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©  Multi-nozzle  ink-jet  print  head  of  drop-on-demand  type. 

A  multi-nozzle  ink-jet  print  head  of  the  drop-on-demand 
type  has  a  plurality  of  ink  injection  nozzles  (101)  connected  to 
a  common  ink  reservoir  (105)  via  pressure  chambers  (104) 
and  an  ink-supply  path  (200)  which  has  dimensions  so  small 
that  ink  is  supplied  from  the  ink  reservoir  (105)  to  the 
injection  nozzles  (101)  as  a  result  of  capillary  action  in  the 
supply  path  (200). 



T h i s   i n v e n t i o n   r e l a t e s   to  a  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   h e a d ,   and  more  p a r t i c u l a r l y   to   a  m u l t i -  

n o z z l e   i n k - j e t   p r i n t   h e a d   h a v i n g   a  p l u r a l i t y   o f  

n o z z l e s   a r r a n g e d   i n   l i n e .  

V a r i o u s   t y p e s   o f   i n k - j e t   p r i n t e r s   h a v e   b e e n  

p r o p o s e d   as   d e s c r i b e d   i n   an  a r t i c l e   e n t i t l e d   " I n k   J e t  

P r i n t i n g "   by  F r e d   J . K a m p h o e f n e r   p u b l i s h e d   in   t h e   I E E E  

TRANSACTIONS  ON  ELECTRON  DEVICES,  VOL.  E d - 1 9 ,   No.  4 ,  

A p r i l   1972 ,   p p . 5 8 4 - . 5 9 3 .   An  i n k - j e t   p r i n t   h e a d   of   a  

d r o p - o n - d e m a n d   t y p e   i s   d e s c r i b e d   in   d e t a i l ,   f o r   e x a m p l e ,  

i n   U n i t e d   S t a t e s   P a t e n t N o .   3 , 9 4 6 , 3 9 8   e n t i t l e d   " M e t h o d  

and  A p p a r a t u s   f o r   R e c o r d i n g   w i t h   W r i t i n g   F l u i d s   a n d  

Drop   P r o j e c t i o n   means   t h e r e f o r "   i s s u e d   to  E . L . K y s e r  

e t   a l .   and  in   U n i t e d   S t a t e s   P a t e n t   No.  4 , 0 7 4 , 2 8 4  

e n t i t l e d   " I n k   S u p p l y   S y s t e m   and  P r i n t   H e a d "   i s s u e d   t o  

J . L .   D e x t e r   e t   a l .  

In   a  p r e v i o u s l y   p r o p o s e d   m u l t i - n o z z l e   i n k - j e t  

p r i n t   h e a d ,   when  an  i n k   d r o p l e t   i s   n o t   e j e c t e d ,   i n k  

i s   m a i n t a i n e d   i n   a  s t a t e   of   e q u i l i b r i u m ,   so  t h a t   i t  

d o e s   n o t   f l o w   t h r o u g h   t h e   n o z z l e s ,   b a s e d   on  t h e  

b a l a n c e   b e t w e e n   t h e   s t a t i c   p r e s s u r e   of   t h e   i n k   i n   a n  

i n k   r e s e r v o i r   and  t h e   s u r f a c e   t e n s i o n   of   t h e   i n k   i n  

the   n o z z l e s .   As  t h e   n u m b e r   of  n o z z l e s   i n c r e a s e s ,  

the   p r e s s u r e   d i f f e r e n c e   t e n d s   to  i n c r e a s e .   T h i s   c a u s e s  

t h e   p r e s s u r e   b a l a n c e   to  be  b r o k e n ,   w h e r e b y   t h e   i n k  

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



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

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

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

e q u i l i b r i u m   i s   b r o k e n ,   and  t h e   i n k   d r i p s   f rom  t h e  

n o z z l e s .  

T h e r e f o r e ,   t h e   p r e v i o u s l y   p r o p o s e d   m u l t i - n o z z l e  

i n k - j e t   p r i n t   h e a d   i s   e q u i p p e d   w i t h   a  p r e s s u r e   d e t e c t o r  

in   t he   i n k   r e s e r v o i r   to  d e t e c t   t h e   m i n u t e   p r e s s u r e  

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

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

v a l v e   on  or   o f f   i n   o r d e r   to  s u p p l y   i n k   f rom  the   i n k  

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

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

F u r t h e r m o r e ,   i m m e d i a t e l y   a f t e r   t h e   e j e c t i o n   o f  

the   i n k   d r o p l e t ,   i t   o f t e n   h a p p e n s   t h a t   a i r   e n t e r s   f r o m  

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

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

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   i s   t h e  

p r o v i s i o n   of   an  i n k   j e t   p r i n t   h e a d   w h i c h   i s   l e s s  

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

f rom  t h e   n o z z l e s   t h a n   a r e   p r e v i o u s l y   p r o p o s e d   h e a d s .  

