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(s3)  Operating  an  ink  jet. 
  For  controlling  the  volume  of  ink  droplets  ejected  from  a 
drop  on  demand  ink  jet  apparatus  including  a  transducer 
(204)  operable  for  producing  a  pressure  disturbance  within 
an  associated  ink  chamber  (200)  for  ejecting  an  ink  droplet 
from  an  associated  orifice  (202),  the  transducer  (204)  is 
operated  in  an  iterative  manner  for  producing  a  plurality  of 
successively  equal  or  higher  or  lower  amplitude  pressure 
disturbances,  or  some  combination  thereof,  within  the  ink 
chamber  (200),  for  causing  a  plurality  of  successively  equal 
or  higher  or  lowervelocity  ink  droplets,  or  some  combination 
thereof,  to  be  ejected  from  the  orifice  (202)  of  the  ink  jet 
apparatus,  within  a  time  period  permitting  the  ink  droplets  to 
either  merge  in  flight  or  upon  striking  a  recording  medium. 



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  c o n t r o l l i n g   t h e  

volume  of  ink  d r o p l e t s   e j e c t e d   from  a  drop  on  demand  ink  j e t  

a p p a r a t u s ,   and  more  s p e c i f i c a l l y   though  not  e x c l u s i v e l y   to  a  method 

for  o p e r a t i n g   an  ink  jet   appa ra tus   for  p r o v i d i n g   s e l e c t i v e   c o n t r o l  

w i t h i n   a  range  of  e i t h e r   the  volume  of  the  ink  d r o p l e t s   e j e c t e d   by 

the  a p p a r a t u s   and/or   the  amount  of  ink  s t r i k i n g   a  d e s i r e d   l o c a t i o n  

on  a  r e c o r d i n g   medium. 

The  d e s i g n   of  p r a c t i c a l   ink  j e t   d e v i c e s   a n d  

a p p a r a t u s  f o r   p r o d u c i n g   a  s i n g l e   d r o p l e t   of  ink  on  demand  i s  

r e l a t i v e l y   new  in  the  a r t .   In  p r i o r   drop  on  demand  ink  j e t  

a p p a r a t u s ,   the  volume  of  each  i n d i v i d u a l   ink  d r o p l e t   is  t y p i c a l l y  

d e p e n d e n t   upon  the   geometry  of  the  ink  j e t   a p p a r a t u s ,   the  type  o f  

ink  used,   and  the  magnitude  of  the  p r e s s u r e   force  deve loped   w i t h i n  

the  ink  chamber   of  the  ink  j e t   r e j e c t i n g   an  ink  d r o p l e t   from  an 

a s s o c i a t e d   o r i f i c e .   The  e f f e c t i v e   d i a m e t e r   and  d e s i g n   of  t h e  

o r i f i c e ,   the  volume  and  c o n f i g u r a t i o n   of  the  ink  chamber  a s s o c i a t e d  

with  the  o r i f i c e ,   the  t r a n s d u c e r   d e s i g n ,   and  the  method  of  c o u p l i n g  

the  t r a n s d u c e r   to  the  ink  chamber,  are  a l l   f a c t o r s   d e t e r m i n i n g   t h e  

volume  of  i n d i v i d u a l   ink  d r o p l e t s   e j e c t e d   from  the  o r i f i c e .  

T y p i c a l l y ,   once  the  m e c h a n i c a l   des ign   of  an  ink  je t   appa ra tu s   i s  

f rozen ,   c o n t r o l   over  the  volume  of  the  e j e c t e d   ink  d r o p l e t s   c a n  

only  be  o b t a i n e d   from  a  na r row  range  by  va ry ing   the  ampl i tude   o f  

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

t r a n s d u c e r s   of  the  ink  je t   appa ra tu s   or  a r r a y .  



A c c o r d i n g   to  the  i n v e n t i o n   from  one  aspect   there   i s  

p r o v i d e d   a  method  for   c o n t r o l l i n g   the  vo lume  of  ink  d r o p l e t s  

e j e c t e d   from  a  drop  on  demand  ink  j e t   a p p a r a t u s   i n c l u d i n g  

t r a n s d u c e r   means  o p e r a b l e   for   p r o d u c i n g   a  p r e s s u r e   d i s t u r b a n c e  

w i t h i n   an  a s s o c i a t e d   ink  chamber,  for  e j e c t i n g   an  ink  d rop le t   f rom 

an  a s s o c i a t e d   o r i f i c e ,   the  method  b e i n g   c h a r a c t e r i s e d   in  t h a t   i t  

c o m p r i s e s   o p e r a t i n g   said  t r a n s d u c e r   means  in  an  i t e r a t i v e   manner ,  

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

w i t h i n   said  ink  chamber,  for  caus ing  a  p l u r a l i t y   of  ink  d r o p l e t s   t o  

be  e j e c t e d   from  said  o r i f i c e   wi th in   a  time  p e r i o d   p e r m i t t i n g   s a i d  

d r o p l e t s   to  merge  e i t h e r   w h i l e   a i r - b o r n e   or  upon  s t r i k i n g   a  

r e c o r d i n g   medium. 

According  to  the  i n v e n t i o n   from  ano the r   aspect   t h e r e  

is  p rovided   appara tus   for  c o n t r o l l i n g   the  vo lume  of  ink  d r o p l e t s  

e j e c t e d   from  a  drop  on  demand  ink  j e t   a p p a r a t u s   c h a r a c t e r i s e d   i n  

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

p r e s s u r e   d i s t u r b a n c e   wi th in   an  a s s o c i a t e d   ink  chamber,  for  e j e c t i n g  

an  ink  d r o p l e t   from  an  a s s o c i a t e d   o r i f i c e ,   and  means  o p e r a b l e   f o r  

o p e r a t i n g   sa id   t r a n s d u c e r   means  in  an  i t e r a t i v e   manner ,   f o r  

p roduc ing   a  p l u r a l i t y   of  s u c c e s s i v e   p r e s s u r e   d i s t u r b a n c e s   w i t h i n  

s a i d   ink  chamber ,   for   c a u s i n g   a  p l u r a l i t y   of  ink  d r o p l e t s   to  be  

e j e c t e d   from  s a id   o r i f i c e   w i t h i n   a  t ime  p e r i o d   p e r m i t t i n g   s a i d  

d r o p l e t s   to  merge  e i t h e r   w h i l e   a i r - b o r n e   or  upon  s t r i k i n g   a  

r e c o r d i n g   medium. 



The  t r a n s d u c e r   can  be  o p e r a t e d   for   c a u s i n g   a 

p l u r a l i t y   of  s u c c e s s i v e l y   h i g h e r ,   l o w e r ,   or  equa l   v e l o c i t y   i n k  

d r o p l e t s ,   or  some  c o m b i n a t i o n   t h e r e o f ,   to  be  e j e c t e d   from  t h e  

o r i f i c e   of  the  ink  j e t .   It  has  been  found  tha t   when  p u t t i n g   t h e  

i n v e n t i o n   i n t o   e f f e c t ,   b roader   c o n t r o l   of  the  bo ldness   and  t o n i n g  

of  p r i n t i n g   can  be  o b t a i n e d .   The  volume  of  ink  s t r i k i n g   a 

r e c o r d i n g   medium  at  a  given  poin t   is  t h e r e b y   p a r t l y   de t e rmined   by 

the  number  of  ink  d r o p l e t s   merged  p r i o r   to  s t r i k i n g   or  at  the  p o i n t  

of  s t r i k i n g .  

