l  

movement   in  t he   r i g h t - a n d - l e f t   d i r e c t i o n   in  F i g u r e   2 .  

C o n v e n i e n t l y ,   t he   m o v i n g   d i r e c t i o n   of   t h e   h o r i z o n t a l l y  

mov ing   b l o c k   102  i s   s u b s t a n t i a l l y   c o n s i s t e n t   w i t h  

a  r a d i a l   d i r e c t i o n   of  t he   s u p p o r t   t a b l e   4.  A  f i r s t  



w h e e l   mov ing   means   104  i n c l u d i n g   a  d r i v i n g   s o u r c e  

such   as  an  e l e c t r i c   m o t o r   e x i s t s   b e t w e e n   the   b a s e  

s t a n d   100  and  the   h o r i z o n t a l l y   m o v i n g   b l o c k   102,   a n d  

the   h o r i z o n t a l l y   m o v i n g   b l o c k   102  i s   moved  by  t h i s  

f i r s t   w h e e l   mov ing   means   104.   A  p e r p e n d i c u l a r l y  

m o v i n g   b l o c k   106  i s   m o u n t e d   on  t he   h o r i z o n t a l l y  

mov ing   b l o c k   102  by  s u i t a b l e   s u p p o r t   means   ( n o t   s h o w n )  

f o r   s u b s t a n t i a l l y   p e r p e n d i c u l a r   movemen t   in  t h e   u p -  
a n d - d o w n   d i r e c t i o n .   A  s e c o n d   w h e e l   mov ing   means   1 0 8  

i n c l u d i n g   a  d r i v i n g   s o u r c e   such   as  an  e l e c t r i c   m o t o r  

e x i s t s   b e t w e e n   the   h o r i z o n t a l l y   m o v i n g   b l o c k   102  a n d  

the   p e r p e n d i c u l a r l y   m o v i n g   b l o c k   106,   and  t h e  

p e r p e n d i c u l a r l y   mov ing   b l o c k   106  i s   v e r t i c a l l y   m o v e d  

by  t h i s   s e c o n d   w h e e l   m o v i n g   means   108.   A  r o t a t i n g  

s h a f t   110  i s   r o t a t a b l y   m o u n t e d   on  the   p e r p e n d i c u l a r l y  

m o v i n g   b l o c k   106.   A  g r i n d i n g   w h e e l   a s s e m b l a g e   1 1 2  

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

w h e e l   a s s a m b l a g e   i s   f i x e d   to  t h e   l o w e r   end  of  t h e  

r o t a t i n g   s h a f t   110  p r o t r u d i n g   d o w n w a r d l y   f rom  t h e  

p e r p e n d i c u l a r l y   m o v i n g   b l o c k   106.   The  i l l u s t r a t e d  

g r i n d i n g   whee l   a s s e m b l a g e   112  c o n s i s t s   of  a  r e v e r s e d -  

c u p - s h a p e d   s u p p o r t   member  114  f i x e d   to  t he   l o w e r   e n d  

of  t he   r o t a t i n g   s h a f t   110  and  t h e   g r i n d i n g   w h e e l   8 

f i x e d   to  an  a n n u l a r   open   end  of  t he   s u p p o r t   member   1 1 4 .  

The  g r i n d i n g   w h e e l   8  i s   c o n v e n i e n t l y   of  an  a n n u l a r  

s h a p e   as  a  w h o l e ,   b u t   i t   i s   no t   l i m i t e d   to  o n e  

c o n t i n u o u s l y   e x t e n d i n g   a n n u l a r l y   as  i l l u s t r a t e d ,   a n d  

one  w h i c h   i s   made  a n n u l a r   as  a  who le   by  f i x i n g   a  

p l u r a l i t y   of  a r c - s h a p e d   p i e c e s   to  t he   a n n u l a r   open   e n d  

of  t he   s u p p o r t   member  114  a t   c i r c u m f e r e n t i a l l y   s p a c e d  

p o s i t i o n s   may  a l s o   be  c o n v e n i e n t l y   u s e d .   The  r o t a t i n g  

s h a f t   110  i s   d r i v i n g l y   c o n n e c t e d   to  a  whee l   r o t a t i n g  

means   116  such   as  an  e l e c t r i c   m o t o r   m o u n t e d   on  t h e  

p e r p e n d i c u l a r l y   m o v i n g   b l o c k   106,   and  the   r o t a t i n g  



s h a f t   110  and  the   g r i n d i n g   w h e e l   a s s e m b l a g e   112  f i x e d  

t h e r e t o   a r e   r o t a t e d   a b o u t   t he   c e n t r a l   a x i s   118  o f  

the   r o t a t i n g   s h a f t   110  by  t h i s   w h e e l   r o t a t i n g   m e a n s  

116.   The  c e n t r a l   a x i s   118  may  e x t e n d   s u b s t a n t i a l l y  

p e r p e n d i c u l a r l y .   I f   d e s i r e d ,   t he   c e n t r a l   a x i s   1 1 8  

may  be  i n c l i n e d   in  a  p r e d e t e r m i n e d   d i r e c t i o n ,   f o r  

e x a m p l e ,   in  t he   r i g h t   d i r e c t i o n   as  one  f a c e s   down  i n  

F i g u r e   2  by  a  s m a l l   a n g l e   ( f o r   e x a m p l e ,   0 . 0 0 4 °   to  0 . 0 1 0 ) .  

C o n v e n i e n t l y ,   t he   g r i n d i n g   w h e e l   8  i t s e l f   i s   one  f o r m e d  

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

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

by  a  s u i t a b l e   m e t h o d .   P r e f e r a b l y ,   t he   g r a i n   s i z e   o f  

the   g r i n d i n g   w h e e l   8  u s e d   in  t h e   r o u g h   g r i n d i n g  

s t a t i o n   B  i s   r e l a t i v e l y   l a r g e ,   t he   g r a i n   s i z e   of   t h e  

g r i n d i n g   w h e e l   8  u s e d   in  t he   i n t e r m e d i a t e   g r i n d i n g  

s t a t i o n   C  i s   i n t e r m e d i a t e   and  t he   g r a i n   s i z e   of   t h e  

g r i n d i n g   w h e e l   8  u s e d   in  t he   f i n i s h i n g   g r i n d i n g  

s t a t i o n   D  is   r e l a t i v e l y   s m a l l .  

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

a  s e m i c o n d u c t o r   w a f e r   by  t he   a b o v e - d e s c r i b e d   s u r f a c e  

g r i n d i n g   a p p a r a t u s   a r e   d e s c r i b e d .  

