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(54)  Liquid  ejecting  method  and  liquid  ejecting  head 

(57)  A  liquid  ejecting  method  using  a  liquid  ejecting 
head  having  electrothermal  transducer  elements  for 
generating  thermal  energy  sufficient  to  create  bubbles 
in  liquid  and  ejection  outlets  disposed  opposed  to  the 
electrothermal  transducer  elements  which  are  arranged 
at  a  density  not  less  than  300  per  25.4mm  in  a  line,  the 
liquid  ejection  head  also  having  liquid  flow  paths  in  fluid 
communication  with  the  ejection  outlets,  respectively, 
wherein  the  bubble  generated  by  the  thermal  energy 
generated  by  the  electrothermal  transducer  element  is 
brought  into  communication  with  ambience  while  an  in- 
ternal  pressure  of  the  bubble  is  less  than  an  ambient 
pressure,  and  wherein  droplets  having  volumes  not 
more  than  15x10"15m3  are  ejected  at  a  frequency  not 
less  than  7kHz,  said  method  includes  the  improvement 
wherein  the  liquid  flow  path  of  the  liquid  ejecting  head 
has  a  height  not  less  than  6u.m,  and  a  distance  between 
an  upper  surface  and  a  lower  surface  of  the  ejection  out- 
let  is  not  more  than  one  half  of  a  minimum  opening  dis- 
tance  through  a  center  of  the  ejection  outlet. 
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Description 

FIELD  OF  THE  INVENTION  AND  RELATED  ART 

5  [0001]  The  present  invention  relates  to  a  liquid  ejecting  method  and  a  liquid  ejecting  head  which  are  used  for  ejecting 
droplets  of  liquid  such  as  ink  toward  various  recording  media,  such  as  paper,  for  the  purpose  of  recording.  In  particular, 
it  relates  to  a  liquid  ejecting  method  for  ejecting  extremely  small  droplets  of  liquid  at  an  extremely  high  frequency,  and 
also,  a  liquid  ejecting  head,  that  is,  a  recording  head,  which  comprises  a  plurality  of  liquid  paths  arranged  at  a  high 
density  to  realize  high  resolution. 

10  [0002]  Among  various  liquid  ejecting  methods  are  so-called  bubble  jet  type  liquid  ejecting  methods.  According  to 
these  methods,  bubbles  are  rapidly  grown  in  liquid,  and  the  pressure  generated  by  the  bubble  grown  is  used  to  eject 
droplets  of  liquid  from  liquid  ejection  orifices.  These  methods  are  high  in  liquid  ejection  response,  and  therefore,  are 
excellent  for  high  speed  recording  and  high  density  recording. 
[0003]  Among  the  bubble  jet  type  liquid  ejecting  methods  are  liquid  ejection  methods  which  allow  a  bubble  generated 

is  on  a  heat  generating  member  to  open  to  the  atmosphere  at  the  edge  of  an  ejection  orifice.  As  for  such  methods, 
Japanese  Laid-Open  Patent  Application  No  10940/1992,  10941/1992,  10742/1992,  and  the  like,  are  well  known. 
[0004]  These  methods  have  following  characteristics.  First,  they  can  increase  liquid  ejection  velocity,  and  therefore, 
can  increase  reliability.  Secondly,  they  can  eject  substantially  the  entire  liquid  present  between  a  heat  generating  mem- 
ber  and  an  ejection  orifice,  and  therefore,  can  unify  the  volume  by  which  liquid  is  ejected  each  time,  which  in  turn 

20  reduces  irregularity  in  terms  of  the  image  density. 
[0005]  As  recording  technologies  progress,  it  has  come  to  be  required  to  record  extremely  high  quality  images,  that 
is,  to  deposit  liquid  droplets  of  an  extremely  small  volume  (for  example,  1  .5x1  0"10  m3  or  less)  on  recording  medium  at 
an  extremely  high  density  (for  example,  600  dots/25.4  mm  or  more).  In  order  to  record  such  highly  precise  images, 
ejection  orifices,  and  liquid  paths  leading  to  the  ejection  orifices,  must  be  arranged  at  an  extremely  high  density.  For 

25  example,  in  order  to  accomplish  the  aforementioned  recording  density  of  600  dots/25.4  mm,  the  ejection  orifices  must 
be  aligned  in  two  parallel  lines,  at  a  density  of  300  unit/25.4  mm,  the  units  in  one  line  being  displaced  by  half  a  pitch 
from  the  units  in  the  other  line  in  the  line  direction. 
[0006]  Recording  an  image  with  the  use  of  finer  liquid  droplets  increases  the  number  of  liquid  droplets  to  be  ejected, 
which  in  turn  reduces  recording  speed.  In  order  to  prevent  this  recording  speed  reduction,  it  is  necessary  to  increase 

30  the  frequency  at  which  liquid  droplets  are  ejected  from  each  ejection  orifice  per  unit  of  time  (hereinafter,  "ejection 
frequency").  For  example,  in  the  case  of  the  structure  described  above,  the  ejection  frequency  must  be  at  least  7  kHz. 
[0007]  Further,  in  order  to  record  a  high  quality  image  by  ejecting  liquid  droplets  with  a  volume  as  small  as  the  one 
described  above,  the  reliability  with  which  liquid  droplets  are  ejected  must  be  improved. 
[0008]  As  described  above,  there  are  bubble  jet  type  liquid  ejecting  method  which  allow  bubbles  to  become  connected 

35  to  the  atmosphere.  For  example,  Japanese  Laid-Open  Patent  Application  No.  16365/1993  discloses  a  technology 
regarding  the  state  of  a  liquid  droplet  at  the  time  of  ejection,  and  the  condition  for  allowing  a  bubble  to  become  connected 
to  the  atmosphere. 
[0009]  When  a  bubble  jet  type  liquid  ejecting  method  which  allows  a  bubble  to  become  connected  to  the  atmosphere 
was  applied  to  an  ink  jet  head  which  ejected  extremely  small  liquid  droplets  with  a  volume  of  1.5x10-10  m3,  it  was 

