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©  Method  and  apparatus  for  producing  liquid  drops  on  demand. 

A  drop-on-demand  ink  jet  printing  apparatus  comprises 
a  print  head  10  having  an  ink  cavity  22  which  is  filled  with  ink 
and  which  communicates  with  a  nozzle  designed  so  that  ink 
does  not  flow  out  under  static  conditions.  An  electromecha- 
nical  transducer  36  is  selectively  energised  in  response  to 
print  data  signals  so  that,  when  appropriately  energised,  the 
transducer  produces  a  pressure  wave  in  the  ink  cavity  22 
sufficient  to  eject  one  ink  drop  from  the  nozzle  26  for  each 
signal  above  a  threshold  value.  The  nozzle  26  is  strongly 
convergent  and  the  ink  has  a  viscosity  up  to  100  centipois, 
preferably  between  15  and  100  centipois.  In  the  preferred 
embodiment,  the  nozzle  is  formed  by  an  anisotropic  etching 
in  a  silicon  substrate,  which  provides  a  nozzle  passage  in 
which  the  sides  converge  towards  each  other  to  include  an 
angle  of  about  70  degrees  therebetween. 



This  i n v e n t i o n   r e l a t e s   to  methods  and  appa ra tus   for  g e n e r a t i n g  

l i q u i d   drops  on  demand  under  c o n t r o l   of  a  s u i t a b l e   e l e c t r i c a l   s i g n a l .  

Ink  j e t   p r i n t i n g   has  been  known  in  the  p r i o r   a r t ,   i n c l u d i n g   s y s t e m s  

which  use  a  p r e s su re   gene ra t ed   con t inuous   stream  of  ink,  which  is  b r o k e n  

into  i n d i v i d u a l   drops  by  a  c o n t i n u o u s l y   energ ized   t r a n s d u c e r .   The 

i n d i v i d u a l   drops  are  s e l e c t i v e l y   charged  and  d e f l e c t e d   e i t h e r   to  t h e  

p r i n t   medium  for  p r i n t i n g   or  to  a  sump  where  the  drops  are  c o l l e c t e d   and 

r e c i r c u l a t e d .   Examples  of  these   p r e s s u r i z e d   systems  inc lude   U.  S. 

P a t e n t s   3 ,596,275  to  Sweet,  and  3 ,373 ,437   to  Sweet  et  al .   There  have  

also  been  known  in  the  p r i o r   a r t   ink  j e t   p r i n t i n g   systems  in  which  a  

t r a n s d u c e r   is  used  to  gene ra t e   ink  drops  on  demand.  One  example  of   such  

a  system  is  commonly  a ss igned   U.  S.  Pa ten t   3 ,787,884  to  Demer.  In  t h i s  

system,  the  ink  is  supp l i ed   to  a  cav i ty   by  g r a v i t y   flow  and  a  t r a n s d u c e r  

mounted  in  the  back  of  the  c av i ty   produces  motion  when  ene rg ized   by  an 

a p p r o p r i a t e   vo l t age   pu l se ,   which  r e s u l t s   in  the  g e n e r a t i o n   of  an  i n k  

drop  so  t ha t   only  those  ink  drops  r equ i r ed   for  p r i n t i n g   are  g e n e r a t e d .  

A  d i f f e r e n t   embodiment  of  a  drop-on-demand  p r i n t i n g   system  in  which  t h e  

t r a n s d u c e r   is  r a d i a l l y   a r ranged  is  shown  in  U.  S.  Pa ten t   3 ,683,212  t o  

Z o l t a n .  

The  p r i o r   a r t   drop-on-demand  p r i n t i n g   systems  have  been  l i m i t e d   by  low 

drop  p r o d u c t i o n   r a t e s ,   low  r e s o l u t i o n ,   and  low  e f f i c i e n c y .   T y p i c a l  

p r i o r   a r t   drop-on-demand  p r i n t i n g   systems  have  u t i l i z e d   a  c o n s t a n t  

c r o s s - s e c t i o n   nozzle  and  ink  having  a  v i s c o s i t y   during  o p e r a t i o n   lower  

than  10  c e n t i p o i s e .   Attempts  to  i n c r e a s e   the  drop  p r o d u c t i o n   r a t e s ,   and 

thus  to  i n c r e a s e   the  p r i n t   r e s o l u t i o n ,   have  led  to  stream  i n s t a b i l i t y .  

