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ACTORUM  AG 

  A  liquid  jet  recording  head  comprises  an  ejection  port 
for  ejecting  liquid  and  a  liquid  path  having  said  ejection 
port,  a  part  of  the  wall  constituting  the  liquid  path  being 
composed  of  a  photosensitive  resin  cured  film,  and  the  pen- 
cil  hardness  of  the  photosensitive  resin  cured  film  is  H  or 
higher. 



BACKGROUND  OF  THE  INVENTION 

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

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

h e a d ,   and  more  p a r t i c u l a r l y ,   to  a  l i q u i d   j e t   r e c o r d i n g  

head   f o r   f o r m i n g   l i q u i d   d r o p l e t s   f o r   r e c o r d i n g   u s e d  

f o r   s o - c a l l e d   ink   j e t   r e c o r d i n g   s y s t e m .  

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

R e c o r d i n g  - h e a d s   u s e d   f o r   l i q u i d   j e t   r e c o r d i n g  

s y s t e m s   g e n e r a l l y   have   f i n e   l i q u i d   e j e c t i n g   p o r t s   ( o r i -  

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

g e n e r a t i n g   member s   p r o v i d e d   a t   a  p a r t   of  l i q u i d  

p a t h s .  

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

a  l i q u i d   j e t   r e c o r d i n g   h e a d ,   t h e r e   a r e   k n o w n , f o r   e x a m -  

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

ing  or  e t c h i n g   a  g l a s s   or  m e t a l   p l a t e   and  t h e n   t h e  

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

form  l i q u i d   p a t h s .  

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

m e t h o d s   have   r e m a r k a b l e   r o u g h n e s s   on  t h e   i n n e r   w a l l s  

in  t h e   l i q u i d   p a t h s   p r o d u c e d   by  c u t t i n g   p r o c e s s i n g ,  

and  s t r a i n s   a r e   f o r m e d   in  t h e   l i q u i d   p a t h s   due  to  t h e  

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

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



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

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

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

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

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

y i e l d   i s   low.   Upon  e t c h i n g   p r o c e s s i n g ,   many  m a n u f a -  

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

in  a  h i g h   p r o d u c t i o n   c o s t .   F u r t h e r ,   t h e   a b o v e - m e n t i o n e d  

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

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

ed  p l a t e   h a v i n g   l i q u i d   p a t h   g r o o v e s   and  a  l i d   p l a t e  

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

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

and  t h e   l i k e   upon   b o n d i n g   them,   and  t h e r e f o r e ,   t h e  

mass  p r o d u c t i o n   i s   n o t   e a s y .  

As  a  l i q u i d   j e t   r e c o r d i n g   h e a d   c a p a b l e   of   s o l v -  

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

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

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

ed  w i t h   l i q u i d   e j e c t i n g   e n e r g y   g e n e r a t i n g   m e m b e r s   a n d  

t h e n   m o u n t i n g   a  c o v e r i n g   member  on  t h e   s u b s t r a t e ,   f o r  

e x a m p l e ,   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   L a i d - o p e n   No 

4 3 8 7 6 / 1 9 8 2   and  West   German  P a t e n t   A p p l i c a t i o n   L a i d -  

open  (DOS)  No.  3 1 0 8 2 0 6 .  

The  r e c o r d i n g   head   f a b r i c a t e d   by  u t i l i z i n g  

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

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



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

H o w e v e r ,   in  t he   f a b r i c a t i o n   of  t h e   r e c o r d i n g  

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

so  as  to  o p t i m i z e   t h e   d i s t a n c e   b e t w e e n   t h e   l i q u i d   p a t h  

and  t h e   e j e c t i o n   e n e r g y   g e n e r a t i n g   member ,   t he   c u r e d  

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

h a r d n e s s   is  n o t   t h e   same  as  t h a t   of  t h e   s u b s t r a t e   o r  

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

t he   p h o t o s e n s i t i v e   r e s i n   i s   l i a b l e   to  be  i n j u r e d .  

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

e j e c t i o n   d i r e c t i o n   of  l i q u i d   r e s u l t i n g   in  d e g r a d a t i o n  

of  t he   r e c o r d i n g   q u a l i t y .   In  a d d i t i o n ,   s i n c e   t he   l i -  

q u i d   p a t h   w a l l s   c o m p o s e d   of   a  c u r e d   f i l m   of   t h e .  p h o t o -  

s e n s i t i v e   r e s i n   i s   s o f t ,   s o m e t i m e s   t h e   w a l l s  a b s o r b  

the   l i q u i d   e j e c t i n g   e n e r g y   ( e . g .   e j e c t i o n   p r e s s u r e )  

g e n e r a t e d   by  t h e   l i q u i d   e j e c t i o n   e n e r g y   g e n e r a t i n g  

member  and  t h e r e f o r e ,   t h e   d e s i g n e d   l i q u i d   e j e c t i o n  

a b i l i t y   can   n o t   be  o b t a i n e d .   T h a t   i s ,   t h e   e j e c t i o n  

s p e e d   of  l i q u i d   d r o p l e t s   i s   l o w e r e d   and  as  t h e   r e s u l t ,  

the   e j e c t i o n   d i r e c t i o n   i s   n o t   d e f i n i t e   and  the   a c c u r a c y  

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

in  d e g r a d a t i o n   of  r e c o r d i n g   image   q u a l i t y .  

