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©  An  ink  jet  forming  unit  comprising  a  nozzle  12  which  is 
filled  with  a  water-based  ink  18,  two  electrodes  14,  15,  • 
contacting  the  ink  and  at  least  one  of  which  is  near  the 
opening  through  which  the  ink  is  jetted,  and  an  interruptible 
power  circuit  16,  17  connected  to  these  electrodes  whereby 
the  electrodes  electrolyze  the  water  to  form  a  gas  bubble  21 
which  separates  an  ink  droplet  23  from  the  ink  and  propels  it 
through  the  opening  under  the  force  of  the  expanding 
bubble. 
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 A n   ink  jet  forming  unit  comprising  a  nozzle  12  which  is 
filled  with  a  water-based  ink  18,  two  electrodes  14,  15, 
contacting  the  ink  and  at  least  one  of  which  is  near  the 
opening  through  which  the  ink  is  jetted,  and  an  interruptible 
power  circuit  16, 17  connected  to  these  electrodes  whereby 
the  electrodes  electrolyze  the  water  to  form  a  gas  bubble  21 
which  separates  an  ink  droplet  23  from  the  ink  and  propels  it 
through  the  opening  under  the  force  of  the  expanding 
bubble. 



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  ink  j e t   f o r m i n g   u n i t s   in  a n  

ink   j e t   p r i n t e r .  

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

An  ink   j e t   p r i n t e r   i s   a d v a n t a g e o u s   in  t h a t   i t   c a n  

r e c o r d   d a t a   on  o r d i n a r y   s h e e t s ,   i t   n e e d s   no  d e v e l o p i n g   n o r  

f i x i n g ,   and  i t   g e n e r a t e s   l i t t l e   n o i s e .   R e c o r d i n g   s y s t e m s  

e m p l o y e d   f o r   t h e   p r i n t e r   a r e   r o u g h l y   c l a s s i f i e d   i n t o  ( 1 )   a  

f i r s t   or  c o n t i n u o u s   t y p e   in  which   ink   d r o p s   a r e   c o n t i n u o u s l y  

j e t t e d   and  a r e   s e l e c t i v e l y   a p p l i e d   to   a  r e c o r d i n g   s h e e t ,  

and   (2)  a  s e c o n d   or  p u l s e d   g r o u p   in  w h i c h   an  ink  d r o p   i s  

j e t t e d   o n l y   when  p r i n t i n g   is   e f f e c t e d .  

In  t he   c o n t i n u o u s   g r o u p ,   i t   i s   n e c e s s a r y   t o  

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

m e t h o d   in  w h i c h   an  ink   d r o p l e t   is   d e f l e c t e d   by  c h a r g i n g .  

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

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

an  ink  c i r c u l a t i o n   s y s t e m ,   so  t h a t   i t   i s   d i f f i c u l t   t o  

m i n i a t u r i z e   t h e   p r i n t e r .  

The  r e c o r d i n g   s y s t e m s   in  t he   p u l s e d   g r o u p   can   b e  

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

f o r m i n g   t h e   ink  j e t   w i t h   an  ink  j e t   f o r m i n g   u n i t .   In  an  i n k  

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

s y s t e m ,   a  m a g n e t i c   ink  i s   a l l o w e d   to  r i s e   on  a  c o n t r o l l i n g  



r e c o r d i n g   s t y l u s ' a n d   i t   i s   t h e n   a t t r a c t e d   by  an  e l e c t r i c  

f i e l d   so  t h a t   i t   i s   j e t t e d .   T h e r e f o r e ,   in   t h e   c a s e   w h e r e  

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

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

m a g n e t i c   m a t e r i a l   h a s   i t s   own  c o l o r   o t h e r   t h a n   t h e   c o l o r   o f  

t h e   ink   and   t h e   c o l o r   of   t h e   i n k   may  c h a n g e   as  t h e   m a g n e t i c  

m a t e r i a l   i s   o x i d i z e d .   On  t h e   o t h e r   h a n d ,   in  an  i nk   j e t  

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

s o - c a l l e d   " b u b b l e   j e t "   s y s t e m ,   t h e   i nk   i s   b o i l e d   to   f o r m  

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

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

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   an  . o b j e c t   o f   t h i s   i n v e n t i o n   i s   t o  

p r o v i d e   a n  i n k   j e t   f o r m i n g   u n i t   w h i c h   c a n   r e c o r d   d a t a   i n  

d e s i r e d   c o l o r s   and   s t a b l y   j e t s   i n k   d r o p s .  

