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(§$  A  multi-jet  single  head  ink  jet  printer. 

In  a jet  type  printing  system  a  plurality  of  ink jets  are  provided 
in  line  in  the  direction  of  carriage  movement.  The  ink  jets  are 
deflected  to  print  in  a  conventional  manner  and  also  pass  by 
charging  electrodes  which  charge  individual  droplets  as  they  are 
broken  off  from  the  jets.  The  charging  electrodes  are  provided 
with  a  charge  to  produce  scanning  transverse  to  the  direction  of 
carriage  movement  such  that  if  no  charge  is  provided,  ink  will  be 
caught  in  a  catcher  and  returned  to  the  ink  reservoir  for  reuse.  By 
interlining  the  lines  a  faster  more  effective  printing  occurs. 
Interlining  may  be  done  in  accordance  with  several  stated 
methods.  An  alternative  provides  ink jets  one  above  the  other with 
deflection  means  causing  deflection  to  occur  in  opposite  direc- 
tions  so  that  one  effectively  scans  up  and  the  other  scans  down, 
this  alternative  preferably  employing  a  pair  of  ink  catchers  for  the 
respective  jets. 



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  the  use  of  more  than  one  j e t   i n  

a  s i n g l e   head  ink  j e t   p r i n t e r   to  accompl i sh   f a s t e r   and  more  e f f e c t i v e  

p r i n t i n g ,   whi le   m a i n t a i n i n g   an  e x c e l l e n t   p r i n t   q u a l i t y   for   s e r i a l  

p r i n t e r s .   The  m u l t i - j e t   nozz l e s   are  a l i g n e d   in  a  s t r a i g h t   l i n e  

p a r a l l e l   to  the  p r i n t i n g   d i r e c t i o n ,   whi le   d r o p l e t s   from  each  j e t   ( o r  

nozzle)   are  d e f l e c t e d   under  the  d e f l e c t i o n   e l e c t r i c   f i e l d   in  a  d i r e c -  

t i on   p e r p e n d i c u l a r   to  the  p r i n t i n g   d i r e c t i o n .   An  i n t e r l a c i n g   t e c h -  

nique  is  used  to  a s su r e   q u a l i t y   as  good  as  t h a t   of  a  s i n g l e   c o n t i n u o u s  

j e t   p r i n t e r ,   but   i t   y i e l d s   a  p r i n t   speed  n - t i m e s   f a s t e r ,   where  n  i s  

the  number  of  nozz l e s   in  the  ink  j e t   a r r a y   p r i n t e r .   The  p r e s e n t  
i n v e n t i o n   a l so   r e l a t e s   to  the  method  of  p roduc ing   t h a t   p r i n t i n g .  



At  the  p r e s e n t   time  t h e r e   are  a v a i l a b l e   from  v a r i o u s   s o u r c e s  

c o n t i n u o u s   s i n g l e   j e t   p r i n t e r   d e v i c e s .   Such  a  p r i n t e r   has  an  i n k  

r e s e r v o i r   which  is  under   a  c o n s t a n t   p r e s s u r e   of  t y p i c a l l y   16  to  80 

pounds  per  square   inch.   The  p r e s s u r e   causes   the  ink  f i l a m e n t   e j e c t e d  

from  a  smal l   o r i f i c e   of  20  to  50  microns  in  d i ame te r   toward  a  s m a l l  

w e l l - d e f i n e d   a rea   of  the  paper   to  be  p r i n t e d   which  paper   is  s u p p o r t e d  

a  f i xed   d i s t a n c e   from  the  nozz le   on  a  s u i t a b l e   p l a t e n .   Under  t h e  

s t i m u l a t i o n   of  an  u l t r a s o n i c   wave,  the  f i l a m e n t   is  broken  in to   a  

s t ream  of  w e l l - d e f i n e d   ink  d r o p l e t s   at  a  r a t e   equal   to  the  f r e q u e n c y  

of  the  super imposed   u l t r a s o n i c   wave.  Through  charge  i n d u c t i o n ,  

d r o p l e t s   are  charged   one  by  one  b e f o r e   b r eak -up   and  the  amount  o f  

charge   causes   e a c h  d r o p l e t   to  d e f l e c t   g e n e r a l l y   p e r p e n d i c u l a r   to  t h e  

p r i n t i n g   d i r e c t i o n   in  p r o p o r t i o n   to  the  charge   imposed.  The  d r o p l e t  

is  d e f l e c t e d   under   the  i n f l u e n c e   of  an  e l e c t r o s t a t i c   f i e l d   produced  b y  

d e f l e c t i o n   means  to  a  p r e d e t e r m i n e d   p o s i t i o n .   I n  t h e   course   of  e a c h  

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

to  the  p r i n t   d i r e c t i o n   ( u sua l l y   a  v e r t i c a l   l i n e ) ,   or  p a r t s   of  a  l i n e ,  

is  drawn  so  t h a t   by  drawing  a  s e r i e s   of  c l o s e l y   spaced  v e r t i c a l l y  

o r i e n t e d   segments  of  l i n e s   the  d e s i r e d   c h a r a c t e r   is  comple ted .   The 

charge   imposed  on  the  d r o p l e t s   is  v a r i e d   in  a  p r e d e t e r m i n e d   s t e p w i s e  

f a s h i o n ,   but   for   each  d r o p l e t   t h e r e   is  the  op t i on   of  p u t t i n g   t h e  

charge   at  a  l e v e l   which  causes   the  d r o p l e t   to  be  d i r e c t e d   to  a  g u t t e r  

or  ink  c a t c h e r   r a t h e r   than  impinging   upon  the  p a p e r .  

T y p i c a l l y ,   t he se   n o n - p r i n t i n g   d r o p l e t s   are  not  charged  and  o n l y  

the  d r o p l e t s   used  to  draw  the  s u c c e s s i v e   v e r t i c a l   l i n e   segments  a r e  

charged .   S u c c e s s i v e   v e r t i c a l   l i n e s   are  drawn  as  a  c a r r i a g e   s u p p o r t i n g  

at   l e a s t   the  ink  j e t   o r i f i c e   and  cha rg ing   e l e c t r o d e   moves  t r a n s v e r s e  

to  the  j e t   d e f l e c t i o n ,   u s u a l l y   h o r i z o n t a l l y   a c ros s   a  l i n e   on  the  p a p e r  

on  the  p l a t e n   for   a  s e r i a l   p r i n t e r .   The  charge  p o t e n t i a l   for  s u c c e s -  

s ive   d r o p l e t s   is  i n c r e a s e d   or  d e c r e a s e d   in  g e n e r a l l y   f ixed   p r e d e -  

t e rmined   s t eps   so  t h a t   i f   a l l   of  the  d r o p l e t s   are  a l lowed  to  i m p i n g e  

the  paper ,   they  w i l l   t o g e t h e r   draw  a  v e r t i c a l   l i n e .   C h a r a c t e r s   a r e  

produced  by  moving  the  c a r r i a g e   h o r i z o n t a l l y   e f f e c t i v e l y   drawing  a  

s u c c e s s i v e   sequence  of  v e r t i c a l   l i n e   segments  at  p r e d e t e r m i n e d   p o -  
s i t i o n s   which  are  needed  to  form  the  sequence  of  s e l e c t e d   c h a r a c t e r s .  

P a r t i c l e   charge  i n f o r m a t i o n   for   each  p o s s i b l e   c h a r a c t e r   capable   o f  



being   p r i n t e d   is  s t o r e d   in  a  memory  which  t y p i c a l l y   at  each  v o l t a g e  

w i l l   e i t h e r   a l low  t h a t   d e f l e c t i o n   v o l t a g e   to  be  imposed  on  the  c h a r g -  

ing  e l e c t r o d e   or  t y p i c a l l y   in  most  p r i n t e r s   c o m p l e t e l y   removes  v o l t a g e  

to  a l low  the  ink  to  be  caught   in  the  ink  g u t t e r   p o s i t i o n e d   to  c a t c h  

uncharged  p a r t i c l e s   and  r e c i r c u l a t e   them  to  the  r e s e r v o i r   for   r e u s e .  

In  the  p r i o r   a r t ,   i t   has  been  u n d e r s t o o d   t h a t   t h e r e   can  b e  

e l e c t r o s t a t i c   i n t e r a c t i o n   between  a d j a c e n t   ink  d r o p l e t s   but   t h e r e   is  a  

c e r t a i n   t o l e r a n c e   to  e r r o r   which  can  be  accommodated  to  the  d r o p l e t  

p l acemen t .   This  is  p r e f e r a b l y   l e s s   than  30  microns   for   a  r e s o l u t i o n  

of  240  dots   per  inch  (or  10  dots/mm.)  and  l e s s   than  25  11  for  300 

d o t s / i n c h   p r i n t i n g   (or  12  d o t s / n m . ) .   In  the  p r i o r   a r t ,   v a r i o u s  

t e c h n i q u e s   were  employed  for   min imiz ing   t h i s   e r r o r .   One  of  t he se   was  

the  use  of  guard  drops  as  t a u g h t   by  U.S.  P a t e n t   No.  3 , 5 6 2 , 7 5 7 ,   i s s u e d  

Februa ry ,   1971,  to  V.  B i s c h o f f .   Also,   t h e r e   are  charge   c o m p e n s a t i o n  

schemes  such  as  i l l u s t r a t e d   by  U.S.  P a t e n t   No.  3 , 8 2 8 , 3 5 4 ,   i s s u e d  

August  6,  1974,  to  H.  T.  H i l t o n .   However,  such known  p r o c e s s e s   h a v e  

a l so   reduced  the  number  of  p r i n t i n g   d r o p l e t s  b y   a  f a c t o r   of  2  to  3 

depending ,   for   example,   upon  the  number  of  n o n - c h a r g e d   d r o p l e t s   p l a c e d  

between  the  p r i n t i n g   d r o p l e t s .   If   every   o t h e r   d r o p l e t   is  not  c h a r g e d ,  

the  p r i n t i n g   speed  is  reduced   by  a  f a c t o r   of  2.  If  only  every  o t h e r  

t h i r d   d r o p l e t   is  p o t e n t i a l l y   capab le   of  cha rge ,   p r i n t i n g   speed  i s  

reduced  by  a  f a c t o r   of  3 .  

An  ink  j e t   p r i n t e r   of  the  p r e s e n t   i n v e n t i o n   may  be  of  the  t y p e  

shown  in  U.S.  P a t e n t   No.  3 , 5 9 6 , 2 7 5 ,   i s sued   J u l y   27,  1971,  to  R.  G. 

