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@  Resistor  structures  for  thermal  ink  jet  printers. 

A  resistive  heater  is  disclosed  which  comprises  two 
spaced  resistive  elements  (8',  8")  separated  by  a  gap  so  that 
cavitation  of  an  ink  bubble  occurs  over  the  gap,  thereby  mini- 
mizing  damage  to  the  resistive  elements. 



This   i n v e n t i o n   is  c o n c e r n e d   w i th   r e s i s t o r   s t r u c t u r e s  

fo r   t h e r m a l   ink  j e t   p r i n t e r s .  

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

s e v e r e   d e m a n d s   on  the   a b i l i t y   to  p r o d u c e   a  p r i n t o u t   r e c o r d  

at   v e r y   h igh   s p e e d .   I m p a c t   p r i n t i n g ,   in  w h i c h   p e r m a n e n t l y  

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

m e d i u m ,   a re   p r o v i n g   to  be  t o o  s l o w   and  too   b u l k y   fo r   m a n y  
a p p l i c a t i o n s .   T h u s ,   t he   i n d u s t r y   has   t u r n e d   to  o t h e r  

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

v a r i o u s   t e c h n i q u e s   to  c a u s e   a  d e s i r e d   c h a r a c t e r   to  be  f o r m e d  

on  t h e   r e c o r d i n g   m e d i u m .   Some  of  t h e s e   i n v o l v e   t he   use  o f  

e l e c t r o s t a t i c   or  m a g n e t i c   f i e l d s   to  c o n t r o l   t he   d e p o s i t i o n  

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

( i . e . ,   d ry   p o w d e r )   or  l i q u i d   ( i . e . ,   ink)   on  t h e   m e d i u m ,  

w h i c h   is  u s u a l l y   p a p e r .   O t h e r   s y s t e m s   u t i l i z e   e l e c t r o -  

p h o t o g r a p h i c   or  i o n i c   s y s t e m s   in  w h i c h   an  e l e c t r o n   or  i o n  

beam  i m p i n g e s   on  t he   m e d i u m   and  c a u s e s   a  c h a n g e   i n  

c o l o r a t i o n   a t   t he   p o i n t   of  i m p i n g e m e n t .   S t i l l   a n o t h e r  

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

c o l o r a t i o n   c h a n g e .   Of  more   r e c e n t   i m p o r t   is  a  p r i n t i n g  

t e c h n i q u e ,   c a l l e d   ink  j e t   p r i n t i n g ,   in  w h i c h   t i n y   d r o p l e t s  

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

m e d i u m   to  fo rm  any  s e l e c t e d   c h a r a c t e r   at  any  l o c a t i o n   a t  

v e r y   h igh   s p e e d .   Ink  j e t   p r i n t i n g   is  a  n o n - c o n t a c t   s y s t e m  

w h i c h   r e q u i r e s   no  s p e c i a l l y   t r e a t e d   r e c o r d i n g   m e d i a ,  



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

v a c u u m   e q u i p m e n t   or  b u l k y   m e c h a n i s m s .   The  p r e s e n t   i n v e n -  

t i o n   r e l a t e s   to  t h i s   k ind  of  p r i n t i n g   s y s t e m .  

Ink  j e t   s y s t e m s   may  be  c l a s s i f i e d   as  f o l l o w s :   (1) 

c o n t i n u o u s ,   in  w h i c h   ink  d r o p l e t s   a re   c o n t i n u o u s l y   e j e c t e d  

o u t   f rom  a  n o z z l e   a t   a  c o n s t a n t   r a t e   u n d e r   c o n s t a n t   i n k  

p r e s s u r e ;   (2)  e l e c t r o s t a t i c ,   in  w h i c h   an  e l e c t r o s t a t i c a l l y  

c h a r g e d   ink  j e t   is  i m p e l l e d   by  c o n t r o l l a b l e   e l e c t r o s t a t i c  

f i e l d s ;   and  (3)  i m p u l s e ,   or  i n k - o n - d e m a n d ,   in  w h i c h   i n k  

d r o p l e t s   a re   i m p e l l e d   on  d e m a n d   f rom  a  n o z z l e   by  a  c o n t r o l l -  

a b l e   m e c h a n i c a l   f o r c e .   The  i n v e n t i o n   is  c o n c e r n e d   wi th   a  

n o z z l e   h e a d   fo r   t h i s   l a t t e r   t y p e   of  s y s t e m .  

