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©  Silicon  nozzle  structures  and  method  of  manufacture. 
A  nozzle  structure  in  a  crystallographically  oriented, 

monocrystalline  silicon  includes  a  pyramidal  opening  (11) 
anisotropically  etched  from  the  entrance  side  of  the  nozzle 
and  truncated  in  a  membrane  (12)  having  a  smaller  cross- 
section  than  the  initial  cross-section  of  the  entrance  opening. 
The  membrane  (12)  has  extending  therethrough  a  pyramidal 
opening  (13)  etched  anisotropically  from  the  exit  side.  The 

vertical  axes  of  both  openings  are  substantially  concentric. 



T e c h n i c a l   F i e l d  

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

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

In  t he   p r i o r   a r t   and  s p e c i f i c a l l y   in  U S - A -  

3 , 9 2 1 , 9 1 6   i t   is   s u g g e s t e d   t h a t   a  m o n o c r y s t a l l i n e ,  

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

s e l e c t i v e l y   e t c h e d   to  form  one  or  more  r e p r o d u c i b l e  

c h a n n e l s   of  a  s p e c i f i c   form  in   t h e   w a f e r   b o d y .   T h e  

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

a  r e c t a n g u l a r   e n t r a n c e   c r o s s - s e c t i o n   which   c o n t i n u e s   t o  

an  i n t e r m e d i a t e   r e c t a n g u l a r   c r o s s - s e c t i o n ,   s m a l l e r   t h a n  

the   e n t r a n c e   c r o s s - s e c t i o n ,   and  t h e n   to  an  e x i t   c r o s s -  

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

c h a n n e l   of   t h i s   s p e c i f i c   t y p e   i s   e s t a b l i s h e d   by  e i t h e r  

of  two  d i s c l o s e d   p r o c e s s e s ,   b o t h   of  which   u t i l i z e   a  

h e a v i l y   d o p e d   p+  l a y e r   ( p a t t e r n e d   in   the   one  p r o c e s s   a n d  

u n p a t t e r n e d   in   the   o t h e r )   as  an  e t c h a n t   b a r r i e r .   In  t h e  

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

i t   n e a r   or  a t   s a t u r a t i o n   f rom  one  m a j o r   f a c e   to  fo rm  t h e  

p+  e t c h a n t   b a r r i e r .   T h e r e a f t e r ,   p a t t e r n e d   a n i s o t r o p i c  

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

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

in  a  r e c t a n g u l a r   e n t r a n c e   c r o s s - s e c t i o n   and  a  r e c t a n g u l a r  

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

in  s i z e   t h a n   the   e n t r a n c e   c r o s s - s e c t i o n .  

In  t he   a p p l i c a t i o n   of  one  p r o c e s s ,   the   e t c h i n g  

p r o c e s s   i s   c o n t i n u e d   from  t he   e n t r a n c e   s i d e   u n t i l   a n  

o p e n i n g   i s   made  t h r o u g h   the   m e m b r a n e .   The  o t h e r   p r o c e s s  

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



s i d e   ( e x i t   s i d e )   of  the   n o z z l e   to  c o m p l e t e   a  p a s s a g e  

t h r o u g h   the   membrane  to  the   i n t e r m e d i a t e   c r o s s - s e c t i o n .  

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

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

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

i n h e r e n t   p r o b l e m s .   For  e x a m p l e ,   due  to  i n h e r e n t   w a f e r  

t h i c k n e s s   v a r i a t i o n s   and  i s o t r o p i c   e t c h   n o n u n i f o r m i t i e s ,  
t h e s e   p r o c e s s e s   r e q u i r e   e x t e n s i v e   m e c h a n i c a l   a n d / o r  

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

to  i m p r o v e   d i m e n s i o n a l   c o n t r o l   of  the   r e s u l t i n g   n o z z l e  

s t r u c t u r e s .   This  is  a  c o s t l y   p r o c e s s i n g   s t e p .   A d d i t i o n a l l y ,  

the   n o z z l e   s t r u c t u r e s   p r o d u c e d   by  t h e s e   p r o c e s s e s   h a v e  

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

and  t h e s e   r e g i o n s   t e n d   to  be  b r i t t l e   and  t h u s   s u b j e c t   t o  

f a i l u r e   when  e x p o s e d   to  h i g h   f l u i d   p r e s s u r e s   or  p r e s s u r e  
t r a n s i e n t s   t y p i c a l l y   p r e s e n t   in   ink   j e t   p r i n t i n g   s y s t e m s .  