Sweet  or  U.S.  P a t e n t   No.  3 , 2 9 8 , 0 3 0 ,   i s sued   J anua ry ,   1967,  to  A.  Lewis  

and  D.  Brown.  The  p r o c e s s   has  produced  240  d o t s / i n c h   (or  10  d o t s / n m . )  

p r i n t i n g   at  92  c h a r a c t e r s   per  second  at  12  p i t c h .  
There  is  ano the r   approach  us ing   ink  j e t   a r r a y .   Numerous  c l o s e l y  

packed  ink  j e t   nozz le s   are  a l i g n e d   in  a  s t r a i g h t   l i n e   p e r p e n d i c u l a r   t o  

the  p r i n t i n g   d i r e c t i o n .   The  non -cha rged   d r o p l e t s   are  used  to  p r i n t   o n  

paper ;   whi le   the  n o n - p r i n t i n g   d r o p l e t s   are  charged  and  d e f l e c t e d   i n t o  

a  common  g u t t e r   and  are  r e c i r c u l a t e d   i n to   i t s   ink  system.  The  p r o c e s s  

was  f i r s t   t a u g h t   in  U.S.  p a t e n t   No.  3 , 373 ,437 ,   i s s u e d   March  12,  1968 ,  

to  R.  G.  Sweet  and  R.  C.  Gumming.  The  p r o c e s s   has  been  f u r t h e r  

deve loped   at  Mead  C o r p o r a t i o n   as  t a u g h t   in  U.S.  p a t e n t   No.  3 , 5 8 6 , 9 0 7  

to  D.  R.  Beam  et  a l ,   U.S.  p a t e n t   N o .  3 , 7 1 4 , 9 2 8   to  R.  P.  Tay lo r ,   U . S .  

p a t e n t   No.  3 ,836,913  to  M.  B u r n e t t   et   a l ,   and  U.S.  P a t e n t   No. 

4 ,010,477  to  J.  A.  F r e y .  



In  t h i s   approach ,   an  a r r ay   wi th   up  to  1200  nozz l e s   have  b e e n  

a l i g n e d   in  a  25  cm.  head  in  a  d i r e c t i o n   p e r p e n d i c u l a r   to  the  p r i n t  

d i r e c t i o n .   Since  each  nozz le   is  a  s i n g l e   con t inuous   j e t   and  i s  

p r i n t i n g   in  a  b ina ry   mode,  a  paper   r o l l   up  to  10  1/2  inches   width  h a s  

been  p r i n t e d   a f t e r   p a s s i n g   under  the  p r i n t   head  only  once  at  a  s p e e d  

in  excess   of  1000  f e e t   per  minute  which  is  the  f a s t e s t   e l e c t r o n i c  

p r i n t e r   ever   b u i l t   to  d a t e .  

The  approach   has  a l l   nozz l e s   share   a  common  ink  system,  a  common 

ink  r e s e r v o i r ,   a  common  d e f l e c t i o n   e l e c t r o d e ,   and  a  common  ink  c o l l e c -  

t o r .   The  cos t   is  s u b s t a n t i a l l y   l e s s   than  those   of  1200  s i n g l e   c o n t i n -  

uous  j e t s .  

L imi ted   by  how  c l o s e l y   we  can  pack  nozz l e s   per  m i l l i m e t e r   and  b y  

j e t   s t r a i g h t n e s s   o b t a i n e d   by  t o d a y ' s   f a b r i c a t i o n   t e chno logy   (1  to  1 / 2  

m i l l i r a d i a n ) ,   the   p r i n t   q u a l i t y   has  not  exceeded  an  e q u i v a l e n t   of  240 

d o t s / i n c h   (or  10  d o t s / m m . ) .  



The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  a  p r i n t   head  c o n t a i n i n g   f r o m  

2  to  n  j e t s .   All  j e t s   are  a l i g n e d   in  a  s t r a i g h t   l i ne   p a r a l l e l   to  t h e  

p r i n t i n g   d i r e c t i o n .   Each  j e t   d e f l e c t i o n   is  in  a  d i r e c t i o n   p e r p e n d i c u -  
l a r   to  the  p r i n t   d i r e c t i o n .   Proper   de lay   is  p rov ided   to  each  j e t  

du r ing   p r i n t i n g   to  m a i n t a i n   a  good  p r i n t i n g   q u a l i t y .   By  the  use  o f  

the  m u l t i p l e   j e t s   the  p r i n t i n g   speed  w i l l   be  i n c r e a s e d   2  to  n  t i m e s  

f a s t e r   depending  upon  the  number  of  j e t s   used.   At  12  c h a r a c t e r s   p e r  
inch  p r i n t i n g ,   a  high  r e s o l u t i o n   c h a r a c t e r   needs  640  p r i n t   d r o p l e t s   a t  
10  dots/mm  (or  240  d o t s / i n c h )   r e s o l u t i o n ;   and  needs  1000  p r i n t  

d r o p l e t s   at  12  dots/mm.  (or  300  dots/mm.)  r e s o l u t i o n .   While  at   5 

dots/mm.  (or  120  d o t s / i n c h )   r e s o l u t i o n ,   only  160  p r i n t   d r o p l e t s   a r e  

s u f f i c i e n t   to  form  a  c h a r a c t e r .   A  t y p i c a l   c o n t i n u o u s   ink  j e t   o p e r a t e s  

at  about   100,000  d r o p l e t s   a  second.  Hence,  a  t y p i c a l   s i n g l e  

c o n t i n u o u s   j e t   p r i n t e r   p r i n t s   about   50  c h a r a c t e r s   per  second  at   12 

dots/mm.  r e s o l u t i o n ;   about   80  c h a r a c t e r s   per  second  at   10  do t s /mm.  

r e s o l u t i o n ;   and  about   310  c h a r a c t e r s   per  second  at   5  do t s /mm.  

r e s o l u t i o n .   The  f o l l o w i n g   t a b l e   l i s t s   the  p r i n t i n g   speeds  as  a  

f u n c t i o n   of  p roce s s   and  a  number  of  j e t s :  



At  12  do ts /mm. ,   a  s i n g l e   c o n t i n u o u s   j e t   p r i n t e r   has  a  q u a l i t y   a n d  

speed  comparable   wi th   t h a t   of  a  da i sywhee l   p r i n t e r .   There  is  v e r y  
l i t t l e   p r i c e   pe r fo rmance   advan tage   over  a  da i sywhee l   p r i n t e r .   By 

adding  m u l t i - n o z z l e   to  the  p r i n t   head,  the  p r e s e n t   i n v e n t i o n   o f f e r s   a  

p r i n t i n g   speed  i n c r e a s e   by  n - t imes   (where  n  is  the  number  of  n o z z l e s  

in  a  s i n g l e   p r i n t   head) ,   whi le   m a i n t a i n i n g   the  same  high  r e s o l u t i o n  

q u a l i t y .   F u r t h e r m o r e ,   the  a d d i t i o n a l   s t r u c t u r e   r e q u i r e d   in  a c c o r d a n c e  

with  the  p r e s e n t   i n v e n t i o n   is  r e l a t i v e l y   nominal .   The  p a r t s   are  known 

and  e a s i l y   f a b r i c a t e d   and  many  p a r t s   can  be  used  in  common  such  as  t h e  

ink  system,   the  d e f l e c t i o n   p l a t e s ,   the  g u t t e r   and  r e c i r c u l a t i o n  

system.  Hence,  the  p r o c e s s   is  cos t   e f f e c t i v e .  

The  f o l l o w i n g   are  the  d e s c r i p t i o n s   of  t h i s   i n v e n t i o n .  

The  p r e s e n t   i n v e n t i o n   has  the  ink  j e t   nozz l e s   a l i g n e d   in  a  

s t r a i g h t   l i n e   and  is  in  p a r a l l e l   wi th   the  r e l a t i v e   p r i n t   d i r e c t i o n .  

Each  nozz le   is  capab le   of  p roduc ing   a  s t ream  of  ink  d r o p l e t s .   Each  

d r o p l e t   is   p r o p e r l y   charged   to  a  p r e - d e t e r m i n e d   l e v e l   and  is  able   t o  

be  d e f l e c t e d   by  the  d e f l e c t i o n   e l e c t r i c   f i e l d   to  a  maximum  d e f l e c t i o n  

of  at  l e a s t   1.35  t imes  the  c h a r a c t e r   h e i g h t   p e r p e n d i c u l a r   to  t h e  p r i n t  



d i r e c t i o n .   In  o t h e r   words,  each  nozz le   in  the  ink  j e t   p r i n t e r   p r i n t s  

e x a c t l y   l ike   the  ink  j e t   p r i n t e r   d e s c r i b e d   in  the  Sweet  p a t e n t   a n d  

Lewis  and  Brown  p a t e n t .   When  m u l t i - n o z z l e   p r i n t   head  is  used  a s  

d e s c r i b e d ,   each  nozz le   w i l l   p r i n t   a  p o r t i o n   of  the  v e r t i c a l   m a t r i c e s .  

The  v e r t i c a l   m a t r i c e s   p r i n t e d   by  d i f f e r e n t   nozz l e s   in  the  a r r ay   w i l l  

i n t e r l a c e   to  form  a  high  r e s o l u t i o n   c h a r a c t e r .  

For  example,  i f   the  a r r ay   head  c o n t a i n s   two  n o z z l e s ,   j e t   "1"  w i l l  

p r i n t   every  even  number  of  v e r t i c a l   m a t r i c e s ,   whi le   the  j e t   "2"  w i l l  

p r i n t   every  odd  number  of  v e r t i c a l   m a t r i c e s .   There  is  a  time  d e l a y  

for  j e t   "2"  with  r e s p e c t   to  j e t   "1"  by  (d  ±  1/R)/10V  seconds  w h e r e :  

d  is  the  i n t e r   j e t   spac ing   in  mm., 

R  is  the  r e s o l u t i o n   in  d o t s / n m . ,   a n d  

V  is  the  p r i n t e r   head  speed  in  can. /sec;   or  a  

s p a c i a l   de lay   of  (dR  ±  1)  d o t t e d   l i n e s .  

I t   w i l l   then  be  u n d e r s t o o d   t h a t   the  d i s t a n c e   between  c e n t e r s   o f  

two  nozz l e s   must  be  a  m u l t i p l e   i n t e g e r   of  the  i n t e r - d o t   d i s t a n c e  

between  c e n t e r s   for  the  g iven  r e s o l u t i o n .  

If  t h r e e   nozz l e s   are  used,   each  nozz le   p r i n t s   only  every  t h i r d  

v e r t i c a l   m a t r i c e s ,   i . e . ,  

j e t   "1"  p r i n t s   (3m ±  1) th   d o t t e d   l i n e ;  

j e t   "2"  p r i n t s   (3m  ±  2) th   d o t t e d   l i n e ;  

j e t   "3"  p r i n t s   (3m  ±  3) th   d o t t e d   l i n e ;   where  m  is  an  i n t e g e r .  

The  time  de l ays   with  r e s p e c t   to  j e t   "1"  a r e ,  ( d   ±  1/R)/10V  seconds  f o r  

j e t   "2";  and  (2d ±  2/R)10V  seconds  for  j e t   "3",  or  t h e r e   are  s p a c i a l  

de lays   with  r e s p e c t   to  j e t   "1"  by  (dR  ±  1)  d o t t e d   l i n e s   for   j e t   " 2 " ,  

and  (2dR  ±  2)  d o t t e d   l i n e s   for  j e t ,  " 3 " .  

