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Monolithic  ink  jet  orifice  plate/resistor  combination. 
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(§7)  A  monolithic  orifice  plate/resistor  combination  (11)  is 
provided  for  which  the  active  elements  can  be  easily 
aligned  using  standard  mask  aligning  equipment.  First  an 
orifice  plate  (27)  is  formed,  typically  a  flat  sheet  with  orifices 
(23,  25)  therein.  A  passivating  layer  (29)  is  then  grown  on 
the  sheet,  and  the  resistors  (13,  15)  and  conductors  (17,  19, 
21)  to  supply  them  are  deposited  onto  the  passivation  layer 
using  standard  deposition  techniques.  A  spacer  (31)  is  then 
attached  to  the  passivation  layer  to  define  capillary  chan- 
nels  for  ink  flow  and  to  provide  increased  hydraulic  imped- 
ance  between  resistors,  thus,  completing  the  structure  for 
the  monolithic  orifice  plate/resistor  combination.  A  com- 
pleted  print  head  is  then  made  by  attaching  a  sheet  of  ma- 
terial  to  the  spacer  to  supply  a  back  to  the  device  and  to 
form  the  closure  for  the  capillary  channels  defined  by  the 
spacers. 
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ACTORUM  AG 

@  A  monolithic  orifice  plate/resistor  combination  (11)  is 
provided  for  which  the  active  elements  can  be  easily 
aligned  using  standard  mask  aligning  equipment.  First  an 
orifice  plate  (27)  is  formed,  typically  a  flat  sheet  with  orifices 
(23,  25)  therein.  A  passivating  layer  (29)  is  then  grown  on 
the  sheet,  and  the  resistors  (13,  15)  and  conductors  (17,  19, 
21)  to  supply  them  are  deposited  onto  the  passivation  layer 
using  standard  deposition  techniques.  A  spacer  (31)  is  then 
attached  to  the  passivation  layer  to  define  capillary  chan- 
nels  for  ink  flow  and  to  provide  increased  hydraulic  imped- 
ance  between  resistors,  thus,  completing  the  structure  for 
the  monolithic  orifice  plate/resistor  combination.  A  com- 
pleted  print  head  is  then  made  by  attaching  a  sheet  of  ma- 
terial  to  the  spacer  to  supply  a  back  to  the  device  and  to 
form  the  closure  for  the  capillary  channels  defined  by  the 
spacers. 



This   i n v e n t i o n   r e l a t e s   to  a  new  t y p e   of  o r i f i c e   p l a t e /  

r e s i s t o r   c o m b i n a t i o n   for   use  in  b u b b l e - d r i v e n   ink  j e t   p r i n t  

h e a d s   and  a  m e t h o d   of  m a n u f a c t u r e .  

The  b a c k g r o u n d   w i th   r e g a r d   to  b u b b l e - d r i v e n   ink  j e t  

p r i n t i n g   is  a d e q u a t e l y   r e p r e s e n t e d   by  U.K.  p a t e n t  

a p p l i c a t i o n   s e r i a l   No.  8 2 1 7 7 2 0   and  by  U.S.  p a t e n t   n o s .  

4 , 2 4 3 , 9 9 4 ;   4 , 2 9 6 , 4 2 1 ;   4 , 2 5 1 , 8 2 4 ;   4 , 3 1 3 , 1 2 4 ;   4 , 3 2 5 , 7 3 5 ;  

4 , 3 3 0 , 7 8 7 ;   4 , 3 3 4 , 2 3 4 ;   4 , 3 3 5 , 3 8 9 ;   4 , 3 3 6 , 5 4 8 ;   4 , 3 3 8 , 6 1 1 ;  

4 , 3 3 9 , 7 6 2 ;   and  4 , 3 4 5 , 2 6 2 .   The  b a s i c   c o n c e p t   t h e r e   d i s c l o s e d  

is  a  d e v i c e   h a v i n g   an  i n k - c o n t a i n i n g   c a p i l l a r y ,   an  o r i f i c e  

p l a t e   wi th   an  o r i f i c e   fo r   e j e c t i n g   ink ,   and  an  ink  h e a t i n g  

m e c h a n i s m ,   g e n e r a l l y   a  r e s i s t o r ,   in  c l o s e   p r o x i m i t y   to  t h e  

o r i f i c e .   In  o p e r a t i o n ,   t h e   ink  h e a t i n g   m e c h a n i s m   is  q u i c k l y  

