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©  A  head  for  an  ink  jet  printer. 

A  head  for  an  ink  jet  printer  comprises  an  intermediate 
plate  (11)  having  a  plurality  of  first  pressure  chambers  (12) 
and  first  nozzles  (13)  connected  therewith  recessed  in  one 
surface  thereof,  a  plurality  of  second  pressure  chambers  (16) 
and  second  nozzles  (17)  connected  therewith  recessed  in  the 
opposite  surface  thereof.  The  intermediate  plate  is  disposed 
between  two  outer  vibration  plates  (21,  22).  Piezo-electric 
elements  (23,  24)  are  located  on  the  outer  vibration  plates  for 
ejecting  ink  from  the  pressure  chambers  through  the  nozzles 
during  a  printing  operation.  A  feed  channel  (15)  extends  be- 
tween  an  ink  reservoir  (14)  and  each  pressure  chamber.  It  is 
preferred  that  the  impedance  of  each  feed  channel  (15)  is 
substantially the  same. 





This  i n v e n t i o n   r e l a t e s   to  heads  for  ink  j e t   p r i n t e r s   o f  

the  ink-on-demand  t y p e .  

A  c o n v e n t i o n a l   ink  j e t   p r i n t e r   of  the  ink-on-demand  t y p e  

i n c l u d e s   a  j e t   having  a  p l u r a l i t y   of  n o z z l e s ,   each  connected   t o  

a  p r e s s u r e   chamber.  By  changing  the  c a p a c i t y   of  the  p r e s s u r e  

chambers  the  ink  is  e j e c t e d   f rom the   nozz les   to  form  dots  on 

p r i n t i n g   medium.  An  ink  j e t   p r i n t e r   capable   of  p roduc ing   a 

v e r t i c a l   row  of  nine  dots   on  the  p r i n t i n g   medium  from  which 

c h a r a c t e r s   can  be  b u i l t   up  is  a l r e a d y   commerc ia l ly   a v a i l a b l e .  

An  ink  j e t   p r i n t e r   can  e a s i l y   be  made  to  produce  s e l e c t i v e l y  

numerous  type  faces   or  f o u n t s .   However,  in  order   to  ob ta in   a 

p r i n t   q u a l i t y   of  a lmost   the  same  s t a n d a r d   as  the  p r i n t   q u a l i t y  

produced  by  f ixed   type ,   i t   is  n e c e s s a r y   to  a r r ange   the  n o z z l e s  

so  t h a t   t he re   are  10  per  m i l l i m e t r e .   However,  to  a r range   t h e  

nozz les   with  such  c lose   spacing  is  d i f f i c u l t   even  with  the  a i d  

of  p r e c i s i o n   m a n u f a c t u r i n g   t e c h n i q u e s ,   such  as  chemical   e t c h i n g .  

According  to  the  p r e s e n t   i n v e n t i o n ,   t he re   is  p rov ided   a 

head  for  an  ink  j e t   p r i n t e r   compr is ing   an  i n t e r m e d i a t e   p l a t e  

having  a  p l u r a l i t y   of  f i r s t   p r e s s u r e   chambers  and  f i r s t   n o z z l e s  

connec ted   t h e r e w i t h   r e c e s s e d   in  one  su r f ace   t h e r e o f ,   a  p l u r a l i t y  

of  second  p r e s s u r e   chambers  and  second  nozz les   c o n n e c t e d  

t h e r e w i t h   r e c e s s e d   in  the  o p p o s i t e   su r f ace   t h e r e o f ,   t h e  

i n t e r m e d i a t e   p l a t e   being  d i sposed   between  two  ou te r   p l a t e s ,  



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   means  for  e j e c t i n g   ink  from  s a i d  

p r e s s u r e   chambers  t h r o u g h   sa id   nozz l e s   dur ing   a  p r i n t i n g   o p e r a t i o n ,  

and  a  feed  channe l   e x t e n d i n g   between  an  ink  r e s e r v o i r   means  a n d  

each  p r e s s u r e   chamber  c h a r a c t e r i s e d   in  t h a t   s a id   t r a n s d u c e r  

means  are  l o c a t e d   on  s a id   ou t e r   p l a t e s   and  in  t h a t   sa id   o u t e r  

p l a t e s   are  v i b r a t i o n   p l a t e s .  

P r e f e r a b l y   the  impedance  of  each  feed  channel   is  s u b s t a n t i a l l y  

the  same .  

P r e f e r a b l y   each  o u t e r   p l a t e   is  common  to  the  p l u r a l i t y   o f  

p r e s s u r e   chambers  on  the  r e s p e c t i v e   a d j a c e n t   s u r f a c e   of  t h e  

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

The  f i r s t   p r e s s u r e   chambers  p r e f e r a b l y   are  o f f s e t   r e l a t i v e  

to  the  second  p r e s s u r e   c h a m b e r s .  

An  i s l a n d   may  be  d i s p o s e d   a d j a c e n t   an  i n l e t   of  e a c h  

p r e s s u r e   c h a m b e r .  

An  i s l a n d   may  be  d i s p o s e d   a d j a c e n t   an  o u t l e t   of  e a c h  

p r e s s u r e   c h a m b e r .  

An  i s l a n d   may  be  d i s p o s e d   in  each  feed  c h a n n e l .  

In  one  embodiment  the  feed  channe l s   each  have  s u b s t a n t i a l l y  

the  same  l e n g t h .  

The  ou t e r   p l a t e s   and  sa id   i n t e r m e d i a t e   p l a t e s   may  be  b o n d e d  

t o g e t h e r .  

In  one  embodiment  the  ink  r e s e r v o i r   means  is  c o n s t i t u t e d  

at  l e a s t   in  p a r t   by  sa id   i n t e r m e d i a t e   p l a t e .  

P r e f e r a b l y   the  head  i n c l u d e s   a  f u r t h e r   channel   b e t w e e n  

each  p r e s s u r e   chamber  and  the  r e s p e c t i v e   n o z z l e ,   the  nozz le   h a v i n g  

a  depth  in  the  d i r e c t i o n   of  t h i c k n e s s   of  the  i n t e r m e d i a t e   p l a t e  

which  is  l e s s   than  the  c o r r e s p o n d i n g   depth  of  the  f u r t h e r   f e e d  

c h a n n e l .  