It  is  an  ob j ec t   of  the  i n v e n t i o n   to  overcome  t h i s   problem  and  to  p r o v i d e  

a  method  of  gene ra t i ng   l i q u i d   drops  on  demand  and  appa ra tus   for  c a r r y i n g  

out  tha t   method,  which  is  capable   of  o p e r a t i n g   at  i n c r e a s e d   s p e e d s  

compat ib le   with  high  r e s o l u t i o n   p r i n t i n g .  



B r i e f l y   the  i n v e n t i o n   p rov ides   a  drop-on-demand  ink  j e t   p r i n t i n g   method 

and  a p p a r a t u s   compris ing  a  p r i n t   head  having  a  f l u i d   chamber  s u p p l i e d  

with  a  s u i t a b l e   high  v i s c o s i t y   marking  f l u i d .   An  o r i f i c e   compris ing  a  

s t r o n g l y   converging  nozzle  is  in  f l u i d   communication  with  the  f l u i d  

chamber,  and  an  e l e c t r o m e c h a n i c a l   t r a n s d u c e r   is  mounted  in  m e c h a n i c a l  

communication  with  the  f l u id   chamber.  The  t r a n s d u c e r   is  s e l e c t i v e l y  

ene rg ized   with  a  s e r i e s   of  s i g n a l s   so  t h a t   one  drop  of  the  marking  f l u i d  

is  e j e c t e d   from  the  o r i f i c e   for  each  of  the  s i g n a l s   having  at  l e a s t   a  

p r ede t e rmined   a m p l i t u d e .  

More  p r e c i s e l y ,   the  i nven t ion   p rov ides   a  method  of  producing  s i n g l e  

l i q u i d   drops  on  demand,  compr is ing   e j e c t i n g   the  volume  of  l i q u i d   r e q u i r e d  

to  form  a  s ing le   drop  from  a  nozzle   as  and  when  a  drop  is  demanded,  s a i d  

method  being  c h a r a c t e r i s e d   in  t h a t   the  l i q u i d   used  has  a  v i s c o s i t y   i n  

the  range  15  to  100  c e n t i p o i s   and  in  t h a t   the  nozzle   passage  c o n v e r g e s  

s t r o n g l y   towards  the  exi t   o r i f i c e   of  the  nozz le .   The  combinat ion  of  t h e  

use  of  an  ink  having  a  h i g h e r - t h a n - n o r m a l   v i s c o s i t y   ( i . e .   a  h i g h e r  

v i s c o s i t y   than  inks  c o n v e n t i o n a l l y   used  in  ink  j e t   p r i n t e r s )   and  a  

s t r o n g l y   converging  nozzle  passage ,   p rov ides   a  method  of  high  r e s o l u t i o n  

p r i n t i n g   using  the  drop-on-demand  p r i n c i p l e .   This  has  not  been  p o s s i b l e  

h e r e t o f o r e .  

The  i n v e n t i o n   inc ludes   appa ra tu s   for  c a r r y i n g   out  the  fo regoing   method ,  

said  appa ra tus   compris ing  a  p r i n t   head  having  an  ink  chamber  to  which  i n k  

is  suppl ied   and  from  which  ink  e x i t s   through  a  nozzle  under  the  c o n t r o l   o f  

an  e l e c t r o m e c h a n i c a l   t r a n s d u c e r   mounted  in  mechanica l   communication  w i t h  

the  ink  chamber,  said  t r a n s d u c e r   being  o p e r a t i v e   on  a p p r o p r i a t e   e n e r g i s a t i o n  

to  cause  a  s ing le   drop  to  be  e j e c t e d   from  the  nozzle ,   said  appa ra tus   b e i n g  

c h a r a c t e r i s e d   in  tha t   the  nozzle   passage   coverges  s t r o n g l y   towards  t h e  

ex i t   o r i f i c e   of  the  nozzle  so  tha t   s i ng l e   drops  of  l i qu id   having  a  v i s c o s i t y  

in  the  range  15  to  100  c e n t i p o i s   can  be  fo rmed .  