D i s c l o s u r e   of  I n v e n t i o n  

In  a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n ,   a  s t a n d a r d  

c o m m e r c i a l l y   a v a i l a b l e   s e m i - c o n d u c t o r   w a f e r   of  c r y s t a l l o -  

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

u s e d   to  p r o d u c e   a  s i n g l e   f l u i d   n o z z l e   or  an  a r r a y   o f  

n o z z l e s   d i r e c t l y   and  w i t h o u t   the   need   f o r   m e c h a n i c a l   o r  

c h e m i c a l   p o l i s h i n g   of  t he   two  m a j o r   s u r f a c e s   of   t he   w a f e r  

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

f o r m e d   on  a t   l e a s t   one  m a j o r   s u r f a c e   of  t he   w a f e r .   M a t e r i a l s  

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

t h e n   d e p o s i t e d   on  b o t h   s u r f a c e s   of  the   w a f e r .   T h e r e a f t e r ,  

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

a  n o z z l e   a r e   f o r m e d   on  t h e s e   m a j o r   s u r f a c e s   and  the   e x i t  

a r e a   i s   c o a t e d   w i t h   a  m a t e r i a l   wh ich   is   b o t h   r e s i s t a n t  

to  an  e t c h i n g   s o l u t i o n   and  wh ich   p r o v i d e s   an  e l e c t r i c a l  

c o n n e c t i o n   to  the  n  l a y e r .   A  c a v i t y   is   a n i s o t r o p i c a l l y  

e t c h e d   f rom  the   e n t r a n c e   a r e a   of  the   w a f e r   t h r o u g h   to  t h e  

n  l a y e r   at  the   e x i t   s i d e   by  i m m e r s i n g   the   w a f e r   in   a  

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

p / n   j u n c t i o n   at   the   e x i t   s i d e   of  the   w a f e r   e l e c t r o -  

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

h a v i n g   a  t h i c k n e s s   s u b s t a n t i a l l y   e q u a l   to  t he   n - l a y e r .  



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

membrane   f rom  the   e x i t   s i d e   to  c o m p l e t e   the  n o z z l e  

s t r u c t u r e .  

The  D r a w i n g s  

F i g .   1  shows  a  p e r s p e c t i v e   view  of  a  p o r t i o n   o f  

t he   n o z z l e   s t r u c t u r e  i n   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 ;  

F i g .   2  is   a  c r o s s - s e c t i o n a l   v iew  of  the   n o z z l e  

s t r u c t u r e   t a k e n   a l o n g   l i n e   2-2  of  F i g . 1 ;  

F i g .   3  t h r o u g h   8  i l l u s t r a t e   s e q u e n t i a l   c r o s s -  
s e c t i o n a l   v iews   of  a  s i l i c o n   w a f e r   p r o c e s s e d  
in  a c c o r d a n c e   w i t h   the   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  

In  m u l t i - n o z z l e   ink  j e t   p r i n t i n g   s y s t e m s   u t i l i z i n g  

n o z z l e s   made  of   s e m i - c o n d u c t o r   m a t e r i a l ,   some  of  t h e   m o r e  

i m p o r t a n t   c h a r a c t e r i s t i c s   r e q u i r e d   of  t he   n o z z l e   a r e   t h e  

u n i f o r m i t y   in   the   s i z e   of  e ach   r e s p e c t i v e   n o z z l e ,   s p a t i a l  

d i s t r i b u t i o n   of   t he   n o z z l e s   in  an  a r r a y ,   t h e i r  

r e s i s t a n c e   to  c r a c k i n g   u n d e r   t h e   f l u i d i c   p r e s s u r e s  
e n c o u n t e r e d   in  t he   s y s t e m ,   p r o v i s i o n   of  an  e f f i c i e n t  

m e c h a n i c a l   i m p e d a n c e   match  b e t w e e n   the   f l u i d   s u p p l y   a n d  

the   e x i t   o p e n i n g ,   as  we l l   a s ,   t h e i r   r e s i s t a n c e   to  w e a r  

c a u s e d   by  the   h i g h   v e l o c i t y   f l u i d   f low  t h r o u g h   t h e  

n o z z l e   s t r u c t u r e .  

