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T h i s   i n v e n t i o n   r e l a t e s   to  a  p r i n t i n g  h e a d   f o r   an  ink   j e t  

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

o n - d e m a n d   t y p e   ink   j e t   p r i n t e r .  

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

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

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

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

s o u r c e   on  the   o r d e r   of  k i l o - v o l t s   to  d e f l e c t   t he   ink   d r o p l e t s  

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

u n n e c e s s a r y   ink   so  t h a t   an  ink   c i r c u l a t i n g   m e c h a n i s m   has  a  

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

of  t he   p r i n t e r .   In  c o m p a r i s o n   w i t h   t he   c o n t i n u o u s   t y p e ,   t h e  

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

can  j e t   t h e   ink  d r o p l e t s   a t   a  l o w e r   v o l t a g e   ( e . g .   a b o u t   100  V ) .  

M o r e o v e r ,   the   d r o p   o n - d e m a n d   p r i n t e r   does   not   need   t h e - i n k  

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

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



m e c h a n i s m   and  r e d u c e   t h e   s i z e   of  t h e   p r i n t e r .  

I t   is  b e l i e v e d ,   h o w e v e r ,   t h a t   t h e   d r o p   o n - d e m a n d   i s   d i s -  

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

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

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

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

c h a m b e r s   a r e   a r r a n g e d   in  t h i s   d r o p   o n - d e m a n d   t y p e   ink   j e t  

p r i n t e r   so  as  to  r e a l i z e   a  j e t   h ead   h a v i n g   a  m u l t i - n o z z l e  

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

j e t   p r i n t e r .   H o w e v e r ,   s i n c e   t h e   n o z z l e s   a r e   d i s p o s e d   m e r e l y  

p l a n e - w i s e   in  t h e  c o n v e n t i o n a l   m u l t i - n o z z l e   ink   j e t   h e a d ,  

t h e   n o z z l e   p i t c h   (or   n o z z l e   gap)   can   no t   be  made  s u f f i c i e n t l y  

s m a l l   and  h e n c e ,   s u f f i c i e n t   r e s o l u t i o n   can   no t   be  a t t a i n e d .  

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

w i t h   h i g h   r e s o l u t i o n ,   t h e   f o l l o w i n g   two  m e t h o d s   ( i )   and  ( i i )  

h a v e   been   pu t   to  p r a c t i c a l   u s e :  

( i )   A f t e r   p r i n t i n g   t h e   r e c o r d i n g   p a p e r   i s   d e v i a t e d   by  a  

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

( i i )   P r i n t i n g   h e a d s   h a v i n g   t h e   same  s h a p e   a r e   a r r a n g e d  

d e v i a t e d   f rom  one  a n o t h e r .  

H o w e v e r ,   t he   ink   j e t   p r i n t e r   u s i n g   t h e   f i r s t   m e t h o d   ( i )  

has   t h e   c r i t i c a l   p r o b l e m   in  t h a t   t h e   p r i n t i n g   s p e e d   i s   e x -  

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

( i i )   has   t he   p r o b l e m   t h a t   t h e   c o s t   of  p r o d u c t i o n   of  t h e  

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

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



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

p r i n t e r   as   a  w h o l e .  

F i g u r e   1  i s   a  s e c t i o n a l   v iew  s h o w i n g   t h e   c o n s t r u c t i o n  

of  t h e   c o n v e n t i o n a l   p r i n t i n g   head   in  t he   d r o p   o n - d e m a n d   t y p e  

i n k   j e t   p r i n t e r .   R e f e r e n c e   n u m e r a l   1  r e p r e s e n t s   a  f i r s t  

p l a t e   h a v i n g   a  c a v i t y   l a   f o r m e d   t h e r e o n .   A  s e c o n d   p l a t e   2 

w h i c h   i s   a  f l e x i b l e   w a l l ,   i s   d i s p o s e d   on  t h e   c a v i t y   la   a n d  

d e f i n e s   a  p r o j e c t i o n   c h a m b e r   3  t o g e t h e r   w i t h   t h e   c a v i t y   l a .  

The  i n k   i s   f u l l y   c h a r g e d   i n t o   t he   p r o j e c t i o n   c h a m b e r   3 .  

A  p i e z o e l e c t r i c   c r y s t a l   4  i s   b o n d e d   to  t he   s e c o n d   p l a t e   2 ,  

and  d e f o r m s   t h e   f l e x i b l e   s e c o n d   p l a t e   2  in  r e s p o n s e   to  a n  

e x t e r n a l   s i g n a l ,   r e d u c i n g   t he   vo lume   of  t h e   p r o j e c t i o n  

c h a m b e r   and  j e t t i n g   t h e   i nk   t h e r e i n   ou t   t h r o u g h   a  n o z z l e   5 .  

In  o r d e r   to   f u n c t i o n   as  a  f l e x i b l e   w a l l ,   t he   s e c o n d   p l a t e  

2  mus t   be  as  t h i n   as  on  t h e   o r d e r   of  s e v e r a l   h u n d r e d s   o f  

m i c r o n s   and  s i n c e   the   a c c u r a c y   of  f i n i s h i n g   t h e   t h i c k n e s s  

is   c l o s e l y   r e l a t e d   w i t h   t he   s p e e d   of  t h e   ink   d r o p l e t s ,   t h e  

t h r e s h o l d   f r e q u e n c y   and  s t a b i l i t y ,   t h e   e r r o r   in  t h i c k n e s s  

must   g e n e r a l l y   be  as  h i g h   as  w i t h i n   10  ym.  H e n c e ,   i t   h a s  

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

On  t h e   o t h e r   h a n d ,   in  o r d e r   to  r e a l i z e   a  m u l t i - n o z z l e  

p r i n t i n g   h e a d ,   t he   number   of  p r o j e c t i o n   c h a m b e r s   m u s t  b e   i n -  

c r e a s e d   or  t he   a r e a   of  t he   s e c o n d   p l a t e   2  must   be  i n c r e a s e d .  