The  i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d   by  

r e f e r r i n g ,   by  way  of  e x a m p l e ,   to  the  a c c o m p a n y i n g   d r a w i n g s ,   i n  

w h i c h  :  

F igu re   1  is  a  s e c t i o n a l   view  of  one  form  of  ink  j e t  

appa ra tu s   in  accordance   with  the  i n v e n t i o n ;  

F i g u r e   2  is  an  e n l a r g e d   view  of  a  p o r t i o n   of  t h e  

s e c t i o n   shown  in  F igure   1 ;  

F i g u r e   3  is  an  exploded  p e r s p e c t i v e   view  of  the  i n k  

je t   appa ra tu s   shown  in  F igures   1  and  2 ;  

F i g u r e   4  is  a  p a r t i a l   s e c t i o n a l / s c h e m a t i c   d i a g r a m  

view  of  the  t r a n s d u c e r   shown  in  F igure   1  and  3,  with  the  t r a n s d u c e r  

in  the  d e - e n e r g i s e d   s t a t e ;  



Figu re   5  is  a  p a r t i a l   s e c t i o n a l / s c h e m a t i c   d iagram  o r  

view  of  the  t r a n s d u c e r   of  F igure   4  in  the  ene rg i s ed   s t a t e ;  

F igure   6  shows  the  wave  shapes  for  e l e c t r i c a l   p u l s e s  

of  one  embodiment  of  the  i n v e n t i o n ;  

F i g u r e   7  shows  a  t y p i c a l   e j e c t i o n   of  an  ink  d r o p l e t  

from  an  o r i f i c e ;  

F i g u r e   8  shows  the   e j e c t i o n   of  an  ink  d r o p l e t   form 

an  o r i f i c e   at  a  time  when  the  p r e v i o u s l y   e j e c t e d   ink  d r o p l e t   i s  

s t i l l   in  f l i g h t ;  

F igure   9  shows  the  merging  of  two  ink  d r o p l e t s   w h i l e  

in  f l i g h t ;  

F i g u r e   10  shows  a  t y p i c a l   ink  d r o p l e t   formed  a f t e r  

the  merger  of  a  number  of  ink  d r o p l e t s   j u s t   p r i o r   to  s t r i k i n g   a  

r e c o r d i n g   medium; 

F igure   11  shows  the  waveshapes  for  e l e c t r i c a l   p u l s e s  

for  ano ther   embodiment  of  the  i n v e n t i o n ;  

F igure   12  shows  the  waveshapes  for  e l e c t r i c a l   p u l s e s  

for  yet  ano the r   embodiment  of  the  i n v e n t i o n ;  



F i g u r e   13  shows  a  waveshape  for  another   embodiment ;  

and 

F i g u r e s   14  and  15  show  w a v e s h a p e s   which  in  them- 

s e l v e s   do  not  f a l l   w i th in   the  scope  of  the  p re sen t   i n v e n t i o n   but  i n  

some  c o m b i n a t i o n   of  w a v e s h a p e s   s e l e c t e d   from  F igures   13  to  15  t o  

produce  a  p l u r a l i t y   of  ink  d r o p l e t s   c o n s t i t u t e   f u r t h e r   e m b o d i m e n t s  

of  the  i n v e n t i o n .  

P r e f e r r e d   ways  of  p e r f o r m i n g   the  p r e s e n t   i n v e n t i o n  

w i l l   now  be  de sc r ibed   in  the  c o n t e x t   of  the  ink  j e t   a p p a r a t u s   o f  

F i g s .   1  to  5.  However ,   the   i n v e n t i o n   may  be  p e r f o r m e d   using  a 

broad  range  of  ink  je t   a p p a r a t u s   ( e s p e c i a l l y   drop  on  demand  ink  j e t  

a p p a r a t u s ) .   A c c o r d i n g l y ,   the   ink  j e t   a p p a r a t u s   to  be  d i s c u s s e d  

h e r e i n   is  p r e sen t ed   for  purposes   of  i l l u s t r a t i o n   and  example  o n l y ,  

and  is  not  meant  to  be  l i m i t i n g .   Also,  only  the  bas i c   m e c h a n i c a l  

f e a t u r e s   and  o p e r a t i o n   of  t h i s   a p p a r a t u s   are  d i s c u s s e d   in  t h e  

f o l l o w i n g   p a r a g r a p h s ,   and  r e f e r e n c e   is  made  to  c o - p e n d i n g   U.K. 

pa t en t   a p p l i c a t i o n   2094233A  for  f u r t h e r   d e t a i l s   c o n c e r n i n g   t h i s  

a p p a r a t u s .   The  r e f e r e n c e   d e s i g n a t i o n s   used  in  F igures   1  t o   5  a r e  



the  same  as  used  in  F i g u r e s   7  to  11  the  copending  a p p l i c a t i o n ,   i n  

order  to  f a c i l i t a t e   any  r e f e r e n c i n g   back  to  tha t   a p p l i c a t i o n   o r  
the  pa t en t   tha t   may  i s sue   t h e r e f r o m .  

W i t h   r e f e r e n c e   to   F i g u r e s   1  t o  3 ,   t h e  

i l l u s t r a t i v e   i nk   j e t   a p p a r a t u s   i n c l u d e s   a  c h a m b e r   2 0 0  

h a v i n g   an  o r i f i c e   202  f o r   e j e c t i n g   d r o p l e t s   of  ink   i n  

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

204  f o r   e a c h   j e t   in  an  a r r a y   of   s u c h   j e t s  ( s e e   F i g .   3 ) .  

The  t r a n s d u c e r   204  e x p a n d s - a n d   c o n t r a c t s   ( i n   d i r e c t i o n s  

i n d i c a t e d   by  t h e   a r r o w s   in  F i g .   2)  a l o n g   i t s   a x i s   o f  

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

200  by  c o u p l i n g   m e a n s   206  w h i c h   i n c l u d e s   a  f o o t   2 0 7 ,   a  

v i s c o - e l a s t i c   m a t e r i a l   208  j u x t a p o s e d   t o   t h e   f o o t   2 0 7 ,  

and  a  d i a p h r a g m   210  w h i c h   i s   p r e l o a d e d   to   t he   p o s i t i o n  

shown  in  F i g u r e s   1  and  2 .  

I n k  f l o w s  i n t o  t h e   c h a m b e r   200  f rom  an  u n p r e s -  

s u r i z e d   r e s e r v o i r   212  t h r o u g h   r e s t r i c t e d   i n l e t   m e a n s  

p r o v i d e d   by  a  r e s t r i c t e d   o p e n i n g   2 1 4 .   The  i n l e t   2 1 4  

c o m p r i s e s   an  o p e n i n g   in   a  r e s t r i c t o r   p l a t e   216  ( s e e   F i g .  