The  i n v e n t i o n   wi l l   now  be  f u r t h e r   d e s c r i b e d   with  r e f e r e n c e   to  t h e  

accompanying  drawings,   in  w h i c h : -  



FIG.  1  is  a  schemat ic   view  showing  a  converging  n o z z l e ;  

FIG.  2  is  a  drop-on-demand  ink  j e t  p r i n t e r   embodying  a  converging  n o z z l e ;  

FIG.  3  is  a  s e c t i o n   view  taken  along  l ine   3-3  of  FIG.  2  of  the  d r o p - o n -  

demand  ink  je t   p r i n t   h e a d .  

FIG.  4  is  a  view,  p a r t i a l l y   in  s ec t i on ,   of  an  a l t e r n a t e   embodiment  of  a 

drop-on-demand  ink  j e t   p r i n t   head ;  

FIG.  5  is  a  r i g h t   side  view  of  an  array  of  drop-on-demand  ink  je t   p r i n t  

h e a d s ;  

FIG.  6  is  a  s e c t i o n   view  taken  along  l ines   6-6  in  FIG.  5. 

Re fe r r i ng   to  FIG.  2,  the  p r i n t e r   appara tus   comprises   a  p r i n t   head  10  t o  

which  is  suppl ied   high  v i s c o s i t y   l i qu id   ink  from  ink  supply  means  12.  

The  v i s c o s i t y   r equ i r emen t   is  a  func t ion   of  nozzle  size  and  maximum  d r o p -  

on-demand  drop  p r o d u c t i o n   r a t e .   The  v i s c o s i t y   for  inks  for  high  r e s o l u t i o n  

p r i n t i n g   extends  up  to  100  c e n t i p o i s e ,   and  the  v i s c o s i t y   can  be  s u b s t a n t i a l l y  

higher   for  a p p l i c a t i o n s   in  which  lower  r e s o l u t i o n   is  s u i t a b l e .   C o n t r o l  

means  14  p rov ides   the  vo l t age   con t ro l   pu lses   to  s e l e c t i v e l y   e n e r g i z e  

p r i n t   head  10  to  produce  one  ink  drop  for  each  vo l t age   pulse  suppl ied   t o  

p r i n t   head  10.  P r i n t   head  10  comprises  head  body  20  having  a  chamber  o r  

cav i ty   22  formed  t h e r e i n .   Cavity  22  is  main ta ined   f i l l e d   with  i n k  

through  supply  l ine   24  from  ink  supply  means  12.  Ink  from  supply  means 

12  is  not  p r e s s u r i z e d   so  the  ink  in  cav i ty   22  is  main ta ined   at  or  n e a r  

a tmospher ic   p r e s s u r e   under  s t a t i c   c o n d i t i o n s .   An  ex i t   from  cav i ty   22  i s  

provided  by  nozzle  p o r t i o n   26  which  is  des igned  so  tha t   the  ink  does  n o t  

flow  out  of  nozzle  p o r t i o n   26  under  s t a t i c   c o n d i t i o n s .   An  i n t e r m e d i a t e  

ink  r e s e r v o i r   28  is  formed  in  head  body  20  and  is  s epa ra t ed   from  c a v i t y  

22  by  i n t e r n a l   wall  p o r t i o n   30.  The  top  of  c av i ty   22,  as  shown  in  FIG. 



2,  is  c losed  by  a  s u i t a b l e   t r a n s d u c e r   means  which  is  f ixed  to  the  head  

body.  I n t e r n a l   wall  p o r t i o n   30  is  des igned   so  tha t   a  narrow  pa s sageway  
32  is  provided  for  the  t r a n s f e r   of  l i q u i d   ink  from  i n t e r m e d i a t e   i n k  

r e s e r v o i r   28  to  ink  cav i ty   22.  The  t r a n s d u c e r   means  comprises  a  membrane 

member  34  which  is  f a s t ened   to  an  e l e c t r o m e c h a n i c a l   t r a n s d u c e r   36.  

Transducer   36  d i s p l a c e s   r a d i a l l y   when  e n e r g i z e d   with  a  s u i t a b l e   v o l t a g e  

pulse  and  bends  membrane  34  inwardly  (as  shown  do t ted   in  FIG.  3),  and 

produces  a  p r e s s u r e   wave  in  cav i ty   22  so  t h a t   l i qu id   ink  is  expe l l ed   o u t  

through  nozzle  p o r t i o n   26  to  form  a  s i n g l e   drop.  Control   means  14 

p rov ides   the  vo l t age   con t ro l   pu lses   to  s e l e c t i v e l y   ene rg ize   t r a n s d u c e r  

36  to  produce  one  ink  drop  for  each  v o l t a g e   pulse   appl ied   to  t r a n s d u c e r  

36.  