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

ink ,   t h e r e b y   v a p o r i z i n g   a  s m a l l   p o r t i o n   of  t h e   ink  a n d  

p r o d u c i n g   a  b u b b l e   in  t he   c a p i l l a r y .   This   in  t u r n   c r e a t e s   a  

p r e s s u r e   wave   w h i c h   p r o p e l s   an  ink  d r o p l e t   or  d r o p l e t s   f r o m  

t h e   o r i f i c e   on to   a  c l o s e b y   w r i t i n g   s u r f a c e .   By  c o n t r o l l i n g  

t he   e n e r g y   t r a n s f e r   to  t h e   ink ,   t he   b u b b l e   q u i c k l y   c o l l a p s e s  
b e f o r e   any  ink  v a p o r   can   e s c a p e   f rom  the   o r i f i c e .  

In  e a c h   of  t he   a b o v e   r e f e r e n c e s ,   h o w e v e r ,   t h e  

c o n s t r u c t i o n   of  t he   d e v i c e s   is  t y p i c a l l y   of  m u l t i p l e   p a r t  
s t r u c t u r e s .   G e n e r a l l y ,   a  s u b s t r a t e   is  p r o v i d e d   on  w h i c h  

r e s i s t o r s   and  c o n d u c t o r s   a re   d e p o s i t e d .   T h e n ,   a  s e p a r a t e  

o r i f i c e   p l a t e   is  a t t a c h e d   to  the   s u b s t r a t e ,   w i th   m e t i c u l o u s  



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

v a r i o u s   p a r t s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   of  m a k i n g   a  
b u b b l e - d r i v e n   t h e r m a l   ink  j e t   p r i n t   h e a d ,   c o m p r i s i n g  

s e l e c t i n g   a  s h e e t   of  m a t e r i a l   fo r   an  o r i f i c e   p l a t e ,   f o r m i n g  

an  o r i f i c e   in  s a i d   s h e e t   fo r   e j e c t i n g   d r o p l e t s   of  ink ,   a n d  

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

o r i f i c e   p l a t e   in  c l o s e   p r o x i m i t y   to  sa id   o r i f i c e ,   a n d  

f o r m i n g   e l e c t r i c a l   c o n d u c t o r s   on  sa id   o r i f i c e   p l a t e   f o r  

s u p p l y i n g   p o w e r   to  s a id   r e s i s t o r .  

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

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

s a i d   o r i f i c e s   is  f o r m e d   in  s a id   o r i f i c e   p l a t e .  

In  c a r r y i n g   ou t   a  m e t h o d   as  s e t   f o r t h   in  t h e   l a s t  

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

s a i d   t h i n   f i lm  r e s i s t o r s   is  f o r m e d   on  sa id   o r i f i c e   p l a t e ,  

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

In  c a r r y i n g   ou t   a  m e t h o d   as  s e t   f o r t h   in  t he   l a s t  

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

f o r m i n g   h y d r a u l i c   s e p a r a t o r s   on  s a id   o r i f i c e   p l a t e   b e t w e e n  

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

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

s u p p l y i n g   ink  to  s a i d   r e s i s t o r s .  

In  c a r r y i n g   o u t   a  m e t h o d   as  s e t   f o r t h   in  any  one  of  t h e  

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

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

s u b s t r a t e   to  fo rm  a  b u b b l e   d r i v e n   ink  j e t   p r i n t   h e a d .  

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

p r e c e d i n g   p a r a g r a p h ,   i t   is  p r e f e r r e d   t h a t   t he   o r i f i c e   p l a t e  

is  a t t a c h e d   to  t h e   s u b s t r a t e   in  s p a c e d   a p a r t   m a n n e r   t o  

p e r m i t   t he   f low  of  ink  to  t h e   or  e a c h   r e s i s t o r   and  o r i f i c e .  