40  confirmed  that  during  a  recording  operation,  liquid  droplets  suddenly  failed  to  be  ejected  from  some  of  the  ejection 
orifices  through  which  liquid  droplets  has  been  properly  ejected.  This  phenomenon  was  different  from  the  ejection 
failure  which  occurred  to  the  prior  liquid  ejecting  heads.  The  investigation  of  this  phenomenon  revealed  the  following. 
That  is,  recording  liquid  suddenly  plugged  the  ejection  orifices  during  the  period  between  the  time  when  a  bubble 
became  connected  to  the  atmosphere  and  the  time  when  the  refilling  ended.  Thereafter,  recording  liquid  could  not  be 

45  ejected  from  the  plugged  ejection  orifices  unless  a  recovery  operation  was  carried  out  with  the  use  of  the  recovery 
mechanism  of  the  main  assembly  of  an  image  forming  apparatus. 
[0010]  Figure  5  is  a  section  of  a  liquid  ejection  orifice,  and  a  liquid  path  leading  to  the  orifice,  which  depicts  the  above 
described  phenomenon.  As  is  evident  from  Figure  5,  immediately  after  a  bubble  becomes  connected  to  the  atmosphere 
and  a  droplet  of  recording  liquid  501  is  ejected,  an  ejection  orifice  is  plugged  with  recording  liquid  501  .  At  this  point  of 

so  time,  there  also  remains  recording  liquid  501  in  the  ink  supply  path.  However,  there  is  no  recording  liquid  adjacent  to 
an  electrothermal  transducer  1  ,  because  it  is  immediately  after  liquid  ejection.  In  other  words,  there  is  only  atmospheric 
air  502  adjacent  to  the  electrothermal  transducer  1.  In  this  state,  even  if  an  electrical  pulse  is  applied  to  the  electro- 
thermal  transducer  1  ,  a  droplet  of  recording  liquid  501  cannot  be  ejected,  since  there  is  no  recording  liquid  501  around 
the  electrothermal  transducer  1  .  Therefore,  it  is  impossible  to  unplug  the  ejection  orifice  4. 

55  [0011]  Further,  during  the  development  of  the  present  invention,  it  became  evident  that  when  the  aforementioned 
type  of  head,  in  which  a  large  number  of  liquid  paths  were  disposed  at  a  high  density,  was  driven  at  a  high  frequency, 
attention  must  be  paid  to  the  state  of  the  meniscus  after  a  bubble  became  connected  to  the  atmosphere,  in  particular, 
how  the  state  of  the  meniscus  after  the  connection  is  different  from  the  state  of  the  meniscus  prior  to  the  connection. 
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Thus,  the  object  of  the  present  invention  is  to  provide  a  reliable  liquid  ejection  method,  that  is,  a  liquid  ejecting  method 
which  does  not  suddenly  fail  to  eject  liquid,  i.e.,  a  liquid  ejecting  method  which  makes  high  speed  recording  possible 
with  the  use  of  a  bubble  jet  type  liquid  ejecting  head,  in  particular,  so-called  side  shooter  type  liquid  ejecting  head  in 
which  ejection  orifices  for  ejecting  extremely  small  liquid  droplets  at  a  high  frequency  are  disposed  at  a  high  density, 

5  directly  facing  heat  generating  members  one  for  one,  and  in  which  a  bubble  is  allowed  to  become  connected  to  the 
atmosphere. 

SUMMARY  OF  THE  INVENTION 

10  [0012]  The  gist  of  the  present  invention  for  accomplishing  the  above-described  object  of  the  present  invention  is  as 
follows. 
[0013]  The  liquid  ejecting  method  in  accordance  with  the  present  invention  uses  a  liquid  ejecting  head  which  com- 
prises  a  plurality  of  electrothermal  transducers  capable  of  generating  a  sufficient  amount  of  thermal  energy  for  gener- 
ating  bubbles  in  liquid,  a  plurality  of  ejection  orifices  disposed  directly  facing  the  electrothermal  transducers  one  for 

is  one,  and  a  plurality  of  liquid  paths.  The  ejection  orifices  are  aligned  at  a  density  of  no  less  than  300  per  25.4  mm,  and 
are  connected  to  the  liquid  paths  one  for  one.  This  liquid  ejecting  method  is  characterized  in  that  bubbles  generated 
by  the  thermal  energy  generated  by  an  electrothermal  transducer  eject  droplets  of  liquid  with  a  volume  of  no  more  than 
15x10-15  m3,  one  for  one,  at  a  frequency  of  no  less  than  7  kHz,  and  open  to  the  atmosphere  as  they  eject  the  liquid 
while  their  internal  pressure  is  below  the  atmospheric  pressure,  and  that  the  height  of  the  liquid  path  in  the  liquid  ejecting 

20  head  is  no  less  than  6  pm,  and  the  distance  between  the  top  and  bottom  openings  of  the  ejection  orifice  is  no  more 
than  half  the  minimum  distance  across  the  ejection  orifice  through  the  center  of  the  orifice. 
[0014]  The  liquid  ejecting  head  in  accordance  with  the  present  invention  comprises  a  plurality  of  electrothermal  trans- 
ducers  capable  of  generating  thermal  energy  for  generating  bubbles  in  liquid,  a  plurality  of  ejection  orifices  disposed 
directly  facing  the  electrothermal  transducers  one  for  one,  and  a  plurality  of  liquid  paths.  The  ejection  orifices  and  liquid 