The  f o r e g o i n g   o b j e c t   o f   t h e   i n v e n t i o n   has   b e e n  

a c h i e v e d   w i t h   an  i n k   j e t   f o r m i n g   u n i t   w h i c h ,   a c c o r d i n g   t o  

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

e l e c t r o l y z i n g   w a t e r   of   a  w a t e r - b a s e d   i n k   to   p r o d u c e   a  g a s ;  

and   a  n o z z l e   i n   w h i c h   an  ink   d r o p   i s   f o r m e d   by  t h e   g a s   a n d  

i s   j e t t e d   by  t h e   p r e s s u r e   w h i c h   i s   p r o v i d e d   as  t h e   g a s  

e x p a n d s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   an  e x t e r n a l   v i e w   s h o w i n g   a  p r i n t   h e a d  

u s i n g  i n k   j e t   f o r m i n g   u n i t s   a c c o r d i n g   to   t h i s   i n v e n t i o n ;  

F i g .   2  i s   a  p e r s p e c t i v e   v i e w   s h o w i n g   t he   e s s e n t i a l  

c o m p o n e n t s   o f   t h e   i nk   j e t   f o r m i n g   u n i t   in   one  of  t he   n o z z l e s  



of  F i g .   1 ;  

F i g .   3  i s   an  e x p l a n a t o r y   d i a g r a m   d e s c r i b i n g   t h e  

p r i n c i p l e   o f   o p e r a t i o n   f o r   f o r m i n g   an  ink   j e t   w i t h   t h e   i n k  

j e t   f o r m i n g   u n i t   of  F i g s .   1  and  2 ;  

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

c o m p o n e n t   of   one  m o d i f i c a t i o n   of  t he   ink  j e t   f o r m i n g  

u n i t   of  t h e   i n v e n t i o n ;  

F i g .   5  i s   an  e x p l a n a t o r y   d i a g r a m   d e s c r i b i n g   t h e  

p r i n c i p l e   of  o p e r a t i o n   f o r   f o r m i n g   an  ink   j e t   w i t h   t h e   i n k  

j e t   f o r m i n g   u n i t   of  F i g .   4 .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

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

e m b o d i m e n t s .  

F i g .   1  shows   t h e   e x t e r n a l  a p p e a r a n c e   of  a  p r i n t   h e a d .  

The  p r i n t   h e a d   10  has   an  a p p e r t u r e   p l a t e   whose   l e n g t h   i s  

s u b s t a n t i a l l y   e q u a l   to   t he   w i d t h   of  a  r e c o r d i n g   s h e e t   ( n o t  

s h o w n ) .   A  number   of  ink  j e t   f o r m i n g   u n i t s   a r e   a r r a n g e d  

on  t h e   a p p e r t u r s   p l a t e   ( t h e   n o z z l e   p l a t e ) .   M o r e  

s p e c i f i c a l l y ,   t h e   ink   j e t   f o r m i n g   u n i t s   a re   a r r a n g e d   a t  

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

d i r e c t i o n   of  t h e   ink   j e t t i n g   s u r f a c e   1.  In   the   c a s e   o f  

a  p r i n t e r   w h i c h   r e c o r d s   d a t a   on  a  r e c o r d i n g   s h e e t   of  s i z e  

'"A4"  p a p e r   w i t h  a   r e c o r d i n g   d e n s i t y   of  8  l i n e s / m m ,   a  

n o z z l e   12  i s   a s s o c i a t e d   w i t h   e a c h   ink  j e t   f o r m i n g   u n i t  

and  has   an  o p e n i n g ,   e a c h   s i d e   of  w h i c h   is   a b o u t   6 0  µ m .  

In   t h i s   c a s e ,   1 , 7 2 8   n o z z l e s   12  a r e   a r r a n g e d   a t   e q u a l  

i n t e r v a l s   of  60  µ m .  