In  t he   f i r s t  s u r f a c e   g r i n d i n g   m a n n e r ,   t h e  

s u p p o r t   t a b l e   4  i s   i n t e r m i t t e n t l y   r o t a t e d   e v e r y   900  i n  

the   d i r e c t i o n   s h o w n  b y  t h e   a r r o w   12  f rom  t he   a n g u l a r  

p o s i t i o n   i l l u s t r a t e d   in  F i g u r e   1.  C o n s e q u e n t l y ,   e a c h  

of  t he   f o u r   c h u c k   t a b l e s   6  m o u n t e d   on  the   s u p p o r t  

t a b l e   4  i s   p o s i t i o n e d   to  t he   w o r k p i e c e   u n l o a d i n g   a n d  

l o a d i n g   s t a t i o n   A,  t h e   r o u g h   g r i n d i n g   s t a t i o n   B,  t h e  

i n t e r m e d i a t e   g r i n d i n g   s t a t i o n   C  and  t he   f i n i s h i n g  

g r i n d i n g   s t a t i o n   D  s u c c e s s i v e l y .   W h i l e   t he   c h u c k  

t a b l e   6  i s   p o s i t i o n e d  t o  t h e   w o r k p i e c e   u n l o a d i n g   a n d  

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

been   g r o u n d   on  i t s   s u r f a c e   i s   t a k e n   ou t   of   t he   c h u c k  

t a b l e   6  by  the   s u i t a b l e   u n l o a d i n g   means   ( n o t   s h o w n )  



as  d e s c r i b e d   h e r e i n b e f o r e .   Then ,   a  new  s e m i c o n d u c t o r  

w a f e r   W  to  be  g r o u n d   on  i t s   s u r f a c e   i s   p l a c e d   on  t h e  

c h u c k   t a b l e   6  by  the   s u i t a b l e   l o a d i n g   means   ( n o t   s h o w n )  

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

F i g u r e   2,  and  h e l d   by  s u c t i o n   o n t o   t he   c h u c k   t a b l e   6 

as  d e s c r i b e d   h e r e i n b e f o r e .   In  t h e s e   u n l o a d i n g   a n d  

l o a d i n g   of  a  s e m i c o n d u c t o r   w a f e r   W,  i t   i s   n e c e s s a r y  
to  s t o p   the   r o t a t i o n   of  t he   c h u c k   t a b l e   6  i t s e l f ,   a n d  

t h e r e f o r e ,   t he   r o t a t i o n   of   t he   c h u c k   t a b l e s   6  i s   n o t  

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

t a b l e   4  i s   r o t a t e d   by  900  and  s t o p p e d   a t   a  s p e c i f i c  

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

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

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

S u b s e q u e n t l y ,   t he   r o t a t i o n   of  t he   c h u c k   t a b l e s   6  i s  

s t a r t e d   f o r   t he   g r i n d i n g   in  t he   g r i n d i n g   s t a t i o n s   B,  

C  and  D.  

The  g r i n d i n g   in  e a c h   of   t he   g r i n d i n g   s t a t i o n s  

B,  C  and  D  may  be  c a r r i e d   ou t   by  the   f o l l o w i n g  

p r o c e d u r e .   M a i n l y   w i t h   r e f e r e n c e   to  F i g u r e   1,  w h e n  

the   r o t a t i o n   of  t he   s u p p o r t   t a b l e   4  i s   s t o p p e d   to  s t o p  

the   s u p p o r t   t a b l e   4  a t   t he   s p e c i f i c   a n g u l a r   p o s i t i o n ,  

the   g r i n d i n g   w h e e l   8  is   s i t u a t e d   o v e r   a  s e m i c o n d u c t o r  

w a f e r   W  h e l d   on  t he   c h u c k   t a b l e   6  in  e a c h   of  t h e  

g r i n d i n g   s t a t i o n s   B,  C  and  D.  As  i l l u s t r a t e d   i n  

F i g u r e   1  and  F i g u r e   2,  t he   r e l a t i v e   p o s i t i o n   o f   t h e  

g r i n d i n g   whee l   8  to  t he   s e m i c o n d u c t o r   w a f e r   W  i s  

p r e f e r a b l y   whe re   t he   g r i n d i n g   edge   of   t he   g r i n d i n g  

w h e e l   8  i s   c a u s e d   to  p a s s   o v e r   t he   s u b s t a n t i a l   c e n t e r  

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

w a f e r   W.  ( G e n e r a l l y ,   t he   s e m i c o n d u c t o r   w a f e r   W  i s  

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

p e r i p h e r y   c a l l e d   an  o r i e n t a t i o n   f l a t . )   In  o r d e r   t o  

meet   t h i s   r e q u i r e m e n t ,   in  F i g u r e   1  and  F i g u r e   2,  t h e  



c e n t r a l   a x i s   118  ( F i g u r e   2)  of  t he   g r i n d i n g   w h e e l   8 

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

s u p p o r t   t a b l e   4  w i t h   r e f e r e n c e   to  t h e   c e n t r a l   a x i s  

( e x t e n d i n g   v e r t i c a l l y   to  t he   p a p e r   in  F i g u r e   1  a n d  

e x t e n d i n g   in  an  u p - a n d - d o w n   d i r e c t i o n   in  F i g u r e   2)  o f  

the   s e m i c o n d u c t o r   w a f e r   W.  I f   d e s i r e d ,   h o w e v e r ,   i t  

may  be  s h i f t e d   in  a n o t h e r   d i r e c t i o n ,   f o r   e x a m p l e ,   in  a  

c i r c u m f e r e n t i a l   d i r e c t i o n   of  t h e   s u p p o r t   t a b l e   4  a s  

i l l u s t r a t e d   in  F i g u r e   3.  In  o r d e r   to  g r i n d   t h e   s u r f a c e  

of  t he   s e m i c o n d u c t o r   w a f e r   W,  t h e   c h u c k   t a b l e   6  a n d  

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

the   d i r e c t i o n   shown  by  t he   a r r o w   90  ( o r   in  i t s   r e v e r s e  

d i r e c t i o n )   a t ,   f o r   e x a m p l e ,   1  to   100  r . p . m .   by  t h e  

c h u c k   t a b l e   r o t a t i n g   means   76  ( F i g u r e   2 ) .  

S i m u l t a n e o u s l y ,   t he   g r i n d i n g   w h e e l   8  i s   r o t a t e d   in  t h e  

d i r e c t i o n   shown  by  an  a r r o w   120  (o r   in  i t s   r e v e r s e  

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

500  to  5000  r . p . m .   by  t he   whee l   r o t a t i n g   means   1 1 6  

( F i g u r e   2 ) .   In  a d d i t i o n ,   t he   p e r p e n d i c u l a r l y   m o v i n g  

b l o c k   106  i s   l o w e r e d   a t   a  r e l a t i v e l y   low  s p e e d   o f ,   f o r  

e x a m p l e ,   0 . 0 0 1   to  1 .0   mm/min.   by  t he   s e c o n d   w h e e l  

mov ing   means   108  ( F i g u r e   2)  to  t h u s   l o w e r   the   g r i n d i n g  

whee l   8  t o w a r d   the   s e m i c o n d u c t o r   w a f e r   W.  As  a  r e s u l t ,  

the   r o t a t i n g   g r i n d i n g   w h e e l   8  a c t s   on  the   r o t a t i n g  

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

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

i n c r e a s e d   g r i n d i n g   d e p t h .   The  g r i n d i n g   d e p t h   of  t h e  

s u r f a c e   of   t he   s e m i c o n d u c t o r   w a f e r   W  i s   d e t e r m i n e d   b y  

the   l o w e r e d   amoun t   of   t he   g r i n d i n g   w h e e l   8.  In  t h i s  