In  g e n e r a l ,   i f   t h e r e   are  n  nozz l e s   in  a  s i n g l e   head  s e p a r a t e d   b y  

a  d i s t a n c e   d  between  c e n t e r s   (d  is  a l so   an  i n t e g e r   of  1/R) ,  e a c h  

nozz le   w i l l   p r i n t   every  nth  d o t t e d   l i ne   a p a r t .   In  p a r t i c u l a r ,   the  K th  

j e t   in  the  a r r ay   w i l l   p r i n t   every  (mn  ±  K)th  d o t t e d   l i n e ,   whi le   t h e  

f i r s t   j e t   w i l l   p r i n t   every  (mn  ±  1) th  d o t t e d   l i n e ,   where  n  is  a n  

i n t e g e r .   There  e x i s t s   a  time  de lay   for  the  Kth  j e t   wi th   r e s p e c t   t o  

the  f i r s t   j e t   by  (K-1)  [ d ±   1/R]/10V  second,   or  a  s p a c i a l   de lay   o f  

(K-1)  [dR  ±  1]  d o t t e d   l i n e s .  

L e t  u s   now  examine  the  e l e c t r o s t a t i c   i n t e r a c t i o n   between  c h a r g e d  

d r o p l e t s   on  f l i g h t   between  two  a d j a c e n t   j e t s   which  could  e f f e c t   t h e  

d r o p l e t   p lacement   e r r o r .   E l e c t r o s t a t i c   Coulomb  fo rce   between  two 

charged  p a r t i c l e s   of  a d j a c e n t   j e t s   i s  



where  q  is   the  charge  c o n t a i n e d   in  the  d r o p l e t   " i " ,   r  is  the  d i s t a n c e  

between  the  d r o p l e t s   of  a d j a c e n t   j e t s ,   and  K  is  a  c o n s t a n t .   Note  t h a t  

the  c l o s e s t   d i s t a n c e   between  charged   d r o p l e t s   from  2  a d j a c e n t s   j e t s   i s  

the  d i s t a n c e   between  the  j e t   nozz l e s   which  as  a  p r a c t i c a l   p r o p o s i t i o n  

is  t aken   to  be  1  -   3  mm.  At  132,000  d r o p l e t s / s e c .   and  a  d r o p l e t  

v e l o c i t y   of  2000  c m . / s e c . ,   the  i n t e r - d r o p l e t   spac ing   for   a  s i n g l e   j e t  

is  .152  m i l l i m e t e r s ,   the  i n t e r - d r o p l e t   spac ing   is  7  to  20  t imes  c l o s e r  

than  the  i n t e r - j e t   spac ing .   Since  Coulomb  fo rce   is  i n v e r s e l y  

p r o p o r t i o n a l   to  the  square   of  the  d i s t a n c e ,   c o r r e c t i o n   due  to  a d j a c e n t  

j e t   is  very   smal l .   Hence,  one  can  ignore   both  the  e l e c t r o s t a t i c  

c o r r e c t i o n   as  wel l   as  the  aerodynamic  wake  e f f e c t   for   d r o p l e t s   b e t w e e n  

j e t s .  

More  s p e c i f i c a l l y ,   the  ink  j e t   p r i n t e r   a p p a r a t u s   of  the  p r e s e n t  

i n v e n t i o n   employs  an  ink  chamber  or  r e s e r v o i r   having  at   l e a s t   two 

matched  o r i f i c e   nozz l e s   a l i g n e d   p a r a l l e l   to  one  a n o t h e r .   Means  o f  

c o n s t a n t   p r e s s u r e   or  of  c o n s t a n t   flow  is  employed  to  apply  p r e s s u r e   t o  

the  r e s e r v o i r   to  fo rce   ink  out  t h rough   each  of  sa id   o r i f i c e s   in  a  t h i n  

f i l a m e n t ,   i n c l u d i n g   means  a c o u s t i c   energy  means  g e n e r a t i n g   waves  o f  

the  same  phase  be ing   p r e f e r r e d ,   a c t i n g   on  the  ink  to  break   t h e  

f i l a m e n t   i n to   d r o p l e t s   of  p r e d e t e r m i n e d   s i z e ,   each  d r o p l e t   being  of  a  

s i ze   to  p roduce   a  dot  of  p r e d e t e r m i n e d   s i z e   in  a  r a s t e r   of  d o t s  

forming  a  p r i n t e d   c h a r a c t e r .   D e f l e c t i o n   p l a t e s   are  p o s i t i o n e d   so  t h a t  

a l l   of  the  d r o p l e t s   pass   in  d r o p l e t   pa ths   from  the  r e s p e c t i v e   n o z z l e s  

each  in  p l anes   t r a n s v e r s e   to  the  d e f l e c t i o n   p l a t e s .   D e f l e c t i o n  

v o l t a g e   supply   means  is   connec ted   to  the  d e f l e c t i o n   p l a t e s   to  impose  

an  e l e c t r o s t a t i c   f i e l d   between  the  d e f l e c t i o n   p l a t e s .   C h a r g i n g  

e l e c t r o d e   means  is  f i x e d   r e l a t i v e   to  each  o r i f i c e   nozz le   in  p o s i t i o n  

a d j a c e n t   to  the  r e s p e c t i v e   o r i f i c e   nozz l e s   a long  the  d r o p l e t   p a t h s  

from  t h a t   nozz l e .   E l e c t r o s t a t i c   s h i e l d i n g   means  may  be  i n t e r p o s e d  

between  a d j a c e n t   c h a r g i n g   e l e c t r o d e s   to  i s o l a t e   charge   e f f e c t s   imposed  

on  d r o p l e t s   of  one  s t ream  from  d r o p l e t s   of  a n o t h e r .   A  source  o f  

v o l t a g e   is  connec ted   to  the  r e s p e c t i v e   c h a r g i n g   e l e c t r o d e   means.  Each  

c h a r g i n g   e l e c t r o d e ,   in  t u r n ,   is  capable   of  i nduc ing   e l e c t r o s t a t i c  

charge  on  the  i n d i v i d u a l   d r o p l e t s   as  they  break   of f   from  the  i n k  

f i l a m e n t   emerging  from  the  o r i f i c e   a s s o c i a t e d   with  the  c h a r g i n g  



e l e c t r o d e .   The  d r o p l e t s   are  then  d e f l e c t e d   i n to   pa th s   de t e rmined   by  
t h e i r   r e s p e c t i v e   charges   as  they  pass  th rough   the  f i e l d   imposed  by  t h e  
d e f l e c t i o n   p l a t e s .   Vol tage   s w i t c h i n g   means  is  p r o v i d e d   for   a p p l y i n g  
in  a  p r e a r r a n g e d   o rde r   s e l e c t e d   v o l t a g e s   (which  may  i n c l u d e   z e r o  

vo l t age )   to  each  c h a r g i n g   e l e c t r o d e ,   as  the  i n d i v i d u a l   d r o p l e t s   p a s s  

th rough .   The  s e l e c t e d   l e v e l   of  v o l t a g e   induces   charge   on  each  d r o p l e t  

de t e rmined   by  and  d i f f e r e n t   for  each  v o l t a g e   and  causes   t h a t   d r o p l e t  

to  fo l low  a  p r e d e t e r m i n e d   d r o p l e t   pa th .   Each  d r o p l e t   having  the  same 

charge  w i l l   fo l low  the  same  pa th ,   d i f f e r e n t   from  pa ths   fo l lowed   by  

d r o p l e t s   having  o the r   charges   but   a l l   of  which  d r o p l e t   pa ths   l i e   in  a  

common  plane  t r a n s v e r s e   to  the  d e f l e c t i o n   p l a t e s .   Ink  c o l l e c t o r   means 

is  p o s i t i o n e d   for  c o l l e c t i o n   of  n o n - p r i n t   ink  d r o p l e t s   for   a l l   n o z z l e s  

moving  along  the  p r e d i c t a b l e   pa ths   g e n e r a t e d   by  a  p a r t i c u l a r   s e l e c t e d  

l e v e l   of  v o l t a g e   t y p i c a l l y   at  zero  p o t e n t i a l .   Means  is  s u p p l i e d   f o r  

s u p p o r t i n g   paper   in  p o s i t i o n   such  t h a t   d r o p l e t s   moving  a long  pa th s   i n  

a  p lane   from  an  o r i f i c e   nozz le   w i l l   impinge  the  s u p p o r t e d   paper   a t  

p o i n t s   along  a  l i ne   o p p o s i t e   t h a t   o r i f i c e   nozz le   and  p a r a l l e l   to  a  

l i ne   o p p o s i t e   ano the r   o r i f i c e   nozz le   upon  which  d r o p l e t s   from  s a i d  

o t h e r   nozz le   impinge.   C a r r i a g e   is  a l so   p r o v i d e d   for   moving  t h e  

o r i f i c e   nozz l e s   and  c h a r g i n g   e l e c t r o d e   means  r e l a t i v e   to  the  means  

s u p p o r t i n g   the  paper   t r a n s v e r s e   to  the  p lane   of  d r o p l e t   pa ths   from  a  

p a r t i c u l a r   n o z z l e .  

The  method  of  the  p r e s e n t   i n v e n t i o n   i n v o l v e s   e i t h e r   manua l ly   o r  

a u t o m a t i c a l l y ,   as  by  computer ,   d e l a y i n g   the  p r i n t i n g   of  i n t e r m e d i a t e  

l i n e s   u n t i l   the  second  nozz le   o r i f i c e   c a t c h e s   up  wi th   the  p o s i t i o n  

a d j a c e n t   to  t h a t   the  f i r s t   nozz le   o r i f i c e   was  in  when  i t   p r i n t e d   t h e  

l i ne   a d j a c e n t   to  which  the  new  l i n e   is  to  be  p r i n t e d   by  the  s e c o n d  

nozz l e .   In  accordance   wi th   the  p r e s e n t   i n v e n t i o n ,   the  p a t t e r n   of  d o t s  

in  the  (2n  ±  1) th   d o t t e d   l i n e   p r i n t e d   by  the  second  j e t   is  d e l a y e d  

from  the  time  of  the  p r i n t i n g   of  the  2nth  d o t t e d   l i n e   by  the  f i r s t   j e t  

by  (d  ±  1/R)/10V  seconds  where  "d"  is  in  the  i n t e r - j e t   spac ing   i n  

m i l l i m e t e r s ,   "V"  is  the  p r i n t   speed  in  c m . / s e c . ,   and  "R"  is  r e s o l u t i o n  

in  dots   per  m i l l i m e t e r .   The  s p a c i a l   de lay   is  e x p r e s s e d   (dR  ±  1) 

d o t t e d   l i n e s .  