F i g .   2  s h o w s   t h e   e s s e n t i a l   p a r t s   of   t h e   ink   j e t   f o r m i n g  

u n i t .   The  n o z z l e   12  i s   an  e l o n g a t e d ,   i n s u l a t e d   and  h o l l o w  

p a r t .   The  n o z z l e   12  h a s   u p p e r   and  l o w e r   e l e c t r o d e s   14  a n d  

15  a t   p o s i t i o n s   on  t h e   i n n e r   w a l l s   w h i c h   a r e   s l i g h t l y  

b a c k w a r d   of   t h e   e x t e r n a l   o p e n i n g   and  a r e   p o s i t i o n e d  

s u c h   t h a t   t h e   e l e c t r o d e s   14  and  15  c o n f r o n t   e a c h  

o t h e r .   A  s e r i e s   c i r c u i t   c o n s i s t i n g   of  a  s w i t c h   16  and  a  

DC  v o l t a g e   s o u r c e   i s   c o n n e c t e d   b e t w e e n   the   u p p e r   a n d  

l o w e r   e l e c t r o d e s   14  and  15.   When  t h e   s w i t c h   16  i s   t u r n e d  

o n ,   t h e   w a t e r - b a s e d   i nk   ( n o t   s h o w n ) . i n   t h e   n o z z l e   12  i s  

s u b j e c t e d   to   e l e c t r o l y s i s ,   so  t h a t   t h e   ink   comes  o u t  - i n   a  

j e t .   T h e   u p p e r   and   l o w e r   e l e c t r o d e s   14  and   15  a r e   o f . a  

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

o r  . s i l v e r - p l a t e d   i r o n .   The  e l e c t r o d e s   a r e   f o r m e d   in   t h e  

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

F i g .   3  s h o w s   t h e   p r i n c i p l e   o f   f o r m i n g   an  ink   j e t   w i t h  

t h e   ink   j e t   f o r m i n g   u n i t .   F i g .   3(A)  shows   t he   s t a n d b y   s t a t e  

o f   t h e   i n k   j e t   f o r m i n g   u n i t   in   w h i c h   t h e   n o z z l e   12  i s   f i l l e d  

w i t h   i n k   18 .   The   i nk   i s   s u p p l i e d   f r o m   an  ink   t a n k   ( n o t  

' s h o w n )   by  c a p i l l a r y   a c t i o n .   The  ink   18  i s   p r e p a r e d  

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

m a t e r i a l   in   w a t e r .   The   c o n d u c t i v i t y   of   t he   ink   i s  

a d j u s t e d   to   be  b e t w e e n   1 0 - 1   and  1 0 - 2  Ω - 1 .   c m - 1 .  

F i g .   3(B)   s h o w s   t h e   i n i t i a l   s t a t e   of  t h e   ink   j e t  

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

b e t w e e n   t h e   e l e c t r o d e s   14  and  15.   When  a  p r i n t i n g   p u l s e  

of   s e v e r a l   v o l t s   to   s e v e r a l   t e n s   of   v o l t s   i s   a p p l i e d  



b e t w e e n   t h e   e l e c t r o d e s   14  and  15,  h y d r o g e n   is   p r o d u c e d   f r o m  

t h e   u p p e r   e l e c t r o d e s   14  w h i c h   is   u s e d   as  a  c a t h o d e ,   w h i l e  

o x y g e n   is   p r o d u c e d   f rom  t h e   l o w e r   e l e c t r o d e   15  w h i c h   i s  

u s e d   as  an  a n o d e .   T h e s e ' g a s e s   form  b u b b l e s   21  and  22.  T h e  

b u b b l e s   21  and  22  g row  a b r u p t l y   i n t o   one  b u b b l e   as  shown  i n  

F i g .   3 ( C ) .   As  a  r e s u l t ,   t he   ink  c o l u m n   i s   s e p a r a t e d   i n t o  

two  p a r t s   n e a r   t h e   o p e n i n g ;   t h a t   i s ,   an  ink   p a r t   l8A  i s  

f o r m e d   and  s e p a r a t e d   f rom  t h e   r e m a i n i n g   ink  18  by  t h e  

b u b b l e s   21,  22.  The  ink   18A  is   moved  o u t w a r d l y   as  b u b b l e s  

21  and  22  g row  and  c o a l e s c e ,   and  i s . f i n a l l y   j e t t e d   as  an  i n k  

d r o p l e t   23  as  shown  in  F i g .   3 ( D ) .  