T y p i c a l   of  t h e   i n k - o n - d e m a n d   s y s t e m s   is  t he   a p p r o a c h  

s e t   f o r t h   in  U.S.  P a t e n t   S p e c i f i c a t i o n   no.  3 . 8 3 2 , 5 7 9 .   H e r e  

a  c y l i n d r i c a l   p i e z o e l e c t r i c   t r a n s d u c e r   is  t i g h t l y   b o u n d   t o  

t h e   o u t e r   s u r f a c e   of  a  c y l i n d r i c a l   n o z z l e .   Ink  is  d e l i v e r -  

ed  to  t h e   n o z z l e   by  m e a n s   of  a  h o s e   c o n n e c t e d   b e t w e e n   o n e  

end   of  t h e   n o z z l e   and  an  ink  r e s e r v o i r .   As  t h e   p i e z o -  

e l e c t r i c   t r a n s d u c e r   r e c e i v e s   an  e l e c t r i c a l   i m p u l s e ,   i t  

s q u e e z e s   t h e   n o z z l e   w h i c h   in  t u r n   g e n e r a t e s   a  p r e s s u r e   w a v e  

r e s u l t i n g   in  t h e   a c c e l e r a t i o n   of  t he   ink  t o w a r d   b o t h   e n d s   o f  

t h e   n o z z l e .   An  ink  d r o p l e t   is  f o r m e d   when   t h e   ink  p r e s s u r e  

w a v e   e x c e e d s   t h e   s u r f a c e   t e n s i o n   of  t h e   m e n i s c u s   at   t h e  

o r i f i c e   on  t h e   s m a l l   end  of  t h e   n o z z l e .  

A n o t h e r   t y p e   of  i n k - o n - d e m a n d   p r i n t i n g   is  d e s c r i b e d   i n  

U.S.  P a t e n t   S p e c i f i c a t i o n   no.  3 , 1 7 4 , 0 4 2 .   Th is   s y s t e m  

u t i l i z e s   a  n u m b e r   of  i n k - c o n t a i n i n g   t u b e s ,   e l e c t r i c   c u r r e n t  

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

r e s i s t a n c e   of  t h e   i nk ,   i t   is  h e a t e d   so  t h a t   a  p o r t i o n  

t h e r e o f   is  v a p o r i z e d   in  t h e   t u b e s   c a u s i n g   ink  and  ink  v a p o r  

to  be  e x p e l l e d   f r o m   t h e   t u b e s .  

In  t h e   s p e c i f i c a t i o n   of  our  c o - p e n d i n g   UK  p a t e n t  

a p p l i c a t i o n   no.  8 2 1 7 7 2 0   an  i n k - o n - d e m a n d   p r i n t i n g   s y s t e m   i s  

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

an  o r i f i c e   f r o m   w h i c h   ink  is  e j e c t e d .   L o c a t e d   c l o s e l y  



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

may  be  a  r e s i s t o r   l o c a t e d   e i t h e r   w i t h i n   or  a d j a c e n t   to  t h e  

c a p i l l a r y .   Upon  the   a p p l i c a t i o n   o f   a  s u i t a b l e   c u r r e n t   t o  

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

of  t h e r m a l   e n e r g y   is  t r a n s f e r r e d   to  t he   ink  r e s u l t i n g   i n  

v a p o r i z a t i o n   of  a  s m a l l   p o r t i o n   of  t he   ink  a d j a c e n t   t h e  

o r i f i c e   and  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 .   T h e  

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

w h i c h   p r o p e l s   a  s i n g l e   ink  d r o p l e t   f rom  t he   o r i f i c e   o n t o   a  

n e a r b y   w r i t i n g   s u r f a c e   or  r e c o r d i n g   m e d i u m .   By  p r o p e r l y  

s e l e c t i n g   t he   l o c a t i o n   of  t he   i n k - h e a t i n g   m e c h a n i s m   w i t h  

r e s p e c t   to  t he   o r i f i c e   and  wi th   c a r e f u l   c o n t r o l   of  t h e  

e n e r g y   t r a n s f e r   f rom  t he   h e a t i n g   m e c h a n i s m   to  t h e   i nk ,   t h e  

ink  b u b b l e   wi l l   q u i c k l y   c o l l a p s e   on  or  n e a r   t he   i n k - h e a t i n g  

m e c h a n i s m   b e f o r e   any  v a p o r   e s c a p e s   f rom  t he   o r i f i c e .  

I t   wi l l   be  a p p r e c i a t e d   t h a t   t he   l i f e t i m e   of  t h e r m a l   i n k  

j e t   p r i n t e r s   is  d e p e n d e n t   u p o n   r e s i s t o r   l i f e t i m e .   I t   h a s  

b e e n   f o u n d   t h a t   a  m a j o r i t y   of  r e s i s t o r   f a i l u r e s   is  due  t o  

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

H e n c e   it   is  d e s i r a b l e   t h a t   r e s i s t o r   w e a r   due  to  c a v i t a t i o n  

d a m a g e   s h o u l d   be  m i n i m i z e d   as  much  as  p o s s i b l e .   In  t h e  

s p e c i f i c a t i o n   of  our   c o - p e n d i n g   EPO  a p p l i c a t i o n   n o .  