The  p r e s e n t   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 e n c e   t o  

the  accompanying  drawings   in  w h i c h :  

Fig.   1  is  a  s ide   e l e v a t i o n a l   view  of  a  two  j e t   v e r s i o n   of  t h e  

p r e s e n t   i n v e n t i o n   in  a  p a r t i a l   s e c t i o n a l   view  or  in  the  s e c t i o n   a s  
taken   t h rough   the  c h a r g i n g   e l e t r o d e   r i ng   and  d e f l e c t i n g   p l a t e   a l o n g  

the  pa ths   from  one  o r i f i c e ;  

Fig.  2  is  a  p lan   view  from  above  p a r t i a l l y   in  s e c t i o n   showing  a  

s e c t i o n   th rough   the  j e t   pa th   at  o r i f i c e   l e v e l   at  both  o r i f i c e s   and  t h e  

bot tom  p l a t e   of  the  d e f l e c t i o n   p l a t e s ;  

Fig.   3  is  an  a l t e r n a t i v e   c o n s t r u c t i o n   shown  in  a  view  s i m i l a r   t o  

t h a t   of  Fig.   1;  

Fig.  3A  is  a  s e c t i o n a l   view  taken  a long  l i n e   3A  of  Fig.  3  showing  

one  form  of  d e f l e c t i o n   e l e c t r o d e s ;  

Fig.  3B  is  a  s i m i l a r   view  to  t h a t   of  Fig.   3A  but  showing  a n  

a l t e r n a t i v e   form  of  e l e c t r o d e ;  

Fig.  4  is  a  d e t a i l   view  t aken   a long  l i n e   4-4  of  Fig.  3  showing  a  

mod i f i ed   ink  c o l l e c t o r   means ;  

Fig.  5  is  a  s ide   s e c t i o n a l   view  of  p r i n t e r   head  in  Fig.  1; 

Fig.   6  is  s e c t i o n a l   view  taken   a long  l i n e   6-6  of  Fig.  5;  

F i g .  7   is  a  f r o n t   view  of  the  ink  j e t   head  as  seen  from  l i n e   7 -7  

of  Fig.  6;  

Fig.   8  is  a  s e c t i o n a l   view  taken   along  l i ne   8-8  of  Fig.  5 ;  

Fig.   9  is  a  s chemat i c   drawing  r e p r e s e n t i n g   a  f ive   j e t   v e r s i o n   o f  

the  p r e s e n t   i n v e n t i o n ;  

Fig.  10  is  a  s ide   s e c t i o n a l   view  ac ros s   any one  of  the  j e t s   i n  

Fig.  9;  

Fig.  11  i l l u s t r a t e s   how  a  l e t t e r   "T"  is  p r i n t e d   by  the  f ive   j e t  

p r i n t e r ;   a n d  

Figs .   12a,  b  and  c  are  f r agmen ta ry   p e r s p e c t i v e   views  of  d i f f e r e n t  

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



R e f e r r i n g   how  to  the  d rawings ,   F igs .   1  and  2,  5,  6,  7  and  8 

i l l u s t r a t e   a  p r e f e r r e d   embodiment.  Much  of  the  system  is  known  to  b e  

c o n v e n t i o n a l .   Much  of  i t   has  been  shown  in  schemat ic   form  s ince   t h e  

a c t u a l   p h y s i c a l   form  is  wel l   known.  Thus,  for  example,   in  F igs .   1  a n d  

2,  the  ink  chamber  10  is  shown  s c h e m a t i c a l l y .   The  o r i f i c e   n o z z l e s  

through  which  ink  f i l a m e n t s   are  e j e c t e d   from  the  r e s e r v o i r   are  b e s t  

seen  as  nozz l e s   12a  and  12b  in  an  o r i f i c e   p l a t e   12.  The  use  of  two 

nozz les   in  t h i s   c o n f i g u r a t i o n   is  new.  A  suppor t   s t r u c t u r e   18  o f  

i n s u l a t i n g   m a t e r i a l   s u p p o r t s   r i ng   c h a r g i n g   e l e c t r o d e s   16a  and  16b ,  

between  which  is  p rov ided   a  c o n d u c t i v e   e l e c t r o s t a t i c   s h i e l d   14  o f  

c o n d u c t i v e   m a t e r i a l .  

C o n s i d e r i n g   Figs .   5  and  6  b r i e f l y ,   i t   w i l l   be  seen  t h a t   t h e  

r e s e r v o i r   s t r u c t u r e   is  more  r e p r e s e n t a t i v e   of  an  a c t u a l   form  w h i c h  

would  be  employed.  The  r e s e r v o i r   p r o v i d e s   a  cone - shaped   c a v i t y   in  a  

block  20  p r o v i d e d   wi th   a  c y l i n d r i c a l   e x t e n s i o n   20a  the  o u t s i d e   s u r f a c e  

of  which  is  t h r e a d e d   to  engage  the  t h r e a d s   of  a  cap  22.  The  c a p  

c l o s e s   the  narrow  end  of  the  c o n i c a l   c a v i t y   and  is  p r o v i d e d   wi th   t h e  

o r i f i c e s   12a  and  12b  on  an  o r i f i c e   p l a t e   12.  Ink  is  fed  i n to   t h e  

c a v i t y   10  th rough   a  c o n d u i t   24,  p r e f e r a b l y   from  a  sump  fed  from  t h e  

r e t u r n   means  from  the  g u t t e r   (to  be  d e s c r i b e d )   th rough   a  s u i t a b l e   pump 

which  s u p p l i e s   p r e s s u r e   at  a  c o n s t a n t   r a t e ,   t y p i c a l l y   about   16  to  80 

pounds  per  square   inch.   The  ink  is  fed  i n to   the  ink  chamber  by  way  o f  

a  c a v i t y   26  a d j a c e n t   to  back  p l a t e   28  mounted  on  the  r e s e r v o i r   p l a t e  

20  us ing   a  s e a l i n g   g a s k e t   30  and  s u i t a b l e   f a s t e n e r s   and  s u p p o r t i n g   a n  

u l t r a s o n i c   t r a n s d u c e r   32.  A  f i l a m e n t   of  ink  on  the  o rde r   of  20  to  30 

microns  in  d i ame te r   is  e j e c t e d   under   the  p r e s s u r e   t h rough   the  o r i f i c e  

nozz le   and  is  broken  in to   w e l l - d e f i n e d   ink  d r o p l e t s   in  the  c h a r g e  

r ings   16  at  a  r a t e   equal   to  the  r a t e   of  the  f r equency   of  t h e  

u l t r a s o n i c   source ,   t hus ,   e n a b l i n g   each  i n d i v i d u a l   d r o p l e t   to  b e  

s e p a r a t e l y   and  d i f f e r e n t l y   charged  by  the  c h a r g i n g   means  14 .  

S p e c i f i c a l l y   the  two  j e t s   i nvo lved   here  are  charged  by  t h e  

cha rg ing   r ing   e l e c t r o d e s   16a  and  16b  which  su r round   the  pa ths   of  t h e  

d r o p l e t s   c lo se   to  the  o r i f i c e   and  be fo re   they  are  d e f l e c t e d   by  t h e  

e l e c t r o s t a t i c   p l a t e s   34a  and  34b.  The  amount  of  d e f l e c t i o n   of  a n  

i n d i v i d u a l   d r o p l e t   depends  upon  the  charge  imposed  upon  t h a t   d r o p l e t  

by  i t s   cha rg ing   r ing   e l e c t r o d e   16a  or  16b.  In  the  u s u a l  

c o n f i g u r a t i o n ,   uncharged   d r o p l e t s   are  a l lowed  to  p roceed   u n d e f l e c t e d  



t h rough   the  e l e c t r o s t a t i c   f i e l d   between  the  p l a t e s   34a  and  34b  i n t o  
the  g u t t e r   or  c a t c h e r   36.  They  are  r e t u r n e d   by  d ra in   38  to  a  sump  a n d  

by  the  pump  back  to  the  r e s e r v o i r   th rough  the  l i n e   24  as  d e s c r i b e d   a l l  

in  c o n v e n t i o n a l   manner.  If   i n s t e a d   of  not  be ing   charged  the  d r o p l e t s  

are  cha rged ,   the  e l e c t r o s t a t i c   f i e l d   w i l l   ac t   upon  them  to  d e f l e c t  

them.  The  a r r angemen t s   shown  in  the  drawings   r e q u i r e s   an  upward  
d e f l e c t i o n   such  t h a t   the  g r e a t e r   the  charge ,   the  more  upward  t h e  

d e f l e c t i o n   would  be.  By  v a r y i n g   the  amount  of  charge  in  s t e p s ,   a  l i n e  

of  dots   can  be  drawn  by  s u c c e s s i v e   d r o p l e t s   on  a  p i ece   of  paper   40 

c a r r i e d   on  a  p l a t e n   42  on  a  p r i n t e r .   The  ink  must  pass  through  a n  

e l o n g a t e d   s l o t   44a  in  a  s h i e l d   44  and  the  s l o t   is  gauged  to  pe rmi t   t h e  

f u l l   l e n g t h   of  the  c h a r a c t e r   to  be  drawn  or  p r i n t e d   on  the  paper   40.  

In  p r a c t i c e ,   a l t h o u g h   they  are  shown  as  e l ements   b r o k e n - a w a y ,  

s u g g e s t i n g   t h e i r   e x t e n s i o n   the  l eng th   of  the  p l a t e n ,   the  d e f l e c t i o n  

e l e c t r o d e s   34a  and  34b  may  be  s h o r t   and  c a r r i e d   on  the  p r i n t   h e a d  

c a r r i a g e   or  may  be  made  o p t i o n a l l y   long  and  ex tend  the  l eng th   of  t h e  

p r i n t e r   p l a t e n .   The  same  is  t r ue   of  the  c a t c h e r   or  g u t t e r   36.  The 

r e s t   of  the  s t r u c t u r e ,   the  cha rg ing   e l e c t r o d e s   16a  and  16b  and  t h e i r  

suppor t   14  are  e f f e c t i v e l y   m e c h a n i c a l l y   i n t e g r a l   wi th   the  r e s e r v o i r  

and  o r i f i c e s   and  are  p a r t   of  the  l a t e r a l l y   moving  p r i n t   head  w h i c h  

moves  p a r a l l e l   to  the  l eng th   of  the  p l a t e n .   The  p r i n t   head  t h e r e f o r e  

is  de s igned   to  s e q u e n t i a l l y   p r i n t   as  i t   moves  a long  the  s t r u c t u r e ,  

p a r a l l e l   to  the  p l a t e n .  

