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54)  Ink  jet  printer  and  method  for  fabricating  a  nozzle  member. 
In  an  ink  jet  printer,  a  print  head  (1)  comprises  a  front 

nozzle  member  (2)  having  a  front  channel  (3),  a  housing  (4) 
secured  to  the  front  nozzle  member,  and  a  rear  nozzle 
member  (7)  which  defines  with  the  housing  a  liquid  chamber 
(5)  and  further  defines  with  the  front  nozzle  member  a 
laminar  airflow  chamber  (10a).  The  rear  nozzle  member  has  a 
forwardly  projecting  nozzle  (8)  and  a  rear  channel  (9) 
extending  from  the  liquid  chamber  through  the  projecting 
nozzle  in  axial  alignment  with  the  front  channel  (3)  to  form  a 
meniscus  at  the  front  end.  The  airflow  chamber  is  connected 
to  an  air  supply  for  directing  air  to  a  point  between  the  front 
and  rear  channels  (3.  9)  so  that  it  creates  a  sharp  pressure 
gradient  along  a  path  therebetween.  A  dead  air  region  is 
created  in  a  location  adjacent  the  exit  end  of  the  rear  channel 
to  cause  the  meniscus  to  take  a  dome-like  shape  which  is 
stabilized  against  vibrations  and  transients.  An  electric  field 
gradient  is  established  between  the  front  channel  and  the 
meniscus  to  cause  the  latter  to  extend  toward  the  front 
channel  and  expelled  through  the  front  channel.  A  portion 
(2a)  of  the  front  nozzle  member  is  liquid-repellant  to  prevent 
the  field  distribution  from  being  seriously  disturbed  by  an  ink 
layer  formed  on  it  by  stray  ink  particles. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to   ink  j e t  
p r i n t e r s ,   and  more  s p e c i f i c a l l y   to  an  i nk   j e t   p r i n t   head   o f  

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

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

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

f o r   f a b r i c a t i n g   a  r e a r   n o z z l e   member  in  wh ich   t he   r e a r  

c h a n n e l   is   p r o v i d e d .  

An  ink   j e t   p r i n t   head   of  the   t y p e   as  shown  a n d  

d e s c r i b e d   in  U n i t e d   S t a t e s   P a t e n t   4 , 4 0 3 , 2 3 4   c o m p r i s e s   a  

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

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

a x i a l l y   a l i g n e d   w i t h   a  f r o n t   c h a n n e l   p r o v i d e d   in  t he   f r o n t  

n o z z l e   member .   The  r e a r   c h a n n e l   is   c o n n e c t e d   by  a n  

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

m e n i s c u s   at   t he   e x i t   end  of  the   r e a r   c h a n n e l .   T h e  

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

t h e   l i q u i d   in  t h e   r e a r   c h a n n e l   w i th   r e s p e c t   to   t he   f r o n t  

c h a n n e l   so  t h a t   an  e l e c t r i c   f i e l d   g r a d i e n t   i s   e s t a b l i s h e d  

b e t w e e n   the   m e n i s c u s   and  the   f r o n t   c h a n n e l .   The  a i r f l o w  

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

an  a i r   p r e s s u r e   g r a d i e n t   b e t w e e n   t h e   e x i t   e n d s   of  t he   r e a r  

and  f r o n t   c h a n n e l s .   Owing  to  the   c o m b i n e d   e f f e c t s   of  t h e  

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

and  e j e c t e d   t h r o u g h   t h e   f r o n t   c h a n n e l   to  a  w r i t i n g   s u r f a c e .  

H o w e v e r ,   t h e   m e n i s c u s   is  v e r y   s e n s i t i v e   to  d i s t u r b a n c e  

g e n e r a t e d   when  t h e   p r i n t   head   s c a n s   a c r o s s   t h e   w r i t i n g  

s u r f a c e   and  b e c o m e s   u n s t a b l e   when  i t   r e t u r n s   to  t he   o r i g i n a l  

s h a p e   a f t e r   e j e c t i o n   of  a  d r o p l e t .  



I t   i s   t h e r e f o r e   an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  ink   j e t   p r i n t e r   of  t he   e l e c t r o - p n e u m a t i c   t y p e   i n  

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

s t a b i l i t y   a g a i n s t   bo th   v i b r a t i o n s   and  t r a n s i e n t s   and  t o  

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

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

The  ink   j e t   p r i n t e r   of  t he   i n v e n t i o n   c o m p r i s e s   a  

s o u r c e   of  p r e s s u r i z e d   a i r ,   a  l i q u i d   c o n t a i n e r   and  an  ink   j e t  

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

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

n o z z l e   m e m b e r ,   and  a  r e a r   n o z z l e   member  w h i c h   d e f i n e s   w i t h  

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

c o n t a i n e r   and  f u r t h e r   d e f i n e s   w i t h   t he   f r o n t   n o z z l e   member  a  
l a m i n a r   a i r f l o w   c h a m b e r .  

A c c o r d i n g   to  t he   i n v e n t i o n ,   t h e   r e a r   n o z z l e   member  i s  

p r o v i d e d   w i t h   a  f o r w a r d l y   p r o j e c t i n g   n o z z l e   and  a  r e a r  

c h a n n e l   e x t e n d i n g   from  the   l i q u i d   c h a m b e r   t h r o u g h   t h e  

p r o j e c t i n g   n o z z l e   in  a x i a l   a l i g n m e n t   w i t h   t h e   f r o n t   c h a n n e l  

to   f o r m   a  m e n i s c u s   at  t h e   f r o n t   end .   The  p r o j e c t i n g   n o z z l e  

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

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

c h a n n e l s   so  t h a t   i t   makes   a  s h a r p   t u r n   a t   t he   e n t r y   i n t o   t h e  

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

p a t h   b e t w e e n   t he   e x i t   ends   of  t he   f r o n t   and  r e a r   c h a n n e l s .  

Due  to   t h e   p r e s e n c e   of  t h e   p r o j e c t i n g   n o z z l e   in  t h e   a i r f l o w  

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

a d j a c e n t   t h e   e x i t   end  of  t h e   r e a r   c h a n n e l .   An  e l e c t r i c  

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

the   m e n i s c u s   to  c a u s e   t h e   l a t t e r   to  e x t e n d   to   and  p a r t i a l l y  

e x p e l l e d   o u t w a r d s   t h r o u g h   t he   f r o n t   c h a n n e l .   The  l i q u i d  
c o n t a i n e r   i s   c o n n e c t e d   to  t h e   a i r   s o u r c e   so  t h a t   in  t h e  

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



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

s u r f a c e   t e n s i o n   of  t he   l i q u i d .  

The  f o r m a t i o n   of  t he   dead  a i r   r e g i o n   c a u s e s   t h e  

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

e l e c t r i c   f i e l d   and  r e d u c i n g   the   min imum  v o l t a g e   r e q u i r e d   t o  

t e a r   i t   a p a r t   i n t o   a  d r o p l e t .  

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

a  m e t h o d   f o r   f a b r i c a t i n g   a  n o z z l e   p l a t e   of  an  ink  j e t   p r i n t  

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

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

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

p r o j e c t i n g   n o z z l e   h a v i n g   a  n o z z l e   o p e n i n g   t h e r e i n ,   a n d  

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

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

and  a l i g n e d   w i t h   t he   n o z z l e   o p e n i n g .   The  t w o - s t e p   e t c h i n g  

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

p r o d u c e   t he   p r o j e c t i n g   n o z z l e   s i n c e   i t   m i n i m i z e s   d e v i a t i o n s  

in  n o z z l e - o p e n i n g   s i z e   which   m i g h t   o c c u r   as  a  r e s u l t   of  t h e  

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

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

on  a  s i n g l e   s u b s t r a t e .   F u r t h e r m o r e ,   t h e   b o r e   at   t he   r e a r   o f  

the   n o z z l e   o p e n i n g   can  be  a p p r o p r i a t e l y   d i m e n s i o n e d   so  t h a t  

i t s   t r a n s v e r s e   c r o s s - s e c t i o n   i s   l a r g e r   t h a n   t h a n   t h a t   of  t h e  

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

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

A c c o r d i n g   to   a  f u r t h e r   f e a t u r e   of  the   i n v e n t i o n ,   a 

s u r f a c e   p o r t i o n   of  t he   f r o n t   n o z z l e   member   a d j a c e n t   i t s  

c h a n n e l   is   r e n d e r e d   i n k - r e p e l l a n t   to  p r e v e n t   t h e   e l e c t r i c  

f i e l d   d i s t r i b u t i o n   f rom  b e i n g   s e r i o u s l y   d i s t u r b e d   by  an  i n k  

l a y e r   f o r m e d   on  i t   by  s t r a y   ink  p a r t i c l e s .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  f u r t h e r  

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 ,   i n  

w h i c h :  



F i g .   1  i s   a  b l o c k   d i a g r a m   of  an  ink   j e t   p r i n t e r  

i n c o r p o r a t i n g   a  p r i n t   h e a d   of  the   p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   an  i l l u s t r a t i o n   of  d e t a i l s   of  a  p o r t i o n   o f  

t h e   p r i n t   h e a d   of  F i g .   1 ;  

F i g .   3  i s   an  i l l u s t r a t i o n   u s e f u l   f o r   d e s c r i b i n g   t h e  

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

F i g s .   4A  to  4F  a r e   i l l u s t r a t i o n s   of  v a r i o u s  

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

F i g s .   5A  to  5G  a r e   i l l u s t r a t i o n s   of  s t e p s   f o r  

f a b r i c a t i n g   a  r e a r   n o z z l e   p l a t e   of  t he   p r i n t   h e a d   a c c o r d i n g  

to   t he   i n v e n t i o n ;  

F i g .   6  i s   an  i l l u s t r a t i o n   of  a  m o d i f i e d   s t e p   of  F i g .  