The  i n v e n t i o n   is  i l l u s t r a t e d ,   merely   by  way  of  example,   i n  

the  accompanying  d r awings ,   in  w h i c h : -  



Figu re   1  is  a  f r o n t   view  of  one  embodiment  of  a  c o n v e n t i o n a l  

head  for  an  ink  j e t   p r i n t e r ;  

F i g u r e   2  is  a  f r o n t   view  of  a n o t h e r   embodiment  of  a  

c o n v e n t i o n a l   head  for  an  ink  j e t   p r i n t e r .  

F i g u r e   3  is  a  p lan   view  of  one  embodiment  of  an  i n t e r m e d i a t e  

p l a t e   of  a  head  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   for  an  i n k  

j e t   p r i n t e r ;  

F i g u r e   4  shows  p a r t   of  the  i n t e r m e d i a t e   p l a t e   of  F igure   3 

in  g r e a t e r   d e t a i l .  

F igu re   5  is  a  p lan   view  of  a n o t h e r   embodiment  of  a n  

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

for  an  ink  j e t   p r i n t e r ;  

F i g u r e   6  is  a  p lan   view  of  a  f u r t h e r   embodiment  of  a n  

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

for  an  ink  j e t   p r i n t e r ;  

F i g u r e   7  is  a  p lan   view  of  a  l o c a t i n g   p l a t e   of  a  h e a d  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   for  an  ink  j e t   p r i n t e r ;  

F i g u r e   8  i l l u s t r a t e s   g r a p h i c a l l y   o p e r a t i o n   of  a  h e a d  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   for  an  ink  j e t   p r i n t e r ;  

F i g u r e   9  is  a  f r o n t   view  of  a  head  a c c o r d i n g   to  the  p r e s e n t  

i n v e n t i o n   for   an  ink  j e t   p r i n t e r ;  

F i g u r e   10  i l l u s t r a t e s   p r i n t i n g   produced  by  the  head  o f  

F igure   9 ;  

F i g u r e   11  is  a  c r o s s - s e c t i o n   of  a  nozzle   of  a  head  a c c o r d i n g  

to  the  p r e s e n t   i n v e n t i o n   for  an  ink  j e t   p r i n t e r ;  

F igure   12  shows,  s c h e m a t i c a l l y ,   the  d i s p o s i t i o n   of  a  h e a d  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   for  an  ink  j e t   p r i n t e r   i n  

p r i n t i n g   a p p a r a t u s ;   and  

F igu re   13,  c o n s i s t i n g   of  F igu re s   13a,  13b,  13c  shows,  i n  

p e r s p e c t i v e ,   heads  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   for   i n k  

j e t   p r i n t e r s   and  i n c l u d i n g   the  i n t e r m e d i a t e   p l a t e s   of  F igure   3 ,  

5  and  6  r e s p e c t i v e l y .  



R e f e r r i n g   to  F igure   l , t h e r e   is  shown  a  head  of  one  

c o n v e n t i o n a l   ink  j e t   p r i n t e r   which  is  advanced   dur ing   a  p r i n t i n g  

o p e r a t i o n   in  the  d i r e c t i o n  o f   an  arrow  A.  The  head  has  a  

p l u r a l i t y   of  n o z z l e s   1  th rough   w h i c h - i n k   is   e j e c t e d   dur ing   a  

p r i n t i n g   o p e r a t i o n ,   the  n o z z l e s   be ing   spaced   a p a r t   by  d i s t a n c e   a .  

To  r educe   the  v e r t i c a l   spac ing   of  do ts   formed  on  a  p r i n t i n g  

medium  by  ink  e j e c t e d   th rough   the  n o z z l e s   1,  the  head  is  i n c l i n e d  

to  d i r e c t i o n   A,  so  t h a t   the  spac ing   of  the  do ts   is  b.  However ,  

when  the  c o n v e n t i o n a l   head  is  used  in  p r i n t i n g   a p p a r a t u s   such  a s  

a  t y p e w r i t e r ,   for   example,  whi le   a  n o z z l e   la  is  be ing  used  t o  

form  dots   of  a  f i r s t   c h a r a c t e r ,   a  n o z z l e   lb  is  be ing  used  to  f o r m  

the   do ts   of  a  second  a d j a c e n t   c h a r a c t e r .   Thus  d i f f e r e n t   c h a r a c t e r s  

may  be  p r i n t e d   at  the  same  time  and  so,  as  a  r e s u l t ,   i t   i s  

n e c e s s a r y   to  i n c r e a s e   the  number  of  c h a r a c t e r   g e n e r a t o r s   or  memory 

c i r c u i t s ,   and  t h i s   c o m p l i c a t e s   c o n t r o l   c i r c u i t r y   of  the  p r i n t i n g  

a p p a r a t u s .   On  the  o the r   hand,  i f   c h a r a c t e r s   are  p r i n t e d   o n e - b y - o n e ,  

for   example,   u s ing   i npu t   keys  of  the  p r i n t i n g   a p p a r a t u s ,   the  h e a d  

has  to  be  b a c k - s p a c e d   a f t e r   i t   has  p r i n t e d   one  c h a r a c t e r   in  o r d e r  

to  p r e p a r e   for   p r i n t i n g   the  next  c h a r a c t e r .   Thus  the  c o n v e n t i o n a l  

head  shown  in  F igure   1  is  somewhat  i n c o n v e n i e n t   and  r e q u i r e s  

r e l a t i v e l y   complex  c o n t r o l   c i r c u i t r y .   Moreover ,   energy  c o n s u m p t i o n ,  

v i b r a t i o n ,   e t c . ,   is  i n c r e a s e d   caused  by  the  need  to  b a c k - s p a c e  

t h e  h e a d .   F u r t h e r m o r e ,   t h e r e   are  p rob lems   a s s o c i a t e d   with  t h e  

f a c t   t h a t   the  head  occup ie s   a  c o n s i d e r a b l e   s p a c e .  

Another   c o n v e n t i o n a l   head  for   an  ink  j e t   p r i n t e r   i s  

i l l u s t r a t e d   in  F igure   2.  This  c o n v e n t i o n a l   head  has  a  p l u r a l i t y  

of  n o z z l e s   4  each  connec ted   to  a  p r e s s u r e   chamber  (not  s h o w n ) .  

The  n o z z l e s   4  are  formed  on  a  p l a t e   3.  P i e z o - e l e c t r i c   e l ements   6 

are  f i x e d   in  p o s i t i o n s   c o r r e s p o n d i n g   to  the  r e s p e c t i v e   p r e s s u r e  

chambers  on  a  v i b r a t i o n   p l a t e   5  f ixed   to  the  p l a t e   3 .  