Some  d imens ions   a c t u a l l y   used  in  a  two  j e t   c o n s t r u c t i o n   a r e  

h e l p f u l   in  v i s u a l i z i n g   the  s i ze   of  the  s t r u c t u r e .   The  two  o r i f i c e  

n o z z l e s   l o c a t e d   a long  the  h o r i z o n t a l   d i a m e t e r   (or  axis)   are  spaced  on  
the  o rde r   of  3  to  4  mm  a p a r t .   The  t i p   of  the  cone  in  the  ink  chamber  

10  is  e l o n g a t e d   in  the  h o r i z o n t a l   d i r e c t i o n ,   the  d i r e c t i o n   of  h e a d  

t r a v e r s e   to  a  d imens ion   of  6  nm  as  opposed  to  3  mm  in  the  v e r t i c a l  

d imens ion .   The  e l o n g a t e d   cone  t i p   is  recommended  to  focus  t h e  

a c o u s t i c   energy  and  to  a s su r e   an  e f f i c i e n t   n o n - p e r t u r b e d   a c o u s t i c   wave 

r e a c h i n g   at  the  o r i f i c e   nozz le s   wi th   i d e n t i c a l   energy  d e n s i t y   and  a t  

i d e n t i c a l   phase .   The  back  of  the  cone  has  a  d i ame te r   of  8  mm  and  i s  

c l o sed   by  a  s t a i n l e s s   s t e e l   p l a t e   28  with  a  c i r c u l a r   d i sc   t r a n s d u c e r  

32,  8-10  mm  in  d i a m e t e r ,   mounted  in  the  o t h e r   s ide  of  the  meta l   c o v e r  
for   s t i m u l a t i o n .   For  maximum  t r a n s f e r   of  a c o u s t i c   energy ,   t h e  

d i s t a n c e   between  the  o r i f i c e   p l a t e   and  the  back  p l a t e   for  s t i m u l a t i o n  

should  be  (2m  +  1)  A/4  where  A  is  the  a c o u s t i c   wave  l eng th   of  t h e  



ink,   and  m  is  an  i n t e g e r .   Other  than  two  o r i f i c e   nozz l e s   at  t h e  

o r i f i c e   p l a t e   and  an  e l o n g a t e d   cone  t i p ,   the  head  s t r u c t u r e   r e m a i n s  

i d e n t i c a l   with  t h a t   of  a  s i n g l e   j e t   head  s t r u c t u r e .  

Charging  e l e c t r o d e s   16a  and  16b  c o n s i s t   of  two  meta l   r i ngs   w i t h  

1.0  mm  inner   d i a m e t e r .   The  t h i c k n e s s   of  the  c h a r g i n g   e l e c t r o d e   or  t h e  

l eng th   of  each  r ing   is  about   0.9  to  1.0  mm.  The  d i s t a n c e   b e t w e e n  

c e n t e r s   of  the  cha rg ing   r i ngs   is  i d e n t i c a l   to  the  d i s t a n c e   b e t w e e n  

c e n t e r s   of  the  o r i f i c e   n o z z l e s .  

Both  the  o r i f i c e   nozz l e s   12a  and  12b  and  two  c h a r g i n g   r i n g s   16a 

and  16b  are  l o c a t e d   an  equal   d i s t a n c e   above  the  bot tom  of  t h e  

d e f l e c t i o n   p l a t e s   34a .  

In  o p e r a t i o n   nozz l e s   12a  and  12b  produce  j e t s   t h a t   are  as  c l o s e  

to  i d e n t i c a l   twins  as  p o s s i b l e .   As  the  p r i n t e r   head  t r a v e r s e s   a l o n g  

i t s   c a r r i e r   rod  (not  shown),  for  example,   from  l e f t   to  r i g h t ,   for  any  

given  spot  on  the  paper ,   j e t  a   w i l l   reach  t h e r e   f i r s t ,   whi le   j e t   b  i s  

3  mm.  away.  The  p r i n t e d   dot  from  a  d r o p l e t   in  j e t   a  w i l l   be  3nm.  away 
from  the  one  in  j e t   b,  p lus   a d d i t i o n a l   e r r o r   caused  by  the  j e t  

s t r a i g h t n e s s .   Hence  j e t   s t r a i g h t n e s s   is  a  major  concern   for  a  h i g h  

r e s o l u t i o n   p r i n t i n g   ink  j e t   a r r a y .   For  a  p r i n t i n g   r e s o l u t i o n   of  300 

dots   per  inch,   the  d r o p l e t   p l acement   e r r o r   should   be  w i t h i n   25 

microns .   The  c o r r e s p o n d i n g   j e t   s t r a i g h t n e s s   is  l e s s   than  1 

m i l l i r a d i a n .  

For  a  g iven  v e r t i c a l   p r i n t e d   d o t t e d   l i n e ,   t h e r e   are  40  p r i n t i n g  

p o s i t i o n s   v e r t i c a l l y   for   each  j e t .   S igna l   v o l t a g e   plus   the  c h a r g e  

compensa t ion   c o n t r o l   are  used  to  a s s u r e   t h a t   d r o p l e t   is  p l aced   w i t h i n  

a  25  micron  r a d i u s   of  the  p r e d e t e r m i n e d   spot   p o s i t i o n .  

In  a  r e g u l a r   t e x t   p r i n t i n g   mode  with  a  r e s o l u t i o n   of  300  dots   p e r  

inch  (or  12  do t s /mm. ) ,   j e t  a   w i l l   p r i n t   the  2nth  d o t t e d   l i n e ,   w h i l e  

j e t   b  w i l l   p r i n t   the  (2n  ±  1) th  d o t t e d   l i n e .   There  is  a  de lay   of  3  x  

12  ±  1  d o t t e d   l i n e s   between  j e t s ,   or  a  time  de lay   of  (3  ±  1 / 1 2 ) / 1 0 V  

seconds  be fo re   j e t   b  s t a r t s   p r i n t i n g   next   to  the  d o t t e d   l i n e   p r i n t e d  

by  j e t   a,  where  "V"  is  the  v e l o c i t y   of  the  c a r r i e r   in  c m . / s e c o n d .   F o r  

b i - d i r e c t i o n a l   p r i n t i n g ,   j e t   a  lags  behind  j e t   b  by  3  x  12  ±  1  d o t t e d  

l i n e s   or  lags  by  a  time  of  (3  ±  1 /12) /10V  s e c o n d s .  

For  a  r e s o l u t i o n   of  240  d o t s / i n c h   (or  10  dots /mm),   each  j e t  

p r i n t s   32  p o s i t i o n s .   J e t   a  p r i n t s   the  even  number  2n  th  d o t t e d   l i n e s  

and  j e t   b  p r i n t s   the  odd  (2n-1 ) th   d o t t e d   l i n e s .   Time  delay   b e t w e e n  

these   two  j e t s   is  (3  ±  1 /10) /10V  seconds  or  3  x  10  ±  1  d o t t e d   l i n e s .  



In  g e n e r a l ,   i f   "d"  is  the  i n t e r - j e t   spac ing   in  mm  and  r e s o l u t i o n   is  R 

dots /mm. ,   then  the  time  de lay   between  two  j e t s   i s  

(d  ± 1 / R ) / 1 0 V   s e c o n d s ;  

or  a  s p a c i a l   de lay   o f  

(dR  1 )   d o t t e d   l i n e s .  

In  a  d r a f t   p r i n t i n g   mode,  the  e l e c t r o n i c s   t akes   a  s l i g h t l y  

d i f f e r e n t   sequence .   J e t   a  w i l l   p r i n t   at  the  2(2m)th  d o t t e d   l i n e s ;  

whi le   j e t   b  p r i n t s   at  the  2 (m -  1) th  d o t t e d   l i n e s .   All  odd  number  o f  

d o t t e d   l i n e s   are  o m i t t e d .   The  time  de lay   between  two  j e t s   is  a l w a y s  

(d  ±  2/R)/10V  s e c o n d s ;  

or  a  s p a c i a l   de lay   o f  

(dR  ±  2)  d o t t e d   l i n e s   away.  

"d",  "R"  and  "V"  have  been  d e f i n e d   in  Sec t i on   ( 1 ) .  

Since  each  j e t   is  b a s i c a l l y   the  same  as  a  r e g u l a r   s i n g l e  

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

compensa t i on ,   and  guard  drop  scheme  are  the  s ame .   To  minimize  t h e  

c ross   t a l k   between  j e t s ,   e l e c t r o s t a t i c   s h i e l d i n g   between  c h a r g i n g  

e l e c t r o d e s   is  recommended.  

R e f e r r i n g   now  to  Fig.   9,  a  c o n f i g u r a t i o n   is  shown  in  which  a  

5 - n o z z l e   j e t   c o n f i g u r a t i o n   is  employed.  The  s t r u c t u r e   is  very  s i m i l a r  

as  t h a t   for   the  2 - j e t   a r r a y   shown  in  F igs .   1,  2,  5  th rough   8  a n d  

t h e r e f o r e   s i m i l a r   numbers  with  the  a d d i t i o n   of  pr imes  t h e r e t o   a r e  

employed  in  the  s t r u c t u r e .   The  ink  r e s e r v o i r   10'  is  modi f i ed   somewhat 

in  shape  and  e l o n g a t e d   w i t h i n   p l a t e   20'  in  o rde r   to  accommodate  t h r e e  

t r a n s d u c e r s   32 ' ,   32b ' ,   32c ' .   The  back  p l a t e   28'  suppo r t s   t h e  

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

i n t e r c o n n e c t e d   in  such  a  way  t h a t   they  w i l l   be  cumula t i ve   or  a d d i t i v e  

in  t h e i r   e f f e c t   r a t h e r   than  c o u n t e r a c t i n g   the  e f f e c t   of  o t h e r  

t r a n s d u c e r s .   S p e c i f i c a l l y ,   they  a l l   ac t   to  g e n e r a t e   a  pu l se   which  i s  

in  phase  and  they  are  s e l e c t e d   to  be  of  such  a  f r equency   as  to  a v o i d  

s t a n d i n g   waves  or  o t h e r   e f f e c t s   c o u n t e r p r o d u c t i v e   to  the  g e n e r a t i o n   o f  

the  d r o p l e t s .   The  o r i f i c e   p l a t e   12'  in  t h i s   case  has  f ive   s e p a r a t e  
o r i f i c e s   1 2 a ' ,   12b ' ,   12c ' ,   12d ' ,   and  12e ' .   The  o r i f i c e s   are  c a r e f u l l y  

a l i g n e d   so  t h a t   they  produce  j e t s   which  are  d i r e c t e d   in  p a r a l l e l  

p a t h s .   The  j e t s   pass  th rough   cha rg ing   r i ngs   16a ' ,   16b ' ,   16c ' ,   1 6 d ' ,  

and  16e'  and  they  are  each  suppor t ed   on  an  i n s u l a t i n g   charge  p l a t e  

18 ' .   Fig.  9  is  a  s e c t i o n a l   view  th rough   the  s t r u c t u r e   so  t h a t   o n l y  

the  lower  d e f l e c t i o n   p l a t e   34b'  is  seen  but  i t   w i l l   be  unde r s tood   t h a t  



an  upper  d e f l e c t i o n   p l a t e   34a'  is  a l so   employed  as  in  the  p r i o r  
s t r u c t u r e .   F u r t h e r m o r e ,   an  ink  c o l l e c t o r   means  36'  is  p o s i t i o n e d   s o  
t h a t   i f   no  charge   is  p l aced   upon  the  d r o p l e t s ,   they  w i l l   be  c o l l e c t e d  

by  the  c o l l e c t i o n   means.  However,  as  in  the  p r i o r   a r r a n g e m e n t s ,   i f  

charges   are  p laced   upon  the  d r o p l e t s ,   they  w i l l   be  s u i t a b l y   d e f l e c t e d  

onto  paper  40'  on  a  p l a t e n   4 2 ' .  