In  a d d i t i o n ,   s i n c e   t h e   e j e c t e d   l i q u i d   a m o u n t  

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

b e c o m e s   s m a l l   and  the   r e c o r d   d e n s i t y   i s   l o w e r e d .   F o r  

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

to  a b s o r p t i o n   of  t he   l i q u i d   e j e c t i n g   e n e r g y ,   i t   i s  



n e c e s s a r y   to  use   a  b i g   e l e m e n t   f o r   g e n e r a t i n g   a  l i q u i d  

e j e c t i o n   e n e r g y   e n o u g h   f o r   g e n e r a t i n g   an  e j e c t i n g   e n e r g y  

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

ing   e n e r g y   p l u s   t h e  e n e r g y   to  be  a b s o r b e d   by  t h e   p h o t o -  

s e n s i t i v e   r e s i n   c u r e d   f i l m .   H o w e v e r ,   s u c h   a  b i g   s t r u c -  

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

a f f e c t s   t h e   w h o l e   s i z e   of   t h e   h e a d   and  d i s t u r b s   t o  

make  t h e   h e a d   c o m p a c t ,   and  f u r t h e r ,   in  t h e   c a s e   o f  

h e a d  o f   m u l t i - n o z z l e   t y p e ,   i t   i s   d i f f i c u l t   to  m a k e  

a  h i g h l y   d e n s e   h e a d .  

SUMMARY  OF  THE  INVENTION 

I t   i s   an  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   t o  

s o l v e   t he   a b o v e - m e n t i o n e d   d r a w b a c k s .  

I t   i s   a n o t h e r   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  

to  p r o v i d e   a  l i q u i d   j e t   r e c o r d i n g   head   w h i c h   i s   i n e x p e n -  

s i v e   and  of  h i g h   p r e c i s i o n   and  can   p r o d u c e   good  i m a g e  

q u a l i t y   of  h i g h   d e n s i t y   and  h i g h   q u a l i t y .  

I t   i s   a  f u r t h e r   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  

to  p r o v i d e   a  l i q u i d   j e t   r e c o r d i n g   head   whose   head   m i n u t e  

p o r t i o n s   w i t h   a  d e s i r a b l e   p a t t e r n   can  be  e a s i l y   f a b r i -  

c a t e d   and  in  w h i c h   a  n u m b e r   of  h e a d s   of   t h e   same  s t r u c -  

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

w h i c h   can   be  p r o d u c e d   c o n t i n u o u s l y   and  in  mass   p r o d u c -  

t i o n .  

I t   i s   s t i l l   a n o t h e r   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   to  p r o v i d e   a  l i q u i d   j e t   r e c o r d i n g   head   w h i c h   c a n  



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

c a t i n g   s t e p s   in  good  p r o d u c t i v i t y .  

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

can  be  f a b r i c a t e d   in  good  y i e l d ,   p o s i t i o n i n g   c o r r e c t l y  

main   c o n s t i t u t i o n   member s   b e i n g   e a s y   and  t h e   d i m e n s i o n  

a c c u r a c y   b e i n g   h i g h ,   and  f u r t h e r ,   can  be  in  a  h i g h l y  

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

I t   i s   s t i l l   a n o t h e r   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   to  p r o v i d e   an  i n e x p e n s i v e   l i q u i d   j e t   r e c o r d i n g  

head   w h e r e ,   upon   c u t t i n g   f o r   f o r m i n g   e j e c t i o n   p o r t s ,  

t he   c o n s t i t u t i n g   member s   a r e   n o t   l i a b l e   to   be  c r a c k e d  

or  b r o k e n   r e s u l t i n g   in  h i g h   y i e l d .  

I t   i s   a  s t i l l   f u r t h e r   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   to  p r o v i d e   a  l i q u i d   j e t   r e c o r d i n g   head   w h e r e  

a  s u f f i c i e n t   e j e c t i o n   s p e e d   can  be  a t t a i n e d   due  t o  

the   low  p o w e r   l o s s   of   l i q u i d   e j e c t i o n   e n e r g y   and  t h e  

l i q u i d   e j e c t i o n   d i r e c t i o n   is   d e f i n i t e   r e s u l t i n g   i n  

good  r e c o r d i n g .  

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

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

an  e j e c t i o n   p o r t   f o r   e j e c t i n g   l i q u i d   and  a  l i q u i d   p a t h  

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

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

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

p h o t o s e n s i t i v e   r e s i n   c u r e d   f i l m   is   H  or   h i g h e r .  