25  paths  are  aligned  at  a  density  of  no  less  than  300  per  25.4  mm.  To  the  electrothermal  transducers,  driving  signals  are 
applied  at  a  frequency  of  no  less  than  7  kHz.  This  liquid  ejecting  head  is  characterized  in  that  bubbles  are  generated 
in  the  liquid  paths,  and  eject  droplets  of  liquid  with  a  volume  of  no  more  than  15x10-15  m3,  one  for  one,  opening  to  the 
atmosphere  as  they  eject  the  liquid  while  their  internal  pressure  is  below  the  atmospheric  pressure,  and  that  the  height 
of  the  liquid  path  is  no  less  than  6  pm,  and  the  distance  between  the  top  and  bottom  openings  of  the  ejection  orifice  is 

30  no  more  than  half  the  minimum  distance  across  the  ejection  orifice  through  the  center  of  the  orifice. 
[0015]  Further,  the  liquid  ejecting  method  in  accordance  with  the  present  invention  uses  a  liquid  ejecting  head  which 
comprises  a  plurality  of  electrothermal  transducers  capable  of  generating  a  sufficient  amount  of  thermal  energy  for 
generating  bubbles  in  liquid,  a  plurality  of  ejection  orifices  disposed  directly  facing  the  electrothermal  transducers  one 
for  one,  and  a  plurality  of  liquid  paths.  The  ejection  orifices  are  aligned  at  a  density  of  no  less  than  300  per  25.4  mm, 

35  and  are  connected  to  the  liquid  paths  one  for  one.  The  bubbles  generated  by  the  thermal  energy  generated  by  an 
electrothermal  transducer  eject  droplets  of  liquid  with  a  volume  of  no  more  than  15x10-15  m3,  one  for  one,  at  a  frequency 
of  no  less  than  7  kHz,  and  open  to  the  atmosphere  as  they  eject  the  liquid  while  their  internal  pressure  is  below  the 
atmospheric  pressure.  This  liquid  ejecting  method  is  characterized  in  that  it  comprises  a  process  in  which  the  liquid 
which  remains  within  the  ejection  orifice  after  the  bubble  opens  to  the  atmosphere,  remains  in  connection  to  the  liquid 

40  in  the  liquid  path  which  retracts  away  from  the  ejection  orifice,  and  a  process  in  which  the  liquid  remaining  in  the  ejection 
orifice  joins  with  the  liquid  in  the  liquid  path,  and  refills  the  ejection  orifice. 
[0016]  With  the  provision  of  the  above  described  structure,  the  ejection  orifices  in  a  side  shooter  type  liquid  ejecting 
head  in  which  bubbles  open  to  the  atmosphere  are  not  plugged  with  recording  liquid.  Consequently,  the  appearance 
of  the  unwanted  white  lines  during  recording,  for  which  the  sudden  ejection  failure  of  some  of  the  ejection  orifices  is 

45  responsible,  is  reliably  prevented,  making  it  possible  to  reliably  print  high  quality  images  at  a  high  speed. 
[0017]  These  and  other  objects,  features  and  advantages  of  the  present  invention  will  become  more  apparent  upon 
a  consideration  of  the  following  description  of  the  preferred  embodiments  of  the  present  invention  taken  in  conjunction 
with  the  accompanying  drawings. 

so  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0018]  Figure  1,  (a)  is  an  external  perspective  view  of  a  liquid  ejecting  head  to  which  the  liquid  ejecting  method  in 
accordance  with  the  present  invention  can  be  applied,  and  depicts  the  general  structure  of  the  head.  Figure  1,  (b)  is 
a  section  of  the  liquid  ejecting  head  in  Figure  1  ,  (a),  at  a  line  A-A,  and  depicts  the  general  structure  of  the  head. 

55  [0019]  Figure  2,  (a)  is  a  vertical  section  of  the  essential  portions,  that  is,  one  of  the  ejection  orifices  and  one  of  the 
liquid  paths,  of  the  liquid  ejecting  head  in  Figure  1  .  Figure  2,  (b)  is  atop  view  of  the  essential  portion  of  the  liquid  ejecting 
head  illustrated  in  Figure  2,  (a). 
[0020]  Figure  3,  (a)  -  (g),  are  sections  of  the  essential  portions  of  the  liquid  ejecting  head  to  which  the  liquid  ejecting 
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method  in  accordance  with  the  present  invention  is  applicable,  and  depict  the  operational  steps  of  the  head. 
[0021]  Figure  4  is  a  partially  broken  perspective  view  of  an  example  of  a  liquid  ejecting  apparatus  compatible  with 
a  liquid  ejecting  head  to  which  the  liquid  ejecting  method  in  accordance  with  the  present  invention  is  applicable,  and 
depicts  the  general  structure  thereof. 

5  [0022]  Figure  5  is  an  enlarged  section  of  the  essential  portion  of  a  liquid  ejection  head  in  accordance  with  the  present 
invention,  and  depicts  the  problem  which  is  solved  by  the  present  invention. 
[0023]  Figure  6  is  a  section  of  a  liquid  ejecting  recording  head  in  accordance  with  the  present  invention,  and  depicts 
the  vertically  tapered  shape  of  the  ejection  orifice. 