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

m i c r o s e c o n d   to   s e v e r a l . h u n d r e d s   of  m i c r o - s e c o n d s   in  w h i c h  

t h e   p r i n t i n g   p u l s e   i s   a p p l i e d .   The  ink   d r o p l e t   23  

s t r i k e s   a  r e c o r d i n g   s h e e t   w h i c h   is   s p a c e d   s l i g h t l y   a w a y  

f rom  the   ink   j e t   f o r m i n g   u n i t ,   t h u s   p r i n t i n g   one  d o t .  

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

h e a d   10  a r e   s e l e c t i v e l y   d r i v e n   a c c o r d i n g   to  a  p i c t u r e  

s i g n a l ,   to   r e c o r d   d a t a   f o r   one  l i n e   in  a  s i n g l e   a c t i o n .  

When  t h e   r e c o r d i n g   of   one  l i n e   i s   a c h i e v e d ,   t h e  

r e c o r d i n g   s h e e t   or  t h e   p r i n t   head   i s   moved  a  d i s t a n c e  

o f   one  l i n e   in  t h e   s e c o n d a r y   s c a n n i n g   d i r e c t i o n ,   s o  

t h a t   t he   n e x t   p r i n t i n g   o p e r a t i o n   can   be  s t a r t e d .   A t  

t h i s   t i m e ,   t h e   ink  18  in  t h e   n o z z l e   12  i s   r e s t o r e d   b y  

c a p i l l a r y   a c t i o n   as  shown  in  F i g .   3 ( A ) .  

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



a c h i e v e d   a t   a  f r e q u e n c y   of   a b o u t   1  kHz  i f   t he   p r i n t i n g   p u l s e  

v o l t a g e   and  t h e   s i z e   of   t h e   i n k   d r o p l e t   a r e   s e t   to  s u i t a b l e  

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

d e s i r e d   o p e r a t i o n .   I t   i s   u n n e c e s s a r y   f o r   t he   ink  to  c o n t a i n  

m a g n e t i c   m a t e r i a l ,   and  t h e   i n k   can   be  u s e d   a t   r o o m  

t e m p e r a t u r e .   As  a  r e s u l t ,   t h e   ink   c a n   be  used   fo r   a  l o n g  

p e r i o d   o f   t i m e   w i t h o u t   any  c h a n g e s   in   t h e   i n k .  

F i g .   4  s h o w s   one  m o d i f i c a t i o n   of   t h e   n o z z l e   of  t he   i n k  

j e t   f o r m i n g   u n i t   a c c o r d i n g   to   t h e   i n v e n t i o n .   The  n o z z l e   2 5  

i s   made   up  of   t h e   l o w e r   e l e c t r o d e   16  and  i n s u l a t e d   i n n e r  

w a l l s .   A  m e t a l   p l a t e ,   or  a  m e t a l   b a r ,   w h i c h   i s   m a d e  o f  

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

i s   l i n k e d   to   t h e   ink   t a n k .   The  m e t a l   p l a t e   in  t h e  

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

F i g .   5,  a r r a n g e d   s i m i l a r l y   t o   F i g .   3,  shows  t h e  

p r i n c i p l e   o f   o p e r a t i o n   f o r   f o r m i n g   an  ink  j e t   w i t h   t h e  

i nk   j e t   f o r m i n g   u n i t   in   F i g .   4.  In   F i g .   5,  t h o s e   c o m p o n e n t s  

w h i c h   h a v e   b e e n   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g .   3  a r e  

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

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

m o d i f i c a t i o n ,   t h e   l o w e r   e l e c t r o d e  1 5   i s   r e m o t e   f rom  t h e  

o t h e r   e l e c t r o d e ,   and   o n l y   t h e   b u b b l e   22  p r o d u c e d   f r o m  

t h e   l o w e r   e l e c t r o d e   15  i s   d i r e c t l y   u t i l i z e d   f o r   j e t t i n g  

an  i nk   d r o p .   A c c o r d i n g l y ,   in   o r d e r   to   o b t a i n   t h e   s a m e  

r e c o r d i n g   s p e e d   as  t h a t   of   t h e   a b o v e - d e s c r i b e d   e m b o d i m e n t  