5C;  

F i g s .   7A  and  7B  a r e   i l l u s t r a t i o n s   of  a  f u r t h e r  

m o d i f i c a t i o n   of  F i g .   5C;  

F i g s .   8A  to  8F  a r e   i l l u s t r a t i o n s   of  a  s e c o n d   m e t h o d  

f o r   f a b r i c a t i n g   t h e   r e a r   n o z z l e   p l a t e ;  

F i g s .   9A  to  9F  a r e   i l l u s t r a t i o n s   of  a  t h i r d   m e t h o d   f o r  

f a b r i c a t i n g   the   r e a r   n o z z l e   p l a t e ;  

F i g .   10  is   a  c r o s s - s e c t i o n a l   v iew  of  a  r e a r   n o z z l e  

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

F i g s .   11A  to  11C  a r e   c r o s s - s e c t i o n a l   v i e w s   o f  

e m b o d i m e n t s   in  w h i c h   i n k - r e p e l l a n t   l a y e r s   a r e   f o r m e d   on  t h e  

n o z z l e   m e m b e r s ;   a n d  

F i g s .   12A  and  12B  a r e   i l l u s t r a t i o n s   of  a p p a r a t u s   f o r  

d e p o s i t i n g   an  i n k - r e p e l l a n t   l a y e r   on  a  n o z z l e   m e m b e r .  



R e f e r r i n g   now  to  F i g .   1,  t h e r e   i s   shown  an  ink  j e t  

p r i n t   head   and  i t s   a s s o c i a t e d   d e v i c e s   a c c o r d i n g   to  a  

p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n .   The  p r i n t   head   1 

c o m p r i s e s   a  f r o n t   n o z z l e   p a n e l   2  h a v i n g   a  f r o n t   c h a n n e l   3 .  

The  f r o n t   n o z z l e   p l a t e   2  i s   f o r m e d   of  i n s u l a t i v e   m a t e r i a l  

and  s e c u r e d   to   a  r e a r   h o u s i n g   4  of  i n s u l a t i v e   m a t e r i a l .   T h e  

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

t h e r e i n   s u p p l i e d   f rom  an  ink  c o n t a i n e r   6  t h r o u g h  

e l e c t r i c a l l y   c o n d u c t i v e   p i p e   6a.  The  l i q u i d   c h a m b e r   5  i s  

d e f i n e d   at   t he   f r o n t   w i t h   a  r e a r   n o z z l e   p l a t e   7  h a v i n g   a 

p r o j e c t i n g   n o z z l e   8.  A  r e a r   c h a n n e l   9  e x t e n d s   f rom  t h e  

l i q u i d   c h a m b e r   5  t h r o u g h   the  p r o j e c t i n g   n o z z l e   8  in  a x i a l  

a l i g n m e n t   w i t h   t he   f r o n t   c h a n n e l   3  to   a l l o w   ink   in  l i q u i d  

c h a m b e r   5  to  l e a d   t h e r e t h r o u g h   to  f o rm  a  m e n i s c u s   a t   t h e  

e x t r e m e   end .   F r o n t   n o z z l e   p l a t e   2  d e f i n e s   w i t h   r e a r   n o z z l e  

p l a t e   7  a  d i s c - l i k e ,   l a m i n a r   a i r f l o w   c h a m b e r   10a  of  an  a i r  

c h a m b e r   10  and  d e f i n e s   w i t h   r e a r   h o u s i n g   4  an  a n n u l a r  

p o r t i o n   1 0 b .  

A  r i n g   e l e c t r o d e   11  e n c i r c l i n g   t h e   f r o n t   c h a n n e l   3  i s  

s e c u r e d   to  t he   o u t e r   s u r f a c e   of  f r o n t   n o z z l e   p l a t e   2.  A 

v o l t a g e   is   a p p l i e d   a c r o s s   e l e c t r o d e   11  and  p i p e   6a  f rom  a  

s i g n a l   s o u r c e   12  to  e s t a b l i s h   an  e l e c t r i c   f i e l d   g r a d i e n t  
b e t w e e n   e l e c t r o d e   11  and  the   l i q u i d   in  r e a r   c h a n n e l   9 .  

A  p r e s s u r i z e d   a i r   s u p p l y   s o u r c e   13  i s   c o n n e c t e d   by  a  

p i p e   14  to  t he   a i r   c h a m b e r   10  to   g e n e r a t e   an  a i r f l o w   in  t h e  

a n n u l a r   a i r   c h a m b e r   p o r t i o n   10b  to  c a u s e   i t   to  s p i r a l   in  a  

l a m i n a r   f l o w   t h r o u g h   the  d i s k - l i k e   c h a m b e r   p o r t i o n   10a  t o  

f r o n t   c h a n n e l   3  and  t h e n c e   to  t he   o u t s i d e .   The  a i r s t r e a m  

makes   a  s h a r p   t u r n   a t   the   e n t r y   to  f r o n t   c h a n n e l   3  c r e a t i n g  

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

ends   of  r e a r   c h a n n e l   9  and  f r o n t   c h a n n e l   3.  P r e s s u r i z e d   a i r  

i s   a l s o   s u p p l i e d   t h r o u g h   a  r e g u l a t o r   v a l v e   15  to   the   i n k  

c o n t a i n e r   6.  V a l v e   15  i s   a d j u s t e d   so  t h a t   in  t h e   a b s e n c e   o f  

a  v o l t a g e   on  e l e c t r o d e   11  the   l i q u i d   p r e s s u r e   in  r e a r  

c h a n n e l   9  is   s t a t i c a l l y   b a l a n c e d   w i t h   t h e   c o m b i n e d   f o r c e s   o f  



a i r   p r e s s u r e   a c t i n g   on  the   m e n i s c u s   and  i t s   s u r f a c e   t e n s i o n .  

In  r e s p o n s e   to  the   a p p l i c a t i o n   of  a  v o l t a g e   to  e l e c t r o d e   1 1 ,  

the   l i q u i d   in  r e a r   c h a n n e l   9  is   e l e c t r o s t a t i c a l l y   c h a r g e d  

and  p u l l e d   f o r w a r d   u n d e r   t he   i n f l u e n c e   of  e l e c t r i c   f i e l d  

g r a d i e n t .   The  l i q u i d   i s   e l o n g a t e d   i n t o   a  p e n c i l - l i k e   s h a p e  

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

3  and  e j e c t e d   to  a  w r i t i n g   s u r f a c e .  

As  b e s t   s een   in  F i g .   2,  the   p r o j e c t i n g   n o z z l e   8  has  a n  

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

c h a n n e l   3  and  e x t e n d s   f o r w a r d   from  the  n o z z l e   p l a t e   7  by  a 

d i s t a n c e   B.  A i r s t r e a m   is   n a r r o w e d   as  i t   p a s s e s   t h r o u g h   t h e  

s p a c e   b e t w e e n   the   f r o n t   and  r e a r   c h a n n e l s   and  c r e a t e s   a  d e a d  

a i r   r e g i o n   i m m e d i a t e l y   a d j a c e n t   the   f r o n t   end  of  r e a r  

c h a n n e l   9.  On  t he   o t h e r   h a n d ,   the   l i q u i d   in  r e a r   c h a n n e l   9 

w e t s   t he   f r o n t   s u r f a c e   of  the   n o z z l e   8  and  t e n d s   to  d i s p e r s e  

o u t w a r d .   H o w e v e r ,   f u r t h e r   d i s p e r s i o n   of  t he   l i q u i d   b e y o n d  

t he   o u t e r   edge  of  r e a r   n o z z l e   8  i s   p r e v e n t e d   by  a  f o r c e  

e x e r t e d   t h e r e u p o n   by  the   a i r s t r e a m   moving   p a s t   t h a t   o u t e r  

e d g e ,   c a u s i n g   the   l i q u i d   to  s l i g h t l y   b u l g e   f o r w a r d .   In  t h e  

a b s e n c e   of  e l e c t r i c   f i e l d ,   t he   h igh   p r e s s u r e   in  the   dead  a i r  

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

9  to  a s s u m e   a  c o n v e x e d   s h a p e   as  shown  at   8a  and  s t a b i l i z e s  

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

When  the   r i n g   e l e c t r o d e   11  is  i m p r e s s e d   wi th   a  

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

p o r t i o n   8b  e x t e n d i n g   f rom  the   o u t e r   edge  of  r e a r   n o z z l e   8  t o  

a  n a r r o w ,   p e n c i l - l i k e   p o r t i o n   8c,   as  shown  at   F i g .   3.  T h e  

f o r m a t i o n   of  c o n v e x e d   m e n i s c u s   8a  c o n c e n t r a t e s   the   e l e c t r i c  

f i e l d   t h e r e o n   and  r e d u c e s   the   minimum  v o l t a g e   r e q u i r e d   t o  

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

dead   a i r   r e g i o n ,   the   m e n i s c u s   q u i c k l y   r e t u r n s   to  t h e  

o r i g i n a l   s t a t e   a f t e r   e j e c t i o n   of  i n k .  

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

n o z z l e   8  is   r o u g h e n e d   to  p r e s e n t   a  s m a l l   a n g l e   of  wet  t o  

l i q u i d   to  a l l o w   the   m e n i s c u s   to  e a s i l y   wet  the   f r o n t   s u r f a c e  



of  n o z z l e   8.  The  s m a l l   wet  a n g l e   r e d u c e s   t he   r e s p o n s e   t i m e  

of  t he   p r i n t   h e a d   and  i n c r e a s e s   t h e   amount   of  l i q u i d   to   b e  

e j e c t e d   per   u n i t   t i m e .  

I t   i s   p r e f e r a b l e   t h a t   t h e   a x i a l   d i m e n s i o n   B  of  t h e  

r e a r   n o z z l e   8  and  the   o u t e r   d i a m e t e r   Dr  of  r e a r   n o z z l e   8 

s a t i s f y   t h e   f o l l o w i n g   r e l a t i o n s :  

4L/5   <  B  <  L / 2 0  

Df  <  Dr  <  D f / 4  

w h e r e ,   L  =  s p a c i n g   b e t w e e n   f r o n t   and  r e a r   n o z z l e   p l a t e s   2 

and  7,  and  Df  =  d i a m e t e r   of  f r o n t   c h a n n e l   3 .  

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

f a c t o r s   t h e   p r i n t   head   of  t he   p r e s e n t   i n v e n t i o n   o p e r a t e s  

w i t h   a  min imum  p u l s e   d u r a t i o n   w h i c h   i s   1 /10   of  t he   m i n i m u m  

p u l s e   d u r a t i o n   of  t he   p r i o r   a r t   and  i s   immune  to   v i b r a t i o n s  

in  a  r a n g e   wh ich   i s   t e n   t i m e s   g r e a t e r   t h a n   t he   p r i o r   a r t .  