10  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Embodiment  1 

[0024]  Figure  1,  (a)  is  an  external  perspective  view  of  a  liquid  ejecting  head  to  which  the  liquid  ejecting  method  in 
is  accordance  with  the  present  invention  can  be  applied,  and  depicts  the  general  structure  of  the  head.  Figure  1,  (b)  is 

a  section  of  the  liquid  ejecting  head  in  Figure  1,  (a),  at  a  line  A-A,  and  depicts  the  general  structure  of  the  head.  In 
Figure  1  ,  a  referential  code  2  designates  a  substrate  formed  of  Si,  on  which  electrothermal  elements  as  heaters,  and 
ejection  orifices,  have  been  formed  by  a  thin  film  technology.  The  electrothermal  elements  and  ejection  orifices  will  be 
described  later  in  detail.  On  this  element  substrate  2,  a  plurality  of  ejection  orifices  4  are  aligned  in  two  parallel  lines, 

20  so  that  the  ejection  orifices  4  in  one  line  are  displaced  by  half  a  pitch  from  the  ejection  orifices  4  in  the  other  lines,  in 
the  line  direction,  like  footprints  of  a  bird,  as  shown  in  Figure  1  ,  (a).  The  element  substrate  2  is  fixed  to  a  portion  of  an 
L-shaped  supporting  member  102  with  glue.  Also  fixed  to  the  supporting  member  102  is  a  wiring  substrate  104,  the 
wiring  on  which  is  electrically  connected  to  the  wiring  on  the  element  substrate  2  by  bonding.  The  supporting  member 
104  is  formed  of  aluminum  in  view  of  processability.  A  referential  character  103  designates  a  molded  member,  into 

25  which  the  supporting  member  102  is  partially  inserted  to  be  supported  by  the  molded  member  103.  The  molded  member 
103  comprises  a  liquid  supply  path  107,  through  which  liquid  (for  example,  ink)  is  supplied  from  a  liquid  storing  portion 
(unillustrated)  to  the  ejection  orifices  with  which  the  aforementioned  element  substrate  2  is  provided.  Further,  the  mold- 
ed  member  1  03  functions  as  a  member  which  plays  a  role  in  removably  installing  the  entirety  of  a  liquid  ejecting  head 
in  accordance  with  the  present  invention  into  a  liquid  ejecting  apparatus,  and  removably  fixing  it  to  the  liquid  ejecting 

30  apparatus.  The  liquid  ejecting  apparatus  will  be  described  later  in  detail. 
[0025]  The  element  substrate  2  comprises  a  connective  path  105,  which  penetrates  through  the  element  substrate 
2,  and  through  which  the  liquid  supplied  through  the  liquid  supply  path  107  of  the  molded  member  103  is  supplied  to 
the  ejection  orifices.  The  connective  path  1  05  is  connected  to  liquid  paths  leading  to  ejection  orifices,  one  for  one,  and 
also  functions  as  a  common  liquid  chamber. 

35  [0026]  Figure  2,  (a)  is  a  vertical  section  of  the  essential  portions,  that  is,  the  ejection  orifice  and  the  liquid  path,  of 
the  liquid  ejecting  head  in  Figure  1  .  Figure  2,  (b)  is  a  top  view  of  the  essential  portion  of  the  liquid  ejecting  head  illustrated 
in  Figure  2,  (a). 
[0027]  As  illustrated  in  Figure  2,  the  liquid  ejecting  head  in  accordance  with  the  present  invention  is  provided  with 
rectangular  electrothermal  elements  as  heaters  1  ,  which  are  disposed  at  predetermined  locations,  one  for  one,  on  the 

40  element  substrate  2.  Above  the  heaters  1  ,  an  orifice  plate  3  is  disposed.  The  orifice  plate  3  is  provided  with  rectangular 
ejection  orifices  4,  which  directly  face  the  center  portions  of  the  heaters  1  ,  one  for  one.  The  size  of  the  opening  of  the 
ejection  orifice  4  is  designated  by  a  referential  code  So  as  can  be  seen  in  Figure  2,  (b).  Referential  characters  41  and 
42  designate  the  top  and  bottom  "surfaces"  of  the  ejection  orifice  4.  In  this  embodiment,  the  top  and  bottom  "surfaces" 
are  imaginary  surfaces:  the  imaginary  surfaces  formed  by  extending  the  top  and  bottom  surfaces  of  the  orifice  across 

45  the  top  and  bottom  openings  of  the  ejection  orifice  4. 
[0028]  Referring  to  Figure  2,  (a),  the  gap  between  the  heater  1  and  the  orifice  plate  3  equals  the  height  Tn  of  the 
liquid  path  5,  and  is  determined  by  the  height  of  a  liquid  path  wall  6.  Referring  to  Figure  2,  (b),  in  which  the  liquid  path 
5  extend  in  the  direction  indicated  by  an  arrow  mark  X,  the  ejection  orifices  4  which  are  in  connection  to  the  liquid  paths 
5  one  for  one  are  aligned  in  a  plurality  of  parallel  lines  perpendicular  to  the  direction  X.  The  plurality  of  liquid  paths  5 

so  are  connected  to  the  connective  path  105,  in  Figure  1,  (b),  which  also  functions  as  a  common  liquid  chamber.  The 
thickness  of  the  orifice  path  3,  which  equals  the  distance  between  the  imaginary  top  and  bottom  surfaces  41  and  42 
of  the  ejection  orifice,  is  designated  by  a  referential  character  To. 
[0029]  Next,  an  embodiment  of  the  liquid  ejecting  method  in  accordance  with  the  present  invention,  which  uses  a 
liquid  ejecting  head  with  the  above  described  structure,  will  be  described. 