8 3 3 0 4 1 5 2 . 8   t he   r e s i s t i v e   e l e m e n t   is  p r o v i d e d   wi th   a  c e n t r a l  

" c o l d "   s p o t   f o r m e d   of  a  c o n d u c t i v e   m a t e r i a l ,   i t   b e i n g  

a s s u m e d   t h a t   mos t   of  t h e   b u b b l e   d a m a g e   o c c u r s   at  or  n e a r   t h e  

c e n t e r   of  t he   r e s i s t o r .   The  co ld   s p o t   c a u s e s   t h e   f o r m a t i o n  

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

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

t r a t e d   in  a  s m a l l   c e n t r a l   a r e a   of  t he   r e s i s t o r .  

The  cold   s p o t   is  a c t u a l l y   f o r m e d   by  m e a n s   of  a  g o l d  

d e p o s i t i o n   in  the   c e n t e r   of  t he   r e s i s t i v e   e l e m e n t .   T h e  

go ld   s p o t   t h u s   e f f e c t i v e l y   s e r v e s   to  s h o r t   ou t   t he   r e s i s t o r  

or  t he   r e s i s t i v e   p o r t i o n   b e n e a t h   i t ,   t h u s   p r e v e n t i n g   h e a t  

f r o m   b e i n g   g e n e r a t e d   in  t h a t   a r e a .   I t   wi l l   be  a p p r e c i a t e d  

t h a t   w i th   t h i s   co ld   c e n t r a l   s p o t ,   t he   h e a t i n g   of  t he   i n k  



i m m e d i a t e l y   t h e r e a b o v e   w i l l   be  n o n - u n i f o r m   w h i c h   may  no t   b e  

e f f i c a c i o u s   fo r   o p t i m u m   b u b b l e   f o r m a t i o n .   N o r  i s   i t   at  a l l  

s u r e   t h a t   t h e   b u b b l e   c o l l a p s e   wi l l   n o t   a l so   o c c u r   in  t h e  

c e n t r a l   a r e a   of  t he   r e s i s t i v e   e l e m e n t   a l b e i t   b e i n g   s e p a r a t e d  

f rom  t h e   r e s i s t i v e   m a t e r i a l   by  t he   gold   s p o t   in  t he   c e n t e r  

t h e r e o f .   S h o u l d   t h i s   o c c u r ,   e r o s i o n   of  t he   gold   s p o t   o r  

l a y e r   may  r e s u l t   e v e n t u a l l y   c a u s i n g   r e s i s t o r   f a i l u r e .  

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  r e s i s t i v e   h e a t e r   f o r  

use  in  t h e r m a l   ink  j e t   p r i n t e r s   of  t h e   t y p e   h a v i n g   d i s c r e t e  

i n k - e j e c t i n g   n o z z l e s   a s s o c i a t e d   wi th   d i s c r e t e   h e a t e r s ,   s a i d  

h e a t e r   b e i n g   c h a r a c t e r i z e d   by  (a)  a  p a i r   of  r e s i s t i v e  

e l e m e n t s   s p a c e d   a p a r t   f rom  e a c h   o t h e r   and  a d j a c e n t   to  one  o f  

s a i d   i n k - e j e c t i n g   n o z z l e s ,   and  (b)  e l e c t r i c a l l y   c o n d u c t i v e  

m e a n s   c o n n e c t i n g   sa id   r e s i s t i v e   e l e m e n t s   in  s e r i e s   wi th   e a c h  

o t h e r .  

The  r e s i s t i v e   e l e m e n t s   a r e   p r e f e r a b l y   t w o - d i m e n s i o n a l  

t h i n   f i l m s .  

P r e f e r a b l y   e a c h   of  s a i d   r e s i s t i v e   e l e m e n t s   has   a  s h e e t  

r e s i s t a n c e   w h i c h   is  m u l t i p l e   of  t h e   r e s i s t a n c e   of  a  s i n g l e  

s q u a r e .  
The   p r e f e r r e d   e m b o d i m e n t   of  t h e   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  r e s i s t i v e   a r e a   in  t he   f o r m   of  t w o   r e s i s t i v e   l e g s ,  