The  o b j e c t   i s   a c h i e v e d   by  a  p r i n t   h e a d   as  d e f i n e d  

in  c l a i m   1 .  

A  f e a t u r e   of   t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e  

i n v a s i o n   i s   t h e   p r o v i s i o n   of   a  m u l t i - n o z z l e   i n k - j e t  

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

m a i n t a i n e d   in   a  s t a t e   of   e q u i l i b r i u m   b a s e d   upon   t h e  

s u r f a c e   t e n s i o n   of   t h e   i n k   i n   t h e   n o z z l e s .  



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

n o z z l e   i n k - j e t   p r i n t   h e a d   h a v i n g   a  c o m p a r a t i v e l y  

s i m p l e   c o n s t r u c t i o n .   , 

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

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

a i r   e n t e r s   v i a   t h e   n o z z l e s   to  the   p r e s s u r e   c h a m b e r s .  

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

t h e r e   i s   p r o v i d e d   a  m u l t i - n o z z l e   i n k - j e t   p r i n t   h e a d  

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

i n k   e j e c t i o n   c h a n n e l s   h a v i n g   a  p l u r a l i t y   o f   n o z z l e s  

and  p r e s s u r e   c h a m b e r s   a r e   c o n n e c t e d   to  a  common  i n k  

r e s e r v o i r   t h r o u g h   an  i n k - s u p p l y   p a t h .   The  i n k   s u p p l y  

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

The  i n k   i s   s u p p l i e d   f r o m   t h e   i n k   r e s e r v o i r   to  t h e  

e j e c t i o n   c h a m b e r   o w i n g   to  t he   c a p i l l a r i t y .  

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

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

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

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

of  e x a m p l e   and  w i t h   r e f e r e n c e   to  the   a c c o m p a n y i n g  

d r a w i n g s ,   w h e r e i n :  

F i g .   1  i s   a  p a r t - s e c t i o n a l   s i d e   v i ew   of   a  

p r e v i o u s l y   p r o p o s e d   m u l t i - n o z z l e   i n k - j e t   p r i n t   h e a d ;  

.  F i g .   2  i s   a  p a r t - s e c t i o n a l   s i d e   v i e w   of   a  f i r s t  

e m b o d i m e n t   of   t h i s   i n v e n t i o n ;  

F i g .   3  i s   a  s e c t i o n a l   v i e w   of  a  p a r t   o f   t h e  

f i r s t   e m b o d i m e n t   shown  i n   F i g .   2;  a n d  

F i g .   4  i s   a  p a r t - s e c t i o n a l   p l a n   v i e w   of   a  

s e c o n d   e m b o d i m e n t   of   t h i s   i n v e n t i o n .  

The  p r e v i o u s l y   p r o p o s e d   m u l t i - n o z z l e   i n k - j e t  

p r i n t e r   shown  in  F i g .   1  c o m p r i s e s   a  p l u r a l i t y   o f   i n k  



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

p r o v i d e d   b e t w e e n   n o z z l e s   101  and  an  i n k   r e s e r v o i r   105  

in   a  s u b s t r a t e   100 .   A,  t h i n   f l e x i b l e   u p p e r   p l a t e   1 0 2  

made  of   a  g l a s s   c e r a m i c   o r   s t a i n l e s s   s t e e l   i s   a d -  

h e s i v e l y   f i x e d   on  to  t h e   s u b s t r a t e   100.   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   e l e m e n t s   103,  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 ,   a r e   f a s t e n e d   to  the   u p p e r   p l a t e  

102  a t   p o s i t i o n s   c o r r e s p o n d i n g   to  t he   p r e s s u r e  
c h a m b e r s   1 0 4 .  