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

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

p l a t e   i s   l i k e l y   to  be  damaged   d u r i n g   l a p p i n g .   Even  i f  



f i n i s h i n g   we re   p o s s i b l e ,   t h e   number   of  o p e r a t i o n s ,   i n c l u d i n g  

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

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

S t i l l   a n o t h e r   p r o b l e m   o c c u r s   in  p o s t - p r o c e s s i n g   a f t e r   f i n i s h -  

ing   s u c h   as  in  c l e a n i n g   b e c a u s e   t he   s e c o n d   p l a t e   i s   e a s i l y  

b r o k e n   when  i t   i s   c l e a n e d   by  u l t r a s o n i c   c l e a n i n g ,   f o r   e x a m p l e .  

For   t h i s   r e a s o n ,   t h e   i n k   j e t   head   of  t h i s   c o n s t r u c t i o n   c a n  

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

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

In  v i e w   of  t h e   b a c k g r o u n d   d e s c r i b e d   a b o v e ,   t h e   p r e s e n t  

i n v e n t i o n   i s   d i r e c t e d   to   p r o v i d e   a  p r i n t i n g   h e a d  f o r   an  i n k .  

j e t   p r i n t e r   w h i c h   can   e a s i l y   be  c o n s t r u c t e d   in  a  m u l t i - n o z z l e  

a r r a n g e m e n t   and  can  be  p r o d u c e d   e c o n o m i c a l l y .  

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

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

f o r m e d   by  e t c h i n g   and  whose   w a l l   s e r v e s   as  t h e   f l e x i b l e   w a l l  

d e f o r m i n g   in  r e s p o n s e   to   an  e x t e r n a l   s i g n a l ,   and  a  s e c o n d  

p l a t e   d i s p o s e d   o p p o s i t e   t h e   f i r s t   p l a t e   so  as  to  make  t h e  

c a v i t y   to  fo rm  a  p r o j e c t i o n   c h a m b e r .  

I t   i s   a n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to   p r o v i d e  

a  j e t   h ead   w h i c h   e n a b l e s   h i g h   s p e e d   p r i n t i n g   w i t h   h i g h   r e s o -  

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

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

i n v e n t i o n   i s   c h a r a c t e r i z e d   in  t h a t   p r o j e c t i o n   c h a m b e r s   e a c h  

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

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



T h e s e   and  o t h e r   o b j e c t s   and  f e a t u r e s   of  t he   p r e s e n t  

i n v e n t i o n   w i l l   become   more  a p p a r e n t   f rom  the   f o l l o w i n g   d e s -  

c r i p t i o n   to  be  t a k e n   in  c o n j u n c t i o n   w i t h   t he   a c c o m p a n y i n g  

d r a w i n g s .  

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

t y p e   p r i n t i n g   h e a d   of  t he   p r i o r   a r t ;  

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

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

F i g u r e s   3  t h r o u g h   6  show  a  p r i n t i n g   head   in  a d c o r d a n c e  

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

F i g u r e   3  i s   a  s e c t i o n a l   v i e w ;  

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

f i r s t   p l a t e ;  

F i g u r e   5  i s   a  s e c t i o n a l   v iew  t a k e n   a l o n g   l i n e   A-A  o f  

F i g u r e   4;  a n d  

F i g u r e   6  i s   a  p l a n e   v i ew  s h o w i n g   t h e   a p p e a r a n c e   of  t h e  

s e c o n d   p l a t e ;  

F i g u r e   7  i s   a  s e c t i o n a l   v i ew  s h o w i n g   a  p r i n t i n g   h e a d  

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

i n v e n t i o n ;  

F i g u r e  8   i s   a  s e c t i o n a l   v i ew  s h o w i n g   a  p r i n t i n g   h e a d  

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

i n v e n t i o n ;  

F i g u r e   9  i s   a  p l a n e   v iew  of  t he   s e c o n d   p l a t e ;  

F i g u r e   10  i s   a  b o t t o m   v iew  of  one  of  t he   f i r s t   p l a t e s ;  

F i g u r e   11  i s   a  p l a n e   v iew  of  t he   f i r s t   p l a t e   of  F i g u r e   1 0 ;  



F i g u r e   12  i s   a  s e c t i o n a l   v i ew  t a k e n   a l o n g   l i n e   A ' - A '  

of  F i g u r e   1 0 ;  

F i g u r e   13  i s   a  p l a n e   v i ew   of  t h e   o t h e r   f i r s t   p l a t e ;  

F i g u r e   14  i s   a  s e c t i o n a l   v i ew   t a k e n   a l o n g   l i n e   B-B  o f  

F i g u r e   1 3 ;  

F i g u r e   15  shows  t h e   a r r a n g e m e n t   of  n o z z l e s   of  t h e  

e m b o d i m e n t   shown  in  F i g u r e   8  as  v i e w e d   f rom  t h e   d i r e c t i o n  

of  a r r o w   C;  a n d  

F i u g r e   16  shows   t h e   a r r a n g e m e n t   of  n o z z l e s   in  s t i l l  