R e f e r r i n g   now  to  F i g .   1,  t h e r e   is   shown  a  p o r t i o n  

of  the   n o z z l e   s t r u c t u r e   made  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 .   S p e c i f i c a l l y   a  s u b s t r a t e   10  i s   s h o w n  

h a v i n g   an  a r r a y   of  u n i f o r m   o p e n i n g s   11  t h e r e i n .   E a c h  

o p e n i n g   11  s t a r t s   w i th   an  i n i t i a l ,   s u b s t a n t i a l l y   s q u a r e  

a r e a   and  t a p e r s   to  and  t e r m i n a t e s   in  a  s u b s t a n t i a l l y  

s q u a r e   a r e a   s m a l l e r   than   the   i n i t i a l   s q u a r e   a r e a   d e f i n i n g  

a  membrane   12.  As  shown  in  F i g .   2,  each   membrane  12  i n  

t u r n   has  an  o p e n i n g   13  e x t e n d i n g   t h e r e t h r o u g h   w h i c h  

s t a r t s   in  a  s u b s t a n t i a l l y   s q u a r e   a r e a   s m a l l e r   t h a n   t h e  

s q u a r e   a r e a   of  e ach   r e s p e c t i v e   membrane   12  and  t e r m i n a t e s  

in  a  s u b s t a n t i a l l y   s q u a r e   a r e a   l a r g e r   t h a n   the   s t a r t i n g  

s q u a r e   a r e a   of  s a i d   o p e n i n g .   Both   h o r i z o n t a l   axes   of  t h e  

o p e n i n g s   13  in  t he   membrane  12  a r e   s u b s t a n t i a l l y   a l i g n e d  



wi th   the   h o r i z o n t a l   axes   of  e ach   c o r r e s p o n d i n g   o p e n i n g   11 

in  the   main  body   of  the  w a f e r   10  by  v i r t u e   of   t h e  

w a f e r   10  c r y s t a l l o g r a p h y .  

F i g s .   3  t h r o u g h   8  i l l u s t r a t e   a  s e q u e n c e   o f  

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

c r y s t a l   s i l i c o n   w a f e r   10  fo r   f o r m i n g   one  f l u i d   n o z z l e   o r  

an  a r r a y   of  n o z z l e s .   It   is  to  be  u n d e r s t o o d   t h a t   t h e  

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

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

same  f u n c t i o n s   d e s c r i b e d   be low  may  be  u s e d .   F u r t h e r m o r e ,  

f i l m   f o r m a t i o n ,   s i z e ,   t h i c k n e s s   and  the   l i k e ,   may  a l s o   b e  

v a r i e d .   The  w a f e r   10  is  of  s i n g l e   c r y s t a l   (100)   o r i e n t e d  

p  t ype   s i l i c o n   w i t h   e l e c t r i c a l   r e s i s t i v i t y   of  0;5  to  100  

ohm-cm,  a p p r o x i m a t e l y   19,5  to  2 0 , 5   m i l s   t h i c k   h a v i n g   f r o n t  

14  and  b a c k   15  s u r f a c e s .   The  (100)   p l a n e s   a r e   p a r a l l e l  

to  s u r f a c e s   14  and  15.  As  shown  i n   F i g .   3,  p h o s p h o r o u s  

is   d i f f u s e d   i n t o   the   f r o n t   14  and  b a c k   15  s u r f a c e s   of  t h e  

s i l i c o n   w a f e r   10  to  a  d e p t h   of  a b o u t   5  m i c r o n s   f o r m i n g  

n  t ype   l a y e r s   16  and  17.  As  w i l l   become   o b v i o u s   l a t e r   o n l y  

one  d i f f u s e d   l a y e r   is   r e q u i r e d   to  form  a  n o z z l e   s t r u c t u r e  

by  the   p r o c e s s   ( e x i t   s i d e ) .   The  d i f f u s i o n   is   a c c o m p l i s h e d  

in  a  w e l l - k n o w n   manne r   by  h a v i n g   a  gas  m i x t u r e   c o n t a i n i n g  