When  a  d r i v i n g   v o l t a g e   i s   a p p l i e d   to  t h e   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   e l e m e n t   103,  an  i n t e r n a l   s t r e s s  

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

w a l l   o f   t he   p r e s s u r e   c h a m b e r   104  to  be  d e f o r m e d   a n d  

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

w a r d l y   i n t o   t he   p r e s s u r e   c h a m b e r   104,  t h e   i n t e r n a l  

v o l u m e   of   the   p r e s s u r e   c h a m b e r   d e c r e a s e s   and  i n k  

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

101  as  an  i nk   d r o p l e t .  

When  no  d r i v i n g   v o l t a g e   i s   a p p l i e d ,   no  i n k  

d r o p l e t   i s   to  be  e j e c t e d   f r o m   the   n o z z l e   101,  and  t h e  

i n k   i s   to  be  m a i n t a i n e d   in   a  s t a t e   o f   e q u i l i b r i u m  

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

i n k   i n   t he   i n k   r e s e r v o i r   105  and  t he   p r e s s u r e   of  i n k  

r e s u l t i n g   f rom  t h e   s u r f a c e   t e n s i o n   a t   t h e   n o z z l e   1 0 1 .  

F o r   i n s t a n c e ,   a  d i f f e r e n c e   i n   h e a d   p r e s s u r e   ( h e a d  

p r e s s u r e   d i f f e r e n c e )   H  of  s e v e r a l   cms  of   H20  i s  

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

h e a d   h a v i n g   s e v e n   n o z z l e s   101,  as  shown  i n   F i g .   1 .  

As  t h e   n u m b e r   o f   n o z z l e s   i n c r e a s e s   h o w e v e r ,   t he   h e a d  

p r e s s u r e   d i f f e r e n c e   H  t e n d s   to  i n c r e a s e .   When  t h e  

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



cms  of  H20,   t h e   b a l a n c e   i s   b r o k e n ,   w h e r e b y   i n k   f l o w s  

ou t   f rom  t h e   n o z z l e ,   even   when  no  d r i v i n g   v o l t a g e   i s  

a p p l i e d .  

R e f e r r i n g   to  F i g s .   2  and  3,  a  m u l t i - n o z z l e  

i n k - j e t   h e a d   a c c o r d i n g   to  a  f i r s t   e m b o d i m e n t   of   t h i s  

i n v e n t i o n   c o m p r i s e s   n o z z l e s   101,  p r e s s u r e   c h a m b e r s  

104,  and  a  common  i n k   r e s e r v o i r   105  p r o v i d e d   on  t h e  

s u b s t r a t e   100.   T h e r e   a r e   p r o v i d e d   c a p a c i t y   r e g i o n s  

111  of  s m a l l   v o l u m e   b e t w e e n   the   n o z z l e s   101  and  t h e  

p r e s s u r e   c h a m b e r s   104  to  e n a b l e   s t a b l e   i n k   d r o p l e t s  

to  be  f o r m e d   and   to  p r e v e n t   a i r   b u b b l e s   e n t e r i n g   v i a  

the   n o z z l e s   101  to  t he   p r e s s u r e   c h a m b e r s   1 0 4 .  B e t w e e n  

the   p r e s s u r e   c h a m b e r s   104  and  t he   i n k   r e s e r v o i r   1 0 5 ,  

t h e r e   i s   an  i n k - s u p p l y   p a t h   200  of   s m a l l   d e p t h .   T h e  

i n k - s u p p l y   p a t h   200  i s   f o r m e d   by  e t c h i n g   and  h a s   a  

d e p t h   12  of   a b o u t   0 . 0 4   to  0 . 4   mm.  Owing  to  t h e  

c a p i l l a r i t y   of   t h e   p a t h   200 ,   i n k   can   be  s u p p l i e d  

s a t i s f a c t o r i l y   f r o m   the   common  i n k   r e s e r v o i r   105  t o  

the   r e s p e c t i v e   i n k   e j e c t i o n   c h a n n e l s ,   e a c h   of   w h i c h  

c o m p r i s e s   t h e   p r e s s u r e   c h a m b e r   104,  t h e   c a p a c i t y  

r e g i o n   111,   and   t h e   n o z z l e   1 0 1 .  