3 ) .   As  shown  in  F i g u r e   2,  t h e   r e s e r v o i r   212  w h i c h   i s  

f o r m e d   in  a  c h a m b e r   p l a t e   220  i n c l u d e s   a  t a p e r e d   e d g e  

222  l e a d i n g   i n t o   t h e   i n l e t   214 .   As  shown  in  F i g .   3,  t h e  

r e s e r v o i r   212  i s   s u p p l i e d   w i t h   a  f e e d   t u b e   223  and  a  

v e n t  t u b e  2 2 5 .  T h e  r e s e r v o i r   212  i s  c o m p l i e n t   by  v i r t u e  

of   t h e   d i a p h r a g m   2 1 0 ,   w h i c h   i s   in  c o m m u n i c a t i o n   w i t h   t h e  

i nk   t h r o u g h   a  l a r g e   o p e n i n g   227  in   t h e   r e s t r i c t o r   p l a t e  

216  w h i c h   i s   j u x t a p o s e d   to  an  a r e a   of   r e l i e f   229  in  t h e  

p l a t e   2 2 6 .  

One  e x t r e m i t y   of   e a c h   one  of   t h e   t r a n s d u c e r s  

204  i s   g u i d e d   by  t h e   c o o p e r a t i o n   of   a  f o o t   207  w i t h   a  

h o l e   224  in  a  p l a t e   226 .   As  s h o w n ,   t h e   f e e t   2 0 7  a r e  

s l i d e a b l y   r e t a i n e d   w i t h i n   t h e   h o l e s   2 2 4 .   The  o t h e r  

e x t r e m i t i e s   o f   e a c h   one   o f   t h e   t r a n s d u c e r s   204  a r e  



c o m p l i a n t l y   m o u n t e d   in  a  b l o c k   228  by  means   of  a  c o m -  

p l i a n t   or  e l a s t i c   m a t e r i a l   230  s u c h   as  s i l i c o n   r u b b e r .  

The  c o m p l i a n t   m a t e r i a l   230  i s   l o c a t e d   in  s l o t s   2 3 2  

( s e e   F i g .   3)  so  as   to   p r o v i d e   s u p p o r t   f o r   t h e   o t h e r  

e x t r e m i t i e s   of   t h e   t r a n s d u c e r s   204 .   E l e c t r i c a l   c o n t a c t  

w i t h   t h e   t r a n s d u c e r s   204  i s   a l s o   made  in  a  c o m p l i a n t  

m a n n e r   by  m e a n s   o f   a  c o m p l i a n t   p r i n t e d   c i r c u i t   2 3 4 ,  

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

as  s o l d e r   236  to  an  e l e c t r o d e   260  of   t h e   t r a n s d u c e r s  

2 0 4 .   C o n d u c t i v e   p a t t e r n s   238  a r e   p r o v i d e d   on  t h e  

p r i n t e d   c i r c u i t   2 3 4 .  

The  p l a t e   226  ( s e e   F i g u r e s   1  and  3)  i n c l u d e s  

w h o l e s   224  a t   t h e  b a s e  o f   a  s l o t   237  w h i c h   r e c e i v e   t h e  

f e e t   207  o f   t h e   t r a n s d u c e r s   2 0 4 ,   as   p r e v i o u s l y   m e n -  

t i o n e d .   The  p l a t e   226  a l s o   i n c l u d e s   a  r e c e p t a c l e   2 3 9  

f o r   a  h e a t e r   s a n d w i c h   2 4 0 ,   t h e   l a t t e r   i n c l u d i n g   a  h e a t e r  

s e l e m e n t  2 4 2  w i t h  c o i l s   2 4 4 ,   a  h o l d   down  p l a t e   2 4 6 ,  

a  s p r i n g   248.   a s s o c i a t e d   w i t h   t h e   p l a t e   2 4 6 ,  a n d   a  

s u p p o r t   p l a t e   250  l o c a t e d   i m m e d i a t e l y   b e n e a t h   t h e   h e a t e r  

240 .   The  s l o t   253  i s   f o r   r e c e i v i n g   a  t h e r m i s t o r   2 5 2 ,  

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

t e m p e r a t u r e   o f   t h e   h e a t e r   e l e m e n t   2 4 2 .   The  e n t i r e  

h e a t e r   240  i s   m a i n t a i n e d   w i t h i n   t h e   r e c e p t a c l e   in  t h e  

p l a t e   226  by  a  c o v e r   p l a t e   2 5 4 .  

As  shown  in  F i g .   3,  t h e   v a r i o u s l y   d e s c r i b e d  

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

by  m e a n s   of   s c r e w s   256  w h i c h   e x t e n d   u p w a r d l y   t h r o u g h  

o p e n i n g s   2 5 7 ,   and  s c r e w s   258  w h i c h   e x t e n d   d o w n w a r d l y  

t h r o u g h   o p e n i n g s   2 5 9 ,   t h e   l a t t e r   to   h o l d   a  p r i n t e d  

c i r c u i t   b o a r d   234  in  p l a c e   on  t he   p l a t e   228 .   The  d a s h e d  

l i n e s   in  F i g .   1  d e p i c t   c o n n e c t i o n s   263  to  t h e   p r i n t e d  

c i r c u i t s   238  on  t h e   p r i n t e d   c i r c u i t   b o a r d   2 3 4 .   T h e  

c o n n e c t i o n s   263  c o n n e c t   a  c o n t r o l l e r   261  to  t h e   ink   j e t  

a p p a r a t u s ,   f o r   c o n t r o l l i n g   t he   o p e r a t i o n   of  t h e   l a t t e r .  



The  c o n t r o l l e r   261  i s   p r o g r a m m e d   to   a t   a n  

a p p r o p r i a t e   t i m e ,   v i a   i t s   c o n n e c t i o n   to   t h e   p r i n t e d  

c i r c u i t s   2 3 8 ,   a p p l y   a  v o l t a g e   to  a  s e l e c t e d   one  or  o n e s  

of   t h e   h o t   e l e c t r o d e s   260  of  t h e   t r a n s d u c e r s   2 0 4 .   T h e  

a p p l i e d   v o l t a g e   c a u s e s   an  e l e c t r i c   f i e l d   to   be  p r o d u c e d  

t r a n s v e r s e   to  t h e   a x i s   of   e l o n g a t i o n   of   t h e   s e l e c t e d  

t r a n s d u c e r s   2 0 4 ,   c a u s i n g   t h e   t r a n s d u c e r s   204  to  c o n t r a c t  

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

d u c e r   204  so  c o n t r a c t s   upon   e n e r g i z a t i o n   ( s e e   F i g .   5 ) ,  

t h e   p o r t i o n   o f   t h e   d i a p h r a m   210  l o c a t e d   b e l o w   t h e   f o o t  

207  o f   t h e   t r a n s d u c e r   204  m o v e s   in   t h e   d i r e c t i o n   o f  

t h e   c o n t r a c t i n g   t r a n s d u c e r   2 0 4 ,   t h e r e b y   e f f e c t i v e l y  

e x p a n d i n g   t h e   v o l u m e   o f   t h e   a s s o c i a t e d   c h a m b e r   2 0 0 .   As  

t h e   v o l u m e   of   t h e   p a r t i c u l a r   c h a m b e r   200  i s   so  e x p a n d e d ,  