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

o f f s e t   b e t w e e n   t he   g r i n d i n g   edge   of  t he   g r i n d i n g   w h e e l  

8  and  t he   s u b s t a n t i a l   c e n t e r   o f   the   s u r f a c e   of   t h e  

s e m i c o n d u c t o r   w a f e r   W,  as  i s   e a s i l y   u n d e r s t o o d ,  

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



a r e a   of   the   s u r f a c e   of  t h e   s e m i c o n d u c t o r   w a f e r   W.  I n  

t h i s   c a s e ,   a f t e r   t he   g r i n d i n g   w h e e l   8  i s   l o w e r e d   b y  

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

102  i s   r e c i p r o c a t e d   to  some  e x t e n t   to  r e c i p r o c a t e   t h e  

g r i n d i n g   w h e e l   8  to  some  e x t e n t   a g a i n s t   t he   s u r f a c e   o f  

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

p r o j e c t i o n   can  be  g r o u n d   and  d i s a p p e a r .   When  t h e   s u r f a c e  

of  t he   s e m i c o n d u c t o r   w a f e r   W  i s   g r o u n d   as  r e q u i r e d ,   t h e  

g r i n d i n g   w h e e l   8  i s   r a i s e d ,   and  t h e   r o t a t i o n   of   t h e  

g r i n d i n g   w h e e l   8  and  t he   r o t a t i o n   of   t h e   c h u c k   t a b l e   6 

and  t he   s e m i c o n d u c t o r   w a f e r   W  h e l d   t h e r e o n   a r e  

s t o p p e d .   S u b s e q u e n t l y ,   t h e   s u p p o r t   t a b l e   4  i s   r o t a t e d  

by  9 0 0 .  

In  p l a c e   of  t h e   a b o v e - d e s c r i b e d   f i r s t   s u r f a c e  

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

m a n n e r   may  be  c a r r i e d   o u t .   In  t h i s   s e c o n d   s u r f a c e  

g r i n d i n g   m a n n e r ,   in   t he   b e g i n n i n g   of   t h e   g r i n d i n g ,   t h e  

g r i n d i n g   w h e e l   8  i s   s i t u a t e d   o u t s i d e   t he   s e m i c o n d u c t o r  

w a f e r   W  h e l d   on  t he   c h u c k   t a b l e   6  as  shown  by  a  

t w o - d o t   c h a i n   l i n e   8A  in  F i g u r e   4.  The  v e r t i c a l  

p o s i t i o n   of  t he   g r i n d i n g   w h e e l   8  i s   s e t   up  at   a  

r e q u i r e d   g r i n d i n g   d e p t h ,   n a m e l y ,   i s   s e t   up  so  t h a t   t h e  

l o w e r   end  of   t he   g r i n d i n g   w h e e l   8  i s   b e l o w   t he   s u r f a c e  

of   t he   s e m i c o n d u c t o r   w a f e r   W  by  t he   r e q u i r e d   g r i n d i n g  

d e p t h .   In  a  s i m i l a r   way  as  in  t he   f i r s t   s u r f a c e  

g r i n d i n g   m a n n e r ,   t he   c h u c k   t a b l e   6  and  t h e  

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

d i r e c t i o n   shown  by  t he   a r r o w   90  ( o r   in   i t s   r e v e r s e  

d i r e c t i o n )   a t   a  r e l a t i v e l y   h i g h   s p e e d   and  the   g r i n d i n g  

w h e e l   8  i s   r o t a t e d   in  t h e   d i r e c t i o n   shown  by  t h e   a r r o w  

120  ( o r   in  i t s   r e v e r s e   d i r e c t i o n )   a t   a  r e l a t i v e l y   h i g h  

s p e e d .   F u r t h e r m o r e ,   t h e   h o r i z o n t a l l y   mov ing   b l o c k   1 0 2  

is   moved  in  t he   l e f t   d i r e c t i o n   in   F i g u r e   4  a t   a  

r e l a t i v e l y   low  s p e e d   o f ,   f o r   e x a m p l e ,   100  to  500  m m / m i n .  



by  the   f i r s t   whee l   m o v i n g   means   104  to  t h u s   move  t h e  

g r i n d i n g   w h e e l   8  in  t he   d i r e c t i o n   shown  by  an  a r r o w   1 2 2  

from  t he   p o s i t i o n   shown  by  t he   t w o - d o t   c h a i n   l i n e   8A 

to  t he   p o s i t i o n   shown  by  a  t w o - d o t   c h a i n   l i n e   8B  i n  

F i g u r e   4.  The  p o s i t i o n   of   t he   g r i n d i n g   whee l   8  s h o w n  

by  the   t w o - d o t   c h a i n   l i n e   8B  in  F i g u r e   4  may  be  t h e  

same  w i t h   t he   p o s i t i o n   of  t he   g r i n d i n g   whee l   8  shown  b y  

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

r o t a t i n g   g r i n d i n g   w h e e l   8  s u c c e s s i v e l y   a c t s   on  t h e  

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

i t s   c e n t e r   a c c o r d i n g   to  i t s   m o v e m e n t   in  the   d i r e c t i o n  

shown  by  t he   a r r o w   122  to  g r i n d   t he   s u r f a c e   of   t h e  

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

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

i n i t i a l l y   e s t a b l i s h e d   g r i n d i n g   d e p t h   of   the   g r i n d i n g  

whee l   8 .  

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

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

s u r f a c e   g r i n d i n g   m a n n e r   may  be  c a r r i e d   o u t .   M a i n l y  

w i t h   r e f e r e n c e   to  F i g u r e   1,  w h i l e   in  t he   f i r s t   a n d  

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

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

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

s u p p o r t   t a b l e   4  i s   c o n t i n u o u s l y   r o t a t e d   in  t h e  

d i r e c t i o n   shown  by  t he   a r r o w   12  a t   a  r e l a t i v e l y   l o w  

s p e e d   o f ,   f o r   e x a m p l e ,   100  mm/min.   to  500  mm/min.   i n  

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

the   c h u c k   t a b l e   6  in  t h e   d i r e c t i o n   shown  by  t h e   a r r o w  

12  to  c o n t i n u o u s l y   move  t h e   s e m i c o n d u c t o r   w a f e r   W  h e l d  

on  the   c h u c k   t a b l e   6  in  t h e   d i r e c t i o n   shown  by  t h e  

a r r o w   12  and  to  p e r m i t   i t s   p a s s a g e   b e n e a t h   the   g r i n d i n g  

w h e e l s   8  a t   l e a s t   in  t h e   g r i n d i n g   s t a t i o n s   B,  C  and  D.  