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

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

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

in  w h i c h   r e f e r e n c e   n u m e r a l   11  r e p r e s e n t s   a  f i r s t   p l a t e   a n d  

r e f e r e n c e   n u m e r a l   12  r e p r e s e n t s   a  s e c o n d   p l a t e   w h i c h   i s  

d i s p o s e d   so  as  to   o p p o s e   t he   f i r s t   p l a t e   11.  A  c a v i t y   l l a  

i s   f o r m e d   by  e t c h i n g   on  t he   f i r s t   p l a t e   11  and  i t s   r e d u c e d  

t h i c k n e s s   p o r t i o n   f o r m s   a  f l e x i b l e   w a l l   11b.   The  s u r f a c e   o f  

t h e   s e c o n d   p l a t e   12  and  t h e   i n n e r   s u r f a c e   of  t h e   c a v i t y   l l a  

t o g e t h e r   fo rm  a  p r o j e c t i o n   c h a m b e r   13  w h i c h   r e c e i v e s   i n k  

16  f e d   f rom  an  i nk   r e s e r v o i r   c h a m b e r   14  t h r o u g h   a  c o n d u i t  

15.  R e f e r e n c e   n u m e r a l   17  r e p r e s e n t s  a   p i e z o e l e c t r i c   c r y s t a l  

b o n d e d   to   t h e   f l e x i b l e   w a l l   l l b   of  t h e   f i r s t   p l a t e   11  a n d  

d r i v e n   by  a  p u l s e   g e n e r a t o r   18  w h i c h   d e l i v e r s   e l e c t r i c  

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

19  r e p r e s e n t s   a  n o z z l e   f o r   j e t t i n g   t h e   ink   16  i n s i d e   t h e  

p r o j e c t i o n   c h a m b e r   13  o u t .   The  t i p   of  t he   n o z z l e   has   a n  



o r i f i c e   20.   A  p l u r a l i t y   of  n o z z l e s   19,  o r i f i c e s   20  a n d  

p r o j e c t i o n   c h a m b e r s   13  a r e   d i s p o s e d   in  t h e   d i r e c t i o n   p e r p e n -  

d i c u l a r   to   t h e   d r a w i n g ,  

The  p r o j e c t i o n   c h a m b e r   13  of  t he   p r i n t i n g   head   as  w e l l  

as  t h e   n o z z l e   19  t h u s   c o n s t r u c t e d   a r e   f i l l e d   w i t h   i n k   1 6  

s u p p l i e d   f rom  t h e   i n k   r e s e r v o i r   c h a m b e r   14  t h r o u g h   t h e   c o n -  

d u i t   15.  When  an  e l e c t r i c   p u l s e   c a u s i n g   i n w a r d   d e f o r m a t i o n  

of  t h e   p i e z o e l e c t r i c   c r y s t a l   17  i s   a p p l i e d ,   t h e   f l e x i b l e  

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

v o l u m e   of  t h e   p r o j e c t i o n   c h a m b e r   13  r a p i d l y   d e c r e a s e s   a n d  

a  p a r t   of  t h e   i nk   16  i n s i d e   t h e   p r o j e c t i o n   c h a m b e r   13  i s  

j e t t e d   a t   a  h i g h   s p e e d   ou t   t h r o u g h   t h e   n o z z l e   19  and  o r i f i c e  

20.  The  o t h e r   p a r t   of  t h e   i nk   r e t u r n s   to   t h e   i n k   r e s e r v o i r  

c h a m b e r   14  t h r o u g h   t h e   c o n d u i t   15.  The  i nk   t h a t   has   b e e n  

j e t t e d   o u t   t h r o u g h   n o z z l e   19  and  o r i f i c e   20  t u r n s   i n t o  

s p h e r i c a l   i n k   d r o p l e t s   due  to  t h e   s u r f a c e   t e n s i o n   a f t e r   j e t -  

t i n g . .   The  d i a m e t e r   of  t he   ink   d r o p l e t   i s   d e t e r m i n e d   by  t h e  

d i a m e t e r   of  t h e   o r i f i c e   20,  t he   v o l t a g e   l e v e l   of  t h e   e l e c t r i c  

p u l s e ,   i t s   r i s e   t i m e   c o n s t a n t   and  i t s   w i d t h .   The  v o l u m e   o f  

_  t he   p r o j e c t i o n   c h a m b e r   13  r e t u r n s   to  i t s   o r i g i n a l   s t a t e  

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

of  t h e   e l e c t r i c   p u l s e ,   and  when  t h e   v o l u m e   r e t u r n s   to  i t s  

o r i g i n a l   s t a t e   t he   p r o j e c t i o n   c h a m b e r   13  r e c e i v e s   t h e   i n k  

16  f ed   f rom  t he   ink   r e s e r v o i r   c h a m b e r   1 4 .  

F i g u r e   3  i s   a  s e c t i o n a l   v i ew  w h i c h   shows   a n o t h e r   e m b o d i -  

ment   of  t h e   p r e s e n t   i n v e n t i o n ,   w h i c h   i s   d i f f e r e n t   f rom  t h e  



e m b o d i m e n t   shown  in  F i g u r e   2  in  t h a t   i t   ha s   a  p r e s s u r e   a b -  

s o r b i n g   c h a m b e r .   In  F i g u r e   3,  r e f e r e n c e   n u m e r a l s   21  a n d  

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

t he   f i r s t   p l a t e   21,  r e s p e c t i v e l y .   F i g u r e   4  s h o w s :   a  c a v i t y  

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

c h a m b e r - f o r m i n g   c a v i t i e s   ( a p e r t u r e s  )   24  ( t w e l v e   c a v i t i e s  