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

shown  in  F i g s .   4A  to  4F.  The  v a r i a t i o n s   shown  a t   F i g s .   4A 

to  4D  a r e   a d v a n t a g e o u s   to   f u r t h e r   i n c r e a s e   m e n i s c u s  

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

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

r e a r   n o z z l e   f r o n t   end  f a c e   w i t h   l i q u i d .   In  t h e s e  

v a r i a t i o n s ,   t he   r e a r   c h a n n e l   9  has   a  f r o n t   p o r t i o n   p a s s i n g  

t h r o u g h   n o z z l e   8  and  a  r e a r   p o r t i o n   p a s s i n g   t h r o u g h   n o z z l e  

p l a t e   7 .  

In  F i g .   4A,  t he   r e a r   c h a n n e l   9  has   a  f r o n t   p o r t i o n   9A'  

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

p o r t i o n   9A".  The  r e a r   c h a n n e l   9  in  F i g .   4B  has   a  

f r u s t o - c o n i c a l l y   s h a p e d   f r o n t   p o r t i o n   9B'  and  a  r e a r   p o r t i o n  

9B".  In  F i g .   4C,  r e a r   c h a n n e l   9  has   a  f r o n t   p o r t i o n   9 C '  

h a v i n g   a  l a r g e r   t r a n s v e r s e   c r o s s - s e c t i o n a l   a r e a   t h a n   a  r e a r  

p o r t i o n   9C".  T h i s   i n c r e a s e s   t h e   amoun t   of  l i q u i d   to   b e  

c o n t a i n e d   in  t he   n o z z l e   8.  The  r e a r   c h a n n e l   9,  F i g .   4D,  h a s  

a  f r o n t   p o r t i o n   9D'  h a v i n g   a  s t a i r c a s e   c r o s s - s e c t i o n   and  a  

c y l i n d r i c a l   r e a r   p o r t i o n   9D",  t h e   s t a i r c a s e   p o r t i o n  

i n c r e a s i n g   i t s   d i a m e t e r   w i t h   d i s t a n c e   away  f rom  the   r e a r  



p o r t i o n   9 D " .  

In  t h e   e m b o d i m e n t s   of  F i g s .   4A  and  4B,  t he   l i q u i d  

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

s u r f a c e   of  t he   f r o n t   p o r t i o n s   9 A ' ,   9B'  as  c o m p a r e d   w i t h   t h e  

e m b o d i m e n t   of  F i g .   1  and  i s   t h u s   g i v e n   a  g r e a t e r   l i q u i d  

r e t a i n i n g   f o r c e   w i t h   wh ich   t h e   m e n i s c u s   i s   more  s t a b i l i z e d  

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

to  b r e a k .   In  t h e   e m b o d i m e n t s   of  F i g s .   4C  and  4D,  f r o n t  

p o r t i o n s   9C'  and  9D'  s e r v e   as  r e s e r v o i r s   to  h o l d   a  g r e a t e r  

a m o u n t   of  l i q u i d   t h e r e i n   to  i n c r e a s e   l i q u i d   e j e c t i o n  

c a p a b i l i t y .  

In  F i g .   4E,  r e a r   n o z z l e   8  i s   f o r m e d   w i t h   an  a n n u l a r  

g r o o v e   80  to   e n t r a p   l i q u i d   w h i c h   m i g h t   s p i l l  o v e r   t h e   e d g e  

of  t he   n o z z l e   i f   an  e x c e s s i v e   a m o u n t   of  f o r c e   i s   e x t e r n a l l y  

a p p l i e d   to   t h e   p r i n t   h e a d .   The  a n n u l a r   g r o o v e   may  b e  

p r o v i d e d   a r o u n d   the   n o z z l e   8  as  shown  a t   81  in  of  F i g .   4 F .  

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

f a b r i c a t i n g   a  r e a r   n o z z l e   p l a t e   w i t h   r e f e r e n c e   to   F i g s .   5A 

to  5G. 

I l l u s t r a t e d   a t   21  in  F i g .   5A  is   a  p h o t o s e n s i t i v e   g l a s s  

which   i s   c o m p o s e d   of  a  S i 0 2 - A 1 2 0 3 - L i 2 0   g l a s s   c o n t a i n i n g   C e 0 2  
and  Ag20.   A  p h o t o m a s k   22  h a v i n g   a  p l u r a l i t y   of  r i n g - s h a p e d  

o p a q u e   p o r t i o n s   22a  ( o n l y   one  of  wh ich   i s   shown  f o r  

s i m p l i c i t y )   in  a  t r a n s p a r e n t   a r e a   22b  i s   p l a c e d   on  t h e   u p p e r  
s u r f a c e   of  t h e   g l a s s   21.  The  p h o t o s e n s i t i v e   g l a s s   21  i s  

s u b j e c t   to   an  i m a g e w i s e   r a d i a t i o n   of  u l t r a v i o l e t   l i g h t  

t h r o u g h   t h e   mask  22  to  c a u s e   p o r t i o n s   21b  u n d e r l y i n g   t h e  

t r a n s p a r e n t   p o r t i o n   22b  to   p r o v i d e   t he   f o l l o w i n g   r e a c t i o n :  

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

t h a t   t h e   s i l v e r   c o n t e n t   of  t he   compound   becomes   c o l l o i d a l  

and  t h e n   s u b j e c t   to  a  s e c o n d a r y   h e a t   t r e a t m e n t   to   f o r m  

c r y s t a l s   L i 2 O - S i O 2   a r o u n d   s i l v e r   c o l l o i d s .   The  L i 2 0 - S i 0 2  
c r y s t a l s   a r e   e t c h e d   away  to  a  p r e d e t e r m i n e d   d e p t h .   T h i s  

l e a v e s   an  u p p e r   p o r t i o n   of  t h e   a m o r p h o u s   r e g i o n   to   s e r v e   a s  



a  r e a r   n o z z l e   21a  as  shown  in  F i g .   5B.  T h i s   e t c h i n g   p r o c e s s  
i s   p r e f e r a b l y   a c c o m p l i s h e d   by  a p p l y i n g   a  l a y e r   o f  

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

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

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

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

f rom  Sou  D e n s h i   Kogyo  K a b u s h i   K a i s h a   u n d e r   t h e   t r a d e m a r k   o f  

" E l e c t r o n   Wax".  The  wax  is   a p p l i e d   a t   a  t e m p e r a t u r e   of  7 0 ° C  

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

a g i t a t e d   a t   an  u l t r a s o n i c   f r e q u e n c y .  

In  F i g .   5C,  a  p h o t o r e s i s t   l a y e r   24  i s   c o a t e d   on  t h e  

l o w e r   s u r f a c e   of  t h e   g l a s s   21  and  a  p h o t o m a s k   25  h a v i n g   a 

p l u r a l i t y   of  o p a q u e   p o r t i o n s   25a  i s   p l a c e d   on  t h e  

p h o t o r e s i s t   24  so  t h a t   o p a q u e   p o r t i o n   25  a l i g n s   w i t h  

c o r r e s p o n d i n g   t h e   n o z z l e   21a .   The  d i a m e t e r   of  t he   o p a q u e  

p o r t i o n   25a  i s   g r e a t e r   t h a n   t h e   i n n e r   d i a m e t e r   o f ,   b u t  

s m a l l e r   t h a n   the   o u t e r   d i a m e t e r   o f ,   the   n o z z l e   21a .   T h e  

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

t h r o u g h   t he   mask  25.  U n e x p o s e d   p o r t i o n s   a r e   e t c h e d   to  f o r m  

a  p l u r a l i t y   of  h o l e s   24a  each   b e i n g   c o n c e n t r i c a l   w i t h   t h e  

n o z z l e   21a  as  shown  a t   F i g .   5D. 

A  h y d r o f l u o r i c   a c i d   r e s i s t a n t   l a y e r   26  i s   t h e n   f o r m e d  

o v e r   t h e   e n t i r e   u p p e r   s u r f a c e   of  t he   g l a s s   21  so  t h a t   i t  

f i l l s   t he   s p a c e   w i t h i n   t he   p r o j e c t i n g   n o z z l e   21a  as  shown  i n  

F i g .   5D.  The  g l a s s   s u b s t r a t e   is   i m m e r s e d   in  an  a q u e o u s  

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

a b o v e   t h e   h o l e   24a  to   t h e r e b y   p r o d u c e   a  b o r e   27  e x t e n d i n g  

a c r o s s   t h e   t h i c k n e s s   of  t he   g l a s s   21.  The  p h o t o r e s i s t   24  i s  

r e m o v e d   a f t e r   i t   i s   c a r b o n i z e d   in  a  p l a s m a   and  t he   l a y e r   26  

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

s o l u t i o n   a g i t a t e d   a t   an  u l t r a s o n i c   f r e q u e n c y   ( F i g .   5 E ) .  

S i n c e   t h e   n o z z l e   21a  r e m a i n s   a m o r p h o u s ,   i t   i s   p r e f e r a b l e  

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

h e a t - t r e a t e d   in  a  m a n n e r   s i m i l a r   to  t h a t   d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   t he   s t e p   of  F i g .   5A  to  c r y s t a l l i z e   t h e  



a m o r p h o u s   c n a n n e l   p o r t i o n s   21a .   T h i s   c r y s t a l l i z a t i o n  

p r o c e s s   c a u s e s   t he   who le   g l a s s   21  to  h o m o g e n i z e   as  shown  a t  
F i g .   5G  and  i n c r e a s e s   i t s   m e c h a n i c a l   s t r e n g t h .   The  g l a s s   21 
i s   t h e n   cu t   i n t o   i n d i v i d u a l   n o z z l e   p l a t e s .  

I t   i s   s een   t h a t   n o z z l e   p o r t i o n   21a  and  h o l e   27  a r e  
c r e a t e d   by  e t c h i n g   the   g l a s s   in  o p p o s i t e   d i r e c t i o n s .  