In  c a r r y i n g   ou t   a  m e t h o d   as  s e t   f o r t h   in  any  one  of  t h e  

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

t h a t   a  p a s s i v a t i o n   l a y e r   is  f o r m e d   on  sa id   o r i f i c e   p l a t e  

p r i o r   to  f o r m a t i o n   of  t he   or  e a c h   r e s i s t o r   t h e r e o n ,   t h e  



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

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

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

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

m a t e r i a l ,   an  o p e n i n g   in  s a id   m a t e r i a l   for   p e r m i t t i n g   t h e  

e j e c t i o n   of  ink ,   and  c h a r a c t e r i z e d   by  p a s s i v a t i o n   m e a n s   o n  

s a id   s h e e t   for   p r o v i d i n g   e l e c t r i c a l   i n s u l a t i o n ,   and  h e a t i n g  

m e a n s   l o c a t e d   on  sa id   p a s s i v a t i o n   l a y e r   for   c r e a t i n g   b u b b l e s  

i n  s a i d   i n k .  

In  an  o r i f i c e   p l a t e   as  s e t   f o r t h   in  t he   l a s t   p r e c e d i n g  

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

a  p l u r a l i t y   of  h e a t i n g   s o u r c e s .  
An  o r i f i c e   as  s e t   f o r t h   in  e i t h e r   one  of  t he   l a s t   t w o  

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

s e p a r a t o r   m e a n s   fo r   d i s t r i b u t i n g   s a id   ink  to  s a i d   h e a t i n g  

m e a n s .  

In  an  o r i f i c e   p l a t e   as  s e t   f o r t h   in  t he   l a s t   p r e c e d i n g  

p a r a g r a p h ,   i t   is  p r e f e r r e d   t h a t   s a id   s e p a r a t o r   m e a n s   c o m -  

p r i s e s   a  p l u r a l i t y   of  ink  b a r r i e r s   fo r   i n t r o d u c i n g   h y d r a u l i c  

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

In  a c c o r d a n c e   wi th   a  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 e n t i o n ,   a  m o n o l i t h i c   o r i f i c e   p l a t e / r e s i s t o r   c o m b i n a t i o n  

is  p r o v i d e d   for   w h i c h   t he   a c t i v e   e l e m e n t s   can   be  e a s i l y  

a l i g n e d   u s ing   s t a n d a r d   mask  a l i g n i n g   e q u i p m e n t .   F i r s t ,   a n  

o r i f i c e   p l a t e   is  f o r m e d ,   t y p i c a l l y   a  f l a t   s h e e t   w i t h  

o r i f i c e s   t h e r e i n .   A  p a s s i v a t i o n   l a y e r   is  t h e n   g r o w n   on  t h e  

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

d e p o s i t e d   o n t o   the   p a s s i v a t i o n   l a y e r   u s i n g   s t a n d a r d   I C  

t e c h n i q u e s .   A  s p a c e r   is  t h e n   a t t a c h e d   to  t he   p a s s i v a t i o n  

l a y e r   to  d e f i n e   c a p i l l a r y   c h a n n e l s   for   ink  f low  and  t o  

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

t h u s   c o m p l e t i n g   t he   s t r u c t u r e   for   the   m o n o l i t h i c   o r i f i c e  

p l a t e /   r e s i s t o r   c o m b i n a t i o n .   A  c o m p l e t e d   p r i n t   h e a d   is  t h e n  

made  by  a t t a c h i n g   a  s h e e t   of  m a t e r i a l   to  t he   s p a c e r   t o  

s u p p l y   a  back   to  t he   d e v i c e   and  to  fo rm  t he   c l o s u r e   fo r   t h e  



c a p i l l a r y   c h a n n e l s   d e f i n e d   by  t he   s p a c e r s .  
T h e r e   now  f o l l o w s   a  d e t a i l e d   d e s c r i p t i o n   w h i c h   is  to  b e  

r e a d   w i th   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s ,   of  a  

m e t h o d   a c c o r d i n g   to  t he   i n v e n t i o n ;   i t   is  to  be  c l e a r l y  

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

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

and  n o t   by  way  of  l i m i t a t i o n .  