BRIEF  DESCRIPTION  OF  THE  DRAWING 

FIGS.  1  -   7  a r e   o b l i q u e   v i e w s   f o r   e x p l a i n i n g  

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

u s i n g   h e a t   g e n e r a t i n g   e l e m e n t s   in  t he   f i r s t   e x a m p l e  

of  t he   p r e s e n t   i n v e n t i o n  ;   a n d  

FIGS.  8  -   10  a r e   o b l i q u e   v i e w s   f o r   e x p l a i n i n g  

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

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

of  t he   p r e s e n t   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

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

the   p h o t o s e n s i t i v e   r e s i n   c u r e d   f i l m   i s   H  or   h i g h e r ,  

p r e f e r a b l y   4H  or   h i g h e r .   T h i s   r a n g e   of  p e n c i l   h a r d n e s s  

s e r v e s   to  p r e v e n t   b r e a k a g e   of  e j e c t i o n   p o r t s ,  a n d   i n j u r y  

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

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

t i o n   of  l i q u i d   due  to  a b s o r p t i o n   of  e j e c t i o n   e n e r g y ,  

and  t he   l i k e .   In  a d d i t i o n ,   t h i s   r a n g e   of  p e n c i l   h a r d -  

n e s s   can   m i n i a t u r i z e   and  make  h i g h l y   d e n s e   t h e   h e a d ,  

and  f u r t h e r ,   can   r e n d e r   t h e   h a n d l i n g   in  t h e   f a b r i c a -  

t i o n   s t e p s   e a s y .  

The  p e n c i l   h a r d n e s s   is   d e t e r m i n e d   a c c o r d i n g  

to  J I S   K  5400 ,   6  :   14  (3)  as  to  t h e   p r e p a r a t i o n   o f  

t e s t   p e n c i l s   and  the   l e a d ,   J I S   K  5401  as  to  t h e   t e s t i n g  

m a c h i n e ,   and  J I S   K  6894  as  to   t he   t e s t i n g   m e t h o d .  

E x a m p l e s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  e x -  



p l a i n e d   in  d e t a i l   r e f e r r i n g   to  t he   d r a w i n g   in  t he   f o l -  

l o w i n g s .  

EXAMPLE 

FIGS.  1  -  7   a r e   g i v e n   f o r   e x p l a i n i n g   a  p r e f e r -  

a b l e   f i r s t   e x a m p l e   of  t h e   p r e s e n t   i n v e n t i o n .   R e f e r r i n g  

to  FIG.  1,  on  a  s u p p o r t   101  (a  b l u e   g l a s s   p l a t e  :   50mm 

x  50mm  x  0.7mm  t h i c k )   we re   p r o v i d e d   a  d e s i r e d   n u m b e r  

( two  in  t h e   f i g u r e )   of  h e a t   g e n e r a t i n g   e l e m e n t   1 0 2  

(a  k i n d   of  an  e l e c t r o t h e r m a l   t r a n s d u c e r )   as  an  e j e c t i o n  

e n e r g y   g e n e r a t i n g   member .   The  e l e m e n t   h e a t e d   the   l i q u i d  

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

of  a  l i q u i d   e j e c t i o n   e n e r g y .  

Hea t   g e n e r a t i n g   e l e m e n t s   102  we re   c o n n e c t e d  

to  e l e c t r o d e   f o r   s i g n a l   i n p u t   ( n o t   s h o w n ) .   For   t h e  

p u r p o s e   of  e l e c t r i c a l   i n s u l a t i o n ,   an  e l e c t r i c a l   i n s u l a t -  

ing  f i l m   103  c o m p o s e d   of  SiO2  was  o v e r l a i d   on  t h e   h e a t  

g e n r a t i n g   e l e m e n t s .   The  f i l m   103  was  c o v e r e d   w i t h  

a  l i q u i d   r e s i s t a n t   f i l m   104  c o m p o s e d   of   Ta  so  as  t o  

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

The  r e s u l t i n g   s u b s t r a t e   was  c l e a n e d   and  d r i e d ,  

and  t h e n   a  p h o t o s e n s i t i v e   r e s i n   c o m p o s i t i o n   as  s h o w n  

in  T a b l e   1  was  a p p l i e d   to  t h e   s u b s t r a t e   by  s q u e e z i n g .  



The  r e s u l t i n g   c o a t i n g   was  d r i e d   a t   80°C  f o r  

20  min.   to  e v a p o r a t e   c o m p l e t e l y   t he   s o l v e n t   and  t h e r e  

was  p r o d u c e d   a  p h o t o s e n s i t i v e   r e s i n   f i l m   l a y e r   1 0 5  

of  5opm  t h i c k   as  shown  in  FIG.  2 .  

In  o r d e r   to  form  d e s i r e d   l i q u i d   f e e d i n g   c h a m b e r  

and  l i q u i d   flow  pa ths ,   a  p h o t o m a s k   106  was  p l a c e d   on  t h e  

f i l m   l a y e r   105  by  r e g i s t e r i n g   t he   p h o t o m a s k   106  w i t h  

h e a t   g e n e r a t i n g   e l e m e n t s   102,  f o l l o w e d   by  e x p o s u r e ,  

as  shown  in  FIG.  3 .  

A f t e r   t h e   e x p o s u r e ,   t he   a s s e m b l y   was  s o a k e d  

in  a  d e v e l o p i n g   l i q u i d   ( 1 , 1 , 1 - t r i c h l o r o e t h a n e )   t o  

d e v e l o p .  