On  the   o t h e r   h a n d ,   t he   g r i n d i n g   w h e e l   8  i s   s e t   up  a t  

a  r e q u i r e d   g r i n d i n g   d e p t h ,   n a m e l y ,   i s   s e t   up  so  t h a t  



the   l o w e r   end  of  t he   g r i n d i n g   w h e e l   8  i s   b e l o w   t h e  

s u r f a c e   of   the   s e m i c o n d u c t o r   w a f e r   W  by  the   r e q u i r e d  

g r i n d i n g   d e p t h ,   a t   t h e   p o s i t i o n   shown  by  t w o - d o t   c h a i n  

l i n e   in  F i g u r e   3  ( o r   a t   t he   p o s i t i o n   shown  by  t w o - d o t  

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

t h a n   t h a t   in  t he   r a d i a l   d i r e c t i o n ) .   S i m i l a r l y   as  i n  

the   f i r s t   and  s e c o n d   s u r f a c e   g r i n d i n g   m a n n e r s ,   t h e  

s e m i c o n d u c t o r   w a f e r   W  h e l d   on  t h e   c h u c k   t a b l e   6  i s  

r o t a t e d   in   t he   d i r e c t i o n   shown  by  the   a r r o w   90  ( o r   i n  

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

the   g r i n d i n g   w h e e l   8  i s   r o t a t e d   in  t he   d i r e c t i o n  

shown  by  t he   a r r o w   120  ( o r   in  i t s   r e v e r s e   d i r e c t i o n )  

at   a  r e l a t i v e l y   h i g h   s p e e d .   As  a  r e s u l t ,   when  t h e  

s e m i c o n d u c t o r   w a f e r   W  h e l d   on  t he   c h u c k   t a b l e   6  i s  

p e r m i t t e d   p a s s a g e   b e n e a t h   the   g r i n d i n g   w h e e l   8  by  t h e  

c o n t i n u o u s   r o t a t i o n   of   t h e   s u p p o r t   t a b l e   4,  t h e  

r o t a t i n g   g r i n d i n g   w h e e l   8  a c t s   on  and  g r i n d s   t h e  

s u r f a c e   of  the   r o t a t i n g   s e m i c o n d u c t o r   w a f e r   W.  T h e  

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

w a f e r   W  i s   d e f i n e d   by  t h e   i n i t i a l l y   e s t a b l i s h e d  

g r i n d i n g   d e p t h   of  t he   g r i n d i n g   w h e e l   8 .  

As  i s   c l e a r   f rom  t he   above   d e s c r i p t i o n   a b o u t  

the   one  e m b o d i m e n t   of   t he   s u r f a c e   g r i n d i n g   a p p a r a t u s  

c o n s t r u c t e d   in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   in   t h e  

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

w i t h   t h i s   i n v e n t i o n ,   the   g r i n d i n g   w h e e l   8  i s   r o t a t e d  

and  a  w o r k p i e c e   such   as  a  s e m i c o n d u c t o r   w a f e r   W  i s  

a l s o   r o t a t e d   when  g r i n d i n g   the   s u r f a c e   of   t h e  

w o r k p i e c e .   T h e r e f o r e ,   a l t h o u g h   t h e   g r i n d i n g   w h e e l   8 

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

o u t e r   d i a m e t e r   of  t he   w o r k p i e c e   i s   u s e d   in  t h e  

i l l u s t r a t e d   e m b o d i m e n t ,   e v e n   i f   t he   o u t e r   d i a m e t e r   o f  

the   g r i n d i n g   w h e e l   8  i s   n e a r l y   t h e   same  w i t h ,   o r  

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



w o r k p i e c e ,   t he   w h o l e   s u r f a c e   of   t he   w o r k p i e c e   can  b e  

u n i f o r m l y   g r o u n d .   Then ,   f o r   e x a m p l e ,   even   i f   t h e  

s e m i c o n d u c t o r   w a f e r   W  i s   made  l a r g e   in  d i a m e t e r ,   i t   i s  

no t   a l w a y s   n e c e s s a r y   to  make  t he   g r i n d i n g   whee l   8 

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

the   r e l a t i v e   movemen t   of  t he   w o r k p i e c e   and  the   g r i n d i n g  

w h e e l   8  in  t he   g r i n d i n g   i s   d e f i n e d   by  a t   l e a s t   b o t h  

of  t he   r o t a t i o n   of  t he   g r i n d i n g   w h e e l   8  and  t h e  

r o t a t i o n   of  t he   w o r k p i e c e ,   the   g r i n d i n g   t r a i l s   o n  

the   s u r f a c e   of  t he   w o r k p i e c e   by  the   g r i n d i n g   w h e e l   8 

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

s u r f a c e   of  t he   w o r k p i e c e   and  become  v e r y   c o m p l i c a t e d .  

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

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

s u f f i c i e n t l y   s m a l l .   I t   i s   p o s s i b l e   to  c a r r y   ou t   a  

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

s u r f a c e   of  t he   w o r k p i e c e .  

F i g u r e   5  i l l u s t r a t e s   a  m o d i f i e d   e m b o d i m e n t   o f  

the   c h u c k   t a b l e   r o t a t i n g   m e a n s .   In  t h i s   m o d i f i e d  

e m b o d i m e n t ,   a  c e n t r a l   s u p p o r t   b l o c k   200  i s   f i x e d   to  t h e  

c e n t r a l   p o r t i o n   of   t he   s u b s t a n t i a l l y   h o r i z o n t a l   u p p e r  
s u r f a c e   of   t he   s u p p o r t   t a b l e   4.  T h i s   c e n t r a l   s u p p o r t  

b l o c k   200  has   a  d i s c - s h a p e d   b a s e   p o r t i o n   202  and  a  

c y l i n d r i c a l   s u p p o r t   p o r t i o n   204  u p w a r d l y   e x t e n d i n g  

s u b s t a n t i a l l y   p e r p e n d i c u l a r l y   f rom  the   c e n t r a l   p o r t i o n  

of  t he   u p p e r   s u r f a c e   of  t h i s   b a s e   p o r t i o n   202.   On 

the   o t h e r   h a n d ,   a t   t he   l o w e r   p o r t i o n   of  a  c e n t r a l  

r o t a t i n g   s h a f t   206  i s   f o r m e d   a  l a r g e - d i a m e t e r   p o r t i o n  

208,   and  in  t h i s   l a r g e - d i a m e t e r   p o r t i o n   208  i s   f o r m e d  

a  c i r c u l a r   d e p r e s s i o n   210  open  d o w n w a r d l y .   T h e  

l a r g e - d i a m e t e r   p o r t i o n   208  of  t he   c e n t r a l   r o t a t i n g  

s h a f t   206  i s   r o t a t a b l y   m o u n t e d   on  the   c y l i n d r i c a l  

s u p p o r t   p o r t i o n   204  of  t h e   c e n t r a l   s u p p o r t   b l o c k   2 0 0  

t h r o u g h   b e a r i n g   member s   212  and  214.   S p e c i f i c a l l y ,  



the   u n d e r   s u r f a c e   of   t he   b e a r i n g   member  212  i s   c a u s e d  

to  a b u t   a g a i n s t   t he   u p p e r   s u r f a c e   of  t he   b a s e   p o r t i o n  
202  of   t he   c e n t r a l   s u p p o r t   b l o c k   200,   an  a n n u l a r  

s p a c e r   member  216  i s   d i s p o s e d   b e t w e e n   t h e   b e a r i n g  

member  212  and  the   b e a r i n g   member  214,   t he   u p p e r   s u r f a c e  

of  t h e   b e a r i n g   member  214  i s   c a u s e d   to  a b u t   a g a i n s t  

the   b o t t o m   s u r f a c e   ( u p p e r   s u r f a c e )   of  t he   c i r c u l a r  

d e p r e s s i o n   210,   and  t h u s   the   b e a r i n g   members   212  a n d  