According  to  the  i n v e n t i o n ,   nozzle   p o r t i o n   26  of  the  drop-on-demand  i n k  

je t   p r i n t i n g   a p p a r a t u s   comprises   a  converg ing   nozzle .   As  shown  in  FIG. 

1,  the  nozzle   has  an  en t r ance   dimension  d1,  which  is  l a rge r   than  t h e  

ex i t   dimension  d2.  The  nozzle  shown  in  the  drawing  has  a  s u b s t a n t i a l l y  

l i n e a r   t aper   in  the  dimension  of  the  nozz le   along  i t s   p h y s i c a l   l e n g t h  l  

however,  o ther   t a p e r s   such  as  a  horn  c o n f i g u r a t i o n   would  also  be  s u i t a b l e .  

The  flow  through  the  nozzle  is  in  the  d i r e c t i o n   from  the  l a r g e r   o p e n i n g  

to  the  smal le r   opening,   as  shown  by  the  a r r o w .  

From  a  f l u i d   mechanics  v iewpoin t ,   the  e f f e c t i v e   v i scous   length   ld  of  a  

converging  nozzle  can  be  c a l c u l a t e d   as  
2 

l d 2  = 1 / 3 [ ( d 2 / d 1 ) 3 - 1 ] d 2 l / ( d 2 - d 1 )  

where  d1,  d2  are  the  dimensions  at  the  e n t r a n c e   and  ex i t   of  the  c o n v e r g i n g  

s e c t i o n ,   r e s p e c t i v e l y ,   a n d  l   is  the  p h y s i c a l   length   of  the  nozzle   ( s e e  

FIG.  1).  Thus,  i t   can  be  seen  t ha t   the  converg ing   nozzle  is  p h y s i c a l l y  

"long"  but  h y d r a u l i c a l l y   " s h o r t " .   Since  the  converging  nozzles   a r e  

" s h o r t " ,   the  converging  nozzles   do  not  p rov ide   r e l i a b l e   d rop-on-demand  

o p e r a t i o n   when  using  p r i o r   ar t   ink  f o r m u l a t i o n s   having  moderate  v i s c o s i t i e s  

up  to  about  16  c e n t i p o i s e   due  to  drop  f o rma t ion   i n s t a b i l i t y .   However, 



i t   was  found  tha t   h ighly   r e l i a b l e   drop-on-demand  o p e r a t i o n   can  be 

produced  with  converging  nozz les   when  using  marking  f l u i d s   having  a 

s u b s t a n t i a l l y   higher   v i s c o s i t y   than  t y p i c a l   p r i o r   art   oýstelns.  A l though  

the  p r i o r   a r t   systems  using  c o n s t a n t   c r o s s - s e c t i o n   nozzles   would  n o t  

even  work  in  the  drop-on-demand  mode  when  u t i l i z i n g   marking  f l u i d s   o f  

the  s u b s t a n t i a l l y   higher   v i s c o s i t y   (up  to  100  c e n t i p o i s e   for  h i g h  

r e s o l u t i o n   p r i n t i n g ,   for  example),   the  combinat ion  of  the  c o n v e r g i n g  

nozzle   and  the  high  v i s c o s i t y   marking  f l u i d s   produced  not  only  h i g h l y  

r e l i a b l e   drop-on-demand  o p e r a t i o n ,   but  also  much  h igher   d rop-on-demand 

drop  p r o d u c t i o n   r a t e s   than  those  o b t a i n a b l e   by  p r i o r   ar t   d rop-on-demand 

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

The  o p e r a t i o n   was  supe r io r   in  o ther   ways  as  well .   For  example,  a i r  

i n g e s t i o n   into  the  nozzle  is  comple te ly   i n h i b i t e d   and  the  stream  s t a b i l i t y  

is  improved  so  t ha t   a  stream  of  drops  of  equal  s ize   and  spacing  can  be  

p roduced .   The  stream  d i r e c t i o n a l i t y   is  improved,  and  the  je t   v e l o c i t y  

is  e a s i l y   i nc r ea sed   which  is  e s s e n t i a l   for  high  speed  p r i n t i n g .   The 

nozzle   can  be  opera ted   at  any  f requency   in  the  f requency  spectrum  up  t o  

120  kHz  wi thout   jet   f a i l u r e ,   and  the  nozzle  can  be  opera ted   up  to  80  kHz 

drop-on-demand  drop  p roduc t ion   r a te   in  high  r e s o l u t i o n   p r i n t i n g   o p e r a t i o n .  