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

e r o d e   a t   a  r a t e   s u b s t a n t i a l l y   1 / 2 0   of  t he   r a t e   a t   wh ich   t h e  

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

t h e   g l a s s   21  f rom  b e i n g   s u b j e c t   to   a  p r o l o n g e d   s i n g l e  

e t c h i n g   p r o c e s s   and  t h u s   p r e v e n t s   i t   f rom  b e i n g   e x c e s s i v e l y  

e r o d e d   s i d e w a y s .   I t   i s   p o s s i b l e   to   p r o d u c e   a  r e a r   n o z z l e  

p l a t e   w i t h   a  n o z z l e   21a  h a v i n g   an  o u t e r   d i a m e t e r   of  1 0 0  

m i c r o m e t e r s   w i t h   an  e r r o r   o f  +   2  m i c r o m e t e r s ,   an  i n n e r  

d i a m e t e r   ( a t   the   f o r w a r d   e n d )   of  40  m i c r o m e t e r s   w i t h   a n  

e r r o r   o f  +   2  m i c r o m e t e r s   and  an  a x i a l   d i m e n s i o n   of  35  

m i c r o m e t e r s .   In  t h i s   c a s e ,   t h e   h o l e   27  has   a  d e p t h   of  1 3 0  

m i c r o m e t e r s .   A l t h o u g h   i t   has   a  s m a l l   t h i c k n e s s   in  r a d i a l  

d i r e c t i o n s ,   t he   n o z z l e   21a  has   a  s u f f i c i e n t   r i g i d i t y   t o  

r e t a i n   i t s   s h a p e   f o r   an  e x t e n d e d   p e r i o d   of  t i m e .   T h e  

g l a s s - f o r m e d   n o z z l e   p l a t e   7  h a s   a n o t h e r   a d v a n t a g e   in  t h a t   i t  

i s   c h e m i c a l l y   r e s i s t a n t   to  i n k   and  f r e e   f rom  s w e l l i n g .  

In  t h e   p r o c e s s   s t e p   shown  in  F i g .   5C,  i n c i d e n t  

u l t r a v i o l e t   l i g h t   t h a t   p e n e t r a t e s   t h e   p h o t o r e s i s t   24  i s  

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

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

l i g h t   e n t e r s   u n d e s i r e d   p o r t i o n s   of  t h e   p h o t o r e s i s t   2 4 ,  

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

n o n - e x p o s e d   a r e a s   to  b l u r .   For   t h i s   r e a s o n ,   a  

l i g h t - s h i e l d i n g   l a y e r   16  i s   p r o v i d e d   b e t w e e n   t h e   l o w e r  

s u r f a c e   of  g l a s s   21  and  p h o t o r e s i s t   24  as  shown  in  F i g .   6 .  

The  l i g h t - s h i e l d i n g   l a y e r   16  i s   f o r m e d   by  v a c u u m - e v a p o r a t i n g  

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

g l a s s   u n t i l   i t   a t t a i n s   a  t h i c k n e s s   of  1  to  2  m i c r o m e t e r s .  

A f t e r   b e i n g   e x p o s e d   to  u l t r a v i o l e t   i m a g e w i s e   r a d i a t i o n ,   t h e  



p h o t o r e s i s t   24  i s   r e m o v e d   f o l l o w e d   by  the   r e m o v a l   of  g o l d  

l a y e r   16  u s i n g   aqua   r e g i a .   A l t e r n a t i v e l y ,   t he   l o w e r   s u r f a c e  

of  g l a s s   21  i s   r o u g h e n e d   by  e t c h i n g   as  shown  in  F i g .   7A.  

The  p h o t o r e s i s t   l a y e r   24  i s   a p p l i e d   on  t he   r o u g h e n e d   s u r f a c e  

( F i g .   7B).   Most   of  t he   u l t r a v i o l e t   l i g h t   p e n e t r a t i n g   t h e  

p h o t o r e s i s t   24  i s   r e f l e c t e d   a t   t he   r o u g h e n e d   s u r f a c e ,  

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

p h o t o r e s i s t   24  i s   n e g l i g i b l e .   The  r o u g h e n e d   s u r f a c e  

p r e s e n t s   an  i n c r e a s e   in  c o n t a c t   a r e a   b e t w e e n   t h e   g l a s s   21 

and  p h o t o r e s i s t   24  so  t h a t   t he   l a t t e r   i s   f i r m l y   a d h e r e d   t o  

g l a s s   2 1 .  

F i g s .   8A  to  8F  a r e   i l l u s t r a t i o n s   of  a  s e c o n d   p r e f e r r e d  

m e t h o d   of  f a b r i c a t i n g   t he   r e a r   n o z z l e   p l a t e   7.  In  t h e   f i r s t  

s t e p ,   an  i n s u l a t i v e   s u b s t r a t e   31  of  c e r a m i c   or  g l a s s   i s  

p r e p a r e d   ( F i g .   8A).   On  t h e   s u b s t r a t e   31  is  d e p o s i t e d   a  

l a y e r   32  of  a  m a t e r i a l   wh ich   i s   d i s s i m i l a r   to   t h e   u n d e r l y i n g  

s u b s t r a t e .   T h i s   m a t e r i a l   i s   c h e m i c a l l y   r e s i s t a n t   to  ink  b u t  

can  e a s i l y   be  e r o d e d   by  an  e t c h a n t .   S u i t a b l e   m a t e r i a l s   f o r  

the   l a y e r   32  a r e   c o p p e r ,   a l u m i n u m ,   g o l d ,   p l a t i n u m ,   c h r o m e ,  

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

and  p h o t o s e n s i t i v e   r e s i n .   Such  m e t a l   is  d e p o s i t e d   b y  

e l e c t r o p l a t i n g   and  the   n o n m e t a l   m a t e r i a l   can  be  d e p o s i t e d  

u s i n g   a  s u i t a b l e   a d h e s i v e .   A  p h o t o r e s i s t   l a y e r   33  i s  

a p p l i e d   on  t he   l a y e r   32.  The  p h o t o r e s i s t   33  i s   e x p o s e d   t o  

u l t r a v i o l t   i m a g e w i s e   r a d i a t i o n   t h r o u g h   a  p h o t o m a s k   34  h a v i n g  

t r a n s p a r e n t   p o r t i o n   34a  in  t h e   s h a p e   of  a  r i n g   in  t he   o p a q u e  

b a c k g r o u n d .   The  u n e x p o s e d   p o r t i o n s   of  the   p h o t o r e s i s t   33 

a re   r e m o v e d   to   c r e a t e   a  p h o t o r e s i s t   r i n g   33a  on  t h e   l a y e r   32 

as  shown  in  F i g .   8B.  An  e t c h i n g   r e s i s t a n t   c o a t   35  i s  

a p p l i e d   on  t he   l o w e r   s u r f a c e   of  s u b s t r a t e   31.  The  s u b s t r a t e  

31  is  t h e n   i m m e r s e d   in  an  e t c h i n g   s o l u t i o n   to  r e m o v e   t h e  

p o r t i o n s   of  t he   l a y e r   32  wh ich   a re   u n o c c u p i e d   by  t h e  

p h o t o r e s i s t   r i n g   33a .   I f   t he   l a y e r   32  is  c o m p o s e d   of  g o l d  

or  p l a t i n u m ,   aqua   r e g i a   can  be  u s e d   as  the   e t c h i n g   s o l u t i o n .  

The  p h o t o r e s i s t   r i n g   33a  i s   t h e n   r e m o v e d   by  c a r b o n i z i n g   i t  



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

l a y e r   35  to   t h e r e b y   fo rm  a  n o z z l e   32a  ( F i g .   8 C ) .  

In  F i g .   8D,  p h o t o r e s i s t   is   a p p l i e d   to  t h e   l o w e r  

s u r f a c e   of  s u b s t r a t e   31  to  fo rm  a  l a y e r   36  w h i c h   i s   f l o o d e d  

w i t h   an  u l t r a v i o l e t   i m a g e w i s e   r a d i a t i o n   t h r o u g h   a  p h o t o m a s k  

37  h a v i n g   an  o p a q u e   p o r t i o n   37a  m a s k i n g   t h e   p o r t i o n   d i r e c t l y  

b e l o w   t h e   n o z z l e   32a  in  a  m a n n e r   s i m i l a r   to  t h e   s t e p   s h o w n  

in  F i g .   5C.  A  h y d r o f l u o r i c   a c i d   r e s i s t a n t   l a y e r   38  of  t h e  

m a t e r i a l   as  u s e d   in  t h e   l a y e r   26,  F i g .   5D,  i s   a p p l i e d  

e n t i r e l y   o v e r   t h e   u p p e r   s u r f a c e   of  s u b s t r a t e   31  so  t h a t   t h e  

s p a c e   w i t h i n   t h e   n o z z l e   32a  i s   f i l l e d   ( F i g .   8D),   w h i c h   i s  

f o l l o w e d   by  t h e   i m m e r s i o n   of  t he   s u b s t r a t e   i n t o   a  
p h o t o r e s i s t   e t c h i n g   s o l u t i o n   to  r emove   t h e   u n e x p o s e d   p o r t i o n  
of  p h o t o r e s i s t   l a y e r   36  to   fo rm  a  h o l e   36a  ( F i g .   8E) .   T h e  

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

s o l u t i o n   to   fo rm  a  h o l e   31a ,   F i g .   8F,  t h a t   e x t e n d s   t h r o u g h  

the   t h i c k n e s s   of  s u b s t r a t e   31,  f o l l o w e d   by  t h e   r e m o v a l   o f  

l a y e r s   36  and  38.  The  m e t h o d   of  F i g s .   8A  to  8F  i s  

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

s e l e c t   a  s u i t a b l e   m a t e r i a l   f o r   t he   p r o j e c t i n g   n o z z l e   p o r t i o n  

32a  h a v i n g   a  s u f f i c i e n t   s u r f a c e   r o u g h n e s s   to  r e t a i n   t h e  

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

of  t he   s u b s t r a t e   3 1 .  

F i g s .   9A  to  9F  i l l u s t r a t e   a  f u r t h e r   m a n u f a c t u r i n g  

p r o c e s s   in  w h i c h   the   s t e p s   of  F i g .   5A  is  i n i t i a l l y   p e r f o r m e d  

to  c r y s t a l l i z e   p o r t i o n s   of  a  g l a s s   s u b s t r a t e   41  t h a t  

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

F i g .   9A  f o l l o w s .   T h i s   s t e p   i s   s i m i l a r   to  t h e   s t e p   of  F i g .  