214  a r e   h e l d   a t   r e q u i r e d   p o s i t i o n s .   The  u p p e r   e n d  

p o r t i o n   of  t he   c e n t r a l   r o t a t i n g   s h a f t   206  i s  

d r i v i n g l y   c o n n e c t e d   to  t he   r o t a t i n g   s o u r c e   76  s u c h   a s  

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

e l e m e n t   ( n o t   s h o w n ) .   An  a n n u l a r   f l a n g e   218  i s   f o r m e d  

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

p o r t i o n   208  of  the   c e n t r a l   r o t a t i n g   s h a f t   206  and  a  

g e a r   220  i s   f i x e d   o n t o  t h i s  a n n u l a r   f l a n g e   2 1 8 .  

To  the   u p p e r   s u r f a c e   of   t h e   s u p p o r t   t a b l e   4  a r e  

a l s o   f i x e d   f o u r   s u p p o r t   b l o c k s   222  c o r r e s p o n d i n g l y  

p o s i t i o n e d   to  t he   a n g u l a r   p o s i t i o n s   of  the   f o u r  

w o r k p i e c e   h o l d i n g   c h u c k   t a b l e s   6  r e s p e c t i v e l y .   ( O n l y  

one  s u p p o r t   b l o c k   222  i s   i l l u s t r a t e d   in   F i g u r e   5 . )  

Each  of   t he   s u p p o r t   b l o c k s   222  i s   p r o v i d e d   w i t h   d r i v e  

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

S p e c i f i c a l l y ,   e ach   of   t he   s u p p o r t   b l o c k s   222  h a s  

a  l o w e r   l a r g e - d i a m e t e r   c y l i n d r i c a l   p o r t i o n   224  a n d  

an  u p p e r   s m a l l - d i a m e t e r   c y l i n d r i c a l   p o r t i o n   226.   A 

n e a r l y   c y l i n d r i c a l   r o t a t i n g   member   232  i s   r o t a t a b l y  

m o u n t e d   on  t he   u p p e r   s m a l l - d i a m e t e r   c y l i n d r i c a l  

p o r t i o n   226  t h r o u g h   b e a r i n g   member s   228  and  2 3 0 .  

S p e c i f i c a l l y ,   t he   u n d e r   s u r f a c e   of   t he   b e a r i n g   m e m b e r  

228  i s   c a u s e d   to  a b u t   a g a i n s t   t he   u p p e r   s u r f a c e   o f  

the  l a r g e - d i a m e t e r   c y l i n d r i c a l   p o r t i o n   224,   an  a n n u l a r  

s p a c e r   member  234  i s   d i s p o s e d   b e t w e e n   t h e   b e a r i n g  

member  228  and  the   b e a r i n g   member  230,   t he   u p p e r  



s u r f a c e   of  t he   b e a r i n g   member  230  i s   c a u s e d   to  a b u t  

a g a i n s t   t he   u n d e r   s u r f a c e   of   an  a n n u l a r   f l a n g e   2 3 6  

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

member  232,   and  t h u s   t he   b e a r i n g   members   228  and  2 3 0  

a re   h e l d   at   r e q u i r e d   p o s i t i o n s .   An  a n n u l a r   member   2 3 8  

is   f i x e d   to  t he   u p p e r   s u r f a c e   of   t he   u p p e r   s m a l l -  

d i a m e t e r   c y l i n d r i c a l   p o r t i o n   226,   and  the   a n n u l a r  

f l a n g e   236  of  t he   r o t a t i n g   member   232  i s   r e s t r a i n e d   b y  

the   u n d e r   s u r f a c e   of  t h i s   a n n u l a r   member  238  to  p r e v e n t  

the   r o t a t i n g   member  232  f rom  m o v i n g   u p w a r d l y .   An 

a n n u l a r   f l a n g e   240  i s   f o r m e d   on  t he   o u t e r   p e r i p h e r a l  

s u r f a c e   of   t he   r o t a t i n g   member  232  and  a  g e a r   242  i s  

f i x e d   o n t o   t h i s   a n n u l a r   f l a n g e   240.   T h i s   g e a r   242  i s  

e n g a g e d   w i t h   the   a f o r e s a i d   g e a r   220.   To  the   u p p e r   e n d  

of  t he   r o t a t i n g   member  232  i s   f i x e d   an  a n n u l a r   f r i c t i o n  

p l a t e   244  made  of  a  m a t e r i a l   h a v i n g   a  h i g h   f r i c t i o n  

c o e f f i c i e n t   such   as  s y n t h e t i c   r u b b e r .   On  the   o t h e r  

h a n d ,   in  t he   l o w e r   l a r g e - d i a m e t e r   c y l i n d r i c a l   p o r t i o n  

224  of  t he   s u p p o r t   b l o c k   222  i s   f o r m e d   a  c i r c u l a r  

d e p r e s s i o n   246  open  d o w n w a r d l y .   The  u n d e r   s u r f a c e   o f  

t h i s   c i r c u l a r   d e p r e s s i o n   246  i s   c l o s e d   by  the   s u p p o r t  

t a b l e   4  and  the   c i r c u l a r   d e p r e s s i o n   246  works   as  a  

c y l i n d e r   of  a  p n e u m a t i c   m e c h a n i s m   as  w i l l   be  c l e a r  

f rom  a  d e s c r i p t i o n   h e r e i n a f t e r .   A  t h r o u g h   h o l e   2 4 8  

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

f o r m e d   in  the   s u p p o r t   b l o c k   222  and  a  s h a f t   254  i s  

s l i d a b l y   m o u n t e d   in  t h i s   t h r o u g h   h o l e   248  f o r  

movemen t   in  the   p e r p e n d i c u l a r   d i r e c t i o n .   The  s h a f t  

254  e x t e n d s   u p w a r d l y   b e y o n d   the   u p p e r   s u r f a c e   of   t h e  

u p p e r   s m a l l - d i a m e t e r   c y l i n d r i c a l   p o r t i o n   226  a n d  

a  g e a r   262  i s   r o t a t a b l y   m o u n t e d   on  t he   u p p e r   e n d  

p o r t i o n   of   t he   s h a f t   254  by  a  b e a r i n g   member  258  a n d  

a  s t o p   r i n g   260  so  t h a t   t he   g e a r   262  c a n n o t   move  i n  

the   a x i a l   d i r e c t i o n   w i t h   r e s p e c t   to  t he   s h a f t   2 5 4 .  



On  the   u n d e r   s u r f a c e   of   t h e   g e a r   262  i s   f o r m e d   a n  
a n n u l a r   p r o j e c t i o n   264  f a c i n g   to  the   f r i c t i o n   p l a t e   2 4 4 .  