The  c o n v e n t i o n a l   head  of  F igu re   2  a l so   has  a  p l u r a l i t y   o f  

n o z z l e s   4'  each  connec ted   to  a  r e s p e c t i v e   p r e s s u r e   chamber  (not  shown) .  



The  n o z z l e s   41  are  formed  in  a  p l a t e   31.  P i e z o - e l e c t r i c   e l e m e n t s  

6'  are  f i xed   in  p o s i t i o n s   c o r r e s p o n d i n g   to  the  r e s p e c t i v e   p r e s s u r e  

chambers  on  a  v i b r a t i o n   p l a t e   5'  f ixed   to  the  p l a t e   3'  so  t h a t  

the  p i e z o - e l e c t r i c   e lements   6,  6'  are  a d j a c e n t   to  one  a n o t h e r .  

As  shown  in  F igu re   2,  the  nozz l e s   4  and  nozz l e s   4'  a r e  

o f f s e t   by  one  h a l f   p i t c h   in  the  v e r t i c a l   d i r e c t i o n .   T h i s  

c o n v e n t i o n a l   head  has  the  advantage   t h a t   i t s   area  can  be  r e d u c e d  

and  made  as  small   as  p o s s i b l e .   However,  the  d i s t a n c e   b e t w e e n  

the  n o z z l e s   4  and  the  nozz les   4'  is  l i m i t e d   by  the  t h i c k n e s s   o f  

the  v i b r a t i o n   p l a t e s   5,  5'  and  the  t h i c k n e s s   of  the  p i e z o - e l e c t r i c  

e l emen t s   6 ,  6 ' .   Thus,  as  with  the  c o n v e n t i o n a l   p r i n t e r   o f  

F igure   1,  whi le   one  c h a r a c t e r   is  being  p r i n t e d   by  the  nozz le s   4 ,  

ano the r   c h a r a c t e r   is  p r i n t e d   by  the  nozz l e s   4 ' .   Moreover,   d e l i c a t e  

a d j u s t m e n t   is  n e c e s s a r y   in  order   to  ensure   t h a t   the  nozz l e s   4  a r e  

e x a c t l y   o f f s e t   from  the  nozz les   4'  by  j u s t   one  ha l f   p i t c h .  

This  means  t h a t   the  c o n v e n t i o n a l   head  of  F igure   2  is  e x p e n s i v e  

to  m a n u f a c t u r e .  

One  embodiment  of  an  i n t e r m e d i a t e   p l a t e   of  a  head  a c c o r d i n g  

to  the  p r e s e n t   i n v e n t i o n   for  an  ink  j e t   p r i n t e r   is  i l l u s t r a t e d  

in  F i g u r e s   3  and  4.  The  i n t e r m e d i a t e   p l a t e   11  has  a  p l u r a l i t y   o f  

p r e s s u r e   chambers  12,  each  with  a  depth  of  s e v e r a l   tens   t o  

s e v e r a l   hundreds   of  microns   formed  on  one  s u r f a c e   t h e r e o f   by  

chemica l   e t c h i n g .   A  nozzle   13  is  connec ted   to  each  p r e s s u r e  
chamber  12.  The  p r e s s u r e   chambers  communicate  with  t h e  

p r e l i m i n a r y   feed  chamber  14  via  feed  channe l s   15.  On  the  o t h e r  

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

p r e s s u r e   chambers  16  (Figure  4)  are  formed,  the  p r e s s u r e   chambers  

16  be ing   i d e n t i c a l   to  the  p r e s s u r e   chambers  12  but  o f f s e t  

r e l a t i v e   t h e r e t o .   Each  p r e s s u r e   chamber  16  communicates  with  a  

nozz le   17,  the  nozz l e s   17  being  o f f s e t   from  the  nozz l e s   13  b y  

one  h a l f   p i t c h .   Ink  is  supp l i ed   to  the  head  by  feed  pipe  25 ,  

the  ink  being  drawn  in to   the  p r e s s u r e   chambers  12,  16  by  c a p i l l a r y  



a c t i o n   as  ink  is  e j e c t e d   from  the  n o z z l e s   13,  1 7 .  

As  shown  in  F igu re   9,  the  i n t e r m e d i a t e   p l a t e   11  i s  

sandwiched  between  two  ou t e r   v i b r a t i o n   p l a t e s   21,  22  to  w h i c h  

r e s p e c t i v e   p i e z o - e l e c t r i c   e lements   23,  24  a re   f i x e d .  

The  o p e r a t i o n   of  the  head  shown  in  F i g u r e s   3,  4  and  9 

w i l l   now be  d e s c r i b e d .   During  a  p r i n t i n g   o p e r a t i o n ,   the  h e a d  

is  moved in   the  d i r e c t i o n   of  an  arrow  B  (F igu re   9)  by  a  

mechanism  (not  i l l u s t r a t e d )   of  a  p r i n t i n g   a p p a r a t u s   and  t h e  

p i e z o - e l e c t r i c   e l e m e n t s   23,  24  are  e n e r g i s e d   by  c o n t r o l   s i g n a l s  

from  c o n t r o l   c i r c u i t r y   (not  shown).  The  c a p a c i t y   of  the  p r e s s u r e  

chambers  12,  16  sudden ly   changes  c o r r e s p o n d i n g   to  the  c o n t r o l  

s i g n a l s   a p p l i e d   to  the  r e s p e c t i v e   p i e z o - e l e c t r i c   e l emen t s   and  i n k  

is  e j e c t e d   from  the  nozz l e s   on  to  a  p r i n t i n g   medium  to  form  d o t s  

of  the  d e s i r e d   c h a r a c t e r .   The  d i s t a n c e   be tween   the  n o z z l e s  

13,  17  is  i n d i c a t e d   by  c.  The  d i s t a n c e   c  is  the  d e t e r m i n i n g  

f a c t o r   in  d e c i d i n g   whether   t iming  of  p r i n t i n g   of  the  dots   s h o u l d  

be  made  with  a  b u i l t - i n   delay  or  the  head  shou ld   be  made  to  move 

by  the  d i s t a n c e   c  from  the  s t a r t .   I f   the  d i s t a n c e   c  is  l e s s  

than  a  d i s t a n c e  e   between  a d j a c e n t   c h a r a c t e r s   (Figure   10)  t h e  

head  is  not  r e q u i r e d   to  p r i n t   two  a d j a c e n t   c h a r a c t e r s   at  the  same. 

time  and  so  the  c o n t r o l   c i r c u i t r y   of  the  p r i n t i n g   a p p a r a t u s   i n  

which  t h e  h e a d   is  i n c o r p o r a t e d   is  r e l a t i v e l y   s imple   compared  

with  c o n t r o l   c i r c u i t r y   for  p r i n t i n g   a p p a r a t u s   in  which  t h e ;  

c o n v e n t i o n a l   heads  of  F igu re s   1  and  2  are  i n c o r p o r a t e d .  