0 ,75   %  PH3,  1  % 20,   and  the   m a k e - u p   of  Ar  and  N2  f l ow  f o r  

30  m i n u t e s   p a s t   the   s i l i c o n   w a f e r   10  w h i c h   is   m a i n t a i n e d  

a t   950°C.   This   is   f o l l o w e d   by  a  l o n g   d r i v e - i n   p e r i o d  

(1050°C   f o r   22  h o u r s )   to  a c h i e v e   a  t h i c k   l a y e r   ( a b o u t   5 

m i c r o n s ) .   S i n c e   the   f i n a l   c o n c e n t r a t i o n   of   p h o s p h o r o u s  

in  the   n  l a y e r s   16  and  17  is   v e r y   low,   t h i s   d i f f u s i o n   s t e p  

i n t r o d u c e s   v e r y   l i t t l e   s t r e s s   i n t o   t he   s i l i c o n   w a f e r   1 0 ,  

and  c o n s e q u e n t l y   the   s i l i c o n   s t r u c t u r e   r e t a i n s   i t s  

s t r e n g t h .  

Next  as  shown  in  F i g .   4,  b o t h   f r o n t   14  and  b a c k  

15  s u r f a c e s   of  t he   w a f e r   10  a re   c o a t e d   w i t h   a  p r o t e c t i v e  

m a t e r i a l   s u c h   as  LPCVD  s i l i c o n   n i t r i d e   f o r m i n g   l a y e r s   18 

and  19  w h i c h   can  r e s i s t   a  l ong   e t c h i n g   p e r i o d   in   a  

c a u s t i c   (KOH)  s o l u t i o n .   One  of  t h e   ways  to  a c c o m p l i s h   t h i s  

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

of  s i l i c o n   n i t r i d e   d e p o s i t e d   a t   a b o u t   8 0 0 ° C .   Oxide   l a y e r s  



(no t   shown)   l e s s   t h a n   0 ,5  m i c r o n s   t h i c k   may  be  grown  o n  
b o t h   s i d e s   of  l a y e r s   18  and  19  to  r e d u c e   the   e f f e c t   o f  

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

of  p h o t o r e s i s t   to  n i t r i d e .   To  p r o m o t e   e a s e   of  p h o t o s h a p i n g  
i t   is   r e c o m m e n d e d   t h a t   the   w a f e r   10  when  p r o c u r e d   h a v e  

i t s   back   s u r f a c e   15  e t c h e d   in  an  a c i d i c   r a t h e r   t h a n  

c a u s t i c   s o l u t i o n .  

T h e r e a f t e r ,   masks  a r e   p r e p a r e d   c o r r e s p o n d i n g  

to  the   d e s i r e d   e n t r a n c e   20  and  e x i t   21  a r e a s   of  the   n o z z l e .  

The  masks  f o r   b o t h   e n t r a n c e   20  and  e x i t   21  a r e a s   a r e   made  

c i r c u l a r   in   s h a p e   s i n c e   the  o p e n i n g s   in  the   s i l i c o n   w a f e r  

10  d e f i n e d   by  c i r c u l a r   masks  w i l l   e t c h   ou t   to  s q u a r e s  

p a r a l l e l   to  t he   100  p l a n e s ,   e a c h   s q u a r e   c i r c u m s c r i b i n g  

i t s   r e s p e c t i v e   c i r c l e .   Use  of  c i r c u l a r   masks  e l i m i n a t e s  

p o s s i b l e   e r r o r   due  to  the   t h e t a   m i s a l i g n m e n t   wh ich   may  

o c c u r   when  a  s q u a r e   s h a p e d   mask  i s   u s e d .   The  s i l i c o n  

n i t r i d e   l a y e r s   18  and  19  a r e   p h o t o s h a p e d   s i m u l t a n e o u s l y  

on  b o t h   s i d e s   u s i n g   a  t w o - s i d e d   p h o t o s p i n n e r   (no t   s h o w n )  

and  a  t w o - s i d e d   a l i g n e r   (no t   s h o w n ) .   The  r e s u l t i n g  

s t r u c t u r e   a f t e r   e t c h i n g   away  of  p o r t i o n s   of  l a y e r s   18  a n d  

19  d e f i n i n g   t he   e n t r a n c e   20  and  e x i t   21  a r e a s ,   is  s h o w n  

in  F i g .   5 .  