In  t he   a c c o m p a n y i n g   d r a w i n g s : -  

F i g u r e   1  s h o w s   a  b a c k   v iew  of  a  p r e f e r r e d   e m b o d i m e n t   o f  

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

F i g u r e   2  is  an  i s o m e t r i c   v iew  of  t he   o r i f i c e  

p l a t e / r e s i s t o r   c o m b i n a t i o n   t h r o u g h   a  s e c t i o n   B-B  ( s h o w n   i n  

F i g u r e   1)  a t   an  e a r l y   s t a g e   in  i t s   c o n s t r u c t i o n ;  

F i g u r e   3  is  an  i s o m e t r i c   v iew  of  the   o r i f i c e  

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

c o m p l e t i o n ;  

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

p r e f e r r e d   e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e   1 ;  

F i g u r e   5  i l l u s t r a t e s   a  c r o s s - s e c t i o n   of  t he   b a c k i n g  

p l a t e   t h r o u g h   a  s e c i o n   A-A  s h o w n   in  F i g u r e   4 ;  

F i g u r e   6  s h o w s   a  c r o s s - s e c t i o n   of  t he   c o m p l e t e d   ink  j e t  

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

B-B;  a n d  

F i g u r e   7  p r o v i d e s   a  v iew  of  t he   o r i f i c e   p l a t e / r e s i s t o r  

c o m b i n a t i o n   f rom  t he   f r o n t ,   i . e . ,   f rom  t he   s i d e   w h e r e   ink  i s  

e j e c t e d .  

In  a c c o r d a n c e   wi th   a  p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n -  

t i o n ,   s h o w n   in  F i g u r e   1  is  an  o r i f i c e / r e s i s t o r   c o m b i n a t i o n  

11  h a v i n g   m o n o l i t h i c   r e s i s t o r s   13  and  15,  c o n d u c t o r s   17,  1 9 ,  

and  21  and  o r i f i c e   23  and  25  fo r   use  in  c o n s t r u c t i n g   a  

b u b b l e - d r i v e n   ink  j e t   p r i n t e r .   Un l ike   t he   c o n s t r u c t i o n   o f  

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

and  r e s i s t o r s   on  a  s u b s t r a t e   and  t h e n   a t t a c h i n g   a  s u i t a b l e  

o r i f i c e   p l a t e ,   t he   p r e s e n t   i n v e n t i o n   b e g i n s   w i th   an  o r i f i c e  

p l a t e ,   and  t he   r e s i s t o r s   and  c o n d u c t o r s   a re   f o r m e d   t h e r e o n .  



F i g u r e   2  i l l u s t r a t e s   an  e a r l y   s t a g e   in  t he   c o n s t r u c t i o n   o f  

the   o r i f i c e / r e s i s t o r   c o m b i n a t i o n   11,  t he   view  b e i n g   t h e  

c r o s s - s e c t i o n   A-A  of  F i g u r e   1.  The  c o n s t r u c t i o n   t y p i c a l l y  

b e g i n s   wi th   an  o r i f i c e   p l a t e   27  made   of  a  m e t a l   w h i c h   h a s  

the   o r i f i c e s   23  and  25  f o r m e d   t h e r e i n .   P r e f e r a b l y ,   t h e  

o r i f i c e   p l a t e   27  is  made  by  e l e c t r o f o r m i n g ,   a l t h o u g h   s h e e t  

s t o c k   can   a l so   be  u s e d .   P r e f e r a b l e   m e t a l s   for   t he   o r i f i c e  

p l a t e   27  i n c l u d e   n i c k e l ,   c o p p e r ,   b e r y l l i u m - c o p p e r ,   t i t a n i u m ,  

m o l y b d e n u m ,   300  s e r i e s   s t a i n l e s s   s t e e l ,   and  a l l o y   42;  t h e  

most   p r e f e r a b l e   b e i n g   n i c k e l .   T y p i c a l   t h i c k n e s s e s   fo r   t h e  

o r i f i c e   p l a t e   25  r a n g e   f rom  a b o u t   2  to  4  mils  ( .051  t o  

. 1 0 2 m m ) .   The  o r i f i c e s   23  and  25  can   be  f o r m e d   by  e t c h i n g   o r  

l a s e r   d r i l l i n g ,   bu t   more   p r e f e r a b l y   a re   f o r m e d   at  t he   s a m e  

t ime   t h a t   t he   o r i f i c e   p l a t e   is  f o r m e d   by  o v e r p l a t i n g   o n t o   a  

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

o r i f i c e .   (See  c o - p e n d i n g   p a t e n t   a p p l i c a t i o n   n o .  