The  i n k  ,   w h i c h   i s   s u p p l i e d   f rom  an  ink  t a n k  

204,  i s   t e m p o r a r i l y   s t o r e d   in  t h e   i n k   r e s e r v o i r   1 0 5  

b e f o r e   r i s i n g   t h r o u g h   t he   i nk   s u p p l y   p a t h   200 ,   o w i n g  

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

c h a m b e r   104 .   A f t e r   t he   i n k   d r o p l e t s   a r e   e j e c t e d  

f rom  t h e   n o z z l e s   101,   by  means  o f   t he   p u m p i n g   a c t i o n  

of  t he   p r e s s u r e   c h a m b e r   104,  i n k   of   an  a m o u n t   c o r r e s -  

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

the   ink   s u p p l y   p a t h   200  to  the   p r e s s u r e   c h a m b e r   1 0 4 .  

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

by  v a r i a t i o n s   i n   t h e   s t a t i c   p r e s s u r e   of   i n k   in   t h e  

ink   r e s e r v o i r   105 .   T h i s   means   t h a t   t h e   n u m b e r   o f   t h e  



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

known  a r r a n g e m e n t s .  

B e c a u s e   t h e   i n k   r e s e r v o i r   105  o p e r a t e s   o n l y   t o  

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

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

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

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

t h e   v a r i a t i o n   i n   p r e s s u r e   in   t he   p r e s s u r e   c h a m b e r   1 0 4  

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

t h e   n o z z l e s   i s   r e n d e r e d   more   l i k e l y .   A i r   b u b b l e s  

w h i c h   m i g h t   e n t e r   v i a   t h e   n o z z l e s   101,  h o w e v e r ,   r e m a i n  

in  t h e   c a p a c i t y   r e g i o n s 1 1 1 ,   and  a r e   t h e r e b y   p r e v e n t e d  

f rom  e n t e r i n g   t h e   p r e s s u r e   c h a m b e r s   104.   T h i s   m e a n s  

t h a t   t h e   p r e s s u r e   c h a m b e r s   104  can  o p e r a t e   n o r m a l l y .  

The  a i r   b u b b l e s   r e m a i n i n g   i n   t he   c a p a c i t y   r e g i o n   111  c a n  

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

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

f r e q u e n c y   to  a b o u t   3000   d o t s / s e c .  

R e f e r r i n g   to  F i g .   3,  a s s u m i n g   t h a t   t h e   d e p t h s   o f  

the   p r e s s u r e   c h a m b e r s   104,   t he   i n k   s u p p l y   p a t h   2 0 0  

and   t h e   i n k   r e s e r v o i r   105  a r e   r e p r e s e n t e d   b y  l 1 ,  l 2  

a n d  l 3 ,   r e s p e c t i v e l y ,   e x p e r i m e n t s   show  t h a t   i t   i s  

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

I t   i s   a l s o   d e s i r a b l e   to  make  the   p r e s s u r e   c h a m b e r s  
104  and   t h e   i n k   s u p p l y   p a t h   200  have   t h e   same  d e p t h  



f rom  t h e   v i e w p o i n t   of  e t c h i n g   c o s t .   F u r t h e r ,   in   o u r  

e x p e r i e n c e ,   t he   b e s t   p r a c t i c a l   r e s u l t   i s   o b t a i n e d   w h e n  

t he   i n k   s u p p l y   p a t h   200  h a s   a  d e p t h   t 2   of  0 . 0 5   t o  

0 . 2   mm  and  a  w i d t h   w  of  0 . 5   to  3  mm. 

F u r t h e r m o r e ,   i t   i s   d e s i r a b l e   f o r   t he   c a p a c i t y  

r e g i o n  1 1 1   to  h a v e   a  w i d t h   of   1 .3   to  3  t i m e s   as  w i d e  

as  t h a t   of   t h e   n o z z l e   101  and  a  l e n g t h   of   1 .0   to  8 . 0   mm. 

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

w i d t h   of   0 . 1 3 ~ 0 . 3   mm  and  a  l e n g t h   of  1 . 0 ~ 5 . 0 m m .  

R e f e r r i n g   a g a i n   to  F i g .   2,  t h e   f i r s t   e m b o d i m e n t  

f u r t h e r   c o m p r i s e s   an  a i r   v e n t   202  to  w h i c h   one  end  o f  

a  l i q u i d   l e v e l   m e t e r   203  i s   c o n n e c t e d .   The  o t h e r   e n d  

of   t h e   l i q u i d   l e v e l   m e t e r   203  i s   open   to  t he   a i r  

t h r o u g h   a  mesh  f i l t e r   206  h a v i n g   a  mesh  o p e n i n g   o f  

a b o u t   5µm.  Such   a  mesh  f i l t e r   may  be  p r o v i d e d   in   a n  

o u t l e t   207  of   t he   i n k   t a n k   204  to  p r e v e n t   p a r t i c l e s  

e n t e r i n g   i n t o   t he   i n k   w i t h i n   t h e   i n k   r e s e r v o i r   1 0 5 .  