2 4 - 1 ,   2 4 - 2 ,   . . . ,   2 4 - 1 2   a r e   shown  in  t h e   d r a w i n g )   c o n n e c t e d  

w i t h   t h e   c a v i t y   23,  n o z z l e - f o r m i n g   c a v i t i e s   25  ( t w e l v e  

c a v i t i e s   2 5 - 1 ,  2 5 - 2 ,   . . . ,   2 5 - 1 2   a r e   shown  in  t h e   d r a w i n g ) ,  

r a d i a l   c a v i t i e s   26  f o r   c o n n e c t i n g   t h e   p r o j e c t i o n   c h a m b e r -  

f o r m i n g   c a v i t i e s   24  w i t h   t h e   n o z z l e - f o r m i n g   c a v i t i e s   2 5  

( t w e l v e   r a d i a l   c a v i t i e s   2 6 - 1 ,   2 6 - 2 ,   . . . ,   2 6 - 1 2   a r e   shown  i n  

the   d r a w i n g ) ,   an  i nk   i n f l o w   p o r t   27,  an  e l o n g a t e d   c a v i t i e s  

28  f o r   g u i d i n g   t h e   i n k   to   t h e   c a v i t y   23  and  an  a s s e m b l y   j i g  

h o l e   29,   a l l   f o r m e d   by  e t c h i n g   on  t he   f i r s t   p l a t e   21.  T h e  

r e d u c e d   t h i c k n e s s   p o r t i o n s   a t   t h e   b o t t o m   of  t h e   p r o j e c t i o n  

c h a m b e r - f o r m i n g   c a v i t i e s   24  fo rm  f l e x i b l e   w a l l s   30  ( c o r r e s -  

p o n d i n g   to   t h e   c a v i t i e s   24  and  r e p r e s e n t e d   by  r e f e r e n c e  

n u m e r a l s   3 0 - 1 ,   3 0 - 2 ,   . . . ,   3 0 - 1 2 ) .   F i g u r e   6  shows   t he   s e c o n d  

p l a t e   22,   in  w h i c h   a r e   f o r m e d   an  a p e r t u r e   31  f o r   f o r m i n g  

t he   p r e s s u r e   a b s o r b i n g   c h a m b e r ,   an  ink   i n f l o w   p o r t   32  a n d  

an  a s s e m b l y   j i g   h o l e   3 3 .  

Bo th   f i r s t   and  s e c o n d   p l a t e s   21,  22  a r e   made  of  p h o t o -  

s e n s i t i v e   g l a s s   s u c h   as  " P h o t o c e r a m " ,   t h e   t r a d e   name  of  a  

p r o d u c t   of  C o r n i n g   G l a s s   C o . ,   U . S . ,   f o r   e x a m p l e .   When  a  

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



t h e   p h o t o c e r a m   p l a t e   and  t h e n   h e a t - d e v e l o p e d ,   t h e   e x p o s e d  

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

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

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

d e e p l y   e t c h e d .   S p e a k i n g   more   a c c u r a t e l y ,   t h e   v i t r e o u s   p o r -  

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

t h e   d e g r e e   of  e t c h i n g   i s   a b o u t   1 / 5 0   t h a t   of  t h e   c r y s t a l l i z e d  

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

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

21,  22.   The  f i r s t   and  s e c o n d   p l a t e s   21,  22  a r e   b o n d e d   by  a  

t h e r m a l   b o n d i n g   (or   i n t e r f u s i o n )   t e c h n i q u e .   In  t h i s   t e c h -  

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

i n t o   i n t i m a t e   c o n t a c t .   The  s u r f a c e s   a r e   k e p t   u n d e r   such   a  

s t a t e   a t   a  h i g h   t e m p e r a t u r e   ( a t   800°C  or  a b o v e   in  t he   c a s e  

of  p h o t o c e r a m )   f o r   s e v e r a l   h o u r s   so  as  to  bond  them  t o g e t h e r  

by  means   of  t he   m o l e c u l a r   f o r c e   b e t w e e n   t hem.   When  t h e  

p l a t e s   a r e   b o n d e d ,   t w e l v e   e a c h . o f   p r o j e c t i o n   c h a m b e r s   3 4  

( 3 4 - 1 ,   3 4 - 2 ,   . . . ,  3 4 - 1 2 )   and  n o z z l e s   35  ( 3 5 - 1 ,   3 5 - 2 ,   . . . ,  

3 5 - 1 2 )   a r e   f o r m e d   b e t w e e n   t hem.   The  p r e s s u r e   a b s o r b i n g  

c h a m b e r   36  f o r   a b s o r b i n g   t h e   p r e s s u r e   w h i c h   i s   t r a n s m i t t e d  

to  t h e   ink   r e s e r v o i r   c h a m b e r   when  t he   ink   d r o p l e t s   a r e  

j e t t e d   i s   f o r m e d   c l o s e   to  t h e   c e n t e r   of  t h e   p l a t e s   21  a n d  

22.  A  f l e x i b l e   c o v e r   37  c o v e r s   t he   o p e n i n g   of  t h i s   p r e s s u r e  

a b s o r b i n g   c h a m b e r   3 6 .  

R e f e r e n c e   n u m e r a l   38  r e p r e s e n t s   t w e l v e   ( 3 8 - 1 ,   3 8 - 2 ,  

. . . ,   3 8 - 1 2 )   p i e z o e l e c t r i c   c r y s t a l s   t h a t   a r e   b o n d e d   to  t h e  



f l e x i b l e   w a l l s   30  of  t h e   f i r s t   p l a t e   21  and  r e f e r e n c e   n u m e r a l  

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

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

t he   same  as  t h a t   of  t h e   e m b o d i m e n t   shown  in  F i g u r e   2 .  