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

Thus   t h e   c o l l a p s e   of  t h e   b u b b l e   in  t h e   c e n t r a l   p o r t i o n   o f  

t h e   r e s i s t i v e   a r e a   wi l l   no t   a c t   upon   t h e   r e s i s t i v e   m a t e r i a l  

in  e i t h e r   of  t h e   r e s i s t i v e   l e g s .   F u r t h e r m o r e ,   by  m a k i n g  

e a c h   r e s i s t i v e   l eg   c o n s t i t u t e   two  s q u a r e s ,   t he   r e s i s t a n c e   o f  

e a c h   l eg   w i l l   be  d o u b l e d   or  t w i c e   t h e   r e s i s t a n c e   of  a  s i n g l e  

s q u a r e   of  r e s i s t a n c e   m a t e r i a l   as  p r a c t i c e d   h e r e t o f o r e   in  t h e  

a r t   of  t h e r m a l   ink  j e t   p r i n t e r s .   T h u s ,   fo r   e x a m p l e ,   w h e r e a s  

a  s i n g l e   s q u a r e   of  r e s i s t i v e   m a t e r i a l   in  p r i o r   t h e r m a l   i n k  

j e t   p r i n t e r s   may  h a v e   p r o v i d e d   a  r e s i s t a n c e   of  50  ohms  p e r  

s q u a r e ,   e a c h   l eg   of  t he   r e s i s t i v e   s t r u c t u r e   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n ,   wi l l   p r o v i d e   100  ohms  p e r   s q u a r e   fo r   a  

t o t a l   r e s i s t a n c e   of  200  o h m s .  



Thus ,   t he   p r e s e n t   i n v e n t i o n   no t   only   e n h a n c e s   r e s i s t o r  

l i f e t i m e   by  e l i m i n a t i n g   b u b b l e   c o l l a p s e / c a v i t a t i o n   d a m a g e   i n  

t he   c e n t e r   of  t he   t h i n   f i lm  r e s i s t i v e   a r e a ,   bu t   a l so   r e d u c e s  

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

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

r e q u i r e m e n t s   a l so   e n h a n c e s   t he   o v e r a l l   r e l i a b i l i t y   of  t h e  

t h e r m a l   ink  j e t   p r i n t h e a d .  

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  t o  

be  r e a d   wi 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  

r e s i s t i v e   h e a t e r   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 ;   i t   i s  

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   r e s i s t i v e   h e a t e r   has   b e e n  

s e l e c t e d   for   d e s c r i p t i o n   to  i l l u s t r a t e   t he   i n v e n t i o n   by  w a y  

of  e x a m p l e   and  no t   by  way  of  l i m i t a t i o n .  

In  the   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  is  a  p e r s p e c t i v e   v i e w ,   p a r t l y   in  s e c t i o n ,   of  a  

p o r t i o n   of  t h e r m a l   ink  j e t   p r i n t h e a d   s h o w i n g   a  s i n g l e  

o r i f i c e   ( n o z z l e )   w i th   i t s   a s s o c i a t e d   r e s i s t o r ;  

F i g u r e   2  is  a  p l a n n e d   v iew  of  an  a r r a y   of  r e s i s t o r  

s t r u c t u r e s   as  if  t a k e n   a l o n g   Line  A-A  in  F i g u r e   1  a n d  

c o n t i n u e d ;  

F i g u r e   3  is  a  p e r s p e c t i v e   v i e w ,   p a r t l y   in  s e c t i o n ,   o f  

t h e   r e s i s t o r - c o n d u c t o r   s t r u c t u r e   a c c o r d i n g   t o  t h e   i n v e n t i o n ;  

F i g u r e   4  is  a  p l a n   v iew  of  t h e   r e s i s t o r - c o n d u c t o r  

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

and  i n c l u d i n g   b a r r i e r   m e m b e r s   a s s o c i a t e d   wi th   t he   r e s i s t o r -  

c o n d u c t o r   s t r u c t u r e ;  

F i g u r e   5  is  a  s i d e   v iew  in  s e c t i o n   of  t he   r e s i s t o r  

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

of  an  ink  b u b b l e   as  i t   b e g i n s   to  c o l l a p s e ;  

F i g u r e   6-A  is  a  p l a n   view  of  a  r e s i s t o r   c o n d u c t o r  

s t r u c t u r e   u s e f u l   in  e x p l a i n i n g   the   a d v a n t a g e s   and  o p e r a t i o n  

of  t he   r e s i s t o r   c o n d u c t o r   s t r u c t u r e   of  t he   p r e s e n t  

i n v e n t i o n ;   a n d  

F i g u r e   6-B  is  a  p l a n   v iew  of  t he   r e s i s t o r   s t r u c t u r e  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   fo r   use  in  e x p l a i n i n g   t h e  



o p e r a t i o n   of  t he   i n v e n t i o n   w i th   r e f e r e n c e   to  F i g u r e   6 - A .  