5B  w i t h   t h e   e x c e p t i o n   t h a t   t he   e t c h i n g   p r o c e s s   i s   c a r r i e d  

out   on  o p p o s i t e   s u r f a c e s   of  t he   g l a s s   s u b s t r a t e   41  to  form  a  

p a i r   of  n o z z l e s   41a  and  41b.   S i n c e   the   u p p e r   n o z z l e   41a  i s  

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

p h o t o m a s k   t h a n   i s   t he   l o w e r   n o z z l e   41b,   t he   f o r m e r   has   a  

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

t h a n   t he   l a t t e r .   In  F i g .   9B,  t he   u p p e r   s u r f a c e   of  s u b s t r a t e  



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

l a y e r   42  so  t h a t   i t   f i l l s   t he   s p a c e   w i t h i n   t he   n o z z l e   4 1 a .  

The  l o w e r   s u r f a c e   is   c o a t e d   w i t h   a  l a y e r   43  o v e r   a r e a s  

o u t s i d e   of  t h e   l o w e r   n o z z l e   41b.   The  l a y e r   43  may  be  f o r m e d  

of  t he   same  wax  as  u s e d   in  F i g .   5D.  The  l o w e r   n o z z l e  

p o r t i o n   41b  has   a  g r e a t e r   s u r f a c e   r o u g h n e s s   on  i t s   s i d e   w a l l  

t h a n   on  i t s   u p p e r   f a c e .   The  d i f f e r e n c e   in  s u r f a c e   r o u g h n e s s  

p r e v e n t s   the   p a r a f f i n   l a y e r   43  f rom  s p r e a d i n g   b e y o n d   t h e  

u p p e r   edge  of  t he   n o z z l e   p o r t i o n   41b .   The  s u b s t r a t e   is   t h e n  

i m m e r s e d   in  an  a q u e o u s   h y d r o f l u o r i c   a c i d   s o l u t i o n   of  5% 

c o n c e n t r a t i o n   wh ich   i s   m a i n t a i n e d   a t   a  t e m p e r a t u r e   l o w e r  

t h a n   34°C  to  c r e a t e   a  h o l e   41c  w i t h i n   t h e   a m o r p h o u s   c y l i n d e r  

t h a t   e x t e n d s   b e t w e e n   n o z z l e s   41a  and   41b  ( F i g .   9C).   In  t h i s  

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

b o u n d a r y   b e t w e e n   t h e   n o z z l e   41b  and  s u r r o u n d i n g   l a y e r   43  t o  

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

can  be  e t c h e d   f o r   a  p e r i o d   of  35  m i n u t e s   at   a  s o l u t i o n  

t e m p e r a t u r e   of  20°C  to  remove   a  v o l u m e   to  a  d e p t h   of  1 7 0  

m i c r o m e t e r s   w i t h   a  d i a m e t e r   of  a b o u t   50  m i c r o m e t e r s .   Due  t o  

s i d e w a y s   e r o s i o n ,   the   h o l e   41c  i s   t a p e r e d   u p w a r d .  

L a y e r s   42  and  43  a re   r e m o v e d   in  a  s o l u t i o n   o f  

t r i c h l o r o e t h y l e n e   a g i t a t e d   a t   u l t r a s o n i c   f r e q u e n c y   ( F i g .  

9D).   The  l o w e r   s u r f a c e   of  the   s u b s t r a t e   is   l a p p e d   t o  

p r e s e n t   a  f l a t   s u r f a c e   ( F i g .   9E).   The  s u b s t r a t e   41  is   t h e n  

s u b j e c t   to  u l t r a v i o l e t   r a d i a t i o n   and  t h e n   h e a t e d   in  the   s a m e  

m a n n e r   as  in  F i g .   5G  to  c r y s t a l l i z e   t h e   a m o r p h o u s   r e g i o n  

( F i g .   9 F ) .  

The  h y d r o f l u o r i c   a c i d   r e s i s t a n t   l a y e r   43  may 

a l t e r n a t i v e l y   be  f o r m e d   of  epoxy  r e s i n   a d h e s i v e   which  is   a  
m i x t u r e   of  E p i c o a t   828  as  a  p r i n c i p a l   c o m p o n e n t   and  E p i c u r e  

Z  as  a  c u r i n g   a g e n t   ( b o t h   b e i n g   t he   t r a d e m a r k s   of  S h e l l  

C h e m i c a l s ) .   The  p h o t o s e n s i t i v e   g l a s s   s u b s t r a t e   41  is   h e a t e d  

to  a  t e m p e r a t u r e   of  40°C  to  a p p l y   E p i c o a t   828  to  a  t h i c k n e s s  

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

of  50  h o u r s   a t   room  t e m p e r a t u r e   to  p r e v e n t   i n t r u s i o n   o f  



E p i c o a t   i n t o   the   n o z z l e   41b.  T h i s   is   f o l l o w e d   by  a  f u l l  

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

t e m p e r a t u r e   of  70°C  f o r   a  p e r i o d   of  60  m i n u t e s .   The  e p o x y  
r e s i n   l a y e r   43  can  be  r e m o v e d   in  an  o x y g e n   p l a s m a  

e n v i r o n m e n t .   In  c o m p a r i s o n   w i t h   t he   m e t h o d   i n v o l v i n g   t h e  

use   of  t h e   wax,  t he   e p o x y   r e s i n   l a y e r   43  i s   f a v o r e d   in  t e r m s  

of  i t s   e x c e l l e n t   a d h e r e n c e   to  t he   u n d e r l y i n g   g l a s s   s u b s t r a t e  

and  s t r e n g t h .   Due  to   t he   h i g h   s t r e n g t h ,   u n d e s i r e d   e r o s i o n  

a r o u n d   the   n o z z l e   41b  can  be  m i n i m i z e d .  

In  t h e   p r o c e s s   of  F i g s .   9A  to  9F  j u s t   d e s c r i b e d ,   t h e  

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

one  s u r f a c e   of  t h e   p h o t o s e n s i t i v e   g l a s s   s u b s t r a t e ,   w h e r e a s  

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

on  o p p o s i t e   s i d e s   of  a  s u b s t r a t e .   The  p r o c e s s   of  F i g s .   9A 

to  9E  e l i m i n a t e s   m i s r e g i s t r a t i o n   wh ich   m i g h t   o c c u r   b e t w e e n  

t h e   two  p h o t o m a s k s   u s e d   on  o p p o s i t e   s i d e s   of  t h e   s u b s t r a t e .  

As  s e e n   in  F i g .   10,   t y p i c a l   d i m e n s i o n s   of  a  r e a r  

n o z z l e   m a n u f a c t u r e d   a c c o r d i n g   to  F i g s .   9A  to   9E  m e a s u r e  

F=170  um,  E=30  um,  Dl=45  um,  D2=  50  um  and  D3=  90  µm.  Due  

to   t he   s i n g l e   i m a g e w i s e   r a d i a t i o n ,   t h e   n o z z l e   o p e n i n g   41c  i s  

p r e c i s e l y   a l i g n e d   w i t h   the   n o z z l e   o p e n i n g   41d  in  the   n o z z l e  

4 1 a .  

S i n c e   t h e   f i r s t   e t c h i n g   p r o c e s s   i n v o l v e d   in  f o r m i n g  

t h e   r e a r   n o z z l e   o p e n i n g s   on  one  s u r f a c e   of  t h e   s u b s t r a t e   i s  

p e r f o r m e d   in  a  much  s m a l l e r   p e r i o d   of  t i m e   t h a n   is   t a k e n   t o  

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

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

i n c r e a s e   as  a  f u n c t i o n   of  t ime   t a k e n   to   p e r f o r m   the   e t c h i n g  

p r o c e s s ,   t he   m e t h o d   of  the   p r e s e n t   i n v e n t i o n   e n s u r e s  

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

d i m e n s i o n e d   n o z z l e   o p e n i n g .   F u r t h e r m o r e ,   t h e   s e c o n d   e t c h i n g  

p r o c e s s   can  be  e f f e c t e d   fo r   a  d e s i r e d   l e n g t h   of  t i m e   to  t a k e  

a d v a n t a g e   of  t he   s i d e w a y   e t c h i n g   t e n d e n c y   of  t h e  

p h o t o s e n s i t i v e   g l a s s   s u b s t r a t e   so  t h a t   t h e   t r a n s v e r s e  

c r o s s - s e c t i o n   of  t he   r e a r   h o l e   41c  can  be  made  g r e a t e r   t h a n  



t h a t   of  t h e   n o z z l e   o p e n i n g   41d  to  r e d u c e   i t s   f l o w   r e s i s t a n c e  

to   l i q u i d .  

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

on  t h e   p r o j e c t i n g   n o z z l e   8  i s   a f f e c t e d   by  t he   e l e c t r i c   f i e l d  

d i s t r i b u t i o n ,   t he   v i s c o s i t y   of  t he   ink   of  t y p i c a l l y   o i l y  

m a t e r i a l ,   t he   t r a n s i e n t   p r e s s u r e   v a r i a t i o n s   in  t h e  

p r o j e c t i n g   n o z z l e   8  and  in  t h e   a i r   c h a m b e r   10  and  t h e   s i z e  

of  t h e   m e n i s c u s   which   is   a f f e c t e d   by  the   v o l t a g e s   a p p l i e d   t o  

t h e   e l e c t r o d e s .   As  a  r e s u l t ,   t h e   ink  t e n d s   to   be  d e f l e c t e d  

ou t   of  t h e   i n t e n d e d   t r a j e c t o r y   as  i t   is   d i s c h a r g e d   f rom  t h e  

p r o j e c t i n g   n o z z l e   8.  T h i s   r e s u l t s   in  a  b u i l d u p   of  an  i n k  

l a y e r   on  t h e   w a l l s   a d j a c e n t   to  t h e   p r o j e c t i n g   n o z z l e   8 .  