The  converg ing   nozzle  can  be  produced  by  any  s u i t a b l e   t echn ique .   The 

p r e f e r r e d   t echn ique   for  producing  a  converging  nozzle  is  by  a n i s o t r o p i c a l l y  

e t ch ing   the  nozzle  in  a  s i l i c o n   s u b s t r a t e .   This  t echnique   wi l l   be 

d e s c r i b e d   with  r e f e r ence   to  the  embodiment  of  the  drop-on-demand  p r i n t  

head  shown  in  FIG.  4.  The  p r i n t   head  comprises  c y l i n d r i c a l   t r a n s d u c e r  

member  60  c losed  at  one  end  by  a  nozzle   p l a t e   62,  having  formed  t h e r e i n  

nozzle   p o r t i o n   64.  The  other   end  of  the  t r a n s d u c e r   is  f ixed  to  body 

member  66.  When  t r a n s d u c e r   60  is  a c t u a t e d   by  a  s u i t a b l e   vo l tage   d r i v e  

pu l se ,   i . e .   with  a  drive  pulse  having  an  ampl i tude   g r e a t e r   than  a  p r e -  

de te rmined   t h r e s h o l d ,   t r a n s d u c e r   60  is  d e f l e c t e d   to  the  p o s i t i o n   shown 

do t t ed   in  FIG.  4  to  cause  a  s ing le   drop  of  ink  78  to  be  expe l led   o u t  

through  nozzle  po r t ion   64.  E n e r g i s a t i o n   of  the  t r a n s d u c e r   with  a  d r i v e  

pulse   of  less   than  the  p r ede t e rmined   t h r e s h o l d   ampl i tude  does  not  c a u s e  

a  drop  to  be  e j ec t ed   so  drops  can  be  s e l e c t e d   by  varying  the  a m p l i t u d e  

of  a  con t inuous   drive  s i g n a l .  



Nozzle  p l a t e   62  comprises   a  s i l i c o n   s u b s t r a t e   formed  of  s ing le   c r y s t a l  
m a t e r i a l   o r i e n t e d   with  the  (100)  p lanes   p a r a l l e l   to  the  f ron t   s u r f a c e .  

The  f ron t   sur face   68  and  the  rear   s u r f a c e   70  of  the  nozzle  p l a t e   a r e  

coated  with  e tchan t   masking  m a t e r i a l .   An  a p e r t u r e   is  made  in  the  mask ing  

m a t e r i a l   on  the  rear   su r face   of  the  nozzle   p l a t e .   The  nozzle  p l a t e   i s  

then  s u b j e c t e d   to  a  s u i t a b l e   a n i s o t r o p i c   e tching   s o l u t i o n   such  as  a  

water ,   amine,  p y r o c a t e c h o l   e t c h a n t ,   for  example.  I t   has  been  known  f o r  

some  time  tha t   the  (111)  plane  is  a  slow  etch  plane  in  s ing le   c r y s t a l  

s i l i c o n .   The  nozzle  is  e tched  in  the  form  of  a  t r u n c a t e d   pyramid  t y p e  

opening  with  a  square  en t r ance   a p e r t u r e ,   t apered   s ides ,   and  a  s m a l l e r  

square  exi t   a p e r t u r e .   The  t a p e r e d   s ides   form  an  angle  a  of  54.7°  to  t h e  

f ront   su r face   since  the  e tch ing   is  along  the  c r y s t a l   p lanes   of  t h e  

s i l i c o n   s u b s t r a t e .   The  e tch ing   is  con t inued   u n t i l   an  ex i t   a p e r t u r e   o f  

the  d e s i r e d   size  is  fo rmed.  