The  r e g i o n s   i r r a d i a t e d   w i t h   l i g h t   upon   e x p o s u r e  

became   i n s o l u b l e   in  t h e   d e v e l o p i n g   l i q u i d   as  t h e   r e s u l t  

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

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

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

p r o d u c e d   (FIG.   4 ) .  

In  FIG.  4,  107  and  108  d e n o t e   a  l i q u i d  f l o w  p a t h  

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

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

105  r e m a i n i n g   in  t h e   s u b s t r a t e   and  i m p r o v e   t he   l i q u i d  

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



was  c u r e d .   The  c u r i n g   was  e f f e c t e d   by  h e a t i n g   a t   1 5 0 ° C  

f o r   one  h o u r   and  t h e n   i r r a d i a t i n g   w i t h   u l t r a v i o l e t  

r ay   ( 5 J / c m z )   to  e n h a n c e   t he   h a r d n e s s   of  t h e   p h o t o s e n s i -  

t i v e   r e s i n   to  a  p e n c i l   h a r d n e s s   of  4H.  Onto  t h e   r e s u l t -  

ing  p h o t o s e n s i t i v e   r e s i n   c u r e d   f i l m   105P  was  a d h e r e d  

a  g l a s s   c o v e r   109  p r o v i d e d   w i t h   a  l i q u i d   f e e d i n g   p o r t  

110.  A d h e r i n g   t he   g l a s s   c o v e r   109  was  c a r r i e d   o u t  

by  d i l u t i n g   an  epoxy   t y p e   a d h e s i v e   (HP-2R,   2H":  t r a d e -  

name,  m a n u f a c t u r e d   by  S h i n k o   Sha  Co . )   w i t h   m e t h y l   e t h y l  

k e t o n e ,   a p p l y i n g   t h e   d i l u t e d   a d h e s i v e   in  t h e   t h i c k n e s s  

of  3  -   4pm  by  s p i n n e r   c o a t i n g ,   d r y i n g ,   p r e s s i n g   t h e  

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

r e s i n   c u r e d   f i l m   105P,   and  h e a t i n g   f o r   c u r i n g .  

FIG.  6  shows   t he   c o v e r   109  b o n d e d   to  t he   s u b s -  

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

r e s i n   c u r e d   f i l m   1 0 5 P .  

As  m e n t i o n e d   a b o v e ,   a f t e r   t he   c o m p l e t i o n   o f  

b o n d i n g   c o v e r   109  to  t h e   s u b s t r a t e   h a v i n g   g r o o v e s   f o r m e d  

by  u s i n g   t h e   p h o t o s e n s i t i v e   r e s i n   c u r e d   f i l m   1 0 5 P ,  

the   r e s u l t i n g   a s s e m b l y   was  c u t   a l o n g   a  l i n e   A  -   A '  

in  FIG.  6  to  o p t i m i z e   t he   d i s t a n c e   b e t w e e n   h e a t   g e n e r a t -  

ing  e l e m e n t   102  and  l i q u i d   e j e c t i n g   p o r t   111  i n  l i q u i d  f l o w  

path   107,  and the   r e g i o n   to  be  c u t   h e r e   may  be  o p t i o n a l l y  

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

u s e d   in  s e m i c o n d u c t o r   i n d u s t r y   was  e m p l o y e d .  

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

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



and  t h a t   of   t he   c o v e r   so  t h a t   t h e   p h o t o s e n s i t i v e   r e s i n  

c u r e d   f i l m   is   i n j u r e d   upon  c u t t i n g .   H o w e v e r ,   in  t h i s  

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

f i l m   was  as  h a r d   as  4H  and ,   t h e r e f o r e ,   t he   f i l m   w a s  

no t   i n j u r e d .  

FIG.  7  shows   t h e   head   a f t e r   c u t t i n g .   By  c o n -  

n e c t i n g   a  l i q u i d   i n t r o d u c i n g   p i p e   ( n o t   shown)   to  t h e  

l i q u i d   f e e d i n g   p o r t   and  f u r t h e r ,   e l e c t r i c   w i r i n g   ( n o t  

shown)   f o r   a p p l y i n g   s i g n a l s   to  t h e   h e a t   g e n e r a t i n g  

e l e m e n t s ,   a  l i q u i d   j e t   r e c o r d i n g   h e a d   was  c o m p l e t e d .  

EXAMPLE  2 

FIGS.  8  -   10  a r e   g i v e n   f o r   e x p l a i n i n g   a  p r e f e r -  

a b l e   s e c o n d   e x a m p l e   of  t h e   p r e s e n t   i n v e n t i o n .   F i r s t l y ,  

two  p i e c e s   of   p i e z o e l e c t r i c   e l e m e n t s   202  (a  k i n d   o f  

an  e l e c t r o m e c h a n i c a l   t r a n s d u c e r )   as  an  e j e c t i n g   e n e r g y  

g e n e r a t i n g   e l e m e n t   were   p r o v i d e d   on  a  s u p p o r t   201  ( a  

b l u e   p l a t e   g l a s s :   50mm  x  50mm  x  0 . 7 2 m m ) .   A  l i q u i d  

e j e c t i n g   e n e r g y   was  g e n e r a t e d   by  m e c h a n i c a l   v i b r a t i o n  

(o r   m e c h a n i c a l   d i s p l a c e m e n t )   of  t he   e l e m e n t s .   E l e m e n t s  

202  we re   c o n n e c t e d   to  e l e c t r o d e s   f o r   s i g n a l   i n p u t   ( n o t  

s h o w n ) .   In  a  m a n n e r   s i m i l a r   to  E x a m p l e   1  a b o v e ,   a n  

e l e c t r i c a l l y   i n s u l a t i n g   f i l m   c o m p o s e d   of  SiO2  f o r   i m -  

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

a  Ta  f i l m   ( n o t   shown)   f o r   i m p a r t i n g   a  l i q u i d   r e s i s t a n c e  

were   o v e r l a i d .  