The  h e i g h t   of   t he   s u r f a c e   208  of  i n k   in   t h e   l i q u i d  

m e t e r   203  r e p r e s e n t s   t he   h e a d   p r e s s u r e   of  t h e   i n k  

in   t h e  p r e s s u r e   c h a m b e r   104  and  t h e   i n k   r e s e r v o i r   1 0 5 .  

A  d i f f e r e n c e   in   h e i g h t   b e t w e e n   t he   n o z z l e s   101  and  t h e  

i n k   s u r f a c e   208  r e p r e s e n t s   t h e   h e a d   p r e s s u r e   d i f f e r e n c e  

H'  of  t h e   i n k   in   t h e   i n k   r e s e r v o i r   105.  A s s u m i n g   t h a t  

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

by  h,  when  t he   s t a t i c   p r e s s u r e   of   t he   i n k   i n   t h e   i n k  

r e s e r v o i r   105  b a l a n c e s   w i t h   t h e   i n k   s u r f a c e   t e n s i o n  

in   t h e   n o z z l e   101  so  t h a t   i n k   d o e s   n o t   f l o w   o u t   f r o m  

the   n o z z l e   101,  i t   i s   n e c e s s a r y   to  s e t   t he   h e a d   p r e s s u r e  
d i f f e r e n c e   H'  w i t h i n   t he   r a n g e   of   ±h.   F o r   t h i s   p u r p o s e ,  

u p p e r   and  l o w e r   l e v e l   s e n s o r s   209  and  210  a r e  

p o s i t i o n e d   a t   u p p e r   and  l o w e r   p o s i t i o n s   s p a c e d   a p a r t  



by  h  a n d   -h   r e s p e c t i v e l y   f rom  t h e   r e f e r e n c e   l e v e l  

0 - 0 '   r e p r e s e n t i n g   t h e   h e i g h t   o f   t h e   n o z z l e s   101.   E a c h  

of   t h e   l e v e l   s e n s o r s   2d9  and  210  may  be  c o n s t i t u t e d  

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

or   a  c o m b i n a t i o n   of  a  l i g h t   e m i t t i n g   d i o d e   (LED)  

and  a  p h o t o   t r a n s i s t o r .  

The  s e n s o r s   209  and  210  a r e   c o u p l e d   to  a  l i q u i d  

l e v e l   c o n t r o l l e r   301,   w h i c h   i s   c o n n e c t e d   to  a  v a l v e  

d r i v e r   3 0 2 .   The  v a l v e   d r i v e r   302  d r i v e s   a  v a l v e  

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

i n k   s u p p l y   f r o m   an  i n k   t a n k   204  to  t h e   i n k   r e s e r v o i r  

105  as   w i l l   be  d e s c r i b e d   h e r e i n a f t e r .  

B e c a u s e   the   i n k   t a n k  i s   p o s i t i o n e d ,   i n   t he   f i r s t  

e m b o d i m e n t ,   so  t h a t   t h e   i n k   s u r f a c e   212  i n   t h e   i n k  

t a n k   204  i s   h i g h e r   t h a n   t h e   r e f e r e n c e   l e v e l   0 - 0 '  

b y  L   to  p r o v i d e   a  h e a d   p r e s s u r e   d i f f e r e n t   L - H ' ,   t h e  

i n k   i n   t h e   i n k   t a n k   204  can   be  s u p p l i e d   to  t he   i n k  

r e s e r v o i r   105  w i t h o u t   u s i n g   i n k   p r e s s u r e   means   s u c h  

as  a  p u m p .  