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

i s   n e c e s s a r y   to   s l i g h t l y   i n c r e a s e   t h e   p r i n t i n g   p u l s e  



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

t h a t   s i n c e   o n l y   the   l o w e r   e l e c t r o d e   15  i s   a r r a n g e d   on  t h e  

i n n e r   w a l l   of   the   n o z z l e ,   t he   ink  j e t   f o r m i n g   u n i t   can   b e  

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

can   be  r e d u c e d .  

In  t h e   a b o v e - d e s c r i b e d   e m b o d i m e n t ,   t he   ink  j e t  

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

r e c o r d i n g   s h e e t ,   so  t h a t   one  l i n e   of  d a t a   i s   r e c o r d e d   in  o n e  

a c t i o n .   H o w e v e r ,   when  r e c o r d i n g   s h o u l d   be  a c h i e v e d   a t  

an  e s p e c i a l l y   h i g h   s p e e d ,   a  m e t h o d   may  be  e m p l o y e d   in  w h i c h  

one  to  s e v e r a l   t e n s   of  ink   j e t   f o r m i n g   u n i t s   a r e  

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

s i m u l t a n e o u s l y   w i t h   t h e   p a r a l l e l   ink  j e t   f o r m i n g   u n i t s  

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

p a p e r   in  t h e   main   s c a n n i n g   d i r e c t i o n .   I t   g o e s   w i t h o u t  

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

s q u a r e   or  r e c t a n g u l a r   in  s e c t i o n .  

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

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

T h e r e f o r e ,   i t   i s   u n n e c e s s a r y  t o   p r e h e a t   t h e   ink  j e t   f o r m i n g  

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

o p e r a t i o n .   The  ink   j e t   f o r m i n g   u n i t   of  t he   i n v e n t i o n   i s  

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

h i g h   in  r e l i a b i l i t y   when  c o m p a r e d   w i t h   t he   c o n v e n t i o n a l   o n e  

in  w h i c h   an  ink  d r o p   i s   j e t t e d   by  a  p r e s s u r e   wave  w h i c h   i s  

p r o v i d e d   by  an  e l e c t r o - m e c h a n i c a l   c o n v e r s i o n   e l e m e n t .  



1.  An  ink   j e t   f o r m i n g   u n i t   f o r   u s e   w i t h   an  ink  ( 1 8 )  

c o n t a i n i n g   w a t e r ,   c o m p r i s i n g :  

a  n o z z l e   (12)  c o n t a i n i n g   s a i d   i n k   w i t h   an  o p e n i n g   i n  

t h e   end  t h e r e o f ;   a n d  

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

w i t h i n   s a i d   n o z z l e   f o r   e l e c t r o l y z i n g   s a i d   w a t e r   in  s a i d   i n k  

to   p r o d u c e   a  b u b b l e   (21)  of  gas   w h i c h   f o r m s   an  ink  d r o p  

(18A)  and  j e t s   s a i d   i n k   d r o p   t h r o u g h   s a i d   o p e n i n g   by  t h e  

p r e s s u r e   g e n e r a t e d   by  s a i d   b u b b l e .  

2.  An  ink   j e t   f o r m i n g   u n i t ,   as   c l a i m e d   in   C l a i m   1 ,  

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

( 1 4 ,   1 5 )  c o n t a c t i n g   s a i d   i n k .  

3.  An  i nk   j e t   f o r m i n g   u n i t ,   a s - c l a i m e d   in   C l a i m   2 ,  

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

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

p o w e r   s o u r c e   (16 ,   1 7 ) .  

4.  An  i nk   j e t   f o r m i n g   u n i t ,   as  c l a i m e d   in  C l a i m   2 ,  

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

o p e n i n g .  

5.  An  i nk   j e t   f o r m i n g   u n i t ,   as  c l a i m e d   in   C l a i m   2 ,  

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

6.  An  ink   j e t   f o r m i n g   u n i t ,   as  c l a i m e d   in   C l a i m   1 ,  

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

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

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