In  a  p a r t i c u l a r   embodiment,  the  s i l i c o n   nozzle  p l a t e   was  about  1 . 2 7 x l O - 2  

cms,  i . e .   five  mils  th ick   and  the  nozzle   p l a t e   was  etched  to  produce  a b o u t  

a  26x10-6sq.cm.  i . e .   a  two  mil  square ,   ex i t   a p e r t u r e .   In  an  embodiment 

s i m i l a r   to  tha t   shown  in  FIG.  4,  the  p r i n t   head,  i n c l u d i n g   the  a b o v e -  

desc r ibed   nozzle  p l a t e ,   produced  r e l i a b l e   drop-on-demand  o p e r a t i o n   up  t o  

a  drop  p roduc t i on   ra te   of  60  kHz  at  a  r e s o l u t i o n   of  about  95  pe l s /cm  i . e .  

240  p e l s / i n c h .   This  r e s o l u t i o n   is  cons ide red   high  r e s o l u t i o n   p r i n t i n g  

since  i t   produces  p r i n t   r e s o l u t i o n   approaching   t ha t   of  engraved  t y p e .  

However,  the  p r i n t   q u a l i t y   began  to  d e c l i n e   at  drop  p r o d u c t i o n   r a t e s  

over  40  kHz.  In  th i s   a p p a r a t u s ,   inks  having  a  v i s c o s i t y   with  a  r a n g e  

from  about  15  c e n t i p o i s e   up  to  100  c e n t i p o i s e   worked  to  produce  i n k  

drops  in  a  drop-on-demand  mode,  and  the  p r e f e r r e d   range  of  v i s c o s i t y   was 

from  20  to  40  c e n t i p o i s e .  

In  a  second  embodiment  s i m i l a r   to  t ha t   shown  in  FIG.  4,  about  a  9.3  x 
1 0  s q . c m .   i . e .   a  1.2  mil  square  nozzle   was  used  and  t h i s   a p p a r a t u s  

produced  p r i n t i n g   at  a  drop-on-demand  p roduc t i on   ra te   of  80  kHz  at  a  

r e s o l u t i o n   of  about  177  p e l s / i n c h   i . e .   450  p e l s / i n c h .   This  a p p a r a t u s  

worked  to  produce  ink  drops  in  the  drop-on-demand  mode  with  inks  h a v i n g  

a  v i s c o s i t y   from  about  10  c e n t i p o i s e   up  to  about  70  c e n t i p o i s e .   The 

p r e f e r r e d   range  of  v i s c o s i t y   was  from  about  20  to  40  c e n t i p o i s e .  



FIGS.  5  and  6  show  a  p r i n t   head  a r ray   40  compris ing  fo r ty   p r i n t   heads  42 

ar ranged  in  four  rows  44  with  co r r e spond ing   o r i f i c e s   46  o f f s e t   so  tha t   a 

l ine   of  p r i n t i n g   can  be  produced  at  a  r e s o l u t i o n   approaching  - n g r a v e d  

type  as  the  p r i n t   head  moves  across   a  p r i n t   sheet .   Each  of  the  p r i n t  

heads  42  comprises  a  hollow  c y l i n d r i c a l   p i e z o e l e c t r i c   t r a n s d u c e r   48 

which  forms  an  ink  chamber  50  to  which  ink  is  suppl ied   from  common 

r e s e r v o i r   52.  A  housing  54  is  p rovided  which  inc ludes   a  t apered   c h a n n e l  

56  for  each  p r i n t   head  which  t r a n s m i t s   ink  from  ink  chamber  50  to  t h e  

c o r r e s p o n d i n g   o r i f i c e   46  in  nozzle   p l a t e   58.  The  o r i f i c e s   are  s t r o n g l y  

convergen t   nozz les ,   as  i n d i c a t e d   in  FIG.  6.  In  the  p r e f e r r e d   embodiment 

nozzle   p l a t e   58  comprises  a  s ing le   c r y s t a l   s i l i c o n   s u b s t r a t e   and  o r i f i c e s  

are  formed  by  a n i s o t r o p i c   e tch ing   as  desc r ibed   above  to  form  s q u a r e  
o r i f i c e s   in  nozzle  p l a t e   58,  as  shown  in  FIG.  5. 