R e f e r r i n g   now  to  t he   d r a w i n g s ,   and  t o   F i g u r e   1  i n  

p a r t i c u l a r ,   t h e r e   is  s h o w n   a  p o r t i o n   of  a  t y p i c a l   p r i n t h e a d  

s t r u c t u r e   f o r   a  s i n g l e   o r i f i c e .   The  p r i n c i p a l   s u p p o r t  
s t r u c t u r e   is  a  s u b s t r a t e   2  of  s i n g l e   c r y s t a l l i n e   s i l i c o n .  

D i s p o s e d   on  t h e   u p p e r   s u r f a c e   of  t he   s i l i c o n   s u b s t r a t e   2  i s  

a  t h e r m a l l y   i n s u l a t i n g   l a y e r   4  of  s i l i c o n   d i o x i d e   w h i c h   m a y  
t y p i c a l l y   be  3.5  m i c r o n s   in  t h i c k n e s s .   F o r m e d   on  the   u p p e r  
s u r f a c e   of  t h e   s i l i c o n   d i o x i d e   l a y e r   4  is  a  r e s i s t i v e  

e l e m e n t   8  f o r m e d   of  t a n t a l u m   and  a l u m i n i u m ,   fo r   e x a m p l e .  

L i k e w i s e ,   d i s p o s e d   on  t h e   s i l i c o n   d i o x i d e   l a y e r   4  a r e  
c o n d u c t o r   e l e m e n t s   or  s t r i p s ,   10  and  10 ' ,   w h i c h   may  be  o f  

a l u m i n i u m   or  of  an  a l l o y   of  a l u m i n i u m   and  c o p p e r .   T h e  

c o n d u c t o r s   o v e r l a y   t h e   r e s i s t i v e   e l e m e n t   8  e x c e p t   w h e r e   i t  

is  d e s i r e d   to  h a v e   r e s i s t i v e   h e a t i n g   o c c u r .   The  n e x t  

s t r u c t u r e   d i s p o s e d   o v e r   t he   r e s i s t i v e   e l e m e n t   8  and  i t s  

a s s o c i a t e d   c o n d u c t o r s   10  and  10'   may  be  a  p a s s i v a t i o n   l a y e r  
12  of  s i l i c o n   c a r b i d e ,   fo r   e x a m p l e ,   of  f rom  0.5  to  2 . 5  

m i c r o n s   in  t h i c k n e s s .  

D i s p o s e d   on  t h e   u p p e r   s u r f a c e   of  t he   s i l i c o n   c a r b i d e  

l a y e r   12  a r e   b a r r i e r   e l e m e n t s   14  and  16.  The  b a r r i e r  

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

m a t e r i a l s   s u c h   as  RISTON  and  VACREL.   T h e s e   b a r r i e r s   m a y  
t a k e   v a r i o u s   c o n f i g u r a t i o n s .   As  s h o w n   in  F i g u r e   1,  t h e y  

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

8.  As  s h o w n   in  F i g u r e   2,  t h e s e   b a r r i e r   s t r u c t u r e s   m a y  
s u r r o u n d   e a c h   r e s i s t i v e   e l e m e n t   on  t h r e e   s i d e s .   T h e  

b a r r i e r s   14  and  16  s e r v e   to  c o n t r o l   r e f i l l i n g   and  c o l l a p s e  

of  t h e   b u b b l e ,   and  p r e v e n t   s p a t t e r i n g   f rom  an  a d j a c e n t  

o r i f i c e ,   as  w e l l   as  m i n i m i z i n g   c r o s s - t a l k   or  a c o u s t i c  

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

m a t e r i a l s   RISTON  and  VACREL  a re   o r g a n i c   p o l y m e r s   m a n u f a c t -  

u r e d   and  so ld   by  E.I.   D u P o n t   de  N e m o u r s   and  C o m p a n y   of  W i l -  

m i n g t o n ,   D e l a w a r e ,   U.S.A.  The  b a r r i e r s   1 4  a n d   16  s e r v e   t o  

s p a c e   and   ho ld   an  o r i f i c e   p l a t e   18  in  p o s i t i o n   on  t he   u p p e r  



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

m a t e r i a l s   u sed   can   w i t h s t a n d   t e m p e r a t u r e s   as  h igh  a s  

3 0 0 o C .  