S i n c e   t h e   ink   i s   c o n d u c t i v e ,   t he   e l e c t r i c   f i e l d   w i l l   b e  

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

p r o b l e m .  
I t   i s   t h e r e f o r e   p r e f e r a b l e   t h a t   p o r t i o n s   of  t h e  

a d j a c e n t   w a l l s   where   t he   ink   p a r t i c l e s   a r e   l i k e l y   to  h i t   b e  

r e n d e r e d   i n k - r e p e l l a n t .   S i n c e   t he   t e n d e n c y   of  a  m a t e r i a l   t o  

become  wet  d e p e n d s   on  the   r o u g h n e s s   of  i t s   s u r f a c e ,   i t   i s  

e f f e c t i v e   to  p o l i s h  a   p o r t i o n   2a  of  the   f r o n t   n o z z l e   p l a t e   2 

s u r r o u n d i n g   the   f r o n t   c h a n n e l   3  to  a  m i r r o r - f i n i s h .  

F i g s .   l l A   to  11C  a r e   i l l u s t r a t i o n s   of  p r e f e r r e d  

e m b o d i m e n t s   f o r   e l i m i n a t i n g   t h e   d e f l e c t i o n   p r o b l e m .   In  F i g .  

11A,  t he   i n n e r   s u r f a c e   of  t he   f r o n t   n o z z l e   p l a t e   2  i s   c o a t e d  

w i t h   a  t h i n   l a y e r   50  of  an  i n k - r e p e l l a n t   m a t e r i a l   ( w h i c h   i s  

a l s o   o i l - r e p e l l a n t )   such   as  e t h y l e n e   t e t r a f l u o r i d e   r e s i n  

wh ich   i s   t y p i c a l l y   a v a i l a b l e   as  T e f l o n ,   a  t r a d e m a r k   of  Du 

P o n t ,   or  a  f l u o r i d e - c o n t a i n i n g   p o l y m e r   a v a i l a b l e   as  a  

m i x t u r e   of  l i q u i d s   known  u n d e r   t he   t r a d e m a r k   F l u o r a d   F C - 7 2 1  

and  FC-77   of  3M  C o r p o r a t i o n .   Due  to  the   r e d u c e d   w e t n e s s ,  

any  a m o u n t   of  ink  d e p o s i t e d   on  l a y e r   50  is   e x p e l l e d   to  t h e  

o u t s i d e   by  the   a i r   p a s s i n g   o v e r   t h e   s u r f a c e   of  t h e   l a y e r   5 0 .  

In  F i g .   11B,  the   f l u o r i d e - c o n t a i n i n g   p o l y m e r   l i q u i d  

m e n t i o n e d   above   is   s p r a y e d   on  t h e   i n n e r   s u r f a c e   of  t he   f r o n t  

n o z z l e   member   2  so  t h a t   an  i n k - r e p e l l a n t   l a y e r   51  i s   f o r m e d  



on  t he   i n n e r   w a l l   of  a  f o r w a r d l y   t a p e r e d   f r o n t   c h a n n e l   3  a s  
w e l l   as  on  the   i n n e r   s u r f a c e   of  the   member  2.  S i n c e   F l u o r a d  
has   a  s u r f a c e   t e n s i o n   of  11  to  12  d y n e s / c m ,   a  s a t i s f a c t o r y  
l e v e l   of  r e p u l s i v e n e s s   can  be  o b t a i n e d .   On  t h e   s u r f a c e   o f  

the   r e a r   n o z z l e   member  7  i s   p r e f e r a b l y   d e p o s i t e d   a n  

i n k - r e p e l l a n t   l a y e r   52  f o r m e d   of  a  m i x t u r e   o f  

f l u o r i d e - c o n t a i n i n g   d i a m i n e   and  epoxy  r e s i n .   S p e c i f i c a l l y ,  

a f t e r   f o r m i n g   a  c o a t ,   t h e   m i x t u r e   is   c u r e d   by  h e a t i n g   i t   a t  

150°C  f o r   1  to   5  h o u r s .   The  same  l e v e l   of  r e p u l s i v e n e s s   a s  

e t h y l e n e   t e t r a f l u o r i d e   can  be  o b t a i n e d .   S i n c e   t he   o u t e r  

w a l l   of  t he   p r o j e c t i n g   n o z z l e   8  and  the   a r e a   s u r r o u n d i n g   t h e  

f o o t   of  the   n o z z l e   8  h a v e   a  s u r f a c e   r o u g h n e s s   g r e a t e r   t h a n  

t h a t   of  the   f r o n t   end  of  t h e   p r o j e c t i n g   n o z z l e   8  due  to  t h e  

e t c h i n g   p r o c e s s   m e n t i o n e d   p r e v i o u s l y ,   the   r e p e l l a n t   l a y e r   52  

can  be  e a s i l y   f o r m e d   e x c e p t i n g   t he   f r o n t   end  of  t he   n o z z l e .  

In  t h e   e m o d i m e n t   of  F i g .   11B,  t h e   ink  t e n d s   to   e x t e n d   to   t h e  

p e r i m e t r y   of  t he   f r o n t   end  f a c e   of  t he   p r o j e c t i n g   n o z z l e   8 

due  to   t he   low  wet  c o n t a c t   a n g l e   w i t h   g l a s s   w i t h   w h i c h   i t   i s  

f o r m e d .   T h e r e f o r e ,   a  r e l a t i v e l y   l a r g e   m e n i s c u s   53  w i l l   t h u s  

be  f o r m e d .   An  e l e c t r o d e   54  may  be  p r o v i d e d   on  t he   r e a r  

s u r f a c e   of  t he   r e a r   n o z z l e   member  7 .  

An  i n k - r e p e l l a n t   l a y e r   55  may  a l s o   be  f o r m e d   on  t h e  

f r o n t   end  f a c e   of  t he   p r o j e c t i n g   n o z z l e   8  as  shown  in  F i g .  

11C.  T h i s   l a y e r   i s   f o r m e d   by  s p r a y i n g   t he   f l u o r i d e -  

c o n t a i n i n g   p o l y m e r   l i q u i d   m e n t i o n e d   a b o v e .   Due  to  r e p e l l i n g  

a c t i o n ,   t he   ink   i s   c o n f i n e d   w i t h i n   t he   i n n e r   p e r i m e t r y   o f  

the   c o a t   on  t h e   f r o n t   end  f a c e ,   a  r e l a t i v e l y   s m a l l   m e n i s c u s  

56  w i l l   be  f o r m e d .   B e c a u s e   of  an  i n c r e a s e d   f i e l d  

c o n c e n t r a t i o n   on  t he   m e n i s c u s   56  a  l o w e r   t h r e s h o l d   v o l t a g e  

is   r e q u i r e d   f o r   d i s c h a g i n g   t h e   ink   t h r o u g h   n o z z l e   8  t h a n   i s  

r e q u i r e d   w i t h   t he   p r e v i o u s   e m b o d i m e n t .   F r o n t   n o z z l e   m e m b e r  

2  i s   p r e f e r a b l y   c o a t e d   w i t h   an  i n k - r e p e l l a n t   l a y e r   57  w h i c h  

e x t e n d s   o u t w a r d l y   to  e n c l o s e   t he   e l e c t r o d e   11.   T h e  

f r o n t - w a l l   c o a t i n g   i s   to   r e p e l   t he   ink  p a r t i c l e s   w h i c h   m i g h t  

r e t u r n   to  t he   f r o n t   member   2  by  t u r b u l e n c e   c a u s e d   by  t he   a i r  



e j e c t e d   a t   h i g h   s p e e d s   from  t he   c h a n n e l   3 .  

I n k - r e p e l l a n t   m a t e r i a l s   t h a t   can  be  a d v a n t a g e o u s l y  

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

(a)  f l u o r i d e - c o n t a i n i n g   p o l y m e r   such   a s  

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

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

t e t r a f l u o r o e t h y l e n e   p e r f l u o r o a l k y l v i n y l e t h e r   c o p o l y m e r ,  

p o l y v i n y l i d e n e   f l u o r i d e ,   e t h y l e n e - t e t r a f l u o r o e t h y l e n e  

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

f l u o r i d e - c o n t a i n i n g   a l k y l   s i l a n e ;  

(b)  i n o r g a n i c   f l u o r i d e - c o n t a i n i n g   compound   such  a s  

c a l c i u m   f l u o r i d e   and  g r a p h i t e   f l u o r i d e ;  

(3)  s i l i c o n e   p o l y m e r   of  t h e   t y p e   wh ich   i s   c o m p o s e d   o f  

a  S i -O   bond  and  i s   c a p a b l e   of  b e i n g   c u r e d   a t   r o o m  

t e m p e r a t u r e s   or  s i l i c o n e   p o l y m e r   of  t h e   t y p e   wh ich   i s   c u r e d  

at   e l e v a t e d   t e m p e r a t u r e s ;   a n d  

(4)  a  c o p o l y m e r   of  f l u o r i d e - c o n t a i n i n g   p o l y m e r   a n d  

s i l i c o n e   p o l y m e r   such  a s :  

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

the   f r o n t   and  r e a r   n o z z l e   p l a t e s   by  means   of  a p p a r a t u s   s h o w n  

in  F i g s .   12A  and  1 2 B .  

In  F i g .   12A,  a  mount   60  i n c l u d e s   an  a n n u l a r   g r o o v e   61 

on  t h e   u p p e r   s u r f a c e   in  which   a  s e a l   62  i s   f i t t e d .   Mount   60 

is   f o r m e d   w i t h   a  n e g a t i v e   p r e s s u r e   c h a m b e r   63  w h i c h  

c o m m u n i c a t e s   t h r o u g h   a  p i p e   64  to   a  s u c t i o n   pump  65.  N o z z l e  

member  2  or  7  i s   p l a c e d   on  the   mount   60.  Sea l   62  p r o v i d e s  

an  a i r - t i g h t   s e a l i n g   c o n t a c t   to  a l l o w   a i r   to  be  a d m i t t e d  

i n t o   the   c h a m b e r   63  e x c l u s i v e l y   t h r o u g h   the   c h a n n e l   3  ( o r  



9).   ThT  s p e e d   of  t he   a i r   p a s s i n g   t h r o u g h   the   c h a n n e l   i s  
c o n t r o l l e d   by  a  p r e s s u r e   r e g u l a t o r   66  l o c a t e d   in  t h e   p i p e  

64.  I n k - r e p e l l a n t   m a t e r i a l   i s   s p r a y e d   by  a  s p r a y   gun  67  t o  

the   n o z z l e   member   to   form  an  i n k - r e p e l l a n t   l a y e r   69  t h e r e o n .  