Among  t he   t w e l v e   p i e z o e l e c t r i c   c r y s t a l s   38,  o n e  ( a s s u m e d  

h e r e b y   to   be  3 8 - 1 )   r e c e i v e s   an  e l e c t r i c   p u l s e   c a u s i n g   t h e  

f l e x i b l e   w a l l   3 0 - 1   to   w h i c h   i t   i s   b o n d e d   to  d e f o r m   i n w a r d  

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

34-1   so  t h a t   t h e   i n k   t h e r e i n   j e t s   ou t   v i a   t h e   n o z z l e   3 5 - 1 .  

D u r i n g   t h i s   o p e r a t i o n   p a r t   of  t h e   i nk   moves   in  t h e   d i r e c t i o n  

o p p o s i t e   t h e   n o z z l e   3 5 - 1 .   In  t h i s   e m b o d i m e n t ,   h o w e v e r ,  - t h e  

v o l u m e   of  t h e   p r e s s u r e   a b s o r b i n g   c h a m b e r   36  t e m p o r a r i l y  

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

t he   ink  d r o p l e t s   a r e   no t   j e t t e d   by  n o z z l e s   o t h e r   t h a n   t h e  

n o z z l e   3 5 - 1 .  

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

on  the   f i r s t   p l a t e   and  t h e   w a l l s   of  t h e   c a v i t i e s   a r e   u s e d  

as  t he   f l e x i b l e   w a l l s   in  t he   p r e s e n t   i n v e n t i o n .   H e n c e ,   a  

s u i t a b l e   t h i c k n e s s   can  be  s e l e c t e d   f o r   b o t h   f i r s t   and  s e c o n d  

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

o t h e r   w o r d s ,   t h e   p r e s e n t   i n v e n t i o n   makes   i t   p o s s i b l e   t o  

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

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

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

s u r f a c e   a r e a .   T h i s   makes   i t   p o s s i b l e   to   r e a l i z e   a  p r i n t i n g  

head   h a v i n g   a  m u l t i - n o z z l e   c o n s t r u c t i o n .   M o r e o v e r ,   s i n c e  



t he   c a v i t i e s   can  be  s h a p e d   by  e t c h i n g   and  may  be  d i s p o s e d  

so  as  to  m e r e l y   o p p o s e   t h e   p l a t e s ,   t he   p r i n t i n g   h e a d   can  b e  

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

F i g u r e   7  i s   a  s e c t i o n a l   v i ew   of  t he   p r i n t i n g   head   i n  

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

i n v e n t i o n .   In  t h i s   d r a w i n g   r e f e r e n c e   n u m e r a l   41  r e p r e s e n t s  

a  s e c o n d   p l a t e   and  r e f e r e n c e   n u m e r a l s   42  and  43  r e p r e s e n t  

f i r s t   p l a t e s   d i s p o s e d   on  b o t h   s i d e s   of  t he   s e c o n d   p l a t e   4 1 .  

C a v i t i e s   42a  and  43a  a r e   f o r m e d   on  b o t h   f i r s t   p l a t e s   4 2 ,  

43,  r e s p e c t i v e l y ,   and  t h e i r   r e d u c e d   t h i c k n e s s   p o r t i o n s   s e r v e s  

as  f l e x i b l e   w a l l s   42b  and  43b ,   r e s p e c t i v e l y .   . 

P r o j e c t i o n   c h a m b e r s   44,  45  a r e   f o r m e d   b e t w e e n   t h e   s u r f a c e s  

of  t he   s e c o n d   p l a t e   41  and  t h e   i n n e r   s u r f a c e s   of  t h e   c a v i -  

t i e s   4 2 a ,   4 3 a ,   r e s p e c t i v e l y ,   and  r e c e i v e   ink   16  f ed   f r o m  

ink   r e s e r v o i r   c h a m b e r   14  t h r o u g h   c o n d u i t   15.  R e f e r e n c e  

n u m e r a l s   49  and  50  r e p r e s e n t   p i e z o e l e c t r i c  c r y s t a l s   t h a t  

a r e   b o n d e d   to   t h e   f l e x i b l e   w a l l s   42b,   43b  of  t h e   f i r s t  

p l a t e s   42,   43  and  a r e   d r i v e n   by  the   p u l s e   g e n e r a t o r   18  w h i c h  

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

d a t a .   R e f e r e n c e   n u m e r a l s   52  and  53  r e p r e s e n t   t h e   n o z z l e s  

f o r   j e t t i n g   and  t he   ink   16  i n s i d e   t he   p r o j e c t i o n   c h a m b e r s  

44,  45.  O r i f i c e s   54,  55  a r e   f o r m e d   at  t he   t i p s   of  t h e  

n o z z l e s   52,  53,  r e s p e c t i v e l y .   A  p l u r a l i t y   of  n o z z l e s   5 2 ,  

53,  o r i f i c e s   54,  55  and  p r o j e c t i o n   c h a m b e r s   44,   45  a r e   d i s -  

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

The  p r o j e c t i o n   c h a m b e r s   44,   45  and  n o z z l e s   52,  53  o f  



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

ink   16  s u p p l i e d   f rom  i n k   r e s e r v o i r   c h a m b e r   14  t h r o u g h   c o n d u i t  