The  volume  and  speed  of  e j e c t i o n   of  ink  from  the  n o z z l e s  

13,  17  is  d e p e n d e n t ,   i n t e r   a l i a ,   upon  the  c r o s s - s e c t i o n a l   a r e a  

of  the  r e s p e c t i v e   p r e s s u r e   chambers  12,  16  and  the  l e n g t h   o f  

the  feed  channe l s   15.  In  order   to  o b t a i n   a  h igh  q u a l i t y   p r i n t i n g ,  

i t   is  n e c e s s a r y   to  ensure   t h a t   the  c o n t r o l   s i g n a l s   have  a  

c o n s t a n t   v o l t a g e ,   c o n s t a n t   c u r r e n t   and  c o n s t a n t   phase   so  t h a t  

the  volume  and  speed  of  e j e c t i o n   of  ink  r ema ins   c o n s t a n t .  

This  can  be  a ch i eved   by  a r r a n g i n g   the  l e n g t h   of  each  of  the  f e e d  



channe l s   15  connec t ing   the  p r e s s u r e   chambers  12,  16  to  t h e  

p r e l i m i n a r y   feed  chamber  14  to  be  the  same  and/or   p r o v i d i n g  

a  high  impedance  e lement   31  where  each  feed  channel   15 

communicates   with  the  r e s p e c t i v e   p r e s s u r e   chamber  12,  16 .  

The  d i s t a n c e s   between  the  n o z z l e s   13,  17  and  the  r e s p e c t i v e  

p r e s s u r e   chamber s  12 ,   16  may  be  made  the  same  for  the  same 

purpose   but  t h i s   is  d i f f i c u l t   to  ach ieve   in  view  of  the  f a c t  

t h a t   the  nozz les   are  so  c l o s e l y   spaced .   As  shown  in  F igure   2 ,  

if   the  p r e s s u r e   chambers  12,  16  are  o f f s e t ,   a  high  d e n s i t y   o f  

p r i n t i n g   can  be  r e a l i s e d .   In  F igure   3,  the  l eng th   of  each  o f  

the  feed  channels   15  is  c o n s t a n t   to  make  t h e i r   impedance  t h e  

same.  However,  i t   is  a lso  p o s s i b l e   to  make  the  impedance  o f  

the  feed  channe l s   the  same,  even  if   they  have  d i f f e r e n t  

l e n g t h s ,   by  s u i t a b l y   a r r a n g i n g   the  width  and /o r   depth  of  t h e  

feed  c h a n n e l s .  

F igu re   8  shows  the  r e l a t i o n s h i p   between  d r i v i n g   v o l t a g e  

and  volume  of  ink  e j e c t e d   where  the  d i s t a n c e   between  t h e  

p r e s s u r e   chambers  12,  16  and  the  r e s p e c t i v e   n o z z l e s  1 3 ,   17  i s  

c o n s t a n t   and  the  l eng th   of  the   feed  channel   1 5  i s   c h a n g e d .  

In  F i g u r e   8,  the  l eng th   of  the  feed  channel   15  in  l i n e   A  i s  

8  m i l l i m e t r e s   and  in  l ine   B  is  2  m i l l i m e t r e s .   G e n e r a l l y ,   t h e  

h ighe r   the  impedance  of  the  feed  channel   15,  t h e  g r e a t e r   t h e  

volume  of  ink  e j e c t e d   by  the  nozz l e s   13,  17.  Af te r   ink  i s  

e j e c t e d   and  dur ing  r e s t o r a t i o n   ready  for  ink  to  be  e j e c t e d  

aga in ,   some  a i r   en t e r s   the  n o z z l e s   13,  17,  the  amount  b e i n g  

dependen t ,   i n t e r   a l i a ,   upon  the  s u r f a c e   t e n s i o n   of  the  i n k .  

H o w e v e r ,  t h e   ink  is  s u b j e c t   to  d i f f e r e n t   p r e s s u r e s   d u r i n g  

e j e c t i o n   and  during  r e s t o r a t i o n ,   and  the  q u a n t i t y   of  i n k  

e j e c t e d   from  each  nozzle   and  the  time  for  r e s t o r a t i o n   is  made 

c o n s t a n t   for  a l l   the  nozz les   by  d imens ion ing   the  feed  c h a n n e l s  

15  s u i t a b l y   to  take  account   of  the  v i s c o s i t y   of  the  ink  and  

the  impedance  of  the  feed  c h a n n e l s .  



Ink  is  more  e a s i l y   e j e c t e d   from  the  n o z z l e s   when  t h e  

p r e s s u r e   chambers  12,  16  are  smoothly   c o n n e c t e d   to  the  n o z z l e s  

13,  17  r e s p e c t i v e l y   and  the  impedance  is  low.  Thus  i t   i s  

b e t t e r   to  i n c r e a s e   the  wid th   of  the  feed  channe l s   to  e q u a l i s e  

the  impedance  of  the  feed  c h a n n e l s .   F u r t h e r ,   as  the  p i e z o -  

e l e c t r i c   e l e m e n t s  2 3 ,   24  are  c i r c u l a r ,   i t   is  d e s i r a b l e   to  make 

the  p r e s s u r e   chambers  12,  16  s u b s t a n t i a l l y   c i r c u l a r .  

Another   embodiment  of  an  i n t e r m e d i a t e   p l a t e   11  for   a  

head  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   of  an  ink  j e t   p r i n t e r  

is  shown  in  F i g u r e   6  and  has  a  f i r s t   i s l a n d   36  and  a  s e c o n d  

i s l a n d   35.  Unless   the  p r e s s u r e   chamber  12  is  s u b s t a n t i a l l y  

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

w i t h i n   the  chamber  12  does  not  i n c r e a s e   u n i f o r m l y   when  a  c o n t r o l  

s i g n a l   is  a p p l i e d   to  the  r e s p e c t i v e   p i e z o - e l e c t r i c   e l e m e n t .  