55  [0030]  Figure  3,  (a)  -  (g),  are  sections  of  the  essential  portions  of  the  liquid  ejecting  head  to  which  the  liquid  ejecting 
method  in  accordance  with  the  present  invention  is  applicable.  They  depict  the  operational  steps  of  the  head. 
[0031]  Referring  to  Figure  3,  (a),  in  the  normal  state,  a  meniscus  11  is  at  the  top  end  of  the  ejection  orifice.  In  this 
state,  driving  voltage  is  applied  to  the  heater  1.  The  heater  1  is  desired  to  be  driven  with  the  use  of  short  pulses  so 

4 



EP  0  936  070  A2 

that  the  meniscus  is  prevented  from  being  excessively  retracted  by  the  excessive  bubble  growth.  The  duration  of  the 
electrical  pulse  applied  to  the  heater  1  to  eject  liquid  is  desired  to  be  no  more  than  3.5  u.sec.  This  is  due  to  the  following 
reason.  If  the  pulse  duration  is  greater  than  3.5  u.sec,  bubble  growth  becomes  excessive,  which  makes  the  location 
of  the  meniscus  after  the  liquid  ejection  excessively  far  from  the  ejection  orifice.  As  a  result,  refilling  time  becomes 

5  longer,  which  makes  the  liquid  ejecting  head  unsuitable  for  high  speed  recording.  It  is  possible  to  use  a  multi-pulse 
driving  method,  that  is,  a  driving  method  which  applies  two  or  more  pulses  per  ejection.  In  such  a  case,  the  duration 
of  the  pre-pulse,  that  is,  the  pulse  applied  prior  to  the  application  of  the  main  pulse  for  recording  liquid  ejection,  is 
desired  to  be  no  more  than  1  .5  u.sec.  The  interval  between  the  pre-pulse  and  the  main  pulse  is  desired  to  be  no  more 
than  2.0  u.sec.  If  the  duration  of  the  pre-pulse  exceeds  1.5  u.sec,  and/or  the  interval  between  the  pre-pulse  and  the 

10  main  pulse  exceeds  2.0  urn,  bubble  growth  becomes  excessive,  which  in  turn  causes  the  meniscus  to  retract  by  a 
greater  distance.  The  greater  retraction  of  the  meniscus  makes  it  impossible  for  the  liquid  ejection  head  to  eject  liquid 
at  a  high  frequency;  in  other  words,  it  makes  the  objects  of  the  present  invention  impossible  to  accomplish. 
[0032]  The  proper  driving  voltage  value  for  accomplishing  the  objects  of  the  present  invention  is  1  .1  to  1  .3  times  the 
threshold  voltage  Vth  for  liquid  ejection.  If  the  driving  voltage  is  no  more  than  1  .  1  times  the  threshold  voltage  Vth,  liquid 

is  ejection  velocity  is  excessively  low,  causing  liquid  droplets  to  be  ejected  off  the  predetermined  course,  provided  that 
bubbles  are  generated  and  liquid  droplets  are  ejected.  Also,  liquid  ejection  becomes  instable  at  a  high  frequency.  On 
the  contrary,  if  the  driving  voltage  value  is  no  less  than  1.3  times  the  threshold  voltage  Vth,  bubble  length  becomes 
excessive,  causing  the  meniscus  to  retract  by  a  greater  distance,  which  in  turn  prolongs  refilling  time,  and/or  excessively 
increases  liquid  ejection  velocity,  increasing  the  amount  of  the  splash  which  occurs  as  a  liquid  droplet  hits  the  recording 

20  medium.  Thus,  the  aforementioned  driving  voltage  range  is  one  of  the  desirable  conditions  for  the  present  invention. 
[0033]  Next,  referring  to  Figure  3,  (b),  as  driving  voltage  is  applied  to  the  heater  1  ,  a  bubble  301  is  caused  to  grow 
in  the  liquid,  in  contact  with  the  heater  1  .  Then,  as  the  bubble  301  grows,  the  liquid  in  the  ejection  orifice  4  and  liquid 
paths  5  on  the  top  side  of  the  bubble  301  swells  upward  from  the  top  end  of  the  ejection  orifice  4.  During  this  process, 
the  pressure  of  the  bubble  301  ,  which  has  been  greater  than  the  atmospheric  pressure,  begins  to  drop  below  the 

25  atmospheric  pressure. 
[0034]  Next,  referring  to  Figure  3,  (c),  as  the  bubble  grows  further,  the  liquid  in  the  ejection  orifice  4  and  liquid  path 
5  on  the  top  side  of  the  bubble  301  is  ejected  upward  from  the  top  end  of  the  ejection  orifice  4.  At  this  stage,  however, 
the  bubble  301  has  not  become  connected  to  the  atmosphere,  and  the  meniscus  in  the  liquid  path  5  keeps  retracting 
due  to  the  further  growth  of  the  bubble  301  .  Immediately  before  the  bubble  301  becomes  connected  to  the  atmosphere, 

30  the  front  end  of  the  recording  liquid,  in  terms  of  liquid  flow,  in  the  liquid  path  5  is  still  at  the  imaginary  bottom  surface 
42  of  the  ejection  orifice  4,  and  also  is  in  connection  with  the  recording  liquid  remaining  on  the  internal  surface  of  the 
ejection  orifice  4.  The  internal  pressure  of  the  bubble  301  remains  below  the  atmospheric  pressure  until  the  bubble 
301  becomes  connected  to  the  atmosphere.  If  the  bubble  301  becomes  connected  to  the  atmosphere  while  the  internal 
pressure  of  the  bubble  301  is  equal  to,  or  above,  the  atmospheric  pressure,  the  instable  liquid  adjacent  to  the  ejection 

35  orifice  4  is  caused  to  splash  at  the  time  of  the  connection  between  the  bubble  301  and  the  atmosphere.  Further,  there 
is  no  force  which  works  to  pull  the  instable  liquid  back  into  the  liquid  path,  and  therefore,  the  instable  liquid  adjacent 
to  the  ejection  orifice  4  cannot  be  prevented  from  splashing. 
[0035]  Next,  referring  to  Figure  3,  (d),  at  the  same  time  or  immediately  after  the  bubble  301  becomes  connected  to 
the  atmosphere,  the  liquid  droplet  12  is  ejected  from  the  ejection  orifice  4,  and  leaves  the  top  edge  of  the  ejection 