The  e x i t   a r e a   21  i s   t h e n   p r o t e c t e d   f rom  t h e  

e t c h i n g   s o l u t i o n   by  c o v e r i n g   i t   w i t h   a  m e t a l l i c   l a y e r   2 2 ,  

as  shown  in  F i g .   6,  or  by  use  of  a  h e r m e t i c   m e c h a n i c a l  

f i x t u r e   ( n o t   s h o w n ) .   T h e r e a f t e r   t he   w a f e r   i s   s u b m e r g e d  

in  a  ho t   ( 8 0 - 8 5 ° C )   KOH  s o l u t i o n   ( n o t   shown)   and  a  p o t e n t i a l  

i s   p l a c e d   a c r o s s   the   p /n   j u n c t i o n   a t   t he   back   s i d e   15  b y  

c o n n e c t i n g   t he   p o s i t i v e   s i d e   of  an  e l e c t r i c a l   power   s o u r c e  

(not   shown)   w i t h   the  m e t a l l i c   l a y e r   22  p r o t e c t i n g   the   e x i t  

a r e a   21.  O t h e r   a l k a l i n e   e t c h   s o l u t i o n s   such   as  m e t a l  

h y d r o x i d e s   of  the   Group  I-A  e l e m e n t s   of  the   P e r i o d i c   T a b l e ,  

fo r   e x a m p l e ,   NaOH,  NH40H,  or  o t h e r s ,   may  be  u s e d .   The  u s e  

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

s e m i - c o n d u c t o r s   is   w e l l - k n o w n   in  t he   a r t   and  is  d e s c r i b e d  

in  d e t a i l   in   U S - A - 3 , 6 8 9 , 3 8 9 .  

The  o p e n i n g   11  in   t he   m o n o c r y s t a l l i n e   s i l i c o n  

w a f e r   10  is   e t c h e d   a n i s o t r o p i c a l l y   u n t i l   the   d i f f u s e d  



l a y e r   17  at   the   back   s i d e   25  is   r e a c h e d ,   a t   w h i c h   t i m e  

the   e t c h i n g   a c t i o n   s t o p s   due  to  an  o x i d e   l a y e r   ( no t   s h o w n )  

which   is   c a u s e d   to  grow  at   the   p /n   j u n c t i o n   due  to  t h e  

a p p l i e d   p o t e n t i a l   a c r o s s   the   j u n c t i o n .   I t   i s   w e l l   k n o w n  

in   t he   a r t   t h a t   t he   (111)  p l a n e   i s  a   s l ow   e t c h   p l a n e   i n  

m o n o c r y s t a l l i n e   s i l i c o n   m a t e r i a l   when  a  KOH  e t c h i n g  

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

p y r a m i d a l   o p e n i n g   in   the   w a f e r   10  wh ich   o p e n i n g   t r u n c a t e s  

in  a  membrane  12  when  i t   e n c o u n t e r s   the   e l e c t r o c h e m i c a l  

e t c h   b a r r i e r   s e t   up  a t   the   s i l i c o n   and  d i f f u s e d   l a y e r   17 

i n t e r f a c e   (p /n   j u n c t i o n ) .  