15.  A c c o r d i n g l y ,   when  an  e l e c t r i c   p u l s e   c a u s i n g   i n w a r d   d e -  

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

s p e c i f i c   p i e z o e l e c t r i c   c r y s t a l ,   s u c h   as  t h e   p i e z o e l e c t r i c  

c r y s t a l   49  f o r   e x a m p l e ,   t h e   f l e x i b l e   w a l l   42b  a l s o   u n d e r g o e s  

i n w a r d   d e f o r m a t i o n   so  t h a t   t h e   v o l u m e   of  t h e   p r o j e c t i o n  

c h a m b e r   44  i s   r a p i d l y   r e d u c e d   and  a  p a r t   of  t h e   ink   16  t h e r e -  

in  j e t s   ou t   a t   h i g h   s p e e d   t h r o u g h   the   n o z z l e   52  and  t h e  o r i f i c e  

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

ink   r e s e r v o i r   c h a m b e r   14  t h r o u g h   t he   c o n d u i t   15.  The  i n k  

j e t t e d   o u t s i d e   t h r o u g h   t h e   n o z z l e   52  and  t h e   o r i f i c e   5 4  

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

i m m e d i a t e l y   a f t e r   b e i n g   j e t t e d .   The  d i a m e t e r   of  t h e   i n k  

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

54,  t he   v o l t a g e   of  t h e   e l e c t r i c   p u l s e ,   and  i t s   r i s e   t i m e  

c o n s t a n t   and  p u l s e   w i d t h .   The  v o l u m e   of  t h e   p r o j e c t i o n  

c h a m b e r   44  r e t u r n s   to   i t s   o r i g i n a l   s t a t e   a f t e r   t he   p a s s a g e  

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

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

t he   p r o j e c t i o n   c h a m b e r   44  r e c e i v e s   i n k   16  f ed   f rom  the   i n k  

r e s e r v o i r   c h a m b e r   1 4 .  

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

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .   T h i s   e m b o d i m e n t   i s  

d i f f e r e n t   f rom  t h e   one  shown  in  F i g u r e   7  in  t h a t   i t   has   t h e  

p r e s s u r e   a b s o r b i n g   c h a m b e r   57.  An  a p e r t u r e   64  f o r   f o r m i n g  



t h e   p r e s s u r e   a b s o r b i n g   c h a m b e r ,   a  r o u n d   h o l e   65  f o r   f o r m i n g  

an  ink   i n f l o w   p o r t ,   an  e l o n g a t e d   h o l e   66  f o r   g u i d i n g   t h e  

i nk   to   t he   a p e r t u r e   64  f o r   f o r m i n g   t h e   p r e s s u r e   a b s o r b i n g  

c h a m b e r   and  an  a s s e m b l y   j i g   h o l e   67  a r e   f o r m e d   on  t h e   s e c o n d  

p l a t e   41,  as  d e p i c t e d   in   F i g u r e   9.  An  a p e r t u r e   68  f o r   f o r m -  

ing   t he   p r e s s u r e   a b s o r b i n g   c h a m b e r ,   c a v i t i e s   69  ( g r o o v e s )  

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

a p e r t u r e   68  ( t w e l v e   c a v i t i e s   6 9 - 1 ,   6 9 - 2 ,   . . . ,  6 9 - 1 2   a r e  

shown  in  t h e   d r a w i n g ) ,   n o z z l e - f o r m i n g   c a v i t i e s   70  ( t w e l v e  

c a v i t i e s  7 0 - 1 ,   7 0 - 2 ,   . . . ,   7 0 - 1 2   a r e   shown  in  t h e   d r a w i n g ) ,  

r a d i a l   c a v i t i e s   71  ( t w e l v e   c a v i t i e s   7 1 - 1 ,   7 1 - 2 ,   . . . ,   7 1 - 1 2  

a r e   shown  in  t he   d r a w i n g )   c o n n e c t i n g   t he   p r o j e c t i o n   c h a m b e r -  

f o r m i n g   c a v i t i e s   69  w i t h   t he   n o z z l e - f o r m i n g   c a v i t i e s   7 0 ,  

an  ink   i n f l o w   p o r t   72  and  an  a s s e m b l y   j i g   h o l e   73  a r e   f o r m e d  

on  t h e   f i r s t   p l a t e   42  as  shown  in  F i g u r e   10.  As  i s   o b v i o u s  

f rom  F i g u r e   11,  w h i c h   i s   a  p l a n e   v i e w ,   t he   a p e r t u r e   68  f o r  

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

h o l e   72  and  t he   a s s e m b l y   j i g   h o l e   73  p e n e t r a t e   t he   p l a t e   4 2  

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

p r o j e c t i o n   c h a m b e r   f o r m i n g   c a v i t i e s   69  fo rm  f l e x i b l e   w a l l s  

74  ( c o r r e s p o n d i n g   to   t h e   c a v i t i e s   69  and  r e p r e s e n t e d   b y  

7 4 - 1 ,   7 4 - 2 ,   . . . ,   7 4 - 1 2 ) .  