Due  to  t he   a i r   f l o w i n g   in  the   same  d i r e c t i o n   as  t h e  

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

is   c a r r i e d   by  t h e   a i r   and  fo rms   a  t h i n   f i l m   on  the   i n n e r  

w a l l   of  t h e   c h a n n e l .   O t h e r w i s e ,   t h e   s p r a y e d   m a t e r i a l   w o u l d  

c l o g   the   c h a n n e l .  

A p p a r a t u s   shown  in  F i g .   12B  i s   u s e f u l   f o r   f o r m i n g   t h e  

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

n o z z l e   m e m b e r .   A  moun t   70  has   an  a n n u l a r   g r o o v e   71  in  w h i c h  

is   p r o v i d e d   a  s e a l   72  and  a  p o s i t i v e   p r e s s u r e   c h a m b e r   73.  A 

h o l d i n g   member   74  i s   d e t a c h a b l y   s e c u r e d   to  t he   mount   70  b y  

s c r e w s   75  to  h o l d   t he   n o z z l e   p l a t e   in  b e t w e e n .   H o l d i n g  

member  74  is   f o r m e d   w i t h   a  window  76.  Chamber   73  i s  

c o n n e c t e d   by  a  p i p e   77  to  a  p r e s s u r e   pump  78  to  p r o d u c e   a  

p o s i t i v e   p r e s s u r e   in  t he   c h a m b e r   73  and  e j e c t   a i r   to   t h e  

o u t s i d e   t h r o u g h   t he   c h a n n e l   of  t he   n o z z l e   member ,   t he   s p e e d  

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

r e g u l a t o r   79.  I n k - r e p e l l a n t   m a t e r i a l   i s   s p r a y e d   by  a  s p r a y  

gun  80  to  f o rm  an  i n k - r e p e l l a n t   l a y e r   81  w i t h i n   t he   w i n d o w  

76.  S i n c e   t he   d i r e c t i o n   of  m o v e m e n t   of  a i r   t h r o u g h   t h e  

c h a n n e l   i s   o p p o s i t e   to   the   d i r e c t i o n   of  movemen t   of  t h e  

s p r a y e d   m a t e r i a l ,   t h e   l a t t e r   is   d e p o s i t e d   o n l y   on  t h e  

s u r f a c e   p o r t i o n   of  t he   n o z z l e   p l a t e   and  is   p r e v e n t e d   f r o m  

c l o g g i n g   t h e   c h a n n e l .  



1.  An  ink   j e t   p r i n t e r   c o m p r i s i n g   a  s o u r c e   of  p r e s s u r i z e d  

a i r   ( 1 3 ) ,   a  l i q u i d   c o n t a i n e r   ( 6 ) ,   an  ink   j e t   p r i n t   h e a d   ( 1 )  

c o m p r i s i n g   a  f r o n t   n o z z l e   member   (2)  h a v i n g   a  f r o n t   c h a n n e l  

( 3 ) ,   a  h o u s i n g   (4)  s e c u r e d   to   s a i d   f r o n t   n o z z l e   m e m b e r ,   a  

r e a r   n o z z l e   member  (7)  d e f i n i n g   w i t h   s a i d   h o u s i n g   a  l i q u i d  

c h a m b e r   (5)  c o n n e c t e d   to   s a i d   c o n t a i n e r   and  d e f i n i n g   w i t h  

s a i d   f r o n t   n o z z l e   member  a  l a m i n a r   a i r f l o w   c h a m b e r   ( 1 0 ) ,  

s a i d   r e a r   n o z z l e   member  (7)  h a v i n g   a  r e a r   c h a n n e l   ( 9 )  

e x t e n d i n g   f o r w a r d l y   f rom  t he   l i q u i d   c h a m b e r   in  a x i a l  

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

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

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

f r o n t   and  r e a r   c h a n n e l s   so  t h a t   i t   makes   a  s h a r p   t u r n   a t   t h e  

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

g r a d i e n t   a l o n g   a  p a t h   b e t w e e n   t he   e x i t   ends   of  s a i d   f r o n t  

and  r e a r   c h a n n e l s   and  a  dead   a i r   r e g i o n   a d j a c e n t   t h e   e x i t  

end  of  s a i d   r e a r   c h a n n e l ,   means   (11 ,   6a,   12)  f o r  

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

c h a n n e l   and  s a i d   m e n i s c u s   to  c a u s e   i t   to  e x t e n d   to  a n d  

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

(15)   f o r   c o n n e c t i n g   s a i d   l i q u i d   c o n t a i n e r   to  s a i d   a i r   s o u r c e  

so  t h a t   in  t h e   a b s e n c e   of  s a i d   e l e c t r i c   f i e l d   t h e   l i q u i d  

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

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

and  the   s u r f a c e   t e n s i o n   of  t h e   l i a u i d ,  
c h a r a c t e r i z e d   in  t h a t   s a i d   r e a r   n o z z l e   member  has   a  

f o r w a r d l y   p r o j e c t i n g   n o z z l e   (8)  whose   r a d i a l   d i m e n s i o n s  

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

2.  An  ink   j e t   p r i n t e r   as  c l a i m e d   in  c l a i m   1 ,  

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

s h a p e   on  a  f r o n t   f a c e   of  s a i d   p r o j e c t i n g   n o z z l e   (7)  in  t h e  

a b s e n c e   of  s a i d   e l e c t r i c   f i e l d .  



3.  An  ink   j e t   p r i n t e r   as  c l a i m e d   in  c l a i m   1  or  2 

c h a r a c t e r i z e d   in  t h a t   s a i d   r e a r   c h a n n e l   has   a  f r o n t   p o r t i o n  
l o c a t e d   in  s a i d   p r o j e c t i n g   n o z z l e   and  a  r e a r   p o r t i o n ,   s a i d  

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

s u r f a c e .  

4.  An  ink   j e t   p r i n t e r   as  c l a i m e d   in  c l a i m   1,  2  or  3 

c h a r a c t e r i z e d   in  t h a t   s a i d   r e a r   n o z z l e   member  s a t i s f i e s   t h e  

f o l l o w i n g   r e l a t i o n s :  

w h e r e ,   B  =  t h e   a x i a l   l e n g t h   of  s a i d   p r o j e c t i n g   n o z z l e ,   L  =  

the   d i s t a n c e   b e t w e e n   s a i d   f r o n t   and  r e a r   n o z z l e   m e m b e r s ,   Df  

=  t he   d i a m e t e r   of  s a i d   f r o n t   c h a n n e l ,   and  Dr  =  t he   o u t e r  

d i a m e t e r   of  s a i d   p r o j e c t i n g   n o z z l e .  

5.  An  ink   j e t   p r i n t e r   as  c l a i m e d   in  c l a i m   1,  2,  3  or  4 ,  

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

(2)  o p p o s e d   to  s a i d   p r o j e c t i n g   n o z z l e   (8)  and  s u r r o u n d i n g  

s a i d   f r o n t   c h a n n e l   (3)  is  c a p a b l e   of  r e p e l l i n g   s a i d   l i q u i d .  

6.  An  ink  j e t   p r i n t e r   as  c l a i m e d   in  c l a i m   5 ,  

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

l i q u i d - r e p e l l a n t   m a t e r i a l .  

7.  An  ink   j e t   p r i n t e r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

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

(2)  o p p o s e d   to  s a i d   p r o j e c t i n g   n o z z l e   (8)  and  the   i n n e r   w a l l  

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

l i q u i d - r e p e l l a n t   m a t e r i a l .  

8.  An  ink  j e t   p r i n t e r   as  c l a i m e d   in  c l a i m   5,  6  or  7 

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

(2)  a d j a c e n t   to   t h e   f i r s t - m e n t i o n e d   p o r t i o n   but   r e m o t e   f r o m  

s a i d   p r o j e c t i n g   n o z z l e   (8)  is  c o a t e d   w i t h   a  l a y e r   o f  



l i q u i d - r e p e l l a n t   m a t e r i a l .  

9.  An  i n k   j e t   p r i n t e r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  
c h a r a c t e r i z e d   in  t h a t   the   o u t e r   w a l l   of  s a i d   p r o j e c t i n g  

n o z z l e   (8)  and  a  p o r t i o n   of  t he   r e a r   n o z z l e   member  ( 7 )  

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

l i q u i d - r e p e l l a n t   m a t e r i a l .  

10.  An  ink   j e t   p r i n t e r   as  c l a i m e d   in  c l a i m   9 ,  

c h a r a c t e r i z e d   in  t h a t   a  f r o n t   end  f a c e   of  s a i d   p r o j e c t i n g  

n o z z l e   (8)  i s   c o a t e d   w i t h   a  l a y e r   of  l i q u i d - r e p e l l a n t  

m a t e r i a l .  

11.  An  i n k   j e t   p r i n t e r   as  c l a i m e d   in  c l a i m   6,  7,  8,  9  o r  

10,   c h a r a c t e r i z e d   in  t h a t   s a i d   l i q u i d - r e p e l l a n t   m a t e r i a l  

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

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

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

p o l y m e r .  

12.  A  m e t h o d   f o r   f a b r i c a t i n g   a  n o z z l e   member  of  an  ink   j e t  

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

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

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

fo rm  a  p r o j e c t i n g   n o z z l e   h a v i n g   a  n o z z l e   o p e n i n g   t h e r e i n ;  

a n d  

b)  e t c h i n g   s a i d   s u b s t r a t e   a c c o r d i n g   to   a  s e c o n d  

p a t t e r n   f rom  a  s e c o n d ,   o p p o s i t e   s u r f a c e   t h e r e o f   to  fo rm  a  

c h a n n e l   e x t e n d i n g   to   and  a x i a l l y   a l i g n e d   w i t h   s a i d   n o z z l e  

o p e n i n g .  