To  the   l o w e r   end  of   t he   s h a f t   254  l o c a t e d   in  t h e  

c i r c u l a r   d e p r e s s i o n   246  i s   f i x e d   a  d i s c   266  w h i c h   w o r k s  

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

s p r i n g   means   268  such   as  a  p l u r a l i t y   of   f l a t   s p r i n g s  

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

t a b l e   4  and  the   d i s c   266,   and  t h i s   s p r i n g   means   2 6 8  

s p r i n g  y  b i a s e s   u p w a r d l y   t h e   d i s c   266,   a c c o r d i n g l y  

the   s h a f t   254  and  the   g e a r   262  m o u n t e d   t h e r e o n .   On  t h e  

o t h e r   h a n d ,   in  t he   l o w e r   l a r g e - d i a m e t e r   c y l i n d r i c a l  

p o r t i o n   224  of   t he   s u p p o r t   b l o c k   222  i s   f o r m e d   a  

p a s s a g e   270  e x t e n d i n g   f rom  i t s   i n t e r n a l   end  open   to  t h e  

u p p e r   end  of  t he   c i r c u l a r   d e p r e s s i o n   246  to  i t s   e x t e r n a l  

end  open   to  t he   o u t e r   p e r i p h e r a l   s u r f a c e   of  t h e   l o w e r  

l a r g e - d i a m e t e r   c y l i n d r i c a l   p o r t i o n   224.   The  e x t e r n a l  

end  of  t h e   p a s s a g e   270  i s   a d a p t e d   f o r   s e l e c t i v e  

c o m m u n i c a t i o n   w i t h   a  c o m p r e s s e d   a i r   s u p p l y   s o u r c e   2 7 6  

or   t he   a t m o s p h e r e   t h r o u g h   a  c o n d u i t   274  h a v i n g   a  

s u i t a b l e   s w i t c h i n g   v a l v e   272.   Upon  c o m m u n i c a t i o n   o f  

the   p a s s a g e   270  w i t h   t h e   c o m p r e s s e d   a i r   s u p p l y   s o u r c e  

276,  t h e   d i s c   266  i s   l o w e r e d   to  t he   i l l u s t r a t e d   p o s i t i o n  

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

268  by  c o m p r e s s e d   a i r   s u p p l i e d   to  the   c i r c u l a r  

d e p r e s s i o n   246.   T h e r e f o r e ,   t he   s h a f t   254  and  t h e  

g e a r   262  a r e   l o w e r e d   to  t he   c o n n e c t i o n   p o s i t i o n   s h o w n  

by  r e a l   l i n e .   In  t h i s   c o n n e c t i o n   p o s i t i o n ,   t he   a n n u l a r  

p r o j e c t i o n   264  f o r m e d   on  t h e   u n d e r   s u r f a c e   of  t h e   g e a r  
262  i s   p r e s s e d   a g a i n s t   t h e   f r i c t i o n   p l a t e   244  to   t h u s  

f r i c t i o n a l l y   c o n n e c t   t h e   g e a r   262  to  t h e   r o t a t i n g  

member  232.   On  t h e   o t h e r   h a n d ,   upon  c o m m u n i c a t i o n   o f  

the   p a s s a g e   270  w i t h   t h e   a t m o s p h e r e ,   t h e   d i s c   266  i s  

r a i s e d   by  t he   s p r i n g y   b i a s i n g   a c t i o n   of   t he   s p r i n g  

means   268.   T h e r e f o r e ,   t h e   s h a f t   254  and  the   g e a r   2 6 2  



a re   r a i s e d   to  the   r e l e a s e   p o s i t i o n   shown  by  t w o - d o t  

c h a i n   l i n e .   In  t h i s   r e l e a s e   p o s i t i o n ,   t he   a n n u l a r  

p r o j e c t i o n   264  f o r m e d   on  the   u n d e r   s u r f a c e   of  t he   g e a r  
262  i s   k e p t   a p a r t   u p w a r d l y   f rom  the   f r i c t i o n   p l a t e   2 4 4  

to  t h u s   r e l e a s e   t he   c o n n e c t i o n   of   t he   g e a r   262  w i t h  

the   r o t a t i n g   member  232 .   F u r t h e r m o r e ,   a  g e a r   278  i s  

f i x e d   to  the   r o t a t i n g   s h a f t   24  to  w h i c h   the   c h u c k  

t a b l e   6  i s   f i x e d ,   and  t h i s   g e a r   278  i s   e n g a g e d   w i t h  

the   g e a r   262.   S i n c e   t h e   s t r u c t u r e   in  t he   m o d i f i e d  

e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e   5  such   as  t h e  

m o u n t i n g   m a n n e r   of  t he   c h u c k   t a b l e   6  i s   s u b s t a n t i a l l y  

the   same  w i t h   t h a t   in  t he   e m b o d i m e n t   i l l u s t r a t e d   i n  

F i g u r e   2  e x c e p t   f o r   t he   a b o v e - d e s c r i b e d   s t r u c t u r e ,   i t s  

d e s c r i p t i o n   i s   o m i t t e d   in  t h i s   s p e c i f i c a t i o n .  

In  the   m o d i f i e d   e m b o d i m e n t   i l l u s t r a t e d   i n  

F i g u r e   5,  t he   d r i v e   c o n n e c t i n g   means   d i s p o s e d   b e t w e e n  

t he   common  d r i v i n g   s o u r c e   76  and  e a c h   of  the   p l u r a l i t y  

of  ( f o u r )   chuck   t a b l e s   6  i n c l u d e s   a  c l u t c h   m e a n s  

( i . e .   t he   f r i c t i o n   p l a t e   244  f i x e d   to  t he   r o t a t i n g  

member  232,   the   a n n u l a r   p r o j e c t i o n   264  f o r m e d   on  t h e  

g e a r   262  and  the   l i k e ) .   As  a  r e s u l t ,   t h e   r o t a t i o n   o f  

each   of  t he   p l u r a l i t y   of   c h u c k   t a b l e s   6  can  b e  

i n d e p e n d e n t l y   c o n t r o l l e d .   S p e c i f i c a l l y ,   when  the   g e a r  
262  is   l o w e r e d   to  the   c o n n e c t i o n   p o s i t i o n   shown  b y  

r e a l   l i n e ,   the   r o t a t i o n   of   the   d r i v i n g   s o u r c e   76  i s  

t r a n s m i t t e d   to  the   c h u c k   t a b l e   6  t h r o u g h   the   c e n t r a l  

r o t a t i n g   s h a f t   206,   t he   g e a r   220,   t he   g e a r   242,   t h e  

r o t a t i n g   member  232,   t he   f r i c t i o n   p l a t e   244,  t h e   g e a r  
262  and  the   g e a r   278  to  t h u s   r o t a t e   t he   chuck   t a b l e   6 .  