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

c h a m b e r ,   c a u s i n g   ink   t h e r e i n   to  t e n d   to   move  away  f r o m  

t h e   a s s o c i a t e d   o r i f i c e   202 ,   w h i l e   s i m u l t a n e o u s l y   p e r -  

m i t t i n g   ink   f r o m   t h e   r e s e v o i r   212  to   f l o w   t h r o u g h   t h e  

a s s o c i a t e d   r e s t r i c t e d   o p e n i n g   o r   i n l e t   214  i n t o   t h e  

c h a m b e r   2 0 0 .   G i v e n   s u f f i c i e n t   t i m e ,   t h e   n e w l y   s u p p l i e d  

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

p r o v i d i n g   a  " f i l l   b e f o r e   f i r e "   c y c l e .   S h o r t l y   t h e r e -  

a f t e r ,   t h e   c o n t r o l l e r   261  i s   p r o g r a m m e d   to  r e m o v e   t h e  

v o l t a g e   or   d r i v e   s i g n a l   f rom  t h e   p a r t i c u l a r   one  or  o n e s  

of   t h e   s e l e c t e d   t r a n s d u c e r s   204 ,   c a u s i n g   t h e   t r a n s d u c e r  

204  or  t r a n s d u c e r s   204  to  r e t u r n   to   t h e i r   d e e n e r g i z e d  

s t a t e s   as   s h o w n   in   F i g .   4.  S p e c i f i c a l l y ,   t h e   d r i v e  

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

t h e   t r a n s d u c e r s   2 0 4   t o   v e r y   r a p i d l y   e x p a n d   a l o n g  

t h e i r   e l o n g a t e d   a x i s ,   w h e r e b y   v i a   t h e   v i s c o - e l a s t i c  

m a t e r i a l   208  t h e   f e e t   207  of  t h e   t r a n s d u c e r s   204  p u s h  

a g a i n s t   t h e   a r e a   of   t h e   d i a p h r a m   210  b e n e a t h   t h e m ,  

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

of  t h e   a s s o c i a t e d   c h a m b e r   or  c h a m b e r s   200 .   In  t u r n ,  

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

c h a m b e r s   2 0 0 ,   c r e a t e s   a  p r e s s u r e   p u l s e   or   p o s i t i v e  



p r e s s u r e   d i s t u r b a n c e   w i t h i n   t h e   c h a m b e r s   200 ,   c a u s i n g   a n  

ink  d r o p l e t   to   be  e j e c t e d   f rom  t h e   a s s o c i a t e d   o r i f i c e s  

2 0 2 .   N o t e   t h a t   as   s h o w n   in  F i g u r e   5,  when   a  g i v e n  

t r a n s d u c e r   204  i s   so  e n e r g i z e d ,   i t   b o t h   c o n t r a c t s   o r  

r e d u c e s   i t s   l e n g t h   and  i n c r e a s e s   i t s   t h i c k n e s s .   H o w e v e r ,  
t he   i n c r e a s e   in  t h i c k n e s s   is   of   no  c o n s e q u e n c e   to  t h e  

i l l u s t r a t e d   i nk   j e t   a p p a r a t u s ,   in  t h a t   t h e   c h a n g e s   i n  

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

i n d i v i d u a l   ink   j e t s   of  t h e   a r r a y .   A l s o   n o t e ,   t h a t   w i t h  

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

c o n t r a c t i o n   a l o n g  t h e i r   e l o n g a t e d   a x i s ,   a c c e l e r a t e d  

a g i n g   of   t h e   t r a n s d u c e r s   204  i s   a v o i d e d ,   and  in  e x t r e m e  

c a s e s ,   d e p o l a r i z a t i o n   i s   a l s o   a v o i d e d .  

For   p u r p o s e s   of   i l l u s t r a t i o n ,   a s s u m e   t h a t   t h e  

p u l s e s   shown   in  F i g u r e   6  a r e   a p p l i e d   v i a   c o n t r o l l e r   2 6 1  

to  one  of   t h e   t r a n s d u c e r s 2 0 4 .   As  s h o w n ,   t h e   f i r s t   a n d  

s e c o n d   p u l s e s  1  a n d   3  r e s p e c t i v e l y   e a c h   h a v e   an  e x p o -  
n e n t i a l   l e a d i n g   e d g e   and  a  s u b s t a n t i a l l y   l i n e a r   t r a i l i n g  

e d g e ,   r e s p e c t i v e l y ,   p e a k   a m p l i t u d e s   +  V1,  +  V2  v o l t s  

r e s p e c t i v e l y ,   and  p u l s e   w i d t h s   of   T l ,   T2,  r e s p e c t i v e l y .  

Note   t h a t   t h e   s h a p e s   of  t he   p u l s e s   1 , 3 ,   r e s p e c t i v e l y ,  

may  be  o t h e r   t h a n   as   i l l u s t r a t e d   h e r e i n ,   d e p e n d i n g   u p o n  
t h e   p a r t i c u l a r   i n k   j e t   d e v i c e   b e i n g   d r i v e n   a n d   t h e  

p a r t i c u l a r   a p p l i c a t i o n .  I n   t h i s   e x a m p l e ,   t h e   p e a k  

a m p l i t u d e   p l u s   +  V2  of  p u l s e   3  i s   g r e a t e r   t h a n   t h e   p e a k  

a m p l i t u d e   VI  o f   p u l s e   1,  and   t h e   f a l l   t i m e   f o r   t h e  

t r a i l i n g   e d g e   o f   p u l s e   3  i s   l e s s   t h a n   t h e   f a l l   t i m e  

f o r   t h e   t r a i l i n g   e d g e   of  p u l s e   1.  S i n c e   t h e   d e g r e e   o f  

c o n t r a c t i o n   of   t h e   s e l e c t e d   t r a n s d u c e r   204  i s   d i r e c t l y  

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

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

t h e   g r e a t e r   t h e   d e g r e e   of  c o n t r a c t i o n .   A c c o r d i n g l y ,  

upon  t e r m i n a t i o n   of   a  p a r t i c u l a r   o p e r a t i n g   or  c o n t r o l  

p u l s e ,   t h e   m a g n i t u d e   of  t he   p r e s s u r e   d i s t u r b a n c e   p r o -  
d u c e d   in  t h e   a s s o c i a t e d   c h a m b e r   200  w i l l   be  d i r e c t l y  



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

ly   a p p l i e d   c o n t r o l   p u l s e .   A l s o ,   t h e   g r e a t e r   t h e   s l o p e  

or  t h e   l e s s   t h e   f a l l   t i m e   of   t h e   t r a i l i n g   e d g e   of  t h e  

c o n t r o l   p u l s e ,   t h e   more   r a p i d   t h e   e x p a n s i o n   or  e l o n g a -  

t i o n   of   t h e   s e l e c t e d   t r a n s d u c e r   204  to   i t s   r e s t   s t a t e  

upon   t e r m i n a t i o n   of  t h e   c o n t r o l   p u l s e .   C o r r e s p o n d i n g l y ,  

t h e   g r e a t e r   t h e   r a t e   of   e x p a n s i o n   of   t h e   t r a n s d u c e r   2 0 4 ,  

t h e   g r e a t e r   t h e   m a g n i t u d e   of   t h e  r e s u l t i n g   p r e s s u r e  
d i s t u r b a n c e   w i t h i n   t h e   a s s o c i a t e d   c h a m b e r   2 0 0 .   A s s u m e  

t h a t   t h e . a m p l i t u d e s  +   V 1  a n d   +  V2  of  p u l s e s   1 , 3 ,   r e s p e c -  

t i v e l y ,   a r e   l a r g e   e n o u g h   to  e n s u r e   e j e c t i o n   of  a n  i n k  

d r o p l e t   f rom  a s s o c i a t e d   o r i f i c e   202  upon   t e r m i n a t i o n  

of   t h e s e   p u l s e s ,   r e s p e c t i v e l y .  