13.  A  m e t h o d   as  c l a i m e d   in  c l a i m   12,   c h a r a c t e r i z e d   in  t h a t  

t he   s t e p   (b)  c o m p r i s e s :  

b l )   a p p l y i n g   a  f i r s t   l a y e r   of  an  e t c h a n t   r e s i s t i v e  

m a t e r i a l   on  s a i d   f i r s t   s u r f a c e   so  t h a t   s a i d   m a t e r i a l   f i l l s  



- - i d   n o z z l e   o p e n i n g   and  f o r m i n g   a  s e c o n d   l a y e r   of  an  e t c h a n t  
r e s i s t i v e   m a t e r i a l   on  s a i d   s e c o n d   s u r f a c e   e x c e p t i n g   a  

p o r t i o n   wh ich   i s   a l i g n e d   w i t h   s a i d   n o z z l e   o p e n i n g ;   a n d  

b2)  i m m e r s i n g   s a i d   s u b s t r a t e   i n t o   an  e t c h a n t  

s o l u t i o n .  

14.   A  m e t h o d   as  c l a i m e d   in  c l a i m   12  o r   1 3 ,  c h a r a c t e r i z e d   i n   t h a t  

the   s t e p   (a)   i s   p e r f o r m e d   f o r   a  p e r i o d   of  t i m e   s m a l l e r   t h a n  

t he   t i m e   t a k e n   to   p e r f o r m   t h e   s t e p   ( b ) .  

15.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1 2 , 1 3   or   1 4  c h a r a c t e r i z e d   i n  t h a i  

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

16.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1 2 , 1 3  o r   14  c h a r a c t e r i z e d   in   t h a i  

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

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

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

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

f i r s t   p a t t e r n ,   and  t he   s t e p   (b)  c o m p r i s e s   e t c h i n g   s a i d  

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

17.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1 2 , 1 3   or   14  c h a r a c t e r i z e d   in   t h a  

the   s t e p   (a)  c o m p r i s e s   t h e   s t e p s   o f :  

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

g l a s s   s u b s t r a t e   to  an  u l t r a v i o l e t   f i r s t   i m a g e w i s e   r a d i a t i o n ;  

a2)  h e a t i n g   s a i d   s u b s t r a t e   to  c r y s t a l l i z e   r a d i a t i o n  

e x p o s e d   p o r t i o n s   t h e r e o f   so  t h a t   an  u n e x p o s e d   p o r t i o n  

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

the   f i r s t   s u r f a c e   to  a  s e c o n d ,   o p p o s i t e   s u r f a c e   of  t h e  

s u b s t r a t e ;   a n d  

a3)   s u b j e c t i n g   s a i d   f i r s t  s u r f a c e   of  s a i d   s u b s t r a t e  

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

f rom  t h e   f i r s t   s u r f a c e   to   a  p r e d e t e r m i n e d   d e p t h   to  t h e r e b y  

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

s a i d   s u b s t r a t e ,   and  in  t h a t   t h e   s t e p   (b)  c o m p r i s e s :  



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

s u r f a c e   of  t h e   s u b s t r a t e ;  

b2)  s u b j e c t i n g   s a i d   p h o t o r e s i s t   l a y e r   to  a n  
u l t r a v i o l e t   s e c o n d   i m a g e w i s e   r a d i a t i o n ;  

b3)  s u b j e c t i n g   s a i d   p h o t o r e s i s t   l a y e r   to   an  e t c h a n t  

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

is   no t   e x p o s e d   to   s a i d   s e c o n d   i m a g e w i s e   r a d i a t i o n ;  

b4)  s u b j e c t i n g   s a i d   s u b s t r a t e   on  the   s i d e   of  s a i d  

s e c o n d   s u r f a c e   to   an  e t c h a n t   s o l u t i o n   to   r emove   t h e   i n s i d e  

of  s a i d   h o l l o w   c y l i n d e r ;   a n d  

b5)  r e m o v i n g   s a i d   p h o t o r e s i s t   l a y e r   f rom  s a i d  

s u b s t r a t e .  

18.  A  m e t h o d   as  c l a i m e d   in  c l a i m   17,   c h a r a c t e r i z e d   in  t h a t  

the   s t e p   ( a 3 )   i s   p e r f o r m e d   f o r   a  p e r i o d   of  t i m e   s m a l l e r   t h a n  

the   t i m e   p e r i o d   t a k e n   to  p e r f o r m   t h e   s t e p   ( b 4 ) .  

19.  A  m e t h o d   as  c l a i m e d   in  c l a i m   17  o r   1 8 ,  c h a r a c t e r i z e d   in   t h a t  

t he   s t e p   ( a l )   c o m p r i s e s :  

a p p l y i n g   a  f i r s t   p h o t o m a s k   h a v i n g   a  r i n g - s h a p e d   o p a q u e  
p o r t i o n ;   a n d  

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

t h r o u g h   s a i d   f i r s t   p h o t o m a s k ,   a n d  

in  t h a t   t h e   s t e p   (b2)  c o m p r i s e s :  

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

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

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

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

s a i d   r i n g - s h a p e d   o p a q u e   p o r t i o n ;   a n d  

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

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

20.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1 7 ,  1 8   or   19  c h a r a c t e r i z e d   in   t h a t  

the   s t e p   (b4)   c o m p r i s e s :  

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



m a t e r i a l   to   s a i d   s u b s t r a t e   on  t he   s i d e   of  s a i d   f i r s t   s u r f a c e  
so  t h a t   i t   f i l l s   t h e   i n s i d e   of  s a i d   p r o j e c t i n g   a m o r p h o u s  

p o r t i o n ;  

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

remove   s a i d   i n s i d e   e x t e n d i n g   to   s a i d   s e c o n d   l a y e r ,  

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

s u b s t r a t e .  

21.  A  m e t h o d   as  c l a i m e d   in   any  one  of  c l a i m s   17  to  2 0 ,  

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

t he   s t e p s   of  s u b j e c t i n g   s a i d   s u b s t r a t e   a f t e r   t he   s t e p   ( b S )  
to  u l t r a v i o l e t   r a d i a t i o n   and  h e a t i n g   t he   s u b s t r a t e   t o  

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

22.  A  m e t h o d   as  c l a i m e d   in   any  one  of  c l a i m s   17  to   2 1 ,  

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

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

s u b s t r a t e   on  s a i d   s e c o n d   s i d e   p r i o r   to   t he   s t e p   ( b 1 ) .  
23.  A  m e t h o d   as  c l a i m e d   in   any  one  of  c l a i m s   17  to  2 2 ,  

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

s u b s t r a t e   p r i o r   to  the   s t e p   ( b l ) .  

24.  A  m e t h o d   as  c l a i m e d   in  c l a i m   12,   c h a r a c t e r i z e d   in  t h a t  

the   s t e p   (a)   c o m p r i s e s   the   s t e p s   o f :  

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

g l a s s   s u b s t r a t e   to  an  u l t r a v i o l e t   f i r s t   i m a g e w i s e   r a d i a t i o n ;  

a2)  h e a t i n g   the   s u b s t r a t e   to   c r y s t a l l i z e  

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

s u r f a c e   to  a  s e c o n d   s u r f a c e   of  t he   s u b s t r a t e ;   a n d  

a3)  s u b j e c 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  s a i d  

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

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

t h e r e b y   a l l o w   a  f i r s t   p a r t   of  s a i d   a m o r p h o u s   h o l l o w   c y l i n d e r  
to  p r o j e c t   f r o m   t he   f i r s t   s u r f a c e   and  e t c h   s a i d   c r y s t a l l i z e d  

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



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

c y l i n d e r   to   p r o j e c t   f rom  s a i d   s e c o n d   s u r f a c e ,   and  in  t h a t  

t he   s t e p   (b)  c o m p r i s e s   t he   s t e p s   o f :  

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

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

p a r t ;  

b2)  s u b j e c t i n g   t h e   s e c o n d   s u r f a c e   of  s a i d   s u b s t r a t e  

to  an  e t c h a n t   s o l u t i o n   to  r emove   t he   i n s i d e   of  s a i d   h o l l o w  

c y l i n d e r   e x t e n d i n g   f rom  s a i d   s e c o n d   s u r f a c e   to   s a i d   f i r s t  

s u r f a c e ;   a n d  

b3)  r e m o v i n g   s a i d   l a y e r   f rom  t h e   s u b s t r a t e .  

25.  A  m e t h o d   as  c l a i m e d   in  c l a i m   24,  c h a r a c t e r i z e d   in  t h a t  

t h e   s t e p   (b2)   c o m p r i s e s :  

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

on  t h e   e n t i r e   a r e a   of  s a i d   s u b s t r a t e   on  t he   s i d e   of  s a i d  

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

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

r e m o v e   s a i d   i n s i d e   f rom  s a i d   s e c o n d   s u r f a c e   to  s a i d   s e c o n d  

l a y e r .  

26.  A  m e t h o d   as  c l a i m e d   in  c l a i m   24  or  25  c h a r a c t e r i z e d   in   t h a t  

t he   s t e p   ( a 3 )   i s   p e r f o r m e d   f o r   a  p e r i o d   of  t i m e   s m a l l e r   t h a n  

t he   t i m e   p e r i o d   t a k e n   to  p e r f o r m   t he   s t e p '   ( e ) .  

27.  A  m e t h o d   as  c l a i m e d   in  c l a i m   2 4 , 2 5  o r  2 6   f u r t h e r   c o m p r i s i n g  

t he   s t e p   of  l a p p i n g   s a i d   s u b s t r a t e   on  t he   s i d e   of  s a i d  

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

28.  A  m e t h o d   as  c l a i m e d   in  c l a i m   2 4 , 2 5 , 2 6  o r  2 7   f u r t h e r  c o m p r i s i n g  

s u b j e c t i n g   s a i d   s u b s t r a t e   a f t e r   t he   s t e p   (b3)   to  u l t r a v i o l e t  

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

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



29.  A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m s   12  to   2 8 ,  

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

s u r f a c e   of  s a i d   n o z z l e   member  and  f o r c i n g   an  a i r s t r e a m  

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

d i r e c t i o n   as  t h e   d i r e c t i o n   of  m o v e m e n t   of  t he   s p r a y e d  

m a t e r i a l .  

30.  A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m s   12  to   2 8 ,  

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

s u r f a c e   of  s a i d   n o z z l e   member  and  f o r c i n g   an  a i r s t r e a m  

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

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

m a t e r i a l .  
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