Fig.  11  shows  a  t y p i c a l   p a t t e r n   p r i n t e d   by  the  5 -nozz l e   p r i n t e r  
of  Fig.  9  to  p r i n t   a  c h a r a c t e r   "T".  J e t   "1"  p r i n t s   the  l s t ,   6 t h ,  

l l t h ,   16th  and  21st  d o t t e d   l i n e s ;   j e t   "2"  p r i n t s   the  2nd,  7th,  1 2 t h ,  

17th,  and  22nd  d o t t e d   l i n e s ;   . . . ;   and  j e t   "5"  p r i n t s   the  5th,  1 0 t h ,  

15th,  20th,  and  25th  d o t t e d   l i n e s .   The  i n t e r l a c i n g   of  a l l   p r i n t e d  

d o t t e d   l i n e s   forms  the  c h a r a c t e r   "T".  Note  t h a t   a l l   5  nozz l e s   must  b e  

i d e n t i c a l   in  every  p r a c t i c a l   means.  J e t   s t r a i g h t n e s s   must  be  w i t h i n  

a c c e p t a b l e   l e v e l .   The  i n t e r l a c i n g   scheme  b lends   a l l   5  j e t   p r i n t i n g   i n  

every  p o r t i o n   of  the  c h a r a c t e r .   Hence,  i t   p roduces   a  more  homogeneous 

a p p e a r a n c e ,   and  every  s l i g h t   m i s a l i g n m e n t   w i l l   be  averaged   out .   The 

v e r t i c a l   p o s i t i o n a l   accuracy   are  p r e c i s e l y   taken  care   of  by  e l e c t r o n i c  

compensa t ion   on  the  amount  of  charge   given  to  each  i n d i v i d u a l   d r o p l e t .  

Note  t h a t   the  p r i n t i n g   sequence  by  the  5 - j e t   a r r ay   is  shown  on  

the  top  of  Fig.  11  where  kth  j e t   p r i n t s   every  (5m  +  K)th  d o t t e d   l i n e s ,  

i f   we  choose  a  time  delay   for   the  Kth  j e t   wi th   r e s p e c t   to  the  1st   j e t  

by  (K-1)  (d  +  1/R)/10V  seconds ,   where  d,  R,  m,  and  V  are  as  d e f i n e d  

above.  The  c o r r e s p o n d i n g   s p a c i a l   de lay   is  (K-1)  (dR  +  1)  d o t t e d   l i n e s  

for  th  Kth  j e t .   Another   p r i n t i n g   sequence  is  shown  in  the  bottom  o f  

Fig.  11  where  the  Kth  j e t   p r i n t s   every  (5m -  K)th  d o t t e d   l i n e s ,   i f   we 

choose  the  time  delay   for  the  Kth  j e t   wi th   r e s p e c t   to  the  f i r s t   j e t   b y  
(K-1)  (d -   1/R)/10V  seconds .   The  c o r r e s p o n d i n g   s p a c i a l   de lay   is  (K-1) 
(dR -  1)  d o t t e d   l i n e s .  

C h a r a c t e r   p r i n t i n g   is  done  th rough   a  c h a r a c t e r   g e n e r a t o r   on  a  ROM 

chip.   The  s i g n a l   from  each  d o t t e d   column  w i l l   f i r s t   go  th rough  a  

s p e c i f i c   s h i f t   r e g i s t e r   to  p rov ide   a  p rope r   s p a c i a l   de lay   (or  t i m e  

delay)  be fo re   being  sent   to  the  d r i v i n g   e l e c t r o n i c s   for   the  Kth  j e t  

charge  e l e c t r o d e .   In  Fig.   9  the  p r i n t e r   head  assembly  s t a r t s   with  a  
t r a n s d u c e r   a r r ay   32a ' ,   32b ' ,   32c'  of  r e c t a n g u l a r   shape  mounted  on  a  
back  p l a t e   28'  o p p o s i t e   to  the  r e c t a n g u l a r   pads  31a ' ,   31b'  and  3 1 c ' .  

A  t r a n s d u c e r   a r r ay   is  n e c e s s a r y   when  the  t o t a l   l eng th   of  the  ink  j e t  

a r r ay   exceeds  a/2,  the  ha l f   a c o u s t i c   wave leng th   of  the  ink.  The 

a c o u s t i c   wave  g e n e r a t e d   by  the  t r a n s d u c e r   a r r ay   must  have  the  same 



ampl i tude   and  phase  to  avoid  g e n e r a t i n g   a  l o n g i t u d i n a l   a c o u s t i c  

s t a n d i n g   wave  a long  the  d i r e c t i o n   of  the  o r i f i c e s .   T r a n s d u c e r s   a r e  
mounted  by  epoxy  on  the  back  p l a t e   28 ' ,   which  may  be  a  f l a t   t h i n  

p l a t e ,   or  wi th   a  number  of  c o r r e s p o n d i n g   pads.   The  s t r u c t u r e  

s e p a r a t e s   the  t r a n s d u c e r   a r r ay   from  d i r e c t   c o n t a c t   with  ink,  w h i l e  

t r a n s m i t t i n g   a c o u s t i c   energy  e f f e c t i v e l y   to  the  ink  chamber .  

The  ink  chamber  c o n t a i n s   ink  i n l e t   24'  and  an  ink  o u t l e t   2 5 ' ,  

p r e f e r a b l y   wi th   a  c o n t r o l l e d   va lve   (not  shown).  The  t a p e r e d   s l o t  

shape  ink  chamber  b lock   has  t r a n s d u c e r   a r r ay   mounted  on  the  l a r g e r  

c r o s s e c t i o n   end,  and  the  o r i f i c e   p l a t e   at  the  t a p e r e d   end.  M e c h a n i c a l  

c lamping,   s o l d e r i n g ,   or  g lu ing   by  epoxy  are  methods  of  mounting.   A 

t a p e r e d   shaped  ink  chamber  is  to  focus  the  a c o u s t i c   energy  toward  t h e  

o r i f i c e   p l a t e .   The  l eng th   of  the  ink  chamber  should  be  at  l e a s t   λ / 2  

longer   than  the  t o t a l   l e n g t h   of  the  o r i f i c e   a r r a y .   The  width   of  t h e  

s l o t   in  the  ink  chamber  should   not  exceed  h a l f   wave leng th   λ/2  to  a v o i d  

h i g h e r   o rde r   s t a n d i n g   wave  g e n e r a t i o n .   For  the  b e s t   s t i m u l a t i o n ,   t h e  

depth   of  ink  chamber  between  the  back  p l a t e   and  the  o r i f i c e   p l a t e  

should   be  kept   at  (2m  +  1)  λ/4,  where  m  is  an  i n t e g e r   and  λ  i s   t h e  

a c o u s t i c   wave leng th   of  the   ink  at  the  s t i m u l a t i o n   f r e q u e n c y .  

The  f a b r i c a t i o n   of  the  o r i f i c e   p l a t e   12  is  one  of  the  m o s t  

c r i t i c a l   p a r t s   of  the  ink  j e t   p r i n t e r .   Al though  i t   is  p o s s i b l e   t o  

d r i l l   a  s e r i e s   of  i d e n t i c a l   ho les   on  a  t h i n   meta l   p l a t e ,   ( p r e f e r a b l y   a  

5+  to  10  mils   s t a i n l e s s   or  n i c k e l   p l a t e )   i t   is  b e t t e r   recommended  t o  

use  p h o t o - f a b r i c a t i o n   p r o c e s s   to  c o n t r o l   p r e c i s e l y   the  d imension  and  

the  shape.  S i l i c o n   s i n g l e   c r y s t a l   wafer   can  be  made  as  an  o r i f i c e  

p l a t e   th rough   o x i d a t i o n   then  p r e f e r e n t i a l l y   e tch   nozz l e s   a t  

p r e d e t e r m i n e d   p o s i t i o n s   u s ing   p h o t o - r e s i s t .   One  can  a l so   u s e  

e l e c t r o f o r m   p r o c e s s   to  f a b r i c a t e   a  p r e c i s i o n   o r i f i c e   p l a t e ,   where  a  

p h o t o r e s i s t   image  is  f i r s t   made  on  a  c o n d u c t i v e   s u b s t r a t e   b e f o r e  

e l e c t r o d e p o s i t i o n .   Care  must  be  e x e r c i s e d   to  a s su r e   p e r f e c t l y   r o u n d  

ho les   wi th   i d e n t i c a l   d imens ions   to  minimize  the  d r o p l e t   p l a c e m e n t  

e r r o r .  

The  charge   p l a t e   18'  has  equal   number  of  ho les   l i n e d - u p  

c o n c e n t r i c a l l y   with  the  o r i f i c e s   as  shown  in  Fig.  12a.  C o n d u c t i v e  

r i n g s  1 6 a ' ,   16b ' ,   1 6 c ' ,   16d'  and  16e'  are  made  on  the  ho les   in  t h e  

charge   p l a t e   and  is  i n d i v i d u a l l y   connec ted   to  the  d r i v i n g   c i r c u i t   f o r  

c h a r g i n g   e l e c t r o d e .   E l e c t r o s t a t i c   s h i e l d s   between  n e a r e s t   c h a r g e  

r i n g s   are  recommended  th rough  not  n e c e s s a r y .   Another   c o n f i g u r a t i o n   o f  



the  charge  p l a t e   c o n s i s t s   of  an  a r r ay   of  c o n d u c t i v e   U - s h a p e d  c h a n n e l s  
18a  (see  Fig.  12b)  or  s e m i - c i r c l e s   18b  (see  Fig.  12c)  on  t h e  c h a r g e  

p l a t e .   Each  channel   is  connec ted   to  the  d r i v i n g   e l e c t r o n i c   c i r c u i t .  

Although  the  former  c o n f i g u r a t i o n   has  s u p e r i o r   s h i e l d i n g   a g a i n s t  

c r o s s - t a l k   between  j e t s ,   the  l a t t e r   has  advan tages   in  o p e r a t i o n  

e s p e c i a l l y   dur ing   the  s t a r t - u p   and  shut   down. 

The  width  of  the  d e f l e c t i o n   p l a t e s   and  c a t c h e r   36'  have  to  b e  

widened  to  cover  beyond  the  e n t i r e   j e t   a r r ay   in  the  p r e s e n t   i n v e n t i o n .  

Otherwise ,   they  are  i d e n t i c a l   with  t h a t   of  a  s i n g l e   j e t   p r i n t e r .   The 

ink  chamber,  d e f l e c t i o n   p l a t e s ,   c a t c h e r   and  ink  system  i n c l u d i n g   pump, 

f i l t r a t i o n ,   ink  supply  and  t ub ings   are  common  to  a l l   j e t s .  

A t t e n t i o n   is  now  d i r e c t e d   to  F igs .   3  and  4  which  shows  a  m o d i f i e d  

c o n s t r u c t i o n   where in   two  j e t s   are  employed  but  the  j e t s   are  p r o v i d e d  

one  above  the  o the r   i n s t e a d   of  in  l a t e r a l   a l i g n m e n t .  