T h e r e a f t e r ,   the   w a f e r   10  i s   r e m o v e d   from  t h e  

e t c h i n g   s o l u t i o n ,   t he   p r o t e c t i v e   m e t a l l i c   l a y e r   22  a n d  

a s s o c i a t e d   e l e c t r i c a l   c o n n e c t i o n   on  the   e x i t   s i d e   a r e  

r e m o v e d ,   and  the   e n t r a n c e   s i d e   20  i s   p r o t e c t e d   from  t h e  

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

o x i d a t i o n .   The  w a f e r   10  is   t h e n   r e - s u b m e r s e d   i n t o   t h e  

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

t r o p i c a l l y   f rom  t he   back   s u r f a c e   15  to  fo rm  t h e   e x i t  

o p e n i n g   13.  The  r e s u l t i n g   s t r u c t u r e   i s   shown  in   F ig .   7 .  

If  d e s i r e d ,   the   p r o t e c t i v e   c o a t i n g s   18,  19  a n d  

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

n o z z l e   s t r u c t u r e   as  shown  in  F i g .   8.  T y p i c a l l y   the   i n i t i a l  

o p e n i n g   of  the   e n t r a n c e   20  is   a b o u t   35  m i l s   w ide   and  t h e  

s m a l l e s t   p o r t i o n   of  the   e x i t   o p e n i n g   13  i s   a b o u t   1,5  t o  

4  m i l s   w i d e .  

S i n c e   the   e t c h   r a t e   p e r p e n d i c u l a r   to  the   ( 1 1 1 )  

p l a n e s   is  v e r y   low  c o m p a r e d   to  t he   v e r t i c a l   e t c h   r a t e   ( 1 0 0 ) ,  

o v e r e t c h   does   no t   m i t i g a t e   a g a i n s t   the   h i g h   a c c u r a c y  
d e f i n e d   by  the   e x i t   mask.   To  p r e v e n t   i n k   f rom  w e t t i n g   t h e  

s u r f a c e   of  the   w a f e r   on  t he   e x i t   s i d e ,   t h e   b a c k   s u r f a c e  

15  of  the   w a f e r   10  may  be  c o a t e d   w i t h   a  m a t e r i a l   of  l o w  

s u r f a c e   e n e r g y   such   as  T e f l o n .  



1.  A  n o z z l e   c o m p r i s i n g :  

a  n o z z l e   body  (10)  f o r m e d   of  a  s e m i c o n d u c t o r   m a t e r i a l  

h a v i n g   a  r e c t a n g u l a r   e n t r a n c e   a p e r t u r e   (11)  of  a  f i r s t  

c r o s s - s e c t i o n a l   a r e a   wh ich   t a p e r s   to  a  s e c o n d   r e c t a n g u l a r  
c r o s s - s e c t i o n a l   a r e a   wh ich   is  s m a l l e r   t h a n   the   f i r s t   c r o s s -  

s e c t i o n a l   a r e a   of  s a i d   e n t r a n c e   a p e r t u r e ;   a n d  

a  membrane   (12)  of  s a i d   s e m i c o n d u c t o r   m a t e r i a l   f o r m e d  

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

(12)  h a v i n g   a  r e c t a n g u l a r   e x i t   a p e r t u r e   (13)  t h e r e i n ,   s a i d  

e x i t   a p e r t u r e   (13)  h a v i n g   a  f i r s t   c r o s s - s e c t i o n a l   a r e a  

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

the   e n t r a n c e   a p e r t u r e   ( 1 1 ) ,   s a i d   f i r s t   c r o s s - s e c t i o n a l  

a r e a   of  the   e x i t   a p e r t u r e   (13)  t a p e r i n g   to  a  s e c o n d   c r o s s -  

s e c t i o n a l   a r e a   wh ich   i s   l a r g e r   t h a n   s a i d   f i r s t   c r o s s -  

s e c t i o n a l   a r e a   of  s a i d   e x i t   a p e r t u r e   ( 1 3 ) .  

2.  The  n o z z l e   in   a c c o r d a n c e   w i t h   c l a i m   1 

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

s i l i c o n .  

3.  The  n o z z l e   in  a c c o r d a n c e   w i t h   c l a i m   2 

w h e r e i n   s a i d   e n t r a n c e   (11)  and  e x i t   (12)  a p e r t u r e s   h a v e  

s u b s t a n t i a l l y   s q u a r e   c r o s s - s e c t i o n s .  