The  f i r s t   p l a t e   43  has   s u b s t a n t i a l l y   t he   same  s h a p e   a n d  

c o n s t r u c t i o n   as  t he   o t h e r   f i r s t   p l a t e   42.  As  shown  in  F i g u r e  

13  f o r m e d   in  f i r s t   p l a t e   43  a r e :   a  c a v i t y   75  f o r   f o r m i n g   t h e  

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



76  ( t w e l v e   c a v i t i e s   7 6 - 1 ,   7 6 - 2 ,   . . . ,  7 6 - 1 2   a r e   shown  in  t h e  

d r a w i n g )   c o n n e c t e d   w i t h   t h e   c a v i t y   75,  n o z z l e - f o r m i n g   c a v i t i e s  

77  ( t w e l v e   c a v i t i e s   7 7 - 1 ,   7 7 - 2 ,   . . . ,   7 7 - 1 2   a r e   shown  in  t h e  

d r a w i n g ) ,   r a d i a l   c a v i t i e s   78  ( t w e l v e   c a v i t i e s   7 8 - 1 ,   7 8 - 2 ,   . . . ,  

7 8 - 1 2   a r e   shown  in  t h e   d r a w i n g )   f o r   c o n n e c t i n g   t h e   p r o j e c t i o n  

c h a m b e r - f o r m i n g   c a v i t i e s   76  w i t h   t h e   n o z z l e - f o r m i n g   c a v i t i e s  

77,   an  i n k   i n f l o w   p o r t   79  and  an  a s s e m b l y   j i g   h o l e   8 0 .  

As  shown  in  F i g u r e   14,  t he   r e d u c e d   t h i c k n e s s   p o r t i o n s   a t   t h e  

b o t t o m   of  t h e   p r o j e c t i o n   c h a m b e r - f o r m i n g   c a v i t i e s  7 6   f o r m  

f l e x i b l e   w a l l s   81  ( c o r r e s p o n d i n g   to   t h e   c a v i t i e s   76  and  r e -  

p r e s e n t e d   by  8 1 - 1 ,   8 1 - 2 ,   . . . ,   8 1 - 1 2 ) .  

The  s e c o n d   p l a t e   41  and  t h e   f i r s t   p l a t e s   42,   43  a r e  

made  of  p h o t o s e n s i t i v e   g l a s s   s u c h   as  " P h o t o c e r a m " ,   t h e   t r a d e  

name  of  a  p r o d u c t  o f   C o r n i n g   G l a s s   C o . ,   U . S . ,   f o r   e x a m p l e .  

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

s e c o n d   and  f i r s t   p l a t e s   41,  42,   43.   The  s e c o n d   p l a t e   41  i s  

b o n d e d   to   t h e   f i r s t   p l a t e s   42,   43  by  a  b o n d i n g   t e c h n i q u e  

c a l l e d   " t h e r m a l   b o n d i n g "   (or   " i n t e r f u s i o n " ) .   Upon  b o n d i n g ,  

t w e l v e   e a c h   of  p r o j e c t i o n   c h a m b e r s   82  ( 8 2 - 1 ,   8 2 - 2 ,   . . . ,  

8 2 - 1 2 )   and  n o z z l e s   83  ( 8 3 - 1 ,   8 3 - 2 ,   . . . ,   8 3 - 1 2 )   a r e   f o r m e d  

on  one  s i d e   of  t h e   s e c o n d   p l a t e   41  and  t w e l v e   e a c h   o f  

p r o j e c t i o n   c h a m b e r s   84  ( 8 4 - 1 ,   8 4 - 2 ,   . . . ,   8 4 - 1 2 )   and  n o z z l e s  

85  ( 8 5 - 1 ,   8 5 - 2 ,   . . . ,   8 5 - 1 2 )   a r e   f o r m e d   on  t h e   o t h e r   s i d e .  

F i g u r e   15  shows   t h e   a r r a n g e m e n t   of  t h e   n o z z l e s   83  and  85  

t h u s   a l i g n e d .  

The  p r e s s u r e   a b s o r b i n g   c h a m b e r   57  f o r   a b s o r b i n g   t h e  



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

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

to   t h e   c e n t e r   of  t h e   p l a t e s   41,  42,   43.   A  f l e x i b l e   f i l m  

87  c o v e r s   t h e   o p e n i n g   of  t he   p r e s s u r e   a b s o r b i n g   c h a m b e r   5 7 .  

R e r e f e n c e   n u m e r a l s   88  and  89  r e p r e s e n t   t w e n t y - f o u r  

p i e z o e l e c t r i c   c r y s t a l s   ( 8 8 - 1 ,   8 8 - 2 ,   . . . ,   8 8 - 1 2   and  8 9 - 1 ,  

8 9 - 2 ,   . . . ,   8 9 - 1 2 )   t h a t   a r e   b o n d e d   to   t h e   f l e x i b l e   w a l l s   74  

and  81  of  t he   f i r s t   p l a t e s   42  and  43,   r e s p e c t i v e l y .  

R e f e r e n c e   n u m e r a l   90  r e p r e s e n t s   a  c o n n e c t o r   f o r   r e c e i v i n g  

t h e   f e e d   of  i n k .  

The  o p e r a t i o n   of  t h e   p r i n t i n g   head   c o n s t r u c t e d   as  d e s -  

c r i b e d   above   i s   t h e   same  as  t h a t   of  t h e   e m b o d i m e n t   shown  i n  

F i g u r e   7.  Among  t h e   t w e n t y - f o u r   p i e z o e l e c t r i c   c r y s t a l s   8 8 ,  

89,  one  ( h e r e i n a f t e r   a s s u m e d   to  be  t h e   p i e z o e l e c t r i c   c r y s t a l  

8 9 - 1 )   r e c e i v e s   an  e l e c t r i c   p u l s e   and  d e f o r m s   t h e  f l e x i b l e  

w a l l   74-1   to  w h i c h   i t   i s   b o n d e d   i n w a r d ,   d r a s t i c a l l y   r e d u c i n g  

t h e   v o l u m e   of  t h e   p r o j e c t i o n   c h a m b e r   82-1   h a v i n g   the   f l e x i b l e  

w a l l   7 4 - 1 ,   and  t h e r e b y   j e t t i n g   t he   i nk   i n s i d e   t he   c h a m b e r  

ou t   t h r o u g h   t h e   n o z z l e   8 3 - 1 .   D u r i n g   t h i s   o p e r a t i o n ,   a  p a r t  

of  t h e   ink   moves  in  t h e   d i r e c t i o n   o p p o s i t e   t he   n o z z l e   8 3 - 1 .  