Fig.  3  is  the  s ide   view  of  a n o t h e r   type  of  2 - j e t   c o n f i g u r a t i o n ,  

where  two  j e t s   are  a l i g n e d   3  to  6  mn  a p a r t   one  on  each  s ide  o f  

p r i n t i n g   a rea .   The  charge  e l e c t r o d e s   for   j e t   a  and  j e t   b  h a v e  

o p p o s i t e   p o l a r i t i e s .   Under  the  d e f l e c t i o n   e l e c t r i c   f i e l d   given  i n  

Fig.  3,  charged  d r o p l e t s   from  j e t   a  w i l l   be  p o s i t i v e l y   "+"  c h a r g e d ,  

hence  d e f l e c t e d   downward;  whi le   d r o p l e t s   from  j e t   b  w i l l   be  n e g a t i v e l y  

charged  "-"  and  are  d e f l e c t e d   upward.  A  dual  c a t c h e r   is  shown  in  F i g .  

4  which  is  a  s e c t i o n a l   view  from  l i n e   4-4  in  Fig.  3.  The  u p p e r  
c a t c h e r   c a t c h e s   the  n o n - p r i n t   d r o p l e t s   from  j e t   a  and  the  l o w e r  

c a t c h e r   c a t c h e s   the  n o n - p r i n t   d r o p l e t s   from  j e t   b.  The  a p e r t u r e  
between  the  c a t c h e r   f i n g e r s   is  the  window  for  p r i n t i n g .   I t   is  a t  

l e a s t   0.1  inch  in  h e i g h t .   One  may  i n t e r l a c e   d r o p l e t s   from  j e t   a  t o  

d r o p l e t s   from  j e t   b  to  form  a  s i n g l e   l ine   (each  j e t   needs  only  1/2  t h e  

number  of  s t eps   per  v e r t i c a l   l i n e ) ,   or  i n t e r l a c e   the  d o t t e d   l i n e s  

p r i n t e d   bv  each  j e t   to  form  a  c h a r a c t e r .   In  e i t h e r   scheme,  the  2 - j e t  

head  p r i n t e r   w i l l   p r i n t   twice  the  speed  of  a  s i n g l e   j e t   p r i n t e r .  

Fu r the rmore ,   the  j e t   a  and  j e t   b  in  Fig.   3  may  be  r e p l a c e d   by  two 

rows  of  ink  j e t   a r r a y ,   each  a r r ay   is  p a r a l l e l   to  the  p r i n t   d i r e c t i o n .  

Row a  is  l o c a t e d   above  the  p r i n t   area   and  row  b  is  l o c a t e d   below  t h e  

p r i n t   a rea .   The  p o l a r i t i e s   of  the  matched  charge  e l e c t r o d e s   for  raw  a  

is  o p p o s i t e   to  t h a t   of  row  b  so  t h a t   the  p r i n t   d r o p l e t s   from  each  row 

of  ink  j e t   a r r ay   are  d e f l e c t e d   in  o p p o s i t e   d i r e c t i o n   in to   the  p r i n t  

area  to  form  the  p r e d e t e r m i n e d   c h a r a c t e r s   or  images.  Using  t h e  

i n t e r l a c i n g   schemes  d e s c r i b e d   p r e v i o u s l y ,   high  r e s o l u t i o n   images  c a n  



be  o b t a i n e d   at   a  p r i n t i n g   speed  n  t imes  f a s t e r   than  a  s i n g l e   j e t  

p r i n t e r ,   where  n  is  the  t o t a l   number  of  j e t s   in  the  p r i n t   h e a d .  



1.  Ink  j e t   p r i n t e r   c o m p r i s i n g ;  

an  ink  chamber  (10;  10 ' ;   10")  having  an  o r i f i c e   nozz le   (12a;  1 2 a ' )  

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

means  to  apply  p r e s s u r e   to  the  ink  chamber  (10;  10' ;   10")  to  f o r c e  

ink  out  through  sa id   o r i f i c e   nozz le   (12a;  12a ')   in  a  t h i n   f i l a m e n t ,  

i n c l u d i n g   means  (32;  32')  a c t i n g   on  the  ink  to  break  the  f i l a m e n t   i n t o  

d r o p l e t s   of  p r e d e t e r m i n e d   s i z e ,  

cha rg ing   e l e c t r o d e   means  (16a;  16a ' ;   16a")  f i xed   r e l a t i v   to  t h e  

o r i f i c e   nozzle   (12a;  12a')   in  p o s i t i o n   a d j a c e n t   to  the  o r i f i c e   n o z z l e  

(12a;  12a')   along  the  d r o p l e t   path  from  t h a t   o r i f i c e   nozz le   (12a;  1 2 a ' ) ,  

a n d  

d e f l e c t i o n   p l a t e s   (34a,  34b;  34a ' ,   34b' ;   34a",  34b")  b e t w e e n  w h i c h  

a l l   of  the  d r o p l e t s   pass  in  a  d r o p l e t   path  from  the  o r i f i c e   nozz le   ( 1 2 a ;  

12a ')   in  a  path  t r a n s v e r s e   to  the  d e f l e c t i o n   p l a t e s   (34a,  34b;  34a ' ,   3 4 b ' ;  

34a",  3 4 b " ) ,  

c h a r a c t e r i z e d   in  t h a t   the  ink  chamber  (10;  10 ' ;   10")  has  at  l e a s t  

one  f u r t h e r   o r i f i c e   nozz le   (12b;  12b ' ,   c ' ,   . . .   e ' )   matched  with  s a i d  

f i r s t   o r i f i c e   nozz le   (12a;  12a')   and  a l i g n e d   p a r a l l e l   to  the  p r i n t   d i r e c -  

t i on   and  in  t h a t   cha rg ing   e l e c t r o d e   means  (16b;  16b ' ,   c ' ,   . . .   e ' ;   16b")  

f ixed   r e l a t i v e   to  the  at  l e a s t   one  f u r t h e r   o r i f i c e   nozz le   (12b;  12b ' ,   c ' ,  

. . .  e ' )   r e s p e c t i v e l y   in  p o s i t i o n   a d j a c e n t   to  the  at  l e a s t   one  f u r t h e r  

o r i f i c e   nozz le   (12b;  12b ' ,   c ' ,   . . .  e ' )   along  the  d r o p l e t   path  from  t h a t  

o r i f i c e   nozzle   (12b;  12b ' ,   c ' ,   . . .  e ' )   are  p r o v i d e d .  

2.  Ink  j e t   p r i n t e r   acco rd ing   to  c la im  1,  c h a r a c t e r i z e d   by  
d e f l e c t i o n   v o l t a g e   supply  means  connec ted   to  the  d e f l e c t i o n   p l a t e s  

(34a,  34b;  34a ' ,   34b' ;   34a",  3 4 b " ) ,  

a  source  of  v o l t a g e   connec ted   to  the  r e s p e c t i v e   cha rg ing   e l e c t r o d e  

means  (16a,  16b;  16a ' ,   b ' ,   . . .   e ' ;   16a",  16b")  each  of  which  in  tu rn   i s  

capab le   of  i nduc ing   e l e c t r o s t a t i c   charge  on  the  i n d i v i d u a l   d r o p l e t s   a s  

they  break  off  from  the  f i l a m e n t   emerged  from  the  o r i f i c e   nozz le   ( 1 2 a ,  

12b;  12a ' ,   b ' ,   . . .   e ' )   a s s o c i a t e d   with  the  cha rg ing   e l e c t r o d e   (16a,  16b;  

16a'  b ' ,   . . .   e ' ;   16a",  1 6 b " ) ,  

v o l t a g e   s w i t c h i n g   means  in  a  p r e a r r a n g e d   o rder   app ly ing   s e l e c t e d  

v o l t a g e   to  each  charg ing   e l e c t r o d e   (16a,  16b;  16a ' ,   b ' ,   . . .   e ' ;   16a",  16b")  

as  i n d i v i d u a l   d r o p l e t s   break  off  from  ink  f i l a m e n t s   w i t h i n   the  c h a r g i n g  



e l e c t r o d e   (16a,  16b;  16a ' ,   b ' ,   . . .   e ' ;   16a",  16b")  to  induce  a  charge  on 

each  d r o p l e t ,  

ink  c o l l e c t o r  m e a n s   (36;  36 ' ;   36a",  36b")  p o s i t i o n e d   for   c o l l e c t i o n  

of  n o n - p r i n t   ink  d r o p l e t s   for  a l l   j e t s   moving  along  the  pa ths   g e n e r a t e d  

by  a  p a r t i c u l a r   l eve l   of  v o l t a g e ,  

means  for  s u p p o r t i n g   paper  (40,  40 ' ,   40")  in  p o s i t i o n   such  t h a t  

d r o p l e t s   moving  a long  paths   in  a  p lane   from  an  o r i f i c e   nozz le   (12a  o r  

12b;  12a ' ,   b ' ,   . . .   or  e ' )   w i l l   impinge  the  suppor t ed   paper   at   p o i n t s  

along  a  l i n e   o p p o s i t e   t h a t   o r i f i c e   nozz le   (12a  or  12b;  12a ' ,   b ' ,   . . .   o r  

e ' ) ,   and  

c a r r i a g e   means  for   moving  the  o r i f i c e   nozz le s   (12a,  12b;  12a ' ,   b ' ,  

. . .  e ' )   and  cha rg ing   e l e c t r o d e   means  (16a,  16b;  16a ' ,   b ' ,   . . .   e ' ;   1 6 a " ,  

16b")  r e l a t i v e   to  the  means   s u p p o r t i n g   paper   (40,  40 ' ,   40")  t r a n s v e r s e  

to  the  p lane   of  d r o p l e t   pa ths   from  a  p a r t i c u l a r   o r i f i c e   nozz le   (12a  o r  

12b;  12a ' ,   b ' ,   . . .   or  e ' ) ,  

in  which  p r e f e r a b l y   the  d e f l e c t i o n   p l a t e s   (34a,  34b;  34a ' ,   3 4 b ' ;  

34a",  34b")  and  the  ink  c o l l e c t o r   means  (36;  36 ' ;   36a",  36b")  are  a l s o  

c a r r i e d   on  the  c a r r i a g e   means,  and  e s p e c i a l l y   in  which  the  ink  c o l l e c t o r  

means  (36;  36 ' ;   36a",  36b")  is  connec ted   by  r e c i r c u l a t i o n   means  back  t o  

the  ink  chamber  (10;  10 ' ;   1 0 " ) .  