Then ,   l i q u i d   flow  pa ths   207  and  a  l i q u i d   f e e d i n g  

c h a m b e r   208  (FIG.   9)  we re   f o r m e d   by  u s i n g   t he   s a m e  



p h o t o s e n s i t i v e   r e s i n   c o m p o s i t i o n   as  in  Example   1  a n d  

f o l l o w i n g   t h e   p r o c e d u r e s   of  E x a m p l e   1.  For   t he   p u r p o s e  

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

the   p h o t o s e n s i t i v e   r e s i n   l a y e r   205  in  a  way  s i m i l a r  

to  E x a m p l e   1,  t h e   p h o t o s e n s i t i v e   r e s i n   l a y e r   205  w a s  

h e a t e d   a t   150°C  f o r   one  h o u r   and  t h e n   i r r a d i a t e d   w i t h  

u l t r a v i o l e t   r ay   ( 5 J / c m 2 ) .   The  r e s u l t i n g   h a r d n e s s   o f  

the   p h o t o s e n s i t i v e   r e s i n   was  as  h i g h   as  4H  of  p e n c i l  

h a r d n e s s .  

As  shown  in  FIG.  10,  a  g l a s s   c o v e r   209  h a v i n g  

a  l i q u i d   f e e d i n g   p o r t   210  was  t h e n   a d h e r e d   to  t h e   p h o t o -  

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

e f f e c t e d   f o l l o w i n g   t h e   p r o c e d u r e   of  E x a m p l e   1  u s i n g  

the   same  a d h e s i v e   as  t h a t   in  E x a m p l e   1.  Then ,   t h e  

r e s u l t i n g   a s s e m b l y   was  c u t   a l o n g   t h e   B  -B'  l i n e   a s  

i n d i c a t e d   in  FIG.  10  to  o p t i m i z e   t he   r e l a t i v e   p o s i t i o n s  

of  p i e z o e l e c t r i c   e l e m e n t   202  and  l i q u i d   e j e c t i o n  p o r t  

211.  F u r t h e r ,   a  l i q u i d   i n t r o d u c i n g   p i p e   ( n o t   s h o w n )  

was  a t t a c h e d   to  l i q u i d   f e e d i n g   p o r t   210  and  an  e l e c t r i c  

w i r i n g   ( n o t   shown)   f o r   g i v i n g   s i g n a l s   to  t h e   p i e z o e l e c t -  

r i c   e l e m e n t   was  p r o v i d e d   to  c o m p l e t e   a  l i q u i d   j e t   r e -  

c o r d i n g   h e a d .  

When  s u c h   s t r u c t u r e   was  e m p l o y e d ,   an  e f f e c t  

s i m i l a r   to  t h a t   of  E x a m p l e   1  was  o b t a i n e d .  

EXAMPLE  3 

F o l l o w i n g   t he   p r o c e d u r e s   of  E x a m p l e   1  e x c e p t  

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



T a b l e   2  was  e m p l o y e d   in  p l a c e   of  t h a t   in  T a b l e   1,  a  

head   of  t h e   same  s t r u c t u r e   as  E x a m p l e   1  was  p r o d u c e d .  

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

p h o t o s e n s i t i v e   r e s i n   was  H  and  an  e f f e c t   s i m i l a r   t o  

t h a t   of  E x a m p l e   1  was  o b t a i n e d .  

EXAMPLE  4 

F o l l o w i n g   t h e   p r o c e d u r e   of  E x a m p l e   2  e x c e p t  

t h a t   t h e   p h o t o s e n s i t i v e   r e s i n   c o m p o s i t i o n   in  E x a m p l e  

3  was  e m p l o y e d ,   t h e r e   was  f a b r i c a t e d   a  l i q u i d   j e t   r e -  

c o r d i n g   h e a d .   An  e f f e c t   s i m i l a r   to  t h a t   of  t he   a b o v e -  

m e n t i o n e d   e x a m p l e   was  o b t a i n e d .  

Some  c o m p a r a t i v e   e x a m p l e s   a r e   shown  b e l o w   t o  

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

COMPARATIVE  EXAMPLE  1 

A  head   was  f a b r i c a t e d   in  t h e   same  m a n n e r   a s  

in  E x a m p l e   1  e x c e p t   t h a t   t h e   m a t e r i a l s   shown  in  T a b l e  

3  we re   u s e d   as  a  p h o t o s e n s i t i v e   r e s i n   c o m p o s i t i o n .  