).  F o l l o w i n g   f o r m a t i o n   of  t he   o r i f i c e   p l a t e   2 7 ,  

a  p a s s i v a t i o n   l a y e r   29  is  g r o w n   on  i t s   s u r f a c e   to  p r o v i d e  

e l e c t r i c a l   i n s u l a t i o n   and  to  p r o t e c t   t he   o r i f i c e   p l a t e   f r o m  

c h e m i c a l   a t t a c k   f rom  the   inks   to  be  u s e d .   T y p i c a l   m a t e r i a l s  

used   fo r   t he   p a s s i v a t i o n   l a y e r   29  i n c l u d e   d i e l e c t r i c s   s u c h  

as  S i 0 2 ,   S iOxNy,   A1203  and  T i 0 2 ,   g e n e r a l l y  

h a v i n g   a  t h i c k n e s s   in  t he   r a n g e   of  0.5  to  1.5  m i c r o n s ;   t h e  

p r e f e r r e d   t h i c k n e s s   b e i n g   d e p e n d e n t   on  the   t h e r m a l  

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

A f t e r   p a s s i v a t i o n ,   t he   r e s i s t o r s   13  and  15,  and  t h e  

e l e c t r i c a l   c o n d u c t o r s   17,  19,  and  21  a re   f o r m e d   on  t h e  

p a s s i v a t i o n   l a y e r   29  a c c o r d i n g   to  s t a n d a r d   t h i n   f i l m  

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

the   r e s i s t a n c e   of  t he   r e s i s t o r s   13  and  15,  h o w e v e r ,   t h e  

p r e f e r r e d   r e s i s t a n c e   is  a b o u t   60  ohms  and  the   p r e f e r r e d  
s u r f a c e   d i m e n s i o n s   of  the   r e s i s t o r s   a re   a b o u t   2.5  X  6  m i l s  

( .064  x  . 1 5 2 m m ) .  

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

s e c o n d   p a s s i v a t i o n   l a y e r   30  is  a p p l i e d   to  t he   s u r f a c e   o v e r  



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

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

t e c h n i q u e s .   T h e n   a  p a t t e r n e d   s p a c e r   l a y e r   31  h a v i n g  

t h i c k n e s s   in  t he   r a n g e   of  1.5  to  5  mils  ( .038  x  . 1 2 7 m m )  

( p r e f e r a b l y   a b o u t   2  mils  ( . 0 5 1 m m ) ) ,   is  a p p l i e d   to  t he   p a s s i -  

v a t i o n   l a y e r   27.  (See  F i g u r e s   1  and  3.)  T y p i c a l   m a t e r i a l s  

fo r   t he   p a t t e r n e d   s p a c e r   l a y e r   i n c l u d e   r e s i s t s   such   a s  

V a c r e l   or  R i s t o n   ( t r a d e n a m e s   of  D u p o n t ) ,   s o l d e r   g l a s s ,  

s c r e e n e d   g l a s s   b e a d   f i l l e d   e p o x y ,   p o l y i m i d e s ,   or  e v e n  

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

The  p u r p o s e   of  t he   p a t t e r n e d   s p a c e r   l a y e r   31  is  t o  

p r o v i d e   a  c a p i l l a r y   c h a n n e l   fo r   d i r e c t i n g   the   f low  of  i n k  

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

s e p a r a t i o n   by  i n t e r p o s i n g   a  s y s t e m   33  b e t w e e n   a d j a c e n t  

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

d i r e c t i o n   of  ink  f low  is  i l l u s t r a t e d   by  t h e   a r r o w s   l a b e l l e d  

"D"  in  F i g u r e   1 .  -   A  s u i t a b l e   back   35,  as  s h o w n   in  F i g u r e   4 ,  

is  t h e n   a t t a c h e d   f i r m l y   to  t he   p a t t e r n e d   s p a c e r   l a y e r   31  t o  

c o n t a i n   t h e   ink  and  to  p r o v i d e   an  ink  f e e d   p o r t   3 7 .  