Wi th   r e f e r e n c e   to  F i g u r e   7,  a s s u m e   t h a t   p u l s e  

1  i s   a p p l i e d   to  a  s e l e c t e d   one  of  t r a n s d u c e r s   204 .   Upon  

t e r m i n a t i o n   of  p u l s e   1,  a  t y p i c a l   i nk   d r o p l e t   5  w i l l   b e  

e j e c t e d   f rom  t h e   a s s o c i a t e d   o r i f i c e   2 0 2 .   S u b s t a n t i a l l y  

upon   t h e   t e r m i n a t i o n   of   p u l s e   1,  a s s u m e   t h a t   p u l s e   3  i s  

a p p l i e d   to  t h e   s e l e c t e d   t r a n s d u c e r   2 0 4 .   S h o r t l y   a f t e r  

t h e   t e r m i n a t i o n   of   p u l s e   3,  a  s e c o n d   i n k   d r o p l e t   7  w i l l  

be  e j e c t e d   f rom  t h e   a s s o c i a t e d   o r i f i c e   202  as   shown  i n  

F i g u r e   8,   f o r   e x a m p l e .   I n k   d r o p l e t   7  w i l l   h a v e   a  

s u b s t a n t i a l l y   g r e a t e r   v e l o c i t y   t h a n   t h e   a i r - b o r n e   i n k  

d r o p l e t   5  b e c a u s e   t h e   a m p l i t u d e   of   p u l s e   3  i s   g r e a t e r   o f  

t h a t  t h a n  p u l s e  1   a n d  t h e  f a l l   t i m e   of   p u l s e   3  i s   l e s s  

t h a n   t h a t   of  p u l s e   1.  No te   t h a t   as  p r e v i o u s l y   e x p l a i n e d  

t h o u g h ,   t h e   v e l o c i t y   of   t h e   s e c o n d   ink   d r o p l e t   7  w i l l   b e  

g r e a t e r   t h a n   t h a t   of   ink   d r o p l e t   5  so  l o n g   as  a t   l e a s t  

one   of   e i t h e r   t h e   a m p l i t u d e   of  p u l s e   3  i s   g r e a t e r   t h a n  

t h a t   of   p u l s e   1  even   i f   t h e   f a l l   t i m e s   o f   t h e s e   p u l s e s  

a r e   e q u a l ,   or   t h e   f a l l   t i m e   of   p u l s e   3  i s   l e s s   t h a n  

t h a t   o f   p u l s e   1  e v e n   i f   t h e i r   a m p l i t u d e s   a r e   e q u a l .  

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

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

c o n t r o l   p u l s e s   or   a  c o m b i n a t i o n   of   t h e   two  can   be  u s e d  



to   p r o d u c e   a  h i g h e r   v e l o c i t y   s e c o n d   d r o p l e t   7  as  i l l u s -  

t r a t e d   in  F i g u r e   8,  f o r   e x a m p l e .   By  p r o p e r l y   c o n t r o l -  

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

ink   d r o p l e t   7  can  be  made  h i g h   e n o u g h   to  c a u s e   d r o p l e t  

7  to  c a t c h   up  w i t h   d r o p l e t   5  w h i l e   e a c h   i s   a i r - b o r n e ,  

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

shown  in  F i g u r e   9.  A s s u m i n g   s u f f i c i e n t   f l i g h t   t i m e ,   t h e  

m e r g e r   o f   d r o p l e t s   5  and  7  may  r e s u l t   in  a  d r o p l e t   s h a p e  

as   s h o w n   in  F i g u r e   10  p r i o r   t o   t h e   m e r g e d   d r o p l e t s  

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

upon   t h e   r e l a t i v e   s p e e d s   ( s u c c e s s i v e l y   h i g h e r   or  l o w e r )  

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

d r o p l e t s   can   be  made  to  s t r i k e   t h e   r e c o r d i n g   m e d i a   a t  

t h e   same  p o i n t   or  s p o t ,   w i t h o u t   m e r g i n g   w h i l e   a i r - b o r n e ,  

t h e r e b y   o b t a i n i n g   t h e   same  r e s u l t .   In  t h i s   m a n n e r ,   t h e  

s i z e   o f   t h e   i n k   d r o p l e t   or   v o l u m e   of   i n k   s t r i k i n g   a  

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

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

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

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

t h e   p a r a m e t e r s   of  p u l s e s   1 ,3   u s e d   by  t h e   i n v e n t o r   i n  

c o n d u c t i n g   h i s   e x p e r i m e n t s ,   we re   28  v o l t s   and  30  v o l t s  

f o r   +  V1,  +  V2,  r e s p e c t i v e l y ;   60  m i c r o s e c o n d s   f o r   e a c h  

one  of  t h e   p u l s e   w i d t h s   T1  and  T2;  and  f a l l   t i m e s   o f  

2  m i c r o s e c o n d s   and  1  m i c r o s e c o n d   f o r   p u l s e s   1 , 3 ,   r e s p e c -  

t i v e l y .   The  v i s c o s i t y   of   t h e   i n k   in  t h i s   e x a m p l e   was  12  

c e n t i p o i s e .   For  t he   p a r t i c u l a r   i n k   j e t   d e v i c e   o p e r a t e d  

by  t h e   p r e s e n t   i n v e n t o r ,   t h e   a p p r o x i m a t e   d i a m e t e r   o f  

d r o p l e t   5  was  1 .8   m i l s ,   f o r   t h e   s e c o n d   ink   d r o p l e t   7  w a s  

2 . 2   m i l s ,   and  f o r   t he   m e r g e d   i nk   d r o p l e t   9  was  4 .0   m i l s .  

O t h e r   i n k   d r o p l e t   d i a m e t e r s   or  v o l u m e s   may  be  o b t a i n e d  

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

t i m e s   o f   p u l s e s   1  and  3,  a s  p r e v i o u s l y   m e n t i o n e d .  

W i t h i n   a  r a n g e ,   c o n t r o l   o f   t h e   s i z e   of   i n k  

d r o p l e t s   e j e c t e d   f rom  t h e   ink   j e t   d e v i c e   can   be  c o n -  



t r o l l e d   by  a d j u s t i n g   t he   a m p l i t u d e s   and  f a l l   t i m e s   o f  

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

r a n g e   o f   c o n t r o l   of  t h e   v o l u m e   of   ink   or  u l t i m a t e   i n k  

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

e x t e n d e d   v i a   a n o t h e r   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  

f o r   m e r g i n g   a  p l u r a l i t y   of   i nk   d r o p l e t s   in  f l i g h t   or  a t  

t h e   p o i n t   of   s t r i k i n g   a  r e c o r d i n g   m e d i a .  