In  a  p a r t i c u l a r   embodiment,  a  f o r ty   nozzle  ar ray  s i m i l a r   to  tha t   shown 

in  FIGS.  5  and  6  was  c o n s t r u c t e d   with  about  a  26x10-6sq.cm  i . e .   a  2  m i l  

square  nozz l e s .   This  ar ray  can  be  opera ted   to  produce  p r i n t i n g   at  a 

r e s o l u t i o n   of  about  95  pels /cm  i . e .   240  p e l s / i n c h   at  a  d rop-on-demand  

drop  p r o d u c t i o n   ra te   of  up  to  40  kHz.  The  ar ray  opera ted   s u c c e s s f u l l y  

with  ink  having  a  v i s c o s i t y   down  to  15  c e n t i p o i s e   and  up  to  100  c e n t i -  

po i se .   However,  the  optimum  range  for  the  v i s c o s i t y   was  20  to  40  c e n t i p o i s e .  

While  the  i n v e n t i o n   has  been  p a r t i c u l a r l y   shown  and  de sc r i bed   w i t h  

r e f e r e n c e   to  a  p r e f e r r e d   embodiment  t h e r e o f ,   i t   wi l l   be  unders tood   by 

those  s k i l l e d   in  the  a r t   tha t   va r ious   other   changes  in  the  form  and 

d e t a i l s   may  be  made  t h e r e i n   wi thout   d e p a r t i n g   from  the  scope  of  t h e  

i n v e n t i o n .  



1.  A  method  of  producing  s ing le   l i q u i d   drops  on  demand,  c o m p r i s i n g  

e j e c t i n g   the  volume  of  l i q u i d   r e q u i r e d   to  form  a  s i ng l e   drop  from  a 

nozzle  as  and  when  a  drop  is  demanded,  said  method  being  c h a r a c t e r i s e d  

in  tha t   the  l i q u i d   used  has  a  v i s c o s i t y   in  the  range  of  15  to  100  c e n t i -  

pois  and  in  t ha t   the  nozzle  passage  converges  s t r o n g l y   towards  the  e x i t  

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

2.  A  method  as  claimed  in  claim  1,  f u r t h e r   c h a r a c t e r i s e d   in  t ha t   t h e  

l i q u i d   has  a  v i s c o s i t y   in  the  range  20  to  60  c e n t i p o i s .  

3.  A  method  as  claimed  in  claim  1,  f u r t h e r   c h a r a c t e r i s e d   in  t h a t   t h e  

l i q u i d   has  a  v i s c o s i t y   in  the  range  20  to  40  c e n t i p o i s .  

4.  A  method  as  claimed  in  claim  1,  2  or  3,  f u r t h e r   c h a r a c t e r i s e d   i n  

tha t   the  t a p e r i n g   nozzle   passage  has  an  inc luded   or  apex  angle  of  b e t w e e n  

60  and  80  d e g r e e s .  

5.  A  method  as  claimed  in  claim  3,  f u r t h e r   c h a r a c t e r i s e d   in  tha t   t h e  

apex  angle  is  s u b s t a n t i a l l y   70  d e g r e e s .  

6.  A  method  as  claimed  in  any one  of  claims  1  to  5,  f u r t h e r   c h a r a c t e r i s e d  

in  tha t   the  drops  can  be  e j e c t ed   s e l e c t i v e l y   using  a  dr ive   s igna l   at  a  

base  f requency  of  up  to  120  kHz,  a  drop  being  e j e c t e d   only  when  t h e  

ampl i tude   of  the  d r ive   s ignal   exceeds  a  p r ede t e rmined   t h r e s h o l d   a m p l i t u d e .  

7.  A  method  as  claimed  in  claim  6,  f u r t h e r   c h a r a c t e r i s e d   in  t ha t   t h e  

drops  can  be  e j e c t e d   s e l e c t i v e l y   at  a  base  f requency  of  up  to  80  kHz,  a  

drop  being  e j e c t e d   only  when  the  ampl i tude  of  the  d r ive   s igna l   exceeds  a  

p r ede t e rmined   t h r e s h o l d   a m p l i t u d e .  