As  a  r e s u l t ,   the  e j e c t e d   ink  s e p a r a t e s   i n to   d r o p l e t s   so  t h a t  

the  q u a l i t y   of  p r i n t i n g   d e t e r i o r a t e s .   However,  the  f i r s t  

i s l a n d   36  and  the  second  i s l a n d   35  p r e v e n t   the  g e n e r a t i o n   o f  

t he se   high  f r e q u e n c y   v i b r a t i o n s   even  i f   the  shape  of  the  p r e s s u r e  
chambers  d e v i a t e s   from  c i r c u l a r .   I t   is  thus  p o s s i b l e   to  e j e c t  

the  same  volume  of  ink  from  each  of  the  n o z z l e s .   When  the  w i d t h  

of  feed  c h a n n e l s   15  is  r e l a t i v e l y   b road ,   an  i s l a n d   37  i s  

d i s p o s e d   w i t h i n   each  feed  channel   in  o rde r   to  i n c r e a s e   t h e  

impedance  t h e r e o f   and  again   to  p r e v e n t   high  f r e q u e n c y   v i b r a t i o n s .  

In  a  head  for   an  ink  j e t   p r i n t e r ,   i t   is  an  e s s e n t i a l  

r e q u i r e m e n t   t h a t   no  a i r   bubb les   occur  in  the  feed  c h a n n e l s ,  

p r e s s u r e   chambers ,   e t c . ,   in  o rder   to  o b t a i n   good  q u a l i t y  

p r i n t i n g .   However,  t he re   is  a  c o n s i d e r a b l e   r i s k   of  g e n e r a t i n g  

such  a i r   b u b b l e s ,   for   example,   a i r   d i s s o l v e d   in  the  ink  may 
form  an  a i r   bubb le ,   an  a i r   bubble   may  flow  from  the  p r e l i m i n a r y  

ink  chamber,   a i r   may  e n t e r   t h rough   the  nozz l e s   and  form  an  a i r  

bubble ,   e t c .   If   an  a i r   bubble   appears   w i t h i n   the  head  t h e  

e a s i e s t   way  to  remove  i t   is  to  a l low  i t   to  escape  t h rough   t h e  



n o z z l e s .   To  t h i s   end,  ink  is  e j e c t e d   th rough  the  nozz l e s   by  

app ly ing   p r e s s u r e   from  the  p r e l i m i n a r y   feed  chamber  14,  b u t  

s i n c e  t h e   width  of  the  p r e s s u r e   chambers  12,  16  is  s e v e r a l  

t imes  t h a t   of  the  feed  channe l s   15  and  the  o ther   c h a n n e l s ,   o n l y  

a i r   bubb les   in  the  ne ighbourhood   of  the  c e n t r e   of  the  p r e s s u r e  

chambers  12  w i l l   be  e j e c t e d   t h rough   the  nozz les   13  and  a i r  

bubbles   a d j a c e n t   the  c i r c u m f e r e n c e   of  the  p r e s s u r e   chambers  

wi l l   r ema in .   To  overcome  t h i s ,   the  second  i s l a n d s   35  a r e  

p rov ided   to  ensure   t h a t   a l l   the  a i r   bubbles   in  the  p r e s s u r e  

chambers  w i l l   be  e j e c t e d   t h rough   the  n o z z l e s .  

If   the  depth  of  the  feed  channe l s   15  is  made  c o n s t a n t  

by  an  e t c h i n g   t e c h n i q u e ,   e j e c t i o n   of  ink  is  somewhat  i n f e r i o r  

as  shown  by  l i n e   C  in  F igure   8.  F u r t h e r ,   the  time  f o r  

r e s t o r a t i o n   a f t e r   e j e c t i o n   of  ink  becomes  r e l a t i v e l y   l o n g .  

In  order   to  overcome  t h i s ,   as  shown  in  F igure   11,  the  depth  D2 
of  the  nozz le   13  (and  the  nozz le   17)  is  made  l ess   than  t h e  

depth  D1  of  a  channe l   45  c o n n e c t i n g   a  nozzle   to  r e s p e c t i v e  

p r e s s u r e   chambers .   Thus  e f f i c i e n c y   of  e j e c t i o n   of  ink  and 

r e sponse   f r equency   can  be  improved.   In  one  embodiment  of  t h e  

p r e s e n t   i n v e n t i o n ,   the  depth  D2 of  each  nozzle   is  40-50  µm, 

the  l eng th   L  is  50-300  µm  and  the  depth  D   of  the  channel   45 

is  70-150  µm  in  o rde r   to  ach ieve   the  r e sponse   f requency   o f  

about  2  KHz.  The  r e q u i r e d   l e n g t h   L  of  the  nozz les   has  a  c l o s e  

r e l a t i o n s h i p   with  the  q u a n t i t y   of  a i r   e n t e r i n g   the  n o z z l e  

when  ink  has  been  e j e c t e d   and  dur ing   r e s t o r a t i o n .   The  amount  

of  a i r   e n t e r i n g   th rough   the  nozz le   is  e x a c t l y   the  same  as  t h e  

amount  of  ink  t h a t   has  j u s t   been  e j e c t e d   and  i t   is  n e c e s s a r y  

to  p r e v e n t   b o u n d a r i e s   between  the  a i r   and  the  ink  r each ing   t h e  

channel   45.  If   t h i s   occur s ,   because   some  ink  s t i l l   adheres   t o  

the  o p p o s i t e   s ide  wa l l s   of  the  nozz le ,   the  p r e s s u r e   ba l ance   may 

be  changed,   even  though  only  s l i g h t l y ,   and  the  ink  on  one  s i d e  

wall  of  the  nozz le   may  coa l e sce   with  the  ink  on  the  o p p o s i t e  



side  wal l   and  so  form  an  a i r   bubble   in  the  channel   4 5 .  

The  t h i c k n e s s   of  the  i n t e r m e d i a t e   p l a t e   11  has  b e e n  

found  to  be  v e r y ' i m p o r t a n t   in  p r a c t i c e .   If   the  t o t a l   t h i c k n e s s  

of  the  o u t e r   v i b r a t i o n   p l a t e   21  and  the  p i e z o - e l e c t r i c  

element   23  is  e q u a l   to  the  t h i c k n e s s   of  the   i n t e r m e d i a t e  

p l a t e   11,  which  i t s e l f   is  r e l a t i v e l y   t h i n   s i nce   i t   is  made  b y  

an  e t c h i n g   t e c h n i q u e ,   p r e s s u r e   w i l l   i n c r e a s e   by  only  a  h a l f .  