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

a f t e r   c u r i n g   was  F - g r a d e .  

COMPARATIVE  EXAMPLE  2 

A  h e a d   was  f a b r i c a t e d   in  t h e   same  m a n n e r   a s  

E x a m p l e   2  e x c e p t   t h a t   t h e   same  p h o t o s e n s i t i v e   r e s i n  

c o m p o s i t i o n   in  C o m p a r a t i v e   E x a m p l e   1  was  u s e d .  

With   r e s p e c t   to  t h e   h e a d s   f a b r i c a t e d   in  E x a m p l e s  

1  -   4  and  C o m p a r a t i v e   E x a m p l e s   1  and  2,  t h e   y i e l d   a t  

t he   c u t t i n g   s t e p   and  t he   e j e c t i o n   s p e e d   of  l i q u i d   d r o p -  

l e t   were   e v a l u a t e d   by  t h e   f o l l o w i n g   p r o c e d u r e .  

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

as  t h e   p r o p o r t i o n   of  t he   p h o t o s e n s i t i v e   r e s i n   a t   t h e  

s u r f a c e   of  t h e   e j e c t i o n   p o r t   w i t h o u t   f l a w   s u c h   as  c r a c k ,  

b r e a k a g e   and  t h e   l i k e   when  one  h u n d r e d   h e a d s   r e s p e c t i v e -  

ly  in  a c c o r d a n c e   w i t h   t he   a b o v e   e x a m p l e s   and  c o m p a r a t i v e  

e x a m p l e s   we re   f a b r i c a t e d   to  form  e j e c t i o n   p o r t s .  

S u b s e q u e n t l y ,   e j e c t i o n   was  p e r f o r m e d   by  u s i n g  

good  p r o d u c t s   and  an  ink  (20  p e r c e n t   of  w a t e r ,   78  p e r -  

c e n t   of  e t h y l e n e   g l y c o l   and  2  p e r c e n t   of  a  b l a c k   d y e ) ,  

and  t he   t i m e   r e q u i r e d   to  f l y   1.0mm  from  t he   e j e c t i o n  

p o r t   was  m e a s u r e d   to  c a l c u l a t e   t he   l i q u i d   d r o p l e t   e j e c -  

t i o n   s p e e d .  



The  r e s u l t s   a r e   shown  in  T a b l e   4.  The  y i e l d s  

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

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

was  u s e d   as  shown  in  t h e   E x a m p l e s   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   were   9 7  -   98%  w h i c h   i s   h i g h e r   t h a n  

8 3  -   85%  in  t h e   C o m p a r a t i v e   E x a m p l e s   by  1 2  -   15%. 

In  a d d i t i o n ,   t h e   e j e c t i o n   s p e e d   in  t he   E x a m p l e s   o f  

the   p r e s e n t   i n v e n t i o n   was  8 . 5  -   9 .2   m / s e c   w h i c h   s a t i s f i -  

ed  t h e   d e s i g n e d   v a l u e ,   i . e .   9±   1  m / s e c .  



In  t h e   a b o v e - d e s c r i b e d   e x a m p l e s ,   a  b l u e   g l a s s  

p l a t e   was  u s e d   as  t h e   s u p p o r t .   I t   s h o u l d ,   h o w e v e r ,  

be  n o t e d   t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   n o t   l i m i t e d  

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

c e r a m i c s ,   p l a s t i c s ,   m e t a l s   and  t h e   l i k e   may  be  u s e d  

as  t he   s u p p o r t .   On  t he   o t h e r   h a n d ,   a l t h o u g h   S i 0 2   w a s  

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

o x i d e   or  n i t r i d e   s u c h   as  T a 2 O 5  ,   A l 2 O 3  ,   g l a s s ,   S i 3 N 4  

,  BN  and  t he   l i k e   may  a l s o   be  u s e d .   F u r t h e r ,   as  t h e  

l i q u i d   r e s i s t a n t   f i l m ,   a  c o r r o s i o n   r e s i s t a n t   m e t a l  

s u c h   as  Au,  P t ,   Pd  and  t h e   l i k e ,   a  c o r r o s i o n   r e s i s t a n t  

a l l o y   s u c h   as  SUS,  monel   m e t a l   and  t he   l i k e ,   or   a n  

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

the   l i k e   may  a l s o   be  u s e d   in  a d d i t i o n   to  Ta,  w h i c h  

is   e m p l o y e d   in  t h e   a b o v e - d e s c r i b e d  e x a m p l e s .  