T y p i c a l l y ,   fo r   o p t i m u m   o p e r a t i o n   t he   b a c k   35  i n c l u d e s   an  i n k  

m a n i f o l d   39  as  i l l u s t r a t e d   in  F i g u r e s   4  and  5  fo r   p r o v i d i n g  

a  c l o s e b y   v o l u m e   of  ink .   F i g u r e   5  s h o w s   a  c r o s s - s e c t i o n   o f  

t h e   b a c k   35  t h r o u g h   the   s e c t i o n   l i n e   A - A .  

N e a r l y   any   m a t e r i a l   w h i c h   can   be  f o r m e d   and  wh ich   c a n  

be  a t t a c h e d   to  t he   m a t e r i a l   c h o s e n   fo r   t he   p a t t e r n e d   s p a c e r  

l a y e r   31  can   be  used   as  t h e   b a c k .   H o w e v e r ,   s i n c e   t h e  

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

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

m a t e r i a l s .   A l t h o u g h   the   back   35  is  s h o w n   as  a  s h e e t   h a v i n g  

a  u n i f o r m   t h i c k n e s s ,   s u c h   a  u n i f o r m   t h i c k n e s s   is  u n n e c e s s a r y  

and  can   v a r y   c o n s i d e r a b l y   d e p e n d i n g   on  the   d e s i r e d  

m e c h a n i c a l   c h a r a c t e r i s t i c s ,   e . g . ,   if  i t   is  to  s e r v e   as  a  

s t i f f e n e r   or  pin  b o d y .  

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

by  t he   a b o v e   m e t h o d   is  i l l u s t r a t e d   in  F i g u r e   6  as  i t   w o u l d  



a p p e a r   a t   t he   s e c t i o n   B-B  s h o w n   in  F i g u r e s   1  and  4.  S h o w n  

t h e r e i n   is  t he   back   35  and  t he   m a n i f o l d   39,  a t o p   t he   s p a c e r  
31  to  c r e a t e   an  ink  c a p i l l a r y   43.  The  t y p i c a l   d i s t a n c e   " L "  

b e t w e e n   the   c e n t e r   of  t he   r e s i s t o r   13  and  the   c l o s e s t   p o i n t  

of  t he   m a n i f o l d   39  is  a b o u t   20  mils  ( 0 . 5 1 m m ) ,   wi th   t h e  

t y p i c a l   h e i g h t   "T"  of  t he   m a n i f o l d   39  be ing   in  t he   r a n g e   o f  

2 - 1 / 2   to  5  mils  ( .064  to  . 1 2 7 m m ) .   Also  s h o w n   is  t h e  

d i s t a n c e   "F" ,   a p p r o x i m a t e l y   10  to  20  mils  ( .025   to  . 0 5 1 m m ) ,  

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

r e s i s t o r   13  and  t he   c e n t e r   of  t he   o r i f i c e   23.  The  s e c o n d  

p a s s i v a t i o n   l a y e r   30  is  a l so   b e s t   s e e n   f rom  t h i s  

p e r s p e c t i v e .  

F i g u r e   7  is  an  i l l u s t r a t i o n   of  the   c o m p l e t e d   d e v i c e   a s  

i t   a p p e a r s   f rom  the   s i de   w h e r e   ink  is  e j e c t e d ,   s h o w i n g   t h e  

o r i f i c e s   23  and  2 5 .  



1.  A  m e t h o d   of  m a k i n g   a  b u b b l e - d r i v e n   t h e r m a l   ink  j e t  

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

s e l e c t i n g   a  s h e e t   of  m a t e r i a l   for   an  o r i f i c e   p l a t e  

(27)  ;  

f o r m i n g   an  o r i f i c e   ( 23 ,25 )   in  s a id   s h e e t   fo r   e j e c t i n g  

d r o p l e t s   of  i n k ;  

and  c h a r a c t e r i z e d   by  the   s t e p s   o f  

f o r m i n g   a  r e s i s t o r   (13 ,15 )   on  sa id   o r i f i c e   p l a t e   i n  

c l o s e   p r o x i m i t y   to  sa id   o r i f i c e ;   a n d  

f o r m i n g   e l e c t r i c a l   c o n d u c t o r s   ( 1 7 , 1 9 , 2 1 )   on  s a i d  

o r i f i c e   p l a t e   for   s u p p l y i n g   p o w e r   to  s a id   r e s i s t o r .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a im   1  c h a r a c t e r i z e d   i n  

t h a t   a  p l u r a l i t y   of  s a i d   o r i f i c e s   is  f o r m e d   in  s a id   o r i f i c e  

p l a t e .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a im  2  c h a r a c t e r i z e d   i n  

t h a t   a  p l u r a l i t y   of  s a i d   t h i n   f i lm  r e s i s t o r s   is  f o r m e d   o n  