4.  The  n o z z l e   in  a c c o r d a n c e   w i t h   c l a i m   3 

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

to  the   (100)  p l a n e s   of  t he   m o n o c r y s t a l l i n e   s i l i c o n .  

5.  The  n o z z l e   in  a c c o r d a n c e   w i t h   c l a i m   3 

w h e r e i n   s a i d   e n t r a n c e   (11)  and  e x i t   (13)  a p e r t u r e s   a r e  

s u b s t a n t i a l l y   c o n c e n t r i c .  

6.  The  n o z z l e   in  a c c o r d a n c e   w i t h   c l a i m   5 

w h e r e i n   the   t h i c k n e s s   of  s a i d   membrane   (12)  i s   10  m i c r o n s  

or  l e s s .  

7.  The  n o z z l e   in  a c c o r d a n c e   w i t h   c l a i m   6 

w h e r e i n   s a i d   membrane   (12)  is   of  n  t y p e   s i l i c o n .  



8.  A  p r o c e s s   f o r   f o r m i n g   a  n o z z l e   s t r u c t u r e  

c o m p r i s i n g   an  a p e r t u r e   in  a  s e c t i o n   (10)  of  c r y s t a l l o -  

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

h a v i n g   f i r s t   (15)  and  s e c o n d   (14)  m a j o r   s u r f a c e s ,   t h e  

p r o c e s s   c o m p r i s i n g :  

f o r m i n g   a  n  s u r f a c e   l a y e r   (17)   on  the   f i r s t   m a j o r   s u r f a c e  

(15)  of  t he   s i l i c o n   s e c t i o n   ( 1 0 ) ;  

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

(14)  of  t he   s i l i c o n   s e c t i o n   to  s a i d   n  l a y e r   ( 1 7 ) ;   a n d  

a n i s o t r o p i c a l l y   e t c h i n g   a  p a s s a g e   (13)  t h r o u g h   s a i d   n  

l a y e r   (17)   f rom  the   f i r s t   s u r f a c e   (15)  of  the   s i l i c o n  

s e c t i o n   ( 1 0 ) .  

9 . .  T h e   p r o c e s s   of  c l a i m   8 

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

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

s i l i c o n   n  l a y e r   i n t e r f a c e   to  s t o p   the   e t c h i n g   p r o c e s s .  
10.  The  p r o c e s s   of  c l a i m   9 

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

f u r t h e r   i n c l u d e s :  

c o a t i n g   s a i d   f i r s t   and  s e c o n d   s u r f a c e s   (14,  15)  of  t h e  

s i l i c o n   s e c t i o n   (10)  w i th   a  m a t e r i a l   (18,  19)  w h i c h  

r e s i s t s   e t c h i n g ;  

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

in  t h e   a r e a   (20,   21)  d e f i n i n g   t he   e n t r a n c e   (11)  and  e x i t  

(13)  of  t he   n o z z l e   r e s p e c t i v e l y ;  

p r o t e c t i n g   the   e x i t   a r e a   (21)  f rom  the   e t c h i n g   s o l u t i o n  

w i th   a  means  (22)  which   is   an  e l e c t r i c a l   c o n d u c t o r ;  

i m m e r s i n g   s a i d   s i l i c o n   s e c t i o n   (10)  in  an  e t c h i n g   s o l u t i o n ;  

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

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

(22)  t h e r e b y   e s t a b l i s h i n g   a  p o t e n t i a l   a c r o s s   t he   p / n  

j u n c t i o n   f o r m e d   by  the  s i l i c o n   (10)  and  the   n  l a y e r   ( 1 7 ) .  

11.  The  p r o c e s s   of  c l a i m   10 

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

( 1 4 ,  1 5 )   c o m p r i s e s :  

g r o w i n g   an  o x i d e   l a y e r   on  s a i d   f i r s t   and  s e c o n d   s u r f a c e s  

(14,  1 5 ) ;  



d e p o s i t i n g   s i l i c o n   n i t r i d e   (18,  19)  on  s a i d   o x i d i z e d  

s u r f a c e s ;   a n d  

g r o w i n g   an  o x i d e   l a y e r   on  s a i d   n i t r i d e   l a y e r s   (18,  1 9 ) .  