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

of  t he   p r e s s u r e   a b s o r b i n g   c h a m b e r   57  t e m p o r a r i l y   i n c r e a s e s  

and  a b s o r b s   t he   l i q u i d   p r e s s u r e   r i s e ,   t he   ink   d r o p l e t s   a r e  

not   j e t t e d   f rom  n o z z l e s   o t h e r   t h a n   t h e   n o z z l e   8 3 - 1 .  

I n c i d e n t a l l y ,   i t   is   p o s s i b l e   to  d i s p o s e   the   n o z z l e s   8 3 ,  

85  in  a  z i g z a g   a r r a n g e m e n t   by  d e v i a t i n g   them  a  d i s t a n c e  



c o r r e s p o n d i n g   to   a  h a l f   p i t c h   of  t h e   n o z z l e s   shown  in  F i g u r e  

16.  In  s u c h   a r r a n g e m e n t ,   t h e   p i t c h   of  t h e   e n t i r e   n o z z l e s   8 3 ,  

85  b e c o m e s   a  h a l f   of  t h e   p i t c h   (d)   of  t h e   n o z z l e s   83  or  8 5 .  

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

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

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

on  b o t h   s i d e s   of  t h e   s e c o n d   p l a t e .   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 ,   a  p r i n t i n g   head   h a v i n g   an  e x t r e m e l y   s i m p l i -  

f i e d   c o n s t r u c t i o n   can   be  r e a l i z e d .   The  p r i n t i n g   head   can  b e  

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

c a v i t i e s   h a v i n g   f l e x i b l e   w a l l s   on  f i r s t   p l a t e s   and  i n t e r p o s i n g  

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

c a v i t i e s   by  e t c h i n g .   As  shown  in  F i g u r e s   15  and  16,  t h e  

p r e s e n t   i n v e n t i o n   makes   i t   p o s s i b l e   to   a r r a n g e   t he   n o z z l e s  

w i t h   a  h i g h   d e n s i t y   and  to   r e a l i z e   h i g h   s p e e d   p r i n t i n g   w i t h  

h i g h   r e s o l u t i o n .   The  a r r a n g e m e n t   shown  in  F i g u r e   15  r e a l i z e s  

h i g h   s p e e d   w h i l e   t h e   a r r a n g e m e n t   shown  in  F i g u r e   16  r e a l i z e s  

h i g h   r e s o l u t i o n .  



1.  A  p r i n t i n g   head   f o r   an  ink   j e t   p r i n t e r   c h a r a c t e r i z e d  

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

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

s e r v e   as  f l e x i b l e   w a l l s   d e f o r m a b l e   in  r e s p o n s e   to   e x t e r n a l  

s i g n a l s   and  s a i d   s e c o n d   p l a t e   i s   d i s p o s e d   to  o p p o s e   s a i d  

f i r s t   p l a t e   so  t h a t   s a i d   c a v i t i e s   fo rm  p r o j e c t i o n   c h a m b e r s .  

2.  A  p r i n t i n g   head   f o r   an  ink   j e t   p r i n t e r   c h a r a c t e r i z e d  

in  t h a t   p r o j e c t i o n   c h a m b e r s   h a v i n g   f l e x i b l e   w a l l s   d e f o r m a b l e  

in  r e s p o n s e   to   e x t e r n a l   s i g n a l s   a r e   f o r m e d   on  b o t h   s i d e s   o f  

a  p l a t e .  

3.  The  p r i n t i n g   head   f o r   an  ink   j e t   p r i n t e r   as  d e f i n e d  

in  c l a i m   2,  w h e r e i n   f i r s t   p l a t e s   e q u i p p e d   w i t h   c a v i t i e s  

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

p l a t e   so  t h a t   s a i d   c a v i t i e s   f a c e   s a i d   p l a t e   and  fo rm  s a i d  

p r o j e c t i o n   c h a m b e r s .  

4.  The  p r i t i n g   head   f o r   an  ink   j e t   p r i n t e r   as  d e f i n e d  

in  c l a i m   3,  w h e r e i n   s a i d   c a v i t i e s   a r e   f o r m e d   by  e t c h i n g  

and  a  p a r t   of  e a c h   c a v i t y   i s   u s e d   as  s a i d   f l e x i b l e   w a l l .  

5.  The  p r i n t i n g   head   f o r   an  ink   j e t   p r i n t e r   as  d e f i n e d  

in  c l a i m   2,  3  or  4,  w h e r e i n   n o z z l e s   c o n n e c t e d   w i t h   s a i d  

p r o j e c t i o n   c h a m b e r s   a r e   d i s p o s e d   in  a  z i g z a g   a r r a n g e m e n t  

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



6.  The  p r i n t i n g   head   f o r   an  i n k   j e t   p r i n t e r   as  d e f i n e d  

in  c l a i m   5,  w h e r e i n   s a i d   n o z z l e s   d e v i a t e   a  d i s t a n c e   c o r r e s -  

p o n d i n g   to  a  h a l f   p i t c h   of  t h e   n o z z l e s .  

7.  The  p r i n t i n g   h e a d   f o r   an  ink   j e t   p r i n t e r   as  d e f i n e d  

in  c l a i m   2,  3  or  4,  w h e r e i n   n o z z l e s   c o n n e c t e d   w i t h   s a i d  

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

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