The  o r i f i c e   p l a t e   18  may  be  f o r m e d   of  n i c k e l .   A s  

s h o w n ,   t he   o r i f i c e   20  i t s e l f   is  d i s p o s e d   i m m e d i a t e l y   a b o v e  

and  in  l i ne   wi th   i t s   a s s o c i a t e d   r e s i s t i v e   e l e m e n t   8.  W h i l e  

on ly   a  s i n g l e   o r i f i c e   has   b e e n   s h o w n ,   i t   wi l l   be  u n d e r s t o o d  

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

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

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

a  d r o p l e t   of  ink  f r o m   any  p a r t i c u l a r   o r i f i c e .   W i t h  

p a r t i c u l a r   r e f e r e n c e   to  F i g u r e   2,  i t   w i l l   be  a p p r e c i a t e d  

t h a t   the   b a r r i e r s   14,  14'   and  16,  16'  s e r v e   to  s p a c e   t h e  

o r i f i c e   p l a t e   20  a b o v e   t h e   p a s s i v a t i o n   l a y e r   12B  p e r m i t t i n g  

ink  to  f low  in  t h i s   s p a c e   and  b e t w e e n   the   b a r r i e r s   so  as  t o  

be  a v a i l a b l e   in  e a c h   o r i f i c e   and  o v e r   and  a b o v e   r e s p e c t i v e  

r e s i s t i v e   e l e m e n t s   8,  8'  and  8 " .   The  b a r r i e r s   14,  141  a n d  

16,  16'   may  s i m p l y   e x t e n d   b e t w e e n   t h e   r e s i s t i v e   a r e a s   8,  81, 

8"   or  t he   b a r r i e r s   may  be  j o i n e d   a t   one  end ,   as  s h o w n ,   t o  

fo rm  a  t h r e e - s i d e d   b a r r i e r   s t r u c t u r e   a r o u n d   e a c h   r e s i s t i v e  

e l e m e n t .  

Upon  e n e r g i z i n g   of  t he   r e s i s t i v e   e l e m e n t   8,  t he   t h e r m a l  

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

t i o n   l a y e r   12  to  h e a t   and  v a p o r i z e   a  p o r t i o n   of  a  q u a n t i t y  

of  t he   ink  22  d i s p o s e d   in  t h e   o r i f i c e   20  and  i m m e d i a t e l y  

a b o v e   t he   r e s i s t i v e   e l e m e n t   8.  The  v a p o r i z a t i o n   of  t h e   i n k  

22  e v e n t u a l l y   r e s u l t s   in  t he   e x p u l s i o n   of  a  d r o p l e t   221  o f  

ink  wh ich   i m p i n g e s   upon   an  i m m e d i a t e l y   a d j a c e n t   r e c o r d i n g  

med ium  (no t   s h o w n ) .   The  b u b b l e   of  ink  v a p o r   f o r m e d   d u r i n g  

t h e   h e a t i n g   and  v a p o r i z a t i o n   t h e r e o f   t h e n   c o l l a p s e s   b a c k  

o n t o   the   a r e a   i m m e d i a t e l y   a b o v e   the   r e s i s t i v e   e l e m e n t   8 .  

The  r e s i s t o r   8  is  p r o t e c t e d   f rom  any  d e l e t e r i o u s   e f f e c t s   d u e  

to  c o l l a p s e   of  t he   ink  b u b b l e   by  m e a n s   of  t he   p a s s i v a t i o n  

l a y e r s   12.  The  s i l i c o n   c a r b i d e   l a y e r   12,  b e i n g   t h e   l a y e r  

in  i m m e d i a t e   c o n t a c t   w i th   t he   ink ,   p r o v i d e s   p r o t e c t i o n   t o  



t he   u n d e r l y i n g   m a t e r i a l s   due  to  i t s   e x t r e m e   h a r d n e s s   a n d  

r e s i s t a n c e   to  c a v i t a t i o n .  

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

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

g e o m e t r y   of  any   p a r t i c u l a r   e l e m e n t   or  l a y e r   may  be  a c h i e v e d  

by  t e c h n i q u e s   w e l l   k n o w n   in  t he   a r t   of  f i lm  d e p o s i t i o n   a n d  

f o r m a t i o n .   T h e s e   t e c h n i q u e s   i n v o l v e   t h e   u t i l i z a t i o n   o f  

p h o t o - r e s i s t s   and  e t c h i n g   p r o c e d u r e s   to  e x p o s e   d e s i r e d   a r e a s  

of  t he   l a y e r   or  s t r u c t u r e   w h e r e   an  e l e m e n t   is  to  be  f o r m e d  

f o l l o w e d   by  t he   d e p o s i t i o n   of  t he   m a t e r i a l   of  w h i c h   t h e  

p a r t i c u l a r   e l e m e n t   is  to  be  f o r m e d .   T h e s e   p r o c e s s e s   f o r  

f o r m i n g   t h e   v a r i o u s   l a y e r s   and  e l e m e n t s   of  t he   p r i n t h e a d  

a s s e m b l y   a re   w e l l   k n o w n   in  t he   a r t   and  wi l l   no t   be  d e s c r i b e d  

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

R e f e r r i n g   now  to  F i g u r e s   3  and  4,  a  s o m e w h a t   s i m p l i f i e d  