In  F i g u r e   11 ,   t h e   a m p l i t u d e s   +  V1,   +  V2  o f  

p u l s e s   1 1 ,   1 3 ,   r e s p e c t i v e l y ,   a r e   s h o w n   to  be  e q u a l  

( t y p i c a l l y   30  v o l t s ,   f o r   e x a m p l e ) .   In  t h i s   e x a m p l e ,   t h e  

t r a i l i n g   e d g e   o f   p u l s e   11  i s   a b o u t   10  m i c r o s e c o n d s  

in  f a l l   t i m e ,   w h e r e a s   t h e   t r a i l i n g   e d g e   of  p u l s e   13  h a s  

a  f a l l   t i m e   of   a b o u t   1  m i c r o s e c o n d .   A c c o r d i n g l y ,   t h e  

ink   d r o p l e t   r e s u l t i n g   f rom  t h e   a p p l i c a t i o n   of   p u l s e   11  

to  a  s e l e c t e d   t r a n s d u c e r   204  w i l l   h a v e   a  v e l o c i t y   t h a t  

i s   s u b s t a n t i a l l y   s l o w e r   t h a n   t h e   v e l o c i t y   of   t h e   f o l l o w -  

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

3  to  t h e   t r a n s d u c e r   204 .   A c c o r d i n g l y ,   o n l y   f a l l   t i m e  

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

ink   d r o p l e t s   r e s u l t i n g   f r o m   t h e   a p p l i c a t i o n   of  p u l s e s   1 

and  3.  In  t h i s   e x a m p l e ,   i t   i s   a s s u m e d   t h a t   t h e   s e c o n d  

e j e c t e d   h i g h e r   v e l o c i t y   ink   d r o p l e t   w i l l   m e r g e   w i t h   t h e  

f i r s t   e j e c t e d   i n k   d r o p l e t   w h i l e   a i r - b o r n e   or   a t   t h e  

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

d e s c r i b e d .  

In  F i g u r e   12,   a  t h i r d   c o n t r o l   or  f i r i n g   p u l s e  

15  h a s   b e e n   a d d e d   f o l l o w i n g   t h e   t e r m i n a t i o n   of  p u l s e   1 3 .  

In  one   e x p e r i m e n t   w i t h   a  g i v e n   i n k   j e t   d e v i c e ,   t h e  

p r e s e n t   i n v e n t o r   s e t   t h e   a m p l i t u d e   o f   p u l s e s   11,  13,   1 5  

a l l   a t   30  v o l t s   (+  V1,  +  V2  and  +  V3  a l l   e q u a l   30  v o l t s ) ,  

w i t h   p u l s e s   11,   13  and  15  t y p i c a l l y   h a v i n g   e x p o n e n t i a l  

f a l l   t i m e s   o f   10  m i c r o s e c o n d s ,   5  m i c r o s e c o n d s   and   1 

m i c r o s e c o n d ,   r e s p e c t i v e l y ;   and   p u l s e   w i d t h s   of   6 0  

m i c r o s e c o n d s ,   40  m i c r o s e c o n d s   and   30  m i c r o s e c o n d s ,  



r e s p e c t i v e l y ,   f o r   e x a m p l e .   When  a p p l i e d   to  a  s e l e c t e d  

t r a n s d u c e r   204  of  t h e   g i v e n   ink   j e t   d e v i c e ,   p u l s e   11  

c a u s e d   a  f i r s t   i n k   d r o p l e t   to   be  e j e c t e d ,   p u l s e   1 3  

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

f i r s t   to  be  e j e c t e d ,   and  p u l s e   15  c a u s e d   a  t h i r d   i n k  

d r o p l e t   of  even   g r e a t e r   v e l o c i t y   to   be  e j e c t e d ,   w h e r e b y  

a l l   of  t h e s e   ink   d r o p l e t s   we re   of   s u c h   r e l a t i v e   v e l o c i -  

t i e s   t h a t   t h e y   m e r g e d   in  f l i g h t   p r i o r   to   s t r i k i n g   a  

r e c o r d i n g   m e d i a .   In  t h i s   m a n n e r ,   an  e v e n   g r e a t e r   r a n g e  

of   c o n t r o l   can   be  o b t a i n e d   f o r   a d j u s t i n g   t h e   s i z e   of  a n  

i nk   d r o p l e t   in  an  i n k   j e t   s y s t e m .   D e p e n d i n g   upon  t h e  

d i s t a n c e   of   t h e   s e l e c t e d   i n k   j e t   o r i f i c e   202  f r o m  

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

t h e  r e c o r d i n g   m e d i u m  a n d / o r   t h e   i nk   j e t   h e a d ,   and  t h e  

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

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

e j e c t e d   a t   c o r r e s p o n d i n g l y   g r e a t e r   v e l o c i t i e s   in  o r d e r  

to  p e r m i t   m e r g e r   in  f l i g h t   or  a t   t h e   p o i n t   of   s t r i k i n g ,  

p r o v i d i n g   even   g r e a t e r   c o n t r o l   of   i nk   d r o p l e t   s i z e   f r o m  

one  m a r k i n g   p o s i t i o n   to  a n o t h e r   on  a  r e c o r d i n g   m e d i u m .  

Note   t h a t   in  p r a c t i c e ,   an  ink   d r o p l e t   i s   n o t  

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

l a r   f i r i n g   p u l s e .   F o r  e x a m p l e ,   i f   t h e   p u l s e s   1 ,3   o f  

F i g u r e   6  a r e   a p p l i e d   to  a  t r a n s d u c e r   204  of  t h e   ink   j e t  

d e v i c e   u sed   by  t h e   p r e s e n t   i n v e n t o r   in  h i s   e x p e r i m e n t s ,  

an  ink  d r o p l e t   5  i s   e j e c t e d   4  m i c r o s e c o n d s   a f t e r   t h e  

t e r m i n a t i o n   of  p u l s e   1,  and  t h e   s e c o n d   ink   d r o p l e t   i s  

e j e c t e d   3  m i c r o s e c o n d s   a f t e r   t h e   t e r m i n a t i o n   of  p u l s e  

3.  The  v e l o c i t y   of   t h e   f i r s t   e j e c t e d   ink   d r o p l e t   w a s  

m e a s u r e d   to  be  3 . 5   m e t e r s   pe r   s e c o n d   and  of  t he   s e c o n d  

e j e c t e d   ink  d r o p l e t   5 . 0   m e t e r s   p e r   s e c o n d .  

Wi th   r e f e r e n c e   to  F i g u r e   13,   t h e   c o m b i n a t i o n  

of   w a v e s h a p e s   shown  c a u s e   t h e   ink   j e t   a p p a r a t u s   to  e m i t  

two  d r o p l e t s ,   w h i c h   m e r g e   a t   a  common  p o i n t   of  s t r i k i n g  



on  a  p r i n t   medium  to  p r o d u c e   d o t s   v a r y i n g   in  d i a m e t e r  

f rom  5 . 3   to  5 . 6   m i l l i i n c h e s ,   f o r   p r o d u c i n g   v e r y   b o l d  

p r i n t .   T y p i c a l l y ,   T l ,   T2,  T3,   and  T4  a r e   80 ,   4,  18  a n d  

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

p u l s e s   17  and  19  a t   110  v o l t s ,   and  p u l s e   21  a t   a b o u t  

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

on  a  p a r t i c u l a r   t y p e   o f   p a p e r   ( H a m m e r m i l l   X E R O C O P Y ,  

m a n u f a c t u r e d   by  H a m m e r m i l l   P a p e r s   C o . ,   I n c . ,   E r i e ,   P A ) ,  

u s i n g   an  ink   h a v i n g   a  wax  b a s e .   The  t y p e   o f   p a p e r   a n d  

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

a p p l i c a t i o n .   T y p i c a l l y ,   t h e   f a l l   t i m e   of  p u l s e s   17  a n d  

19  a r e   9  m i c r o s e c o n d s   and  1 . 0   m i c r o s e c o n d s ,   r e s p e c t i v e l y .  