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

r e s p e c t i v e   o r i f i c e .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a im  3  c h a r a c t e r i z e d   by  t h e  

s t e p   of  f o r m i n g   h y d r a u l i c   s e p a r a t o r s   (31)  on  sa id   o r i f i c e  

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

i m p e d a n c e   b e t w e e n   r e s i s t o r s   and  fo r   d e f i n i n g   ink  c h a n n e l s  

f o r   s u p p l y i n g   ink  to  s a id   r e s i s t o r s .  

5.  A  m e t h o d   a c c o r d i n g   to  any  one  of  t he   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 z e d   by  t he   s t e p   of  a t t a c h i n g   s a id   o r i f i c e  

p l a t e   to  a  s u b s t r a t e   to  f o rm  a  b u b b l e   d r i v e n   ink  j e t   p r i n t  

h e a d .  



6.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5  c h a r a c t e r i z e d   i n  

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

s p a c e d   a p a r t   m a n n e r   to  p e r m i t   t he   f low  of  ink  to  t he   or  e a c h  

r e s i s t o r   and  o r i f i c e .  

7.  A  m e t h o d   a c c o r d i n g   to  any  one  of  t he   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 z e d   in  t h a t   a  p a s s i v a t i o n   l a y e r   (29)  i s  

f o r m e d   on  sa id   o r i f i c e   p l a t e   p r i o r   to  f o r m a t i o n   of  t he   o r  

e a c h   r e s i s t o r   t h e r e o n ;  

the   r e s i s t o r ( s )   and  e l e c t r i c a l   c o n d u c t o r s   b e i n g   f o r m e d  

on  sa id   p a s s i v a t i o n   l a y e r .  

8.  An  o r i f i c e   p l a t e   for   a  b u b b l e   d r i v e n   ink  j e t  

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

a  s h e e t   of  m a t e r i a l   ( 2 7 ) ;  

an  o p e n i n g   ( 23 ,25 )   in  s a id   m a t e r i a l   for   p e r m i t t i n g   t h e  

e j e c t i o n   of  ink;   and  c h a r a c t e r i z e d   b y  

p a s s i v a t i o n   m e a n s   ( 2 9 , 3 0 )   on  s a id   s h e e t   for   p r o v i d i n g  

e l e c t r i c a l   i n s u l a t i o n ;   a n d  

h e a t i n g   m e a n s   ( 1 3 , 1 5 , 1 7 , 1 9 , 2 1 )   l o c a t e d   on  s a i d  

p a s s i v a t i o n   l a y e r   for   c r e a t i n g   b u b b l e s   in  s a id   i n k .  

9.  An  o r i f i c e   p l a t e   a c c o r d i n g   to  c l a im   8  c h a r a c t e r -  

r i z e d   in  t h a t   sa id   h e a t i n g   m e a n s   c o m p r i s e s   a  p l u r a l i t y   o f  

h e a t i n g   s o u r c e s   ( 1 3 , 1 5 ) .  

10.  An  o r i f i c e   p l a t e   a c c o r d i n g   to  e i t h e r   one  of  c l a i m s  

8  and  9  f u r t h e r   c o m p r i s i n g   s e p a r a t o r   m e a n s   (31)  for   d i s t r i -  

b u t i n g   s a id   ink  to  s a id   h e a t i n g   m e a n s .  

11.  An  o r i f i c e   p l a t e   a c c o r d i n g   to  c l a im   10  c h a r a c t e r -  

i z e d   in  t h a t   sa id   s e p a r a t o r   m e a n s   c o m p r i s e s   a  p l u r a l i t y   o f  

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

sa id   h e a t i n g   s o u r c e s .  
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