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

i n v e n t i o n   is  s h o w n .   I t   wi l l   be  a p p r e c i a t e d   t h a t   t h e  

p a s s i v a t i o n   l a y e r   as  we l l   as  t he   o r i f i c e   p l a t e   h a v e   b e e n  

o m i t t e d   f rom  t h e   s t r u c t u r e   s h o w n   in  t h e s e   F i g u r e s   in  o r d e r  

to  p e r m i t   a  b e t t e r   s h o w i n g   and  e x p l a n a t i o n   of  t he   n o v e l  

r e s i s t i v e   s t r u c t u r e   of  t he   i n v e n t i o n .   As  d e s c r i b e d   h e r e i n -  

b e f o r e ,   t he   r e s i s t i v e   s t r u c t u r e s   8,  8"   may  be  f o r m e d   b y  

d e p o s i t i n g   t a n t a l u m   and  a l u m i n i u m   o n t o   t h e   s i l i c o n   d i o x i d e  

l a y e r   4  f o r m e d   on  t h e   s i l i c o n   s u b s t r a t e   2.  I n s t e a d   of  a  

s i n g l e   r e s i s t i v e   e l e m e n t ,   a  p a i r   of  r e s i s t i v e   e l e m e n t s   8 ' ,  

8"   a re   p r o v i d e d   in  t h e   a r e a   p r e v i o u s l y   o c c u p i e d   by  t h e  

s i n g l e   r e s i s t i v e   e l e m e n t   8.  Th is   s p l i t   r e s i s t i v e   s t r u c t u r e  

c o m p r i s e s   t w o   r e c t a n g u l a r   r e g i o n s   or  l e g s   8'  and  8"   e a c h  

b e i n g   a b o u t   2  x  4  mils  and  s p a c e d   f rom  e a c h   o t h e r   by  a b o u t  

.6  mil,  f o r   e x a m p l e .   E l e c t r i c a l   e n e r g y   to  p r o d u c e   h e a t i n g  

is  s u p p l i e d   to  t he   r e s i s t i v e   e l e m e n t s   81  and  8 "   by  m e a n s   o f  

c o n d u c t o r s   10'   and  1 0 " ,   e a c h   c o n t a c t i n g   c o r r e s p o n d i n g  

r e s p e c t i v e   end  p o r t i o n s   of  t he   two   r e s i s t i v e   e l e m e n t s .   T h e  

c i r c u i t   c o n n e c t i o n s   fo r   t h e s e   r e s i s t i v e   e l e m e n t s   i s  

c o m p l e t e d   by  t h e   c o m m o n   c o n d u c t o r   10  w h i c h   c o n t a c t s   t h e  



o p p o s i t e   ends   of  the   r e s i s t i v e   e l e m e n t s   8'  and  8 " .   I t  

wi l l   a l so   be  a p p r e c i a t e d   t h a t   in  a c t u a l   p r a c t i c e ,   a  

p a s s i v a t i o n   l a y e r   (no t   s h o w n )   may  be  a p p l i e d   o v e r   t h e  

s u r f a c e   of  t he   s t r u c t u r e   s h o w n   in  F i g u r e s   3  and  4 .  

As  s e e n   in  F i g u r e   5,  wi th   t h i s   s p l i t   r e s i s t i v e   s t r u c t -  

ure   t he   c o l l a p s i n g   ink  b u b b l e   2 2 " ,   f o r m e d   a b o v e   the   r e s i s t -  

ive  e l e m e n t s   8'  and  8 " ,   wi l l   a c t   upon   the   n o n - r e s i s t i v e  

a r e a   l y i n g   b e t w e e n   the   r e s i s t i v e   e l e m e n t s ,   t h u s   m i n i m i z i n g  

or  a v o i d i n g   a l t o g e t h e r   any  d a m a g e   to  t h e s e   r e s i s t i v e  

e l e  m  e n t s .  

F i g u r e   6A  d e p i c t s   t he   t y p i c a l   g e o m e t r y   of  a  r e s i s t i v e  

e l e m e n t   8  a c c o r d i n g   to  t he   p r i o r   a r t .   As  s h o w n ,   t h e  

r e s i s t i v e   e l e m e n t   8,  m o u n t e d   on  a  b a s e   b,  is  p r o v i d e d   w i t h  

c o n d u c t o r s   10,  10'  c o n t a c t i n g   o p p o s e d   ends   of  t he   e l e m e n t .  