At  t h e   s t a r t   of  an  o p e r a t i o n ,   when  t h e   i n k   s u r f a c e  

208  i s   p o s i t i o n e d   in   t he   r a n g e   b e t w e e n   t h e   s e n s o r s  

209  and   210 ,   t h a t   i s   when  i t   d o e s   n o t   r e a c h   to  t h e  

p o s i t i o n   of   t h e   s e n s o r   209 ,   t h e   c o n t r o l l e r   301  c o n t r o l s  

the   v a l v e   d r i v e r   302  to  t u r n   on  t h e   v a l v e   211  so  t h a t  

i n k   i s   s u p p l i e d   f rom  t he   i n k   t a n k   204  t h r o u g h   t h e  

p i p e   205  and   an  i n l e t   c h a n n e l   201  to  t h e   i n k   r e s e r v o i r  

105,  t h e r e b y   to  i n c r e a s e   t he   s t a t i c   p r e s s u r e   i n   t h e  

i nk   r e s e r v o i r   105.  As  t h e   s t a t i c   p r e s s u r e   i n c r e a s e s ,  

the   i n k   s u r f a c e   208  b e c o m e s   h i g h e r .   When  t he   i n k  

s u r f a c e   208  r e a c h e s   to  t he   p o s i t i o n   of   t h e   u p p e r   s e n s o r  

209,  t h e   c o n t r o l l e r   301  c a u s e s   t h e   v a l v e   d r i v e r   302  t o  



t u r n   o f f   t h e   v a l v e   211  so  t h a t   t he   s u p p l y   of  i n k   i s  

s t o p p e d ,   t h e r e b y   to  s t o p   the   s t a t i c   p r e s s u r e   i n c r e a s i n g .  

By  e j e c t i n g   t h e   d r o p l e t s   d u r i n g   p r i n t i n g ,   t h e  

s t a t i c   p r e s s u r e   i s   d e c r e a s e d   and   t h e   i n k   s u r f a c e   208  i s  

l o w e r e d .   when  t h e   i n k   s u r f a c e   208  r e a c h e s   the   p o s i t i o n  

of  the   l o w e r   s e n s o r   210 ,   t he   c o n t r o l l e r   301  a g a i n  

c o n t r o l s   t h e   v a l v e   d r i v e r   302  to  t u r n   on  the   v a l v e   2 1 1 .  

T h i s   o p e r a t i o n   i s   r e p e a t e d   to  m a i n t a i n   t h e   h e a d  

p r e s s u r e   d i f f e r e n c e   H'  in   t he   r a n g e   of   + h .  

R e f e r r i n g   to  F i g .   4,  t h e   s e c o n d   e m b o d i m e n t  

i n c l u d e s   a  l i q u i d   l e v e l   s e n s o r   401  h a v i n g   e l e c t r o d e s  

401A  and  401B,   a r r a n g e d   s p a c e d  a p a r t   f rom  e a c h   o t h e r  

in  the   i n k   r e s e r v o i r   105,  and  a  v a l v e   c o n t r o l l e r   4 0 2 ,  

i n s t e a d   of   t h e   s e n s o r s   209  and   210  and  t he   c o m b i n a t i o n  

of  the   c o n t r o l l e r   301  and  the   v a l v e   d r i v e r   302  e m p l o y e d  

in  the   f i r s t   e m b o d i m e n t ,   r e s p e c t i v e l y .   When  t h e  

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

401A,  t he   c o n t r o l l e r   402  c a u s e s   t h e   v a l v e   211  to  b e  

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

204  to  t h e   i n k   r e s e r v o i r   1 0 5 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t ,   a l t h o u g h   t h e  

i n v e n t i o n   h a s   b e e n   d e s c r i b e d ,   by  way  of   e x a m p l e ,   w i t h  

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

employ   v a r i a t i o n s   and  m o d i f i c a t i o n s   w i t h i n   t he   s c o p e   o f  

the   i n v e n t i o n   c l a i m e d .   F o r   e x a m p l e ,   t he   c a p a c i t y  

r e g i o n s   111,   w h i c h   a c t   as  a  b u f f e r   o r   s t o r e   b e t w e e n   t h e  

n o z z l e s   101  and  t h e   p r e s s u r e   c h a m b e r s   104,  may  i n -  

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

the   e n t r y   of   a i r   and  any  u n w a n t e d   o u t f l o w   of  i n k .  