As  t h e   p h o t o s e n s i t i v e   r e s i n   c o m p o s i t i o n   t o  

be  u s e d   in  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   may  be  e n u m e r a t e d  

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

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

s e n s i t i v e   r e s i n s ,   p h o t o - r e s i s t s ,   e t c .   A c t u a l   e x a m p l e s  

a r e :   d i a z o - r e s i n ;   p - d i a z o - q u i n o n e ;   p h o t o - p o l y m e r i z a t i o n  

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

and  a  p o l y m e r i z a t i o n   i n i t i a t o r ;   d i m e r i z a t i o n   t y p e   p h o t o -  

p o l y m e r s   u s i n g   p o l y v i n y l   c i n n a m a t e ,   e t c . ,   and  a  s e n s i -  

t i z i n g   a g e n t ;   a  m i x t u r e   of  o - n a p h t h o q u i n o n e   d i a z i d e  



and  a  N o v o l a c   t y p e   p h e n o l i c   r e s i n ;   a  m i x t u r e   of  p o l y -  

v i n y l   a l c o h o l   and  a  d i a z o   r e s i n ;   p o l y e t h e r   t y p e   p h o t o -  

p o l y m e r s   o b t a i n e d   by  c o p o l y m e r i z a t i o n   of  4 - g l y c i d y l e t h y -  

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

t he   l i k e ;   c o p o l y m e r   of  N , N - d i m e t h y l m e t h a c r y l   a m i d e  

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

p o l y e s t e r   t y p e   p h o t o s e n s i t i v e   r e s i n s   s u c h   as  A P R ( p r o d u c t  

of  A s a h i   K a s e i   Kogyo  K . K . ,   J a p a n ) ,   T E B I S U T A ( p r o d u c t  

of  T e i j i n   K . K . ,   J a p a n ) .   S o n n e   ( p r o d u c t   of  K a n s a i   P a i n t  

K .K . ,   J a p a n ) ,   and  t h e   l i k e ;   u n s a t u r a t e d   u r e t h a n e   o l i -  

gomer   t y p e   p h o t o s e n s i t i v e   r e s i n s ;   p h o t o s e n s i t i v e   c o m -  

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

a  p o l y m e r ,   and  a  b i f u n c t i o n a l   a c r y l   monomer ;   d i c h r o m a t e  

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

p h o t o - r e s i s t s ;   p o l y v i n y l   c i n n a m a t e   t y p e   p h o t o - r e s i s t s ;  

c y c l i z e d   r u b b e r - a z i d e   t y p e   p h o t o - r e s i s t s ,   and  so  f o r t h .  

In  t h e   p r e s e n t   i n v e n t i o n ,   u se   of  a  s o l i d   p h o t o -  

s e n s i t i v e   c o m p o s i t i o n   in  f i l m   fo rm  is   a l s o   a d v a n t a g e o u s  

s i n c e   t he   f i l m   t h i c k n e s s   can  be  e a s i l y   and  p r e c i s e l y  

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

l a y e r s   were   f o r m e d   by  a  s q u e e z i n g   m e t h o d   in  t h e   e x a m p l e s .  



E x a m p l e s   of  such   s o l i d   p h o t o s e n s i t i v e   r e s i n  

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

f a c t u r e d   and  s o l d   by  Dupon t   de  Nemour  &  Co.  u n d e r   t r a d e -  

names  of  P e r m a n e n t   P h o t o p o l y m e r   C o a t i n g   "RISTON"  S o l d e r  

Mask  730S,   S o l d e r   Mask  740S,   S o l d e r   Mask  730FR,  S o l d e r  

Mask  740FR,   and  S o l d e r   Mask  SM1;  "KAPTON"  XA-A3,  X A - B 3 ,  

XA-A1,  XA-M3  and  XA-C3;  t h o s e   by  H i t a c h i   K a s e i - S h a   u n d e r  

t r a d e n a m e s   of  " P h o t e c "   PHT  s e r i e s   and  SR  s e r i e s ;   t h o s e  

by  A s a h i   K a s e i   u n d e r   t r a d e n a m e s   of  "DFR"  E - 1 5 ,   P - 2 5 ,  

P-38   and  T - 5 0 ;   t h o s e   by  N i t t o   Denko  u n d e r   t r a n d e n a m e s   o f  

"NEOTROCK"  E  t y p e . a n d   T  t y p e ;   and  t h o s e   by  Tokyo  O k a  

" T h i o k o l "   LAMINAR  GT,  LAMINAR  GSI,   LAMINAR  TO  a n d  

LAMINAR  TA;  e t c . .  

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

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

f i l m   or  t h e   l i k e   as  w e l l   as  a  g l a s s   d e s c r i b e d   a b o v e .  

F u r t h e r ,   t h e r e   may  be  u t i l i z e d   t h e   b o n d i n g   f o r c e   of  a  

p h o t o s e n s i t i v e   r e s i n   w i t h   or  w i t h o u t   a  b o n d i n g   a g e n t  

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

cured  f i lm  of  a  p h o t o s e n s i t i v e   r e s i n   f o r   t he   p u r p o s e   o f  

f o r m i n g   s a i d   l i q u i d   p a t h s .  

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

h a v e   a  s t r u c t u r e   no t   o n l y   t h a t   a  l i q u i d   f l o w   p a t h   a n d  

a  l i q u i d   f e e d i n g   c h a m b e r   a r e   p r o v i d e d   w i t h   one  e j e c t i o n  

e n e r g y   g e n e r a t i n g   e l e m e n t   bu t   a l s o   t h a t   t h e y   a r e   p r o -  

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

I n c i d e n t a l l y ,   t h e   l i q u i d   p a t h   i n c l u d e s   the   s p a c e   w h i c h  



can  be  f i l l e d   w i t h   l i q u i d   s u c h   as  t h e   a b o v e - m e n t i o n e d  

l i q u i d   f l o w   p a t h ,   l i q u i d   c h a m b e r   and  t h e   l i k e ,   a n d  

l i q u i d   i n l e t s   and  o u t l e t s .  