In  a d d i t i o n ,   it  wi l l   be  n o t e d   t h a t   t he   r e s i s t i v e   e l e m e n t   i s  

a  s q u a r e   ( t y p i c a l l y   4  mils  on  a  s i d e ) .   Thus   the   s h e e t  

r e s i s t a n c e   of  t he   r e s i s t i v e   e l e m e n t   8  as  s h o w n   in  F i g u r e   6A 

may  be  50  ohms  pe r   s q u a r e .   In  F i g u r e   6B  t he   r e s i s t i v e  

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

w h e r e i n   e a c h   r e s i s t o r   e l e m e n t   or  l e g ,   8'  and  8 " ,   may  b e  

a b o u t   3  mils  x  1.5  mils .   I t   wi l l   t h u s   be  a p p r e c i a t e d   t h a t  

e a c h   leg  c o m p r i s e s   two   s q u a r e s   a b o u t   1.5  x  1.5  mils .   S i n c e  

t he   s h e e t   r e s i s t a n c e   of  one  s q u a r e   is  a b o u t   50  ohms ,   i t   w i l l  

be  u n d e r s t o o d   t h a t   e a c h   leg  now  has   a  r e s i s t i v i t y   of  1 0 0  

ohms  whi le   the   t o t a l   r e s i s t i v e   s t r u c t u r e ,   c o m p r i s i n g   b o t h  

l e g s ,   p r o v i d e s   a  r e s i s t i v i t y   of  200  ohms .   S i n c e   the   t o t a l  

r e s i s t a n c e   is  now  f o u r   t i m e s   t h a t   of  a  s i n g l e   s q u a r e ,  

c o n s i d e r a b l y   l o w e r   o p e r a t i n g   c u r r e n t   is  r e q u i r e d   in  o r d e r   t o  

a c h i e v e   the   same  d e g r e e   of  h e a t i n g .   For  e x a m p l e   t he   p r i o r  

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

a b o u t   50  ohms  r e q u i r e d   a b o u t   400  ma  to  a c h i e v e   the   n e c e s s a r y  
h e a t   to  g e n e r a t e   a  m a t u r e   b u b b l e   and  d r o p l e t .   The  r e s i s t -  

ive  s t r u c t u r e ,   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   c o m p r i s i n g  

f o u r   s q u a r e s   of  50  ohms  pe r   s q u a r e   e a c h ,   r e d u c e s   t h e  

r e q u i r e d   o p e r a t i n g   c u r r e n t   to  a b o u t   200  ma.  This   m e a n s  



t h a t   t h e   p o w e r   l o s s   in  t he   c o n d u c t o r s   t y p i c a l l y   may  now  b e  

on ly   a b o u t   f i v e   p e r c e n t .  

T h u s   t he   r e s i s t i v e   s t r u c t u r e   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   n o t   on ly   r e d u c e s   or  e l i m i n a t e s   d a m a g e   to  t h e  

r e s i s t i v e   s t r u c t u r e   i t s e l f ,   bu t   t h a t   s t r u c t u r e   a l so   p r o v i d e s  

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

c u r r e n t   fo r   t h e   r e s i s t i v e   s t r u c t u r e .   Thus ,   bo th   t h e  

g e o m e t r y   of  t he   r e s i s t i v e   s t r u c t u r e   and  t h e   r e d u c e d   c u r r e n t  

r e q u i r e m e n t s   a t t a i n a b l e   w i th   t h i s   s t r u c t u r e   e n h a n c e   t h e  

o v e r a l l   r e l i a b i l i t y   and  l i f e t i m e   of  t h e   r e s i s t i v e   s t r u c t u r e .  



1.  A  r e s i s t i v e   h e a t e r   for   use  in  t h e r m a l   ink  j e t  

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

(20)  a s s o c i a t e d   with  d i s c r e t e   h e a t e r s ,   s a id   h e a t e r   b e i n g  

c h a r a c t e r i z e d   b y  

(a)  a  p a i r   of  r e s i s t i v e   e l e m e n t s   (8 ' ,   8 " )   s p a c e d  

a p a r t   f rom  e a c h   o t h e r   and  a d j a c e n t   to  one  of  s a i d  

i n k - e j e c t i n g   n o z z l e s   (20) ;   a n d  

(b)  e l e c t r i c a l l y   c o n d u c t i v e   m e a n s   (10,  10 ' ,   1 0 " )  

c o n n e c t i n g   sa id   r e s i s t i v e   e l e m e n t s   in  s e r i e s   w i t h  

e a c h   o t h e r .  

2.  A  r e s i s t i v e   h e a t e r   a c c o r d i n g   to  c l a im   1  w h e r e i n  

sa id   r e s i s t i v e   e l e m e n t s   (8 ' ,   8 " )   a re   t w o - d i m e n s i o n a l   t h i n  

f i l m s .  

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

c l a i m s   1  a n d   2  w h e r e i n   e a c h   of  s a id   r e s i s t i v e   e l e m e n t s   ( 8 ' ,  

8 " )   has   a  s h e e t   r e s i s t a n c e   w h i c h   is  a  m u l t i p l e   of  t h e  

r e s i s t a n c e   of  a  s i n g l e   s q u a r e .  
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