8.  The  method  of  o p e r a t i n g   a  drop-on-demand  ink  jet   head  c o m p r i s i n g  

p rov id ing   an  ink  je t   head  having  an  ink  c a v i t y ,   an  opening  compris ing  a 

s t r o n g l y   convergen t   nozzle  communicating  with  said  ink  cav i ty ,   and  an 

e l e c t r o m e c h a n i c a l   t r a n s d u c e r   mounted  in  mechanical   communication  w i t h  

said  ink  c av i t y ;   f i l l i n g   said  ink  c av i ty   with  marking  f lu id   having  a 

v i s c o s i t y   of  between  about  15  and  100  c e n t i p o i s ;   s e l e c t i v e l y   e n e r g i s i n g  

said  e l e c t r o m e c h a n i c a l   t r a n s d u c e r   with  a  s e r i e s   of  s igna l s   to  e j e c t   one 

drop  of  said  marking  f l u id   from  said  opening  for  each  s igna l   having  a t  

l e a s t   a  p r e d e t e r m i n e d   a m p l i t u d e .  

9.  Drop-on-demand  ink  je t   p r i n t i n g   appa ra tu s   for  ca r ry ing   out  t h e  

method  claimed  in  any one  of  claims  1  to  8,  said  appara tus   compris ing  a 

p r i n t   head  (10)  having  an  ink  chamber  (22)  to  which  ink  is  suppl ied   and 

from  which  ink  e x i t s   through  a  nozzle   (26)  under  the  con t ro l   of  an  

e l e c t r o m e c h a n i c a l   t r a n s d u c e r   (36)  mounted  in  mechanical   communica t ion  

with  the  ink  chamber,  said  t r a n s d u c e r   being  o p e r a t i v e   on  a p p r o p r i a t e  

e n e r g i s a t i o n   to  cause  a  s ing le   drop  to  be  e j e c t ed   from  the  nozzle ,   s a i d  

appa ra tu s   being  c h a r a c t e r i s e d   in  t ha t   the  nozzle  passage  c o n v e r g e s  

s t r o n g l y   towards  the  exi t   o r i f i c e   of  the  nozzle   so  that   s ing le   drops  o f  

l i q u i d   having  a  v i s c o s i t y   in  the  range  15  to  100  c e n t i p o i s   can  be  formed.  

10.  Apparatus  as  claimed  in  claim  9,  f u r t h e r   c h a r a c t e r i s e d   in  tha t   t h e  

nozzle  passage  has  an  included  cr  apex  angle  of  between  60  and  80  d e g r e e s .  

11.  Apparatus  as  claimed  in  claim  10,  f u r t h e r   c h a r a c t e r i s e d   in  tha t   t h e  

nozzle  passage  has  an  inc luded  or  apex  angle  of  about  70  d e g r e e s .  

12.  Apparatus  as  claimed  in  claim  9,  10  or  11,  f u r t h e r   c h a r a c t e r i s e d   i n  

tha t   the  nozzle  passage  is  a n i s t r o p i c a l l y   etched  in  a  s i l i c o n   s u b s t r a t e  

formed  from  s i ng l e   c r y s t a l   m a t e r i a l   o r i e n t e d   with  the  (100)  p l a n e  

p a r a l l e l   to  the  major  s u b s t r a t e   s u r f a c e s .  



13.  Drop-on-demand  ink  j e t   p r i n t i n g   appa ra tu s   compr is ing   a  p r i n t   head  

having  a  f l u i d   chamber  supp l ied   with  a  marking  f l u i d ,   an  o r i f i c e   i n  

f lu id   communicat ion  with  the  f l u id   chamber,  an  e l e c t r o m e c h a n i c a l   t r a n s -  

ducer  mounted  in  mechanical   communication  with  the  f l u i d   chamber,  and  a 

s e r i e s   of  s i g n a l s   to  s e l e c t i v e l y   e n e r g i s e   the  t r a n s d u c e r   to  e j e c t   one 

drop  of  the  marking  f lu id   from  the  o r i f i c e   for  each  of  the  s i g n a l s  

having  at  l e a s t   a  p rede te rmined   ampl i tude ,   c h a r a c t e r i s e d   in  tha t   s a i d  

o r i f i c e   comprises   a  s t r o n g l y   converg ing   nozzle  and  said  marking  f l u i d  

has  a  v i s c o s i t y   up  to  about  100  c e n t i p o i s .  








	bibliography
	description
	claims
	drawings
	search report