F u r t h e r ,   p r e s s u r e   in  one  p r e s s u r e   chamber  w i l l   be  t r a n s m i t t e d  

to  an  a d j a c e n t   p r e s s u r e   chamber  on  the  o p p o s i t e   s ide   of  t h e  

i n t e r m e d i a t e   p l a t e .   As  a  r e s u l t ,   the  volume  and  speed  o f  

e j e c t i o n   of  ink  w i l l   vary  depending   upon  whether   the  a d j a c e n t  

p r e s s u r e   chambers   on  o p p o s i t e   s ides   of  the  i n t e r m e d i a t e   p l a t e  

are  d r i v e n   at   the  same  time  or  no t .   As  a  r e s u l t ,   the  q u a l i t y  

of  p r i n t i n g   is  r e d u c e d .   T h e r e f o r e ,   i t   is  n e c e s s a r y   to  p r e v e n t  

a d j a c e n t   p r e s s u r e   chambers  on  o p p o s i t e   s ides   of  the  i n t e r m e d i a t e  

p l a t e   i n f l u e n c i n g   each  o the r   or  to  make  the  i n f l u e n c e   so  s m a l l  

t h a t   i t   may  be  d i s r e g a r d e d .   As  the  i n f l u e n c e   between  a d j a c e n t  

p r e s s u r e   chambers  on  o p p o s i t e   s ides   of  the  i n t e r m e d i a t e   p l a t e  

is  i n v e r s e l y   p r o p o r t i o n a l   to  the  square   of  the  t h i c k n e s s   of  t h e  

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

l a t t e r   should   be  p r e f e r a b l y   about   3.2  t imes  the  comb ined  

t h i c k n e s s   of  the  o u t e r   v i b r a t i o n   p l a t e   21  and  the  p i e z o - e l e c t r i c  

e lements   23  (or  the  ou te r   v i b r a t i o n   p l a t e   22  and  the  p i e z o -  

e l e c t r i c   e l emen t s   24).   If  the  o u t e r   v i b r a t i o n   p l a t e   21  is  0. .15 

m i l l i m e t r e s   in  t h i c k n e s s   and  the  p i e z o - e l e c t r i c   e l ements   23,  24 

are  0.15  m i l l i m e t r e s   in  t h i c k n e s s ,   the  t h i c k n e s s   of  t h e  

i n t e r m e d i a t e   p l a t e   should  be  0.95  m i l l i m e t r e s .   However,  s i n c e  

the  p r e s s u r e   chambers  on  one  s ide  of  the  i n t e r m e d i a t e   p l a t e   a r e  

o f f s e t   r e l a t i v e   to  those   on  the  o p p o s i t e   s i d e ,   as  shown  i n  

F i g u r e  4 ,   the  t h i c k n e s s   of  the  i n t e r m e d i a t e   p l a t e   may  be  r e d u c e d  

to  some  e x t e n t .   I f   the  p r e s s u r e   chambers  are  e t ched   to  a  d e p t h  

of,  for  example,   70  µm,  the  t h i c k n e s s   of  the  i n t e r m e d i a t e   p l a t e  



is  given  b y :  

0 . 9 5  -   (0.15  +  0.15  +  0.07)  =  0.58  m i l l i m e t r e s .  

By  d i s p o s i n g   the  p r e s s u r e   chambers  o f f s e t   with  r e s p e c t   to  e a c h  

o t h e r ,   the  i n f l u e n c e   between  a d j a c e n t   p r e s s u r e   chambers  on 

o p p o s i t e   s i de s   of  the  i n t e r m e d i a t e   p l a t e   can  be  reduced  to  0 . 6  

per  cent  and  t h i s   can  be  i gno red .   F u r t h e r ,   as  the  i n t e r m e d i a t e  

p l a t e   can  be  made  r e l a t i v e l y   t h i n ,   the  d i s t a n c e   c  b e t w e e n  

a d j a c e n t   n o z z l e s   is  reduced  so  t h a t   the  s p a c e  e   between  a d j a c e n t  

c h a r a c t e r s ,   when  a  p r i n t i n g   o p e r a t i o n   is  pe r fo rmed ,   as  shown  i n  

Figure   10,  can  b e  r e d u c e d .  

One  method  of  m a n u f a c t u r i n g   the  p r i n t i n g   head  of  F igure   9 

wi l l   now  be  d e s c r i b e d .   F i r s t ,   chrome  and  gold  l a y e r s   are  d e p o s i t e d  

on  to  a  p l a t e   made  of  a  m a t e r i a l   which  is  not  a f f e c t e d   by  ink,   f o r  

example,  b o r o s i l i c a t e   g l a s s .   A  r e s i s t   is  formed  on  both  s i d e s  

of  the  p l a t e   and  is  exposed  to  l i g h t   us ing  a  photo  mask  so  as  t o  

form  the  p a t t e r n ,   for   example,   in  F igure   3.  Af te r   t h a t ,   the  p l a t e  

is  e tched  by,  for  example,   h y d r o f l u o r i c   acid  to  form  the  c h a n n e l s  

in  the  p r e s s u r e   chambers .   The  gold  and  chrome  l aye r s   are  r emoved ,  

a  spacer   38  having  a lmost   the  same  t h i c k n e s s   as  t h a t   of  t h e  

i n t e r m e d i a t e   p l a t e   is  d i sposed   at  one  s ide  of  where  the  p r e l i m i n a r y  

feed  chamber  14  is  to  be  formed,  and  then  the  i n t e r m e d i a t e   p l a t e   so  

formed  is  sandwiched  between  the  ou te r   v i b r a t i o n   p l a t e s   21,22  h e l d  

by  a  j i g ,   and  put  i n to   a  fu rnace   at  550°  to  700°C.  Thus  the  i n t e r -  

mediate   p l a t e ,   the  spacer   38  and  the  v i b r a t i o n   p l a t e s   are  b o n d e d  

t o g e t h e r .   An  e l e c t r i c a l l y   conducted   f i lm ,   for  example,  of  NESA  (Trade  

Mark)  or  In203  is  formed  on  the  ou t e r   v i b r a t i o n   p l a t e s   21,22  to  a c t  

as  a  t r a n s p a r e n t   e l e c t r o d e .   The  c o n d u c t i v e   f i lm  may  be  formed  b e f o r e  

or  a f t e r   bonding  of  the  i n t e r m e d i a t e   p l a t e   and  the  v i b r a t i o n  

p l a t e s .   F u r t h e r ,   i t   is  p o s s i b l e   to  form  gold  or  chrome  l a y e r s  

only  where  r e q u i r e d   for  e l e c t r o d e s   of  the  p i e z o - e l e c t r i c   e l e m e n t s  

by  means  of  p a t t e r n   d e p o s i t i o n   or  e t c h i n g .   Since  the  i n t e r m e d i a t e  

p l a t e   and  the  ou te r   v i b r a t i o n   p l a t e s   are  t r a n s p a r e n t ,   the  c h a n n e l s  



and  p r e s s u r e   chambers  are  v i s i b l e   but   if   t h i s   is  not   r e q u i r e d ,  

the  o u t e r   v i b r a t i o n   p l a t e s   and  i n t e r m e d i a t e   p l a t e s   may  be  made 

o p a q u e .  