As  d e s c r i b e d   a b o v e ,   in  f a b r i c a t i o n   of  a  l i q u i d -  

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

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

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

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

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

f i l m   of  p h o t o s e n s i t i v e   r e s i n   i s   H  or  m o r e ,   p r e f e r a b l y  

4H  or  m o r e .  

(1)  S i n c e  t h e   main   p r o c e s s   s t e p s   in  t h e   f a b r i -  

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

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

of  t h e   head   can  be  f o r m e d   v e r y   s i m p l y   by  use   of  d e s i r e d  

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

i d e n t i c a l   c o n s t r u c t i o n s   may  be  w o r k e d   s i m u l t a n e o u s l y .  

(2)  The  r e l a t i v e l y   l e s s   m a n u f a c t u r i n g   s t e p s  

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

(3)  S i n c e   r e g i s t r a t i o n   among  t h e   p r i n c i p a l  

s t r u c t u r a l   p o r t i o n s   c o n s t i t u t i n g   t h e   head   can  be  d o n e  

e a s i l y   and  r e l i a b l y ,   t h e   l i q u i d   j e t   head   h a v i n g   h i g h  

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

(4)  M u l t i - a r r a y   l i q u i d   j e t   h e a d s   of  h i g h   d e n s i t y  

can  be  m a n u f a c t u r e d   by  a  s i m p l e   m e t h o d .  

(5)  The  l i q u i d   j e t   h e a d s   can  be  m a n u f a c t u r e d  

c o n t i n u o u s l y   and  in  an  i n d u s t r i a l i z e d   mass   p r o d u c t i o n .  



(6)  In  t h e   c u t t i n g   s t e p   f o r   f o r m i n g   e j e c t i o n  

p o r t s   d e f e c t s   s u c h   as  c r a c k s ,   b r e a k a g e s   and  the   l i k e  

may  no t   be  p r o d u c e d   r e a d i l y   r e s u l t i n g   in  an  i m p r o v e d  

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

head   can  be  a f f o r d e d .  

(7)  S i n c e   t he   p o w e r   l o s s   of  l i q u i d   e j e c t i n g  

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

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

r e s u l t i n g   in  good  r e c o r d i n g .  



1.  A  l i q u i d   j e t   r e c o r d i n g   head   w h i c h   c o m p r i s e s  

an  e j e c t i o n   p o r t   f o r   e j e c t i n g   l i q u i d   and  a  l i q u i d   p a t h  

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

ing  the   l i q u i d   p a t h   b e i n g   c o m p o s e d   of  a  p h o t o s e n s t i t i v e  

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

s e n s i t i v e   r e s i n   c u r e d   f i l m   i s   H  or   h i g h e r .  

2.  A  l i q u i d   j e t   r e c o r d i n g   head   a c c o r d i n g   t o  

c l a i m   1  in  w h i c h   an  e j e c t i o n   e n e r g y   g e n e r a t i n g   m e m b e r  

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

p r o v i d e d   c o r r e s p o n d i n g   to  t h e   e j e c t i o n   p o r t .  

3.  A  l i q u i d   j e t   r e c o r d i n g   head   a c c o r d i n g   t o  

c l a i m   2  in  w h i c h   t h e   e j e c t i o n   e n e r g y   g e n e r a t i n g   m e m b e r  

is  p r o v i d e d   in  t h e   l i q u i d   p a t h .  

4.  A  l i q u i d   j e t   r e c o r d i n g   head   a c c o r d i n g   t o  

c l a i m   2  in  w h i c h   a  p l u r a l i t y   of  t he   e j e c t i o n   p o r t s  

a r e   p r o v i d e d .  

5.  A  l i q u i d   j e t   r e c o r d i n g   head   a c c o r d i n g   t o  

c l a i m   4  in  w h i c h   a  p l u r a l i t y   of  t he   l i q u i d   p a t h s   a r e  

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

e j e c t i o n   p o r t s .  

6.  A  l i q u i d   j e t   r e c o r d i n g   head   a c c o r d i n g   t o  



c l a i m   4  in  w h i c h   t h e   l i q u i d   p a t h s   a r e   a  l i q u i d   c h a m b e r  

common  to  r e s p e c t i v e   e j e c t i o n   p o r t .  

7.  A  l i q u i d   j e t   r e c o r d i n g   head   a c c o r d i n g   t o  

c l a i m   2  in  w h i c h   t h e   e j e c t i o n   e n e r g y   g e n e r a t i n g   m e m b e r  

is  an  e l e c t r o t h e r m a l   t r a n s d u c e r .  

8.  A  l i q u i d   j e t   r e c o r d i n g   h e a d   a c c o r d i n g   t o  

c l a i m   2  in  w h i c h   t h e   e j e c t i o n   e n e r g y   g e n e r a t i n g   m e m b e r  

is  an  e l e c t r o m e c h a n i c a l   t r a n s d u c e r .  
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