U n d e r   t h e   c o n d i t i o n s   i n d i c a t e d   a b o v e ,   s h o r t l y   a f t e r  

t e r m i n a t i o n   o f   p u l s e   17 ,   a  f i r s t   d r o p l e t   h a v i n g   a  

v e l o c i t y   r a n g i n g   f r o m   8  t o   10  m e t e r s   p e r   s e c o n d   w a s  

p r o d u c e d .   A l s o ,   t h e   c o m b i n a t i o n   of  p u l s e s   19  and  2 1 ,  

c a u s e d   a  s e c o n d   d r o p l e t   to  be  p r o d u c e d   a b o u t   2  m i c r o -  

s e c o n d s   a f t e r   t he   t e r m i n a t i o n   of  p u l s e   19.   P u l s e   21  

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

to  be  p r o d u c e d ,   b u t   d o e s   c a u s e   t h e   s e c o n d   d r o p l e t   t o  

b r e a k o f f   e a r l i e r   f rom  t h e   o r i f i c e   of   t he   i nk   j e t   r e l a -  

t i v e   to   o p e r a t i n g   w i t h o u t   p u l s e   21 .   A l s o ,   p u l s e   2 1  

p e r m i t s   h i g h e r   f r e q u e n c y   o p e r a t i o n   of   t h e   i n k   j e t  

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

o r i f i c e .   U s i n g   t he   p u l s e   t i m e   p e r i o d s   and  a m p l i t u d e s  

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

t y p i c a l l y   6  to  8  m e t e r s   p e r   s e c o n d .   The  s l o w e r   v e l o c i t y  

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

c a u s e d   by  t h e   p r e s e n c e   of   p u l s e   21.  In  t h i s   e x a m p l e ,  

by  i n c r e a s i n g   t h e   a m p l i t u d e   o f   p u l s e   19,  t h e   v e l o c i t y  

o f   t h e   s e c o n d   d r o p l e t   c a n   be  i n c r e a s e d .   A l s o ,   b y  

v a r y i n g   t h e   d e l a y   t i m e   T2  b e t w e e n   t he   t e r m i n a t i o n   o f  

p u l s e   17  and  i n i t i a t i o n   of   p u l s e   19,   t h e   b o l d n e s s   can   b e  

m o d u l a t e d   w i t h i n   a  r a n g e .  



By  u s i n g   v a r i o u s   c o m b i n a t i o n s   of  the  waveforms  o f  

F igures   13,  14  and  15,  d e s i r e d   shading  can  be  a c c o m p l i s h e d .   S u c h  

s h a d i n g   is  known  as  h a l f - t o n i n g .   Note  that   with  r e spec t   to  F i g u r e  

13,  that   a l though  the  second  d r o p l e t   is  lower  in  v e l o c i t y   t han   t h e  

f i r s t   d r o p l e t ,   they   are  merged  at  a  common  point  of  impact  as  t h e  

point   medium.  In  F igure   14,  by  us ing   only  pulse  17  to  o p e r a t e   t h e  

ink  j e t   a p p a r a t u s ;   a  dot  h a v i n g   a  d i a m e t e r   range   of  3.3  to  3 . 5  

m i l l i i n c h e s   can  be  o b t a i n e d .   Such  dot  d i ame te r s   produce  much  l e s s  

bold   p r i n t   r e l a t i v e   to  o p e r a t i n g   the  ink  j e t   a p p a r a t u s   via  t h e  

combina t ion   of  pu l ses   17,  19  and  21.  With  r e f e r e n c e   to  F i g u r e   1 5 ,  

the  c o m b i n a t i o n   of  p u l s e s   17  and  21,  as  shown,  opera ted   the  i n k  

je t   for  producing  an  ink  d r o p l e t   having  d iamete r s   r ang ing   from  2 . 9  

to  3.0  m i l l i i n c h e s .   This  combina t ion   produces  a  very  l i g h t   p r i n t .  

It  is  s t r e s s e d   that   the  waveforms  of  F igure   14  or  15  on  t h e i r   own,  

which  produce  only  a  s i ng l e   d r o p l e t ,   do  not  l ie   wi th in   the  scope  o f  

the  i n v e n t i o n .  

As  p r e v i o u s l y   men t ioned ,   depending  upon  the  r e l a t i v e  

speeds  of  the  ink  d r o p l e t s ,   the  ink  j e t   h e a d ,   and  the  r e c o r d i n g  

medium,  the  d r o p l e t s   can  be  made  to  s t r i k e   the  r eco rd ing   medium  a t  

s u b s t a n t i a l l y   the  same  spot   or  p o i n t ,   and  are  t h e r e b y   merged  a t  

t h a t   p o i n t   for   p r o d u c i n g   a  d e s i r e d   dot  s i ze .   A c c o r d i n g l y ,   t h e  



shapes  of  the  waveforms  used  to  dr ive   the  ink  je t   a p p a r a t u s   can  b e  

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

s u c c e s s i v e l y   h i g h e r   or  lower   r e l a t i v e   v e l o c i t i e s ,   or  some 

c o m b i n a t i o n   t h e r e o f ,   so  long  as  system  t iming  pe rmi t s   the  d r o p l e t s  

to  s t r i k e   the  r e c o r d i n g   medium  at  s u b s t a n t i a l l y   the  same  po in t .   I n  

t h i s   manne r ,   one  d r o p l e t   or  a  p l u r a l i t y   of  ink  d r o p l e t s   can  b e  

s e l e c t i v e l y   chosen   for   p r i n t i n g   a  dot  of  d e s i r e d   b o l d n e s s   at  a  

po in t   on  a  r e c o r d i n g   medium. 

The  c o n t r o l l e r   261  can  be  p r o v i d e d   v i a   h a r d w i r e d  

l o g i c ,   or  by  a  m i c r o p r o c e s s o r   p rogrammed  for  p r o v i d i n g   t h e  

n e c e s s a r y   c o n t r o l   f u n c t i o n s ,   or  by  some  combina t ion   of  the  two,  f o r  

e x a m p l e .   Note  t h a t   a  Wave tek   Model  175  w a v e s h a p e   g e n e r a t o r ,  

m a n u f a c t u r e d   by  W a v e t e k ,   San  Diego ,   C a l i f o r n i a ,   was  used  by  t h e  

p r e s e n t   i nven to r   to  o b t a i n   the  waveshapes  shown  in  F i g u r e s   6,  1 1 ,  

12,  13,  14  and  15.  In  a  p r a c t i c a l   system,  a  c o n t r o l l e r   261  would 

t y p i c a l l y   be  des igned   for  p r o v i d i n g   the  n e c e s s a r y   w a v e s h a p e s   a n d  

f u n c t i o n s ,   as  p r e v i o u s l y   m e n t i o n e d ,   for   each  p a r t i c u l a r  

a p p l i c a t i o n .  