40  orifice  4.  At  this  moment  when  the  liquid  droplet  leaves  the  top  edge  of  the  ejection  orifice  4,  if  the  separation  of  the 
liquid  droplet  from  the  liquid  in  the  ejection  orifice  4  occurs  on  the  left-hand  side,  in  the  drawing,  of  the  ejection  orifice 
4,  the  major  portion  of  the  aforementioned  recording  liquid  which  remains  on  the  internal  surface  of  the  ejection  orifice 
is  pulled  down  by  the  recording  liquid  which  is  remaining  at  the  aforementioned  imaginary  bottom  surface  42  of  the 
ejection  orifice,  and  eventually  joins  with  the  recording  liquid  within  the  liquid  path  5,  that  is,  returns  to  the  liquid  path 

45  5.  The  meniscus  11  retracts  farthest  slightly  after  the  connection  between  the  bubble  301  and  the  atmosphere.  After 
this  point,  the  liquid  droplet  is  ejected  as  shown  in  Figure  3,  (e)  -  (g).  Then,  the  recording  liquid  refills  the  ejection  orifice 
4,  and  stabilizes. 
[0036]  Regarding  the  above  described  processes,  as  long  as  the  liquid  which  retains  within  the  ejection  orifice  after 
the  connection  between  the  bubble  and  the  atmosphere  remains  in  connection  with  the  liquid  which  retracts  into  the 

so  liquid  path  from  the  ejection  orifice,  and  this  liquid  remaining  within  the  ejection  orifice  is  caused  to  join  with  the  liquid 
within  the  liquid  path  and  eventually  refill  the  ejection  orifice,  even  if  recording  liquid  is  adhering  adjacent  to  the  imaginary 
top  surface  of  the  ejection  orifice,  this  liquid  joins  with  the  aforementioned  recording  liquid  which  is  adhering  to  the 
internal  surface  of  the  ejection  orifice.  In  other  words,  even  this  liquid,  which  is  adhering  adjacent  to  the  imaginary  top 
surface  of  the  ejection  orifice,  is  moved  back  into  the  liquid  path  5,  the  aforementioned  phenomenon  that  the  recording 

55  liquid  fails  to  be  ejected  does  not  occur,  that  is,  the  recording  liquid  is  reliably  ejected. 
[0037]  The  volume  by  which  liquid  is  ejected  as  the  liquid  droplet  1  2  is  determined  by  the  ejection  orifice  size  or  the 
like  of  a  liquid  ejecting  head  used  for  liquid  ejection.  In  the  case  of  the  liquid  ejecting  head  in  this  embodiment,  the 
volume  of  the  liquid  droplet  12  is  made  to  be  no  more  than  15x10-15  m3. 
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[0038]  One  of  the  desirable  conditions  for  allowing  the  bubble  301  to  reliably  become  connected  to  the  atmosphere 
is:  To+Tn  g  heater  size.  The  heater  size  means  Sh1/2,  in  which  Sh  standsforthesizeof  the  heating  surface  of  the  heater. 
[0039]  If  To+Tn  s  Sh1/2,  the  greater  the  value  of  (To+Tn)  in  relative  terms,  the  more  likely  are  the  factors  responsible 
for  the  connection  between  the  bubble  and  the  atmosphere  to  negatively  work  in  terms  of  the  balance  in  the  connection, 

5  even  if  the  bubble  becomes  connected  to  the  atmosphere.  Therefore,  a  proper  relation  between  (To+Tn)  and  Sh1/2 
becomes  the  desirable  condition.  In  addition,  if  To+Tn  S  Sh1/2,  the  recording  liquid  is  ejected  without  allowing  the 
bubble  to  become  connected  to  the  atmosphere.  In  other  words,  one  of  the  prerequisites  of  the  present  invention  does 
not  exist. 
[0040]  The  structural  features  of  a  liquid  ejecting  head  described  below  are  listed  as  the  embodiments  of  the  present 

10  invention  which  assure  that  the  aforementioned  liquid,  which  remains  within  a  nozzle  after  the  connection  between  a 
bubble  and  the  atmosphere,  remains  in  connection  with  the  aforementioned  liquid  which  retracts  from  the  ejection 
orifice  into  the  liquid  path,  and  that  this  liquid  remaining  in  contact  with  the  liquid  having  retracted  from  the  ejection 
orifice  joints  with  the  liquid  within  the  liquid  path,  and  refills  the  nozzle. 

is  (1)  An  ejection  orifice  is  more  effective  if  its  vertical  section  is  tapered,  that  is,  the  minimum  distance  across  the 
aforementioned  imaginary  top  surface  of  the  ejection  orifice  through  the  center  of  the  top  surface  is  shorter  than 
the  minimum  distance  across  the  aforementioned  imaginary  bottom  surface  of  the  ejection  orifice  through  the 
center  of  the  bottom  surface. 

Figure  6  depicts  the  vertical  section  of  an  ejection  orifice  with  the  above  described  vertical  section.  Since  the 
20  ejection  orifice  is  tapered,  it  is  geometrically  easier  for  the  recording  liquid  remaining  on  the  internal  surface  of  the 

ejection  orifice  to  remain  in  connection  with  the  ink  within  the  liquid  path.  Further,  since  the  size  of  the  imaginary 
bottom  surface  of  the  ejection  orifice  is  greater  than  the  imaginary  top  surface  of  the  ejection  orifice,  it  is  more 
difficult  for  the  recording  liquid  to  plug  the  ejection  orifice. 
(2)  An  ejection  orifice  is  more  effective  if  its  horizontal  section  is  in  the  form  of  a  star  rather  than  in  the  form  of  a 

25  circle  or  a  square.  In  other  words,  the  easier  it  is  for  the  recording  liquid  to  remain  on  the  internal  surface  of  the 
ejection  orifice,  the  easier  it  is  for  the  aforementioned  processes  to  occur.  This  is  due  to  the  following  reason.  That 
is,  if  the  horizontal  section  of  an  ejection  orifice  is  in  the  form  of  a  "star",  it  is  easier  for  recording  liquid,  which  is 
adhering  to  the  top  portion  of  the  ejection  orifice,  to  remain  in  connection  to  the  liquid  at  the  bottom  portion  of  the 
ejection  orifice,  and  also,  the  effective  horizontal  size  of  the  ejection  orifice  at  the  time  of  liquid  ejection  is  determined 