F i g u r e   13a  shows  the  i n t e r m e d i a t e   p l a t e   11  and  t h e  

space r   38  of  F igu re   3  d i s p o s e d   between  the  two  o u t e r   v i b r a t i o n  

p l a t e s   21,  22  to  form  a - s p a c e   which  d e f i n e s   the  p r e l i m i n a r y  

feed  chamber  14.  The  p r e l i m i n a r y   feed  chamber  14  has  an  i n k  

i n l e t   33a  and  an  ink  o u t l e t   33b.  A  feed  p ipe   25  of  s t a i n l e s s  

s t e e l   is  s ecu red   by  b i n d e r   m a t e r i a l   34  to  each  of  the  ink  i n l e t  

33a  and  the  ink  o u t l e t   3 3 b .  

.  F igu re   13b  shows  a  head  for  an  ink  j e t   p r i n t e r   i n c o r p o r a t i n g  

the  i n t e r m e d i a t e   p l a t e   of  F igu re   5  showing  an  ink  r e s e r v o i r   39 

made,  for   example,   of  p l a s t i c s   m a t e r i a l .  

F i g u r e   13c  shows  a  head  for   an  ink  j e t   p r i n t e r  

i n c o r p o r a t i n g   the  i n t e r m e d i a t e   p l a t e   of  F i g u r e   6,  the  p r e l i m i n a r y  

feed  chamber  14  being  formed  by  e t c h i n g   on  the  i n t e r m e d i a t e   p l a t e  

with  the  p r e s s u r e   chambers  1 2 .  

The  ink  o u t l e t   33b  for   the  p r e l i m i n a r y   feed  chamber  14 

is  not   e s s e n t i a l   but   when  an  a i r   bubb le ,   for   example,   e n t e r s  

the  p r e l i m i n a r y   feed  chamber,   i f   ink  is  c i r c u l a t e d   t h e r e t h r o u g h   . 

the  a i r   bubble   can  be  removed  w i t h o u t   having   to  push  i t   t h r o u g h  

the  p r e s s u r e   chambers  and  n o z z l e s   e t c .  

The  shape  of  the  nozz le   shown  in  F i g u r e   11  can  be  p r o d u c e d  

by  a  double   e t c h i n g   t e c h n i q u e .  

A f t e r   the  i n t e r m e d i a t e   p l a t e s   and  o u t e r   v i b r a t i o n   p l a t e s  

have  been  bonded,   a  l o c a t i n g   p l a t e   40  (F igure   7)  for   d e t e r m i n i n g  

the  p o s i t i o n   of  the  p i e z o - e l e c t r i c   e l e m e n t s ,   is  f i xed   in  p o s i t i o n  

by  a  bonding  tag  42  and  c o r r e c t l y   l o c a t e d   by  a  c r o s s - s h a p e d  

r e c e s s   47  engaging   c o r r e s p o n d i n g l y   shaped  p r o j e c t i o n s   on  t h e  

r e s p e c t i v e   ou t e r   v i b r a t i o n   p l a t e s .   The  p l a t e   40  has  t w e l v e  

ho l e s   41  each  somewhat  l a r g e r   than  the  p i e z o - e l e c t r i c   e l e m e n t  

to  be  l o c a t e d   t h e r e i n   and  with  a  depth  of  the  same  as  t h a t   o f  



the  p i e z o - e l e c t r i c   e lement   to  be  l o c a t e d   t h e r e i n .   If   the  p l a t e  

40  is  made  of  m e t a l ,   i t   can  be  used  to  form  e l e c t r o d e s   of  t h e  

p i e z o - e l e c t r i c   e l emen t s .   A  p i e z o - e l e c t r i c   e lement   is  put  i n t o  

each  of  the  ho les   41  and  f i xed   t h e r e i n   by  means,  of,  for  example  

an  epoxy  r e s i n   or  a  metal   s o l d e r ,   such  as  a  g o l d - t i n   s o l d e r .  

Then  each  p i e z o - e l e c t r i c   e lement   is  wired  to  c o n t r o l   c i r c u i t r y  

of  the  p r i n t i n g   a p p a r a t u s .   In  o rder   to  improve  i n s u l a t i o n  

p r o p e r t i e s ,   the  w i r ing   is  s ea led   by  a  s o f t   e l e c t r i c a l l y   n o n -  

c o n d u c t i v e   m a t e r i a l ,   such  as  s i l i c o n   r e s i n .   In  o rder   to  i n c r e a s e  

r e s i s t a n c e   to  damage  due,  for  example,   to  e x t e r n a l   shock,  a 

c o a t i n g   may  be  formed  on  the  p l a t e   40.  The  p i e z o - e l e c t r i c  

e lements   may  be  wired  by  v a r i o u s   methods,   such  as  s o l d e r i n g ,  

e l e c t r i c   bond ing ,   wire  bonding,   or  c o n n e c t i n g   us ing   e l e c t r i c   gum, 

metal   e t c .   Thus  a  h igh ly   i n t e g r a t e d   head  for  an  ink  j e t   p r i n t e r  

can  be  made.  Moreover  the  s u r f a c e   on  which  the  n o z z l e s   debouch 

may  be  cut  by  a  diamond  c u t t e r   or  p o l i s h e d   to  make  i t   smooth .  