1.  A  method  for   c o n t r o l l i n g   the  volume  of  i n k  

d r o p l e t s   e j e c t e d   from  a  drop  on  demand  ink  je t   appara tus   i n c l u d i n g  

t r a n s d u c e r   means  (204)   o p e r a b l e   for   p r o d u c i n g   a  p r e s s u r e  

d i s t u r b a n c e   w i t h i n   an  a s s o c i a t e d   ink  chamber  (200),  for  e j e c t i n g   a n  

ink  d r o p l e t   from  an  a s s o c i a t e d   o r i f i c e   ( 2 0 2 ) ,   the  method  b e i n g  

c h a r a c t e r i s e d   in  tha t   it  comprises   o p e r a t i n g   said  t r a n s d u c e r   m e a n s  

(204)  in  an  i t e r a t i v e   m a n n e r ,   fo r   p r o d u c i n g   a  p l u r a l i t y   o f  

s u c c e s s i v e   p r e s s u r e   d i s t u r b a n c e s   w i th in   sa id   ink  chamber  (200) ,   f o r  

c a u s i n g  a  p l u r a l i t y   of  ink  d r o p l e t s   to  be  e j e c t e d   from  said  o r i f i c e  

(202)  wi th in   a  time  per iod   p e r m i t t i n g   said  d r o p l e t s   to  merge  e i t h e r  

while  a i r - b o r n e   or  upon  s t r i k i n g   a  r e c o r d i n g   medium. 

2.  Apparatus   for  c o n t r o l l i n g   the  volume  of  i n k  

d r o p l e t s   e j e c t e d   from  a  drop  on  demand  ink  j e t   a p p a r a t u s  

c h a r a c t e r i s e d   in  tha t   i t   comprises   t r a n s d u c e r   means  (204)  o p e r a b l e  

for  p r o d u c i n g   a  p r e s s u r e   d i s t u r b a n c e   w i t h i n   an  a s s o c i a t e d   i n k  

chamber  ( 2 0 0 ) ,   for   e j e c t i n g   an  ink  d r o p l e t   from  an  a s s o c i a t e d  

o r i f i c e   ( 2 0 2 ) ,   and  means  o p e r a b l e   for   o p e r a t i n g   said  t r a n s d u c e r  

means  (204)  in  an  i t e r a t i v e   manner,  for   p r o d u c i n g   a  p l u r a l i t y   o f  

s u c c e s s i v e   p r e s s u r e   d i s t u r b a n c e s   w i th in   said  ink  chamber  (200) ,   f o r  

causing  a  p l u r a l i t y   of  ink  d r o p l e t s   to  be  e j e c t e d   from  said  o r i f i c e  

(202)  w i th in   a  time  per iod   p e r m i t t i n g   said  d r o p l e t s   to  merge  e i t h e r  

while  a i r - b o r n e   or  upon  s t r i k i n g   a  r e c o r d i n g   medium. 



3.  A  method  a c c o r d i n g   to  claim  1  or  a p p a r a t u s  

a c c o r d i n g   to  c la im  2,  c h a r a c t e r i s e d   in  that   s a id   t r a n s d u c e r   m e a n s  

(204)   is  r e s p o n s i v e   to  an  e l e c t r i c a l   p u l s e   for  p r o d u c i n g   t h e  

p r e s s u r e   d i s t u r b a n c e   w i t h i n   an  a s s o c i a t e d   ink  chamber  ( 2 0 0 ) ,   t h e  

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

to  the  s lope   of  the  t r a i l i n g   edge  of  said  e l e c t r i c a l   pu l se ,   and  t h e  

t r a n s d u c e r   means  (204)   is  o p e r a t e d   by  a p p l y i n g   s u c c e s s i v e  

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

reduced  or  equal   t r a i l i n g   edge  s l o p e s ,   or  some  combina t ion   t h e r e o f ,  

to  said  t r a n s d u c e r   means  ( 2 0 4 ) .  

4.  A  method  or  appa ra tus   accord ing   to  claim  3 ,  

c h a r a c t e r i s e d   in  t ha t   s a i d   e l e c t r i c a l   p u l s e s   are  shaped   to  h a v e  

e x p o n e n t i a l   l e a d i n g   e d g e s .  

5.  A  method   or  appa ra tus   accord ing   to  c la im  3 

or  4,  c h a r a c t e r i s e d   in  t ha t   the  t r a i l i n g   edges  of  s a id   e l e c t r i c a l  

pu l ses   are  shaped  to  be  e x p o n e n t i a l .  

6.  A  method  or  appara tus   according   to  c la im  5 ,  

c h a r a c t e r i s e d   in  tha t   the  ampl i tude   of  each  one  of  said  e l e c t r i c a l  

p u l s e s   is  a d j u s t e d   for   o b t a i n i n g   a  d e s i r e d   v e l o c i t y   for   a n  

a s s o c i a t e d   ink  d r o p l e t ,   whereby   the  m a g n i t u d e s   of  the  p r e s s u r e  

d i s t u r b a n c e s   p r o d u c e d   by  said  t r a n s d u c e r   means  (204)  are  d i r e c t l y  

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

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



7.  A  method  or  appa ra tus   a c c o r d i n g   to  claims  3 

or  4,  c h a r a c t e r i s e d   in  tha t   the  t r a i l i n g   edges  of  s a id   e l e c t r i c a l  

pu lses   are  shaped  to  be  s u b s t a n t i a l l y   l i n e a r .  

8.  A  method  or  appara tus   a c c o r d i n g   to  c la im  7 ,  

c h a r a c t e r i s e d   in  tha t   the  ampl i tudes   of  said  e l e c t r i c a l   pu l se s   a r e  

a d j u s t e d ,   whereby  the  magni tudes   of  said  p r e s s u r e   d i s t u r b a n c e s   a r e  

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

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

9.  A  method  or  appara tus   a c c o r d i n g   to  any  one 

of  c l a i m s   3  to  8,  c h a r a c t e r i s e d   in  t h a t   a  s e c o n d a r y   p u l s e   i s  

a p p l i e d   immed ia t e ly   a f t e r   given  ones  of  said  e l e c t r i c a l   pu l ses   f o r  

c a u s i n g   e a r l i e r   b r e a k o f f   from  s a i d  o r i f i c e   (202)   of  the  i n k  

d r o p l e t s   a s s o c i a t e d   with  said  given  ones  of  said  e l e c t r i c a l   p u l s e s ,  

r e l a t i v e   to  the  time  of  b r e a k o f f   of  said  d r o p l e t s   in  the  absence  o f  

said  secondary  p u l s e s .  

10.  A  method  or  appara tus   acco rd ing   to  any  one 

of  c l a i m s   3  to  9,  c h a r a c t e r i s e d   in  t h a t   the  d e l a y   t ime  i s  

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

c o n t r o l l i n g   the  bo ldness   of  p r i n t i n g .  
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