When  the   g e a r   262  i s   r a i s e d   to  t he   r e l e a s e   p o s i t i o n  

shown  by  t w o - d o t   c h a i n   l i n e ,   the   c o n n e c t i o n   b e t w e e n   t h e  

f r i c t i o n   p l a t e   244  and  t h e   g e a r   262  i s   r e l e a s e d ,   a n d  

t h u s   t he   r o t a t i o n   of  t h e   c h u c k   t a b l e   6  i s   s t o p p e d .   I f  

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



t he   c h u c k   t a b l e   6  when  t he   g e a r   262  i s   r a i s e d   to  t h e  

r e l e a s e   p o s i t i o n   shown  by  t w o - d o t   c h a i n   l i n e ,   a  b r a k e  

means   ( n o t   shown)  w h i c h   w o r k s   on  the   c h u c k   t a b l e   6 

s y n c h r o n o u s l y   w i t h   the   r a i s e   of  the   g e a r   262  may  a l s o  

be  p r o v i d e d .   In  t he   m o d i f i e d   e m b o d i m e n t   i l l u s t r a t e d  

in  F i g u r e   5,  s i n c e   the   r o t a t i o n   of   e a c h   of  t he   p l u r a l i t y  

of  c h u c k   t a b l e s   6  can  be  i n d e p e n d e n t l y   c o n t r o l l e d ,   f o r  

e x a m p l e ,   t he   g r i n d i n g   o p e r a t i o n s   can  be  c a r r i e d   o u t  

in  t he   g r i n d i n g   s t a t i o n s   B,  C  and  D  ( F i g u r e   1 )  

r e s p e c t i v e l y   w h i l e   r o t a t i n g   t h r e e   c h u c k   t a b l e s   6 

e x i s t i n g   in  t he   g r i n d i n g   s t a t i o n s   B,  C  and  D 

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

o p e r a t i o n s   can  be  c a r r i e d   ou t   in  t he   w o r k p i e c e  

u n l o a d i n g   and  l o a d i n g   s t a t i o n   A  ( F i g u r e   1)  w h i l e  

s t o p p i n g   the   c h u c k   t a b l e   6  e x i s t i n g   in   t he   w o r k p i e c e  

u n l o a d i n g   and  l o a d i n g   s t a t i o n   A,  and  t h u s   the   o p e r a t i o n  

e f f i c i e n c y   can  be  i m p r o v e d .   I f   d e s i r e d ,   a  p o s i t i o n  

d e t e c t o r   ( n o t   shown)   may  be  a d d i t i o n a l l y   p r o v i d e d   t o  

each   of  t he   c h u c k   t a b l e s   6  to  a u t o m a t i c a l l y   c o n t r o l   t h e  

c o n n e c t i o n   and  r e l e a s e   of  t he   c l u t c h   m e a n s ,   to  r o t a t e  

the   c h u c k   t a b l e s   6  w h i l e   e a c h   of  t he   c h u c k   t a b l e s   6 

e x i s t s   a t   l e a s t   in  the   g r i n d i n g   s t a t i o n s   B,  C  and  D 

and  to  s t o p   the   c h u c k   t a b l e s   6  w h i l e   e a c h   of   t h e   c h u c k  

t a b l e s   6  e x i s t s   a t   l e a s t   in  t he   w o r k p i e c e   u n l o a d i n g  

and  l o a d i n g   s t a t i o n   A.  

W h i l e   t h i s   i n v e n t i o n   has   been   d e s c r i b e d   i n  

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

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

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

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

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

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

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



1.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   c o m p r i s i n g   a  

s u p p o r t   s t a n d   ( 4 ) ,   a t   l e a s t   one  w o r k p i e c e   h o l d i n g   c h u c k  

t a b l e   (6)  r o t a t a b l y   m o u n t e d   on  t h e   s u p p o r t   s t a n d   ( 4 ) ,   a  

r o t a t a b l y   m o u n t e d   g r i n d i n g   w h e e l   (8)  f o r   g r i n d i n g   t h e  

s u r f a c e   of  a  w o r k p i e c e   (W)  h e l d   on  t h e   c h u c k   t a b l e   ( 6 ) ,  

c h u c k   t a b l e   r o t a t i n g   means   (76)  f o r   r o t a t i n g   t h e   c h u c k  

t a b l e   (6)  and  w h e e l   r o t a t i n g   means   (116)  f o r   r o t a t i n g   t h e  

g r i n d i n g   w h e e l   (8) ,   w h e r e i n   when  g r i n d i n g   t h e   s u r f a c e   o f  

t h e   w o r k p i e c e   (W)  h e l d   on  t h e   c h u c k   t a b l e   (6)  w i t h   t h e  

g r i n d i n g   w h e e l   ( 8 ) ,   t h e   g r i n d i n g   s h e e l   (8)  i s   r o t a t e d   a n d  

t h e   c h u c k   t a b l e   (6)  i s   a l s o   r o t a t e d   to   r o t a t e   t h e   w o r k p i e c e  

(W)  h e l d   on  t h e   c h u c k   t a b l e   ( 6 ) .  

2.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   1 

w h e r e i n   t h e   g r i n d i n g   w h e e l   (8)  i s   of  an  a n n u l a r   s h a p e   a s  

a  w h o l e   and  t h e   c e n t r a l   a x i s   (118)  of  r o t a t i o n   of  t h e  

g r i n d i n g   w h e e l   (8)  i s   d i s p o s e d   g e n e r a l l y   p a r a l l e l   t o  

t h e   c e n t r a l   a x i s   of  r o t a t i o n   of  t h e   c h u c k   t a b l e   ( 6 ) .  

3.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   1 

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

s u p p o r t   t a b l e   ( 4 ) ,   and  t a b l e   r o t a t i n g   means   (76)  i s  

p r o v i d e d   f o r   r o t a t i n g   t h e   s u p p o r t   t a b l e   ( 4 ) .  

4.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   3 

w h e r e i n   t h e   g r i n d i n g   w h e e l   (8)  i s   m o u n t e d   f o r   m o v e m e n t  

in  t h e   d i r e c t i o n   of  i t s   c e n t r a l   a x i s   (118)  of  r o t a t i o n ,  

w h e e l   m o v i n g   means   (108)  i s   p r o v i d e d   f o r   m o v i n g   t h e  g r i n -  

d i n g   w h e e l   (8)  in  t h e   d i r e c t i o n   of  i t s   c e n t r a l   a x i s   ( 1 1 8 )  

of  r o t a t i o n ,   and  when  g r i n d i n g   t h e   s u r f a c e   of  t h e   w o r k -  

p i e c e   (W)  h e l d   on  t h e   c h u c k   t a b l e   (6)  w i t h   t h e   g r i n d i n g  

w h e e l   ( 8 ) ,   t h e   s u p p o r t   t a b l e   (4)  i s   s t o p p e d   a t   a  



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

(W)  h e l d   on  t h e   c h u c k   t a b l e   (6)  has   a  p r e d e t e r m i n e d  

r e l a t i o n s h i p   w i t h   t h e   g r i n d i n g   w h e e l   ( 8 ) ,   and  t h e  

g r i n d i n g   w h e e l   (8)  i s   moved  t o w a r d   t h e   c h u c k   t a b l e  

(6)  by  t h e   w h e e l   m o v i n g   means   (108)  to   t h u s   g r a d u a l l y  

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

p i e c e   (W).  