30  by  the  size  of  the  area  surrounded  by  the  lines  which  connect  the  adjacent  inward  corners  of  the  star. 
(3)  Meniscus  curvature 

In  order  to  make  it  easier  for  the  liquid  remaining  on  the  internal  surface  of  an  ejection  orifice  to  join  with  the 
liquid  within  the  liquid  path,  the  negative  pressure  which  the  meniscus  formed  in  the  liquid  path  generates  is  desired 
to  be  as  large  as  possible.  In  order  for  the  meniscus  to  generate  a  greater  amount  of  negative  pressure,  it  is  desired 

35  that  the  liquid  path  is  as  small  as  possible  in  height  and  cross  section,  as  long  as  refilling  time  does  not  excessively 
increase. 

In  order  to  enhance  the  desirable  embodiments  (1)  -  (3),  it  is  particularly  desirable  that  the  bottom  side  of  an 
ejection  orifice  is  rendered  easier  to  be  wetted  by  recording  liquid  (orifice  is  treated  so  that  it  becomes  hydrophilic). 
(4)  Volume  of  liquid  adhering  to  ejection  orifice 

40  In  order  to  prevent  recording  liquid  from  plugging  an  ejection  orifice,  it  is  desirable  that  control  is  executed  so 
that  the  amount  of  liquid  which  remains  at  the  top  portion  of  the  ejection  orifice,  that  is,  the  amount  of  excessive 
liquid,  becomes  as  small  as  possible.  In  order  to  do  so,  it  is  important  that  the  top  portion  of  the  ejection  orifice  is 
treated  to  give  it  hydrophobicity,  so  that  small  patches  of  liquid  which  are  adhering  to  the  top  portion  of  the  internal 
surface  of  the  ejection  orifice  are  prevented  from  joining  with  each  other  and  growing.  In  other  words,  it  is  important 

45  that  the  top  portion  of  the  internal  surface  of  the  ejection  orifice  is  rendered  as  water  repellent  as  possible.  Further, 
it  is  effective  for  hydrophilic  regions  to  be  located  away  from  the  water  repellent  top  portion  of  the  ejection  orifice. 

[0041]  Next,  the  factors  which  determine  how  liquid  is  ejected  from  the  above  described  liquid  ejecting  head  will  be 
described  in  more  detail  from  the  standpoint  of  orifice  plate  configuration. 

so  [0042]  The  liquid  which  remains  on  the  internal  wall  of  an  ejection  orifice  after  recording  liquid  ejection  forms  a 
meniscus  within  the  ejection  orifice.  At  this  moment,  the  relative  pressure  P  of  the  recording  liquid  is: 

55 
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P  =  - V ( l / r l   -  l / r 2 )  

r l   <  r2  »-*  P  <  0 
5 

r l   >  r2  -»•  P  >  0 ,  

in  which  r1  stands  for  1/2  of  the  minimum  distance  across  the  meniscus  formed  in  the  ejection  orifice,  through  the 
10  center  of  the  meniscus,  as  seen  from  above;  r2  stands  for  the  radius  corresponding  to  the  curvature  of  the  meniscus 

(curvature  of  the  section  of  the  meniscus,  at  a  plane  which  is  parallel  to  a  liquid  path,  and  contains  the  center  of  the 
meniscus);  and  j  stands  for  the  surface  tension  of  the  recording  liquid.  The  ejection  orifice  is  less  likely  to  be  plugged 
with  the  recording  liquid  when  P  >  0,  because  even  if  recording  liquid  is  present  adjacent  to  the  imaginary  top  surface 
of  the  ejection  orifice,  this  liquid  is  more  difficult  to  pull  into  the  ejection  orifice  when  P  >  0. 

is  [0043]  The  value  of  r1  is  proportional  to  ejection  orifice  diameter  So1/2),  and  the  value  of  r2  is  proportional  to  the 
thickness  To. 
[0044]  Based  on  the  above  described  relation,  the  inventors  of  the  present  invention  tested  various  liquid  ejecting 
heads  produced  in  consideration  of  the  structural  requirements  which  prevents  the  aforementioned  phenomenon  that 
an  ejection  orifice  is  plugged  with  recording  liquid,  that  is,  the  requirement  regarding  the  minimum  distance  across  the 

20  horizontal  cross  section  of  the  ejection  orifice  through  the  center  of  the  cross  section,  and  the  orifice  plate  thickness. 
As  a  result,  it  was  discovered  that  even  if  the  liquid  within  the  liquid  path  is  not  in  contact  with  the  imaginary  bottom 
surface  of  the  ejection  orifice  immediately  after  the  connection  between  a  bubble  and  the  atmosphere,  the  ratio  at 
which  the  aforementioned  phenomenon,  or  the  plugging  of  the  ejection  orifice  by  the  recording  liquid  occurs,  drastically 
differs  across  a  point  at  which  the  minimum  distance  across  the  horizontal  section  of  the  ejection  orifice  through  the 

25  center  of  the  section  is  twice  the  orifice  plate  thickness.  That  is,  when  the  minimum  distance  across  the  horizontal 
section  of  the  ejection  orifice  through  the  center  of  the  section  is  twice  the  orifice  plate  thickness  or  greater  (if  the 
distance  between  the  imaginary  top  and  bottom  surfaces  of  the  ejection  orifice  is  no  more  than  half  the  minimum 
distance  across  the  horizontal  section  of  the  ejection  orifice  through  the  center  of  the  section),  the  ratio  at  which  the 
aforementioned  phenomenon  occurs  is  extremely  low.  On  the  contrary,  if  the  minimum  distance  across  the  horizontal 

30  section  of  the  ejection  orifice  through  the  center  of  the  section  is  no  more  than  the  twice  the  orifice  plate  thickness  (if 
the  distance  between  the  imaginary  top  and  bottom  surfaces  of  the  ejection  orifice  is  no  less  than  half  the  minimum 
distance  across  the  horizontal  section  of  the  ejection  orifice  through  the  center  of  the  section),  the  ratio  at  which  the 
aforementioned  phenomenon  occurs  is  extremely  high,  that  is,  high  enough  to  create  problems  in  terms  of  practical 
usage. 