3.  Ink  j e t   p r i n t e r   a c c o r d i n g   to  claim  1  or  2,  c h a r a c t e r i z e d   i n  

t h a t   e l e c t r o s t a t i c   means  is  i n t e r p o s e d   between  a d j a c e n t   cha rg ing   e l e c -  

t r o d e s   (16a,  16b;  16a ' ,   b ' ,  . . .   e ' ;   16a",  16b")  to  i s o l a t e   charge   e f f e c t s  

imposed  on  d r o p l e t s   of  one  s t ream  from  d r o p l e t s   of  a n o t h e r ,   and  p r e f e r a b -  

ly  i n  t h a t   a  p l u r a l i t y   of  charge  r i ngs   are  molded  in  a  s i n g l e   i n s u l a t i n g  

b l o c k  ( 1 8 ;   18 ' ,   18")  and  c o n d u c t i v e   members  are  p l aced   between  the  c h a r g e  

e l e c t r o d e s   (16a,  16b;  16a ' ,   b ' ,   . . .   e ' ;   16a",  16b")  and  are  grounded  e l e -  

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

posed  on  d r o p l e t s   of  one  s t ream  of  d r o p l e t s   of  a n o t h e r .  

4.  Ink  j e t   p r i n t e r   a c c o r d i n g   to  one  of  the  c la ims  1  to  3,  c h a r a c t e -  

r i z e d   in  t h a t   the  means  to  apply  p r e s s u r e   to  the  ink  chamber  (10,  1 0 ' ,  

10"  t o  f o r c e   ink  out  th rough  the  o r i f i c e   nozz le s   (12a,  12b;  12a ' ,   b ' ,   . . .  
e ' )   i s  c o n s t a n t   p r e s s u r e   or  c o n s t a n t   flow  means  and  the  means  a c t i n g   on  

the  i n k . t o   break  the  f i l a m e n t s   i n to   d r o p l e t s   is  at  l e a s t   one  a c o u s t i c  

wave  g e n e r a t o r   (32;  32a ' ,   32b ' ,   32c ' )   p o s i t i o n e d   r e l a t i v e   to  the  i n k  



chamber  (10;  10' ;   10")  and  the  o r i f i c e   nozz le s   (12a,  12b;  12a ' ,   b ' ,   . . .  
e ' )   to  g e n e r a t e   a c o u s t i c   waves  of  the  same  ampl i tude   and  the  same  p h a s e ,  

and  in  t h a t   p r e f e r a b l y   the  means  to  apply  p r e s s u r e   to  the  i n k  c h a m b e r  

(10;  10' ;   10")  i n c l u d e s   means  for  r e c i r c u l a t i n g   ink  from  t h e  i n k   c o l l e c -  

t o r  means   (36;  36 ' ;   36a",  3 6 b " ) .  

5.  Ink  j e t   p r i n t e r   a cco rd ing   to  one  of  the  c la ims  1  to  4,  c h a r a c -  

t e r i z e d   in  t h a t   the  charg ing   e l e c t r o d e   means  (16a,  16b;  16a ' ,   b ' ,   . . .   e ' ;  

16a",  16b")  are  suppor t ed   in  a  common  i n s u l a t i n g   s t r u c t u r e   (18;  1 8 ' ;  

18"),  and  p r e f e r a b l y   in  t h a t   the  cha rg ing   e l e c t r o d e   means  (16a,  16b;  

16a ' ,   b ' ,   . . .   e ' ;   16a",  16b")  are  each  r i n g - s h a p e d ,   U-shaped,   or  s e m i -  

c i r c u l a r - s h a p e d   and  p r e c i s i o n - f o r m e d   to  be  i d e n t i c a l   to  one  a n o t h e r .  

6.  Ink  j e t   p r i n t e r   a cco rd ing   to  one  of  the  c la ims   1  to  5,  c h a r a c t e -  

r i z e d   in  t h a t   the  o r i f i c e   nozz le s   (12a,  12b;  12a ' ,   b ' ,   . . .   e ' )   are  a r r a n -  

ged  s ide  by  s ide  and  in  the  same  p lane   along  which  each  is  moved  by  t h e  

c a r r i a g e   means  the  path  of  d r o p l e t s   produced  from  d i f f e r e n t   o r i f i c e  

nozz le s   (12a,  12b;  12a ' ,   b ' ,   . . .   e ' )   at  any  g iven  time  ly ing   in  p a r a l l e l  

p lanes   t r a n s v e r s e   to  the  d e f l e c t i o n   p l a t e s   (34a,  34b;  34a ' ,   34b')   s u c h  

t h a t   the  d r o p l e t s   impinging  the  s u p p o r t e d   paper  (40,  40 ' ,   40")  f o r m  

l i n e s   p a r a l l e l   to  l i n e s   formed  by  o the r   o r i f i c e   n o z z l e s ,   and  p r e f e r a b l y  

in  t h a t   the  spac ing   of  the  o r i f i c e   nozz l e s   (12a,  12b;  12a ' ,   b ' ,   . . .   e ' )  

and  the  movement  of  the  c a r r i a g e   means  is  such  t h a t   l i n e s   drawn  by  d r o p -  

l e t s   form  the  r e s p e c t i v e   o r i f i c e   nozz l e s   are  i n t e r l a c e d   with  one  a n o t h e r .  

7.  Ink  j e t   p r i n t e r   a cco rd ing   to  one  of  the  c la ims  1  to  6,  c h a r a c -  

t e r i z e d   in  t h a t   the  o r i f i c e   nozz l e s   of  the  ink  chamber  (10")  are  a l i n e d  

one  above  the  o the r   so  one  o r i f i c e   is  above  the  c h a r a c t e r   p r i n t i n g   a n d  

the  o the r   o r i f i c e   l i e s   below  the  c h a r a c t e r   p r i n t i n g ,   and  in  t h a t   t h e  

source  of  v o l t a g e   connec ted   to  the  r e s p e c t i v e   cha rg ing   e l e c t r o d e   means  

(34a",  34b")  imposes  a  p o s i t i v e   s igna l   upon  one  s t ream  of  d r o p l e t s   a n d  

a  n e g a t i v e   s i g n a l   upon  the  o the r   so  t h a t   the  d r o p l e t s   are  d e f l e c t e d   i n  

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

(34a",  34b")  p o s i t i o n e d   above  and  below  r e s p e c t i v e   o r i f i c e   nozz l e s   a r e  

employed  to  c o l l e c t   the  n o n - p r i n t   i n k  d r o p l e t s   from  the  r e s p e c t i v e   o r i f i c e  

n o z z l e s .  



8.  Ink  j e t   p r i n t e r   acco rd ing   to  claim  7,  c h a r a c t e r i z e d   in  t h a t   t h e  

o r i f i c e   nozz l e s   are  in  two  rows  of  ink  j e t   a r r ay   l o c a t e d   above  and  be low 

the  p r i n t   a rea ,   each  p a r a l l e l   to  the  p r i n t   d i r e c t i o n ,   the  s i g n a l s   for  t h e  

cha rg ing   e l e c t r o d e s   (16)  having  o p p o s i t e   p o l a r i t i e s   between  the  two  rows 

o r i f i c e   nozz l e s   so  t h a t   p r i n t   d r o p l e t s   from  sa id   two  rows  of  o r i f i c e  

n o z z l e s   are  d e f l e c t e d   in  o p p o s i t e   d i r e c t i o n   in to   the  p r i n t   area   to  fo rm 

a  p r e d e t e r m i n e d   c h a r a c t e r   or  image .  

9.  Method  of  p r i n t i n g   with  an  ink  j e t   p r i n t e r   a c c o r d i n g   to  one  o f  

the  c la ims  1  to  8,  c h a r a c t e r i z e d   b y  

g e n e r a t i n g   d r o p l e t s   from  a d j a c e n t   o r i f i c e   n o z z l e s ,  

cha rg ing   d r o p l e t s   in  acco rdance   with  s e l e c t e d   c h a r a c t e r   p a t t e r n s   o f  

c h a r a c t e r s   s e l e c t e d   from  a  memory, 

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

needed  for   a  s e l e c t e d   c h a r a c t e r ,   a n d  

t iming   de lay   between  the  d r o p l e t   l i ne   p a t t e r n s   for  a d j a c e n t   n o z z l e s  

to  (D  +  1/R)/10V  seconds  where  R  is  the  r e s o l u t i o n   d e f i n e d   in  dots   p e r  
m i l l i m e t e r   and  D  is  the  spac ing   in  m i l l i m e t e r s   between  a d j a c e n t   n o z z l e s  

which  is  an  i n t e g e r   m u l t i p l e   of  i n t e r d o t t e d   l ine   spac ing   1/R  and  "V"  i s  

the  p r i n t   speed  in  cm/s  so  t h a t   i n t e r l a c e s   l i n e s   p r o p e r l y   complete   t h e  

s e l e c t e d   c h a r a c t e r s ,   or  s u b j e c t i n g   d r o p l e t s   g e n e r a t e d   from  a  l a g g i n g  

a d j a c e n t   j e t   to  form  a d j a c e n t   i n t e r l a c e   l i n e s   in  a  c h a r a c t e r   to  a  s p a c i a l  

de l ay   of  (DR+1)  d o t t e d   l i n e s   and  r e p e a t i n g   the  p roces s   along  each  l i n e  

of  c h a r a c t e r s .  

10.  Method  of  p r i n t i n g   with  an  ink  j e t   p r i n t e r   a cco rd ing   to  one  o f  

the  c la ims  I  to  8,  c h a r a c t e r i z e d   in  t h a t   d r o p l e t s   are  g e n e r a t e d   and  d e -  

f l e c t e d   by  c o n v e n t i o n a l   j e t   o r i f i c e   s t r u c t u r e   onto  a  paper   to  p r i n t   a n  

nth  l ine   in  a  c h a r a c t e r   and,  a f t e r   a  t imed  de lay   of  e i t h e r   (D -  I / R ) / 1 0 V  

or  (D +  1/R)/10V  seconds  where  r e s o l u t i o n   is  R  dots   per  m i l l i m e t e r   and  D 

r e p r e s e n t s   spac ing   between  c e n t e r s   of  a d j a c e n t   nozz l e s   in  m i l l i m e t e r s ,  

d r o p l e t s   are  g e n e r a t e d   from  a  second  a d j a c e n t   j e t   o r i f i c e   to  p r i n t   a n  

( n - l ) t h   l i n e   or  ( n + l ) t h   l i ne   of  the  c h a r a c t e r .  

11.  Method  of  p r i n t i n g   with  an  ink  j e t   p r i n t e r   a c c o r d i n g   to  one  o f  

the  c la ims  1  to  8,  c h a r a c t e r i z e d   in  t h a t   d r o p l e t s   are  g e n e r a t e d   and  d e -  



f l e c t e d   by  c o n v e n t i o n a l   j e t   o r i f i c e   s t r u c t u r e   onto  a  paper  to  p r i n t  a t  

the  2 (2n)th  l ine   while   a  second  j e t   p r i n t s   at  the  2 ( 2 n - l ) t h   l i ne   a n d ,  

a f t e r   a  timed  delay   of  (D±2/R)/10V  seconds  where  r e s o l u t i o n   is  R  d o t s  

per  m i l l i m e t e r   and  D  r e p r e s e n t s   spac ing   between  c e n t e r s   of  a d j a c e n t  

nozz l e s   in  m i l l i m e t e r s ,   d r o p l e t s   are  g e n e r a t e d   from  a  second  a d j a c e n t  

j e t   o r i f i c e   to  p r i n t   a f t e r   a  s p a c i a l   de lay   of  (DR+2). 
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