5.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   4 

w h e r e i n   t h e   w o r k p i e c e   i s   n e a r l y   d i s c - s h a p e d ,   and  w h e n  .  

t h e   s u p p o r t   t a b l e   (4)  i s   s t o p p e d   a t   t h e   p r e d e t e r m i n e d  

a n g u l a r   p o s i t i o n ,   t h e   w o r k p i e c e   (W)  i s   p o s i t i o n e d   w i t h  

r e s p e c t   to   t h e   g r i n d i n g   w h e e l   (8)  so  t h a t   t h e   o u t e r  

p e r i p h e r a l   edge   of  t h e   g r i n d i n g   w h e e l   (8)  p a s s e s   t h r o u g h  

t h e   s u b s t a n t i a l   c e n t e r   of  t h e   w o r k p i e c e   (W) .  

6.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   3 

w h e r e i n   when  g r i n d i n g   t h e   s u r f a c e   of  t h e   w o r k p i e c e   (W) 

h e l d   on  t h e   c h u c k   t a b l e   (6)  w i t h   t h e   g r i n d i n g   w h e e l   ( 8 ) ,  

t h e   s u p p o r t   t a b l e   (4)  i s   c o n t i n u o u s l y   r o t a t e d   by  t h e  

t a b l e   r o t a t i n g   means   (76)  to   p e r m i t   p a s s a g e   of  t h e   w o r k -  

p i e c e   (W)  h e l d   on  t h e   c h u c k   t a b l e   (6)  b e n e a t h   t h e   g r i n d i n g  

w h e e l   ( 8 ) .  

7.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g  t o   c l a i m   3 

w h e r e i n   t h e   g r i n d i n g   w h e e l   (8)  i s   m o u n t e d   f o r   m o v e m e n t  

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

a x i s   (118)  of  r o t a t i o n ,   w h e e l  m o v i n g  m e a n s   (104)  i s  

p r o v i d e d   f o r   m o v i n g   t h e   g r i n d i n g   w h e e l   (8)  in  t h e   d i r e c t i o n  

g e n e r a l l y   p e r p e n d i c u l a r   to   i t s   c e n t r a l   a x i s   (118)  o f  

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

(W)  h e l d   on  t h e   c h u c k   t a b l e   (6)  w i t h   t h e   g r i n d i n g   w h e e l  

( 8 ) ,   t h e   s u p p o r t   t a b l e   (4)  i s   s t o p p e d   a t   a  p r e d e t e r m i n e d  

a n g u l a r   p o s i t i o n   and  t h e   g r i n d i n g   w h e e l   (8)  i s   m o v e d  

f rom  t h e   p e r i p h e r a l   edge   t o w a r d   t h e   c e n t e r   of  t h e   w o r k p i e c e   (W) 



h e l d   on  t h e   c h u c k   t a b l e   (6)  by  t h e   w h e e l   m o v i n g   m e a n s  

(104)  to   t h u s   g r a d u a l l y   g r i n d   t h e   s u r f a c e   of  t h e   w o r k -  

p i e c e   (W)  f r o m   i t s   p e r i p h e r a l   e d g e   t o w a r d   i t s   c e n t e r .  

8.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   7 

w h e r e i n   t h e   w o r k p i e c e   (W)  i s   n e a r l y   d i s c - s h a p e d   and  t h e  

g r i n d i n g   w h e e l   (8)  i s   moved  by  t h e   w h e e l   m o v i n g   m e a n s  

(104)   up  to   t h e   p o s i t i o n   w h e r e   i t s   o u t e r   p e r i p h e r a l  

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

s u r f a c e   of  t h e   w o r k p i e c e   (W) .  

9.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   3 

w h e r e i n   t h e   s u p p o r t   t a b l e   (4)  i s   p r o v i d e d   w i t h   a  p l u r a l i t y  

of   w o r k p i e c e   h o l d i n g   c h u c k   t a b l e s   (6)  a t   c i r c u m f e r e n t i a l l y  

s p a c e d   p o s i t i o n s   and  t h e   c h u c k   t a b l e   r o t a t i n g   means   ( 7 6 )  

i n c l u d e s   one  common  d r i v i n g   s o u r c e   and  a  p l u r a l i t y   o f  

d r i v e   c o n n e c t i n g   means   d i s p o s e d   b e t w e e n   t h e   common  

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

(6)  r e s p e c t i v e l y .  

10.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   9 

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

has   c l u t c h   means   f o r   c o n t r o l l i n g   c o n n e c t i o n   and  r e l e a s e .  

11.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   10  

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

by  p r e s s u r i z e d   a i r .  

12.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   10 

w h e r e i n   one  w o r k p i e c e   u n l o a d i n g   and  l o a d i n g  s t a t i o n   (A) 

and  a  p l u r a l i t y   of  g r i n d i n g   s t a t i o n s   (B,  C,  D)  a r e   d e f i n e d  

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

s u p p o r t   t a b l e   (4)  and  a  g r i n d i n g   w h e e l   (8)  i s   p r o v i d e d  

in  e a c h   of  t h e   p l u r a l i t y   of  g r i n d i n g   s t a t i o n s   (B,C,   D ) .  



13.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   12 

w h e r e i n   w h i l e   e a c h   of  t h e   p l u r a l i t y   of   c h u c k   t a b l e s   ( 6 )  

e x i s t s   a t   l e a s t   in   e i t h e r   of  t h e   p l u r a l i t y   of  g r i n d i n g  

s t a t i o n s   (B,  C,  D),   t h e   c l u t c h   means   i s   c o n n e c t e d   a n d  

e a c h   of  t h e   p l u r a l i t y   of  c h u c k   t a b l e s   (6)  i s   r o t a t e d ,  

w h e r e a s   w h i l e   e a c h   of  t h e   p l u r a l i t y   o f  c h u c k   t a b l e s   ( 6 )  

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

s t a t i o n   (A),   t h e   c l u t c h   means   i s   r e l e a s e d   and  t h e  

r o t a t i o n   o f  e a c h   of  t h e   p l u r a l i t y   of  c h u c k   t a b l e s   (6)  i s  

s t o p p e d .  

14.  -A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   13 

w h e r e i n   t h e   s u p p o r t   t a b l e   (4)  i s   c o n t i n u o u s l y   r o t a t e d   b y  

t h e   t a b l e   r o t a t i n g   means   ( 7 6 ) ,   w h e r e b y   e a c h   of  t h e   p l u r a l i t y  

of  c h u c k   t a b l e s   (6)  i s   c o n t i n u o u s l y   moved  t h r o u g h   t h e   w o r k -  

p i e c e   u n l o a d i n g   and  l o a d i n g   s t a t i o n   (A)  and  t h e   p l u r a l i t y  

of  g r i n d i n g   s t a t i o n s   (B,  C,  D ) .  

15.  A  s u r f a c e   g r i n d i n g   a p p a r a t u s   a c c o r d i n g   to   c l a i m   1 

w h e r e i n   t h e   w o r k p i e c e   (W)  i s   a  s e m i c o n d u c t o r   w a f e r .  
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