35  [0045]  In  the  present  invention,  if  the  aforementioned  horizontal  section  of  an  ejection  orifice,  which  is  perpendicular 
to  the  direction  in  which  recording  liquid  is  ejected,  is  substantially  in  the  form  of  a  true  circle,  "the  minimum  distance 
across  the  horizontal  section  of  the  ejection  orifice  through  the  center  of  the  section"  can  be  defined  as  the  diameter 
of  the  virtually  circular  horizontal  section  of  the  ejection  orifice.  If  the  horizontal  section  of  the  ejection  orifice  is  square, 
it  can  be  defined  as  the  length  of  one  of  the  four  sides;  if  rectangular,  it  can  be  defined  as  the  length  of  the  shorter  side; 

40  if  oval,  it  can  be  defined  as  the  length  of  its  shortest  diameter;  and  if  the  vertical  section  of  an  ejection  orifice,  parallel 
to  the  ejecting  direction,  has  a  tapered  shape,  it  can  be  defined  as  the  minimum  distance  across  the  ejection  orifice 
through  the  center  of  the  ejection  orifice. 
[0046]  Next,  the  conditions  required  to  drive  a  liquid  ejecting  head  at  a  high  frequency  will  be  described.  In  order  to 
drive  a  liquid  ejecting  head  at  a  high  frequency,  refilling  time  must  be  short.  Refilling  time  is  determined  by  (1)  the 

45  maximum  amount  of  meniscus  retraction,  (2)  capillary  force  as  the  force  for  driving  the  liquid  for  refilling,  and  (3)  viscous 
resistance  of  the  liquid  path  during  refilling. 
[0047]  The  smaller  the  maximum  amount  of  meniscus  retraction  (2),  the  shorter  the  refilling  time.  Thus,  the  amount 
of  meniscus  retraction  is  desired  to  be  as  small  as  possible  as  long  as  liquid  droplets  with  a  desirable  volume  are 
reliably  ejected.  In  order  to  satisfy  this  requirement,  it  is  desirable  that  the  duration  of  a  driving  pulse  is  set  to  be  no 

so  more  than  3.5  u.sec. 
[0048]  The  capillary  force  (2)  is  the  force  which  drives  ink  during  refilling,  and  therefore,  generally  speaking,  it  is 
desired  to  be  as  large  as  possible.  In  other  words,  the  surface  tension  of  recording  liquid  is  desired  to  be  as  high  as 
possible,  preferably,  no  less  than  0.025  N/m. 
[0049]  Generally  speaking,  the  viscous  resistance  of  a  liquid  path  (3)  is  desired  to  be  as  small  as  possible. 

55  [0050]  The  above  described  conditions  are  for  the  purpose  of  making  it  easier  for  the  aforementioned  liquid  within 
the  liquid  path  to  remain  in  connection  to  the  liquid  which  remains  on  the  internal  surface  of  an  ejection  orifice.  Therefore, 
when  these  conditions  are  satisfied,  a  liquid  ejecting  head  in  accordance  with  the  present  invention  can  more  reliably 
eject  recording  liquid. 
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[0051]  It  should  be  noted  here  that  the  capillary  force  (2)  and  the  viscous  resistance  (3)  of  a  liquid  path  must  be  set 
so  that  the  meniscus  vibration  does  not  become  excessively  large  after  the  completion  of  refilling. 
[0052]  Regarding  a  condition  which  reduces  the  viscous  resistance  of  the  liquid  path  during  refilling  to  a  practical 
level  at  which  a  liquid  ejecting  head  in  accordance  with  the  present  invention  can  be  driven  at  a  high  frequency  it  is 

5  discovered  that  the  height  Tn  of  the  liquid  path  must  be  6  urn  or  less;  6  urn  g  Tn.  If  6  urn  S  Tn,  that  is,  if  the  height  of 
the  liquid  path  is  excessively  reduced,  the  viscous  resistance  of  the  liquid  path  excessively  increases,  prolonging  refilling 
time,  and  therefore,  the  liquid  ejecting  head  cannot  be  driven  at  high  frequency.  In  order  to  keep  the  viscous  resistance 
of  the  liquid  path  low,  it  is  necessary  to  employ  recording  liquid,  the  viscosity  of  which  is  not  excessively  high.  In  other 
words,  the  viscosity  of  the  recording  liquid  is  desired  to  be  no  more  than  5x1  0"2  N/s. 

10  [0053]  In  order  to  print  an  image  desirable  in  terms  of  the  distortion,  that  is,  an  image  which  is  small  in  the  amount 
of  distortion,  the  velocity  at  which  liquid  droplets  are  ejected  is  desired  to  be  no  less  than  10  m/sec  and  no  more  than 
30  m/sec,  preferably,  no  less  than  10  m/sec  and  no  more  than  20  m/sec.  If  the  velocity  at  which  liquid  droplets  are 
ejected  is  less  than  10  m/sec,  liquid  droplets  are  likely  to  miss  the  intended  spots  on  the  recording  medium,  which  is 
possible  to  reduce  print  quality.  If  the  ejection  velocity  exceeds  30  m/sec,  the  ejected  liquid  droplets  are  likely  to  splash 

is  and  