12.  The  p r o c e s s   of  c l a i m   11 

w h e r e i n   t he   p r o c e s s   of  r e m o v i n g   s a i d   c o a t i n g   c o m p r i s e s :  

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

p h o t o r e s i s t ;  

e x p o s t i n g   t h e   p h o t o r e s i s t   on  b o t h   s i d e s   of  the   s i l i c o n  

to  d e f i n e   t he   e n t r a n c e   (20)  and  e x i t   (21)  a r e a s   of  t h e  

n o z z l e ;  

e t c h i n g   away  the   o x i d e - n i t r i d e - o x i d e   l a y e r s   (18,  19)  f r o m  

the   a r e a s   (20,   21)  d e f i n i n g   the   e n t r a n c e   (11)  and  e x i t  

(13)  of  t he   n o z z l e .  

13.  The  p r o c e s s   of  c l a i m   12 

w h e r e i n   s a i d   e x p o s e d   e x i t   (13)  and  e n t r a n c e   (11)  a r e a s  

have  c i r c u l a r   s h a p e s .  

14.  The  p r o c e s s   of  c l a i m   10  w h e r e i n   s a i d  

e t c h i n g   s o l u t i o n   i s   a  KOH  s o l u t i o n .  

15.  The  p r o c e s s   of  c l a i m   8 

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

16.  A  p r o c e s s   f o r   f o r m i n g   a  n o z z l e   s t r u c t u r e  

c o m p r i s i n g   an  a p e r t u r e   in  a  t h i n   s e c t i o n   of  c r y s t a l l o -  

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

h a v i n h   f r o n t   and  back   p l a n e   s u r f a c e s   (14,   15 ) ,   t h e  

p r o c e s s   c o m p r i s i n g :  

f o r m i n g   an  n  s u r f a c e   l a y e r   (17)  on  t he   back   s u r f a c e   ( 1 5 )  

of  the   s i l i c o n   s e c t i o n   ( 1 0 ) ;  

c o a t i n g   b o t h   f r o n t   and  back   s u r f a c e s   (14,  15)  of  t h e  

s i l i c o n   s e c t i o n   (10)  e x c e p t   f o r   t he   a r e a s   (20,  21)  w h i c h  

d e f i n e   the   e n t r a n c e   (11)  and  the   e x i t   (13)  of  the   n o z z l e  

w i t h   a  m a t e r i a l   (18,  19)  wh ich   r e s i s t s   e t c h i n g ;  

a p p l y i n g   a  p r o t e c t i v e   c o a t i n g   (22)   to  the   e x i t   s i d e   o f  

the  a p e r t u r e ;  

i m m e r s i n g   the   s i l i c o n   s e c t i o n   (10)   in  an  e t c h i n g   s o l u t i o n ;  

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

a p p l y i n g   a  c o n t r o l l i n g   p o s i t i v e   p o t e n t i a l   to  the   n  l a y e r  

( 1 7 ) ;  



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

of  the   n o z z l e   t h r o u g h   to  t he   n  l a y e r   (17)  at  the   e x i t   s i d e  

of  the   n o z z l e ;  

r e m o v i n g   the   s i l i c o n   s e c t i o n   (10)   f rom  the   e t c h i n g   s o l u t i o n ;  

r e m o v i n g   the   p r o t e c t i n g   l a y e r   (22)   c o v e r i n g   the   e x i t   a r e a  

of  the   n o z z l e ;  

c o a t i n g   the   e n t r a n c e   s i d e   w i t h   a  p r o t e c t i v e   l a y e r   ( 2 4 ) ;  

r e - i m m e r s i n g   the   s i l i c o n   body   (10)   in  t he   e t c h i n g  

s o l u t i o n ;   a n d  

a n i s o t r o p i c a l l y   e t c h i n g   a  p a s s a g e   (13)  from  the   b a c k  

s u r f a c e   of  the   s i l i c o n   s e c t i o n   (10)   t h r o u g h   the   n  l a y e r  

(17)  to  t he   c a v i t y .  

17.  The  p r o c e s s   of  c l a i m   16 

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

the   (100)   or  (110)   p l a n e s .  
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