The  wal l   between  one  feed  channel   and  the  a d j a c e n t   f e e d  

channel   p r e f e r a b l y   has  a  width  of  more  than  50  µm  s ince   i t   i s  

n e c e s s a r y   for   the  wall   to  have  s u f f i c i e n t   s t r e n g t h   not  to  be  

broken  if   the  ink  f r e e z e s .   I t   has  been  found  t h a t   i f   the  w a l l  

between  a d j a c e n t   feed  channe l s   has  a  width  of  100  µm,  i t   does  

not  break   even  when  the  ink  is  f rozen   at  -40  C.   As  m e n t i o n e d  

above,  b o r o s i l i c a t e   g l a s s   is  p r e f e r a b l y   used  for  t h e  

i n t e r m e d i a t e   p l a t e   and  the  ou te r   v i b r a t i o n   p l a t e s   due  to  t h e  

ease  of  e t c h i n g .   However,  i n s t e a d   of  being  e t ched ,   the  b o r o -  

s i l i c a t e   g l a s s   could  be  moulded  in to   the  d e s i r e d   c o n f i g u r a t i o n  

at  high  t e m p e r a t u r e .  

A  head  a cco rd ing   to  the  p r e s e n t   i n v e n t i o n   o f ' i n k   j e t  

p r i n t e r   may  be  d i sposed   as  shown  in  F igure   12  and  i n c l i n e d   a t  

an  angle  of  8o  to  the  p lane  of  p r i n t i n g   so  t h a t   a  d i s t a n c e   f  

between  a d j a c e n t   dots  formed  on  p r i n t i n g   medium  is  l e s s   t h a n  

the  d i s t a n c e   d  between  c o r r e s p o n d i n g   a d j a c e n t   n o z z l e s ,   i . e . :  



As  a  r e s u l t   h igh  d e n s i t y   p r i n t i n g   w i l l   be  o b t a i n e d .  

A  head  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   for   an  ink  j e t  

p r i n t e r   may  be  employed  by  t y p e w r i t e r s ,   copying  p r e s s e s   o r  

f a c s i m i l e   machines   e t c .  



1.  A  head  for   an  ink  j e t   p r i n t e r   compr i s i ng   an  i n t e r m e d i a t e  

p l a t e   (11)  having  a  p l u r a l i t y   of  f i r s t   p r e s s u r e   chambers  (12) 

and  f i r s t   n o z z l e s   (13)  connec ted   t h e r e w i t h   r e c e s s e d   in  o n e  

s u r f a c e   t h e r e o f ,   a  p l u r a l i t y   of  second  p r e s s u r e   chambers  (16) 

and  second  n o z z l e s   (17)  connec ted   t h e r e w i t h   r e c e s s e d   in  t h e  

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

between  two  ou t e r   p l a t e s ,   (21,22)  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  

means  (23,24)  for  e j e c t i n g   ink  from  sa id   p r e s s u r e   chambers  t h r o u g h  

said  n o z z l e s   du r ing   a  p r i n t i n g   o p e r a t i o n ,   and  a  feed  channe l   (15) 

e x t e n d i n g   between  an  ink  r e s e r v o i r   means  (14)  and  each  p r e s s u r e  

chamber  c h a r a c t e r i s e d   in  t ha t   sa id   t r a n s d u c e r   means  (23,24)  a r e  

l o c a t e d   on  sa id   o u t e r   p l a t e s   (21,22)  and  in  t h a t   said  ou t e r   p l a t e s  

are  v i b r a t i o n   p l a t e s .  

2.  A  head  as  c l a i m e d  i n   claim  1  c h a r a c t e r i s e d   in  t h a t   t h e  

impedance  of  each  feed  channel   (15)  is  s u b s t a n t i a l l y   the  same.  

3.  A  head  as  c la imed  in  claim  1  or  2  in  which  each  o u t e r  

p l a t e   (21,22)  is  common  to  the  p l u r a l i t y   of  p r e s s u r e   chambers  on 

the  r e s p e c t i v e   a d j a c e n t   su r face   of  the  i n t e r m e d i a t e   p l a t e .  

4.  A  head  as  c la imed  in  any  p r e c e d i n g   claim  c h a r a c t e r i s e d ' i n  

t h a t   the  f i r s t   p r e s s u r e   chambers  (12)  are  o f f s e t   r e l a t i v e   to  t h e  

second  p r e s s u r e   chambers  ( 1 6 ) .  

5.  A  head  as  c la imed  in  any  p r e c e d i n g   c la im  c h a r a c t e r i s e d   i n  

t h a t   an  i s l a n d   (35)  is  d i sposed   a d j a c e n t   an  i n l e t   of  each  p r e s s u r e  

chamber .  

6.  A  head  as  c la imed  in  any  p r e c e d i n g   claim  c h a r a c t e r i s e d  

in  t h a t   an  i s l a n d   (36)  is  d i sposed   a d j a c e n t   an  o u t l e t   of  e a c h  

p r e s s u r e   c h a m b e r .  

7.  A  head  a s  c l a i m e d   in  any  p r e c e d i n g   claim  c h a r a c t e r i s e d  

in  t h a t   an  i s l a n d   (37)  is  d i sposed   in  each  feed  c h a n n e l .  

8.  A  head  as  c la imed  in  any  p r e c e d i n g   claim  c h a r a c t e r i s e d   i n  

t ha t   the  feed  channe l s   (15)  each  have  s u b s t a n t i a l l y   the  same  l e n g t h .  



9.  A  head  as  c la imed  in  any  p r e c e d i n g   claim  c h a r a c t e r i s e d  

in  t h a t   the  o u t e r   p l a t e s   (21,22)  and  sa id   i n t e r m e d i a t e   p l a t e s  

(11)  are  bonded  t o g e t h e r .  

10.  A  head  as  c la imed   in  any  p r e c e d i n g   claim  c h a r a c t e r i s e d  

in  t h a t   the  ink  r e s e r v o i r   means  (14)  is  c o n s t i t u t e d   at  l e a s t  

in  p a r t   by  sa id   i n t e r m e d i a t e   p l a t e .  

11.  A  head  as  c la imed  in  any  p r e c e d i n g   c la im  c h a r a c t e r i s e d   by  

i n c l u d i n g   a  f u r t h e r   channel   (45)  between  the  p r e s s u r e  c h a m b e r  

and  the  r e s p e c t i v e   n o z z l e ,   the  nozz le   hav ing   a  dep th   in  t h e  

d i r e c t i o n   of  t h i c k n e s s   of  the  i n t e r m e d i a t e   p l a t e ,   which  is  l e s s  

than  the  c o r r e s p o n d i n g   depth  of  the  f u r t h e r   feed  c h a n n e l .  
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