1.  An  o n - d e m a n d   t y p e , i n k - j e t   p r i n t   h e a d   f o r   e j e c t i n g  

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

a  p l u r a l i t y   o f   n o z z l e s   ( 1 0 1 )   f o r   e j e c t i n g   i n k  

d r o p l e t s ;  

an  i n k   r e s e r v o i r  ( 1 0 5 ) ; a n d  

a  p l u r a l i t y   o f  p r e s s u r e   c h a m b e r s   ( 1 0 4 )   p r o v i d e d  

b e t w e e n   t h e   n o z z l e s   ( 1 0 1 )   and   t h e   i n k   r e s e r v o i r   ( 1 0 5 )  

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

r e s e r v o i r   ( 1 0 5 )   to  e j e c t   i n k   d r o p l e t s   f r o m   t he   n o z z l e s  

( 1 0 1 ) ;   c h a r a c t e r i s e d  i n  t h a t   b e t w e e n   t h e   p r e s s u r e  

c h a m b e r s   ( 1 0 4 )   and  the   i n k   r e s e r v o i r   ( 1 0 5 )   t h e r e   i s  

p r o v i d e d   an  i n k   s u p p l y   p a t h   ( 2 0 0 )   f o r   s u p p l y i n g   i n k  

f r o m   t h e   i n k   r e s e r v o i r   ( 1 0 5 )   to  t h e  p r e s s u r e   c h a m b e r  

by  m e a n s   o f   c a p i l l a r i t y .  

2.  A  p r i n t   h e a d   as  c l a i m e d   i n   c l a i m   1,  c h a r a c t e r i s e d  

in   t h a t   t h e   d e p t h   of   t h e  i n k   s u p p l y   p a t h   ( 2 0 0 )   i s  

l e s s   t h a n   t h a t   of   t h e   i n k   r e s e r v o i r   ( 1 0 5 ) .  

3.  A  p r i n t   h e a d   as  c l a i m e d   in   e i t h e r  c l a i m   1  o r  

c l a i m   2,  c h a r a c t e r i s e d   i n   t h a t   t h e   i n k   s u p p l y   p a t h  

( 2 0 0 )   h a s   a  d e p t h   o f   0 . 0 4 ~ 0 . 4 m m .  

4.  A  p r i n t   h e a d   as  c l a i m e d   i n  a n y   one  o f   t h e   p r e -  

c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n  t h a t   t h e   d e p t h s   l 1 ,  

l2   a n d   l3   of   a  n o z z l e   ( 1 0 1 ) ,   t h e   i n k   s u p p l y   p a t h   ( 2 0 0 )  

and  t h e   i n k   r e s e r v o i r   ( 1 0 5 )  h a v e  t h e   f o l l o w i n g   r e l a t i o n -  

s h i p :  

5.  A  p r i n t   h e a d   as  c l a i m e d   i n   c l a i m   4,  c h a r a c t e r i s e d   i n  

t h a t   t h e   d e p t h s   l1 ,   l2  and   l 3  a r e   f rom  0 . 0 4   to  0 . 4 m m ,  

f r o m   0 . 0 4   to  0 . 4   mm  and  f rom  0 . 5   to  3  mm,  r e s p e c t i v e l y .  



6.  A  p r i n t   h e a d   as   c l a i m e d   in   any  one  o f   t h e   p r e c e d i n g  

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

r e g i o n s   ( 1 1 1 )   b e t w e e n   t h e   n o z z l e s   ( 1 0 1 )   and  t h e  

p r e s s u r e   c h a m b e r s   ( 1 0 4 ) ,   t h e   c a p a c i t y   r e g i o n s   b e i n g  

s m a l l e r   in   d i m e n s i o n   t h a n   the   p r e s s u r e   c h a m b e r s   ( 1 0 4 ) .  

7.  A  p r i n t   h e a d   as  c l a i m e d   in   any  one  o f   t h e   p r e c e d -  

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

l i q u i d   l e v e l   m e t e r   ( 2 0 3 )   c o u p l e d   to  t h e   i n k   r e s e r v o i r  

( 1 0 5 )   f o r   d e t e c t i n g   a  h e a d   p r e s s u r e   d i f f e r e n c e .  

8.  A  p r i n t   h e a d   as   c l a i m e d   i n   c l a i m   7,  c h a r a c t e r i s e d  

in   t h a t   t h e r e   i s   p r o v i d e d   an  i n k   t a n k   ( 2 0 4 )   f o r   a  

s u p p l y   of   i n k ,   and  a  v a l v e   ( 2 1 1 )   p r o v i d e d   b e t w e e n   t h e  

i n k   t a n k   ( 2 0 4 )   and  t h e   i n k   r e s e r v o i r   ( 1 0 5 ) ,   t h e  

v a l v e   ( 2 1 1 )   b e i n g   c o n t r o l l e d   in   r e s p o n s e   to  v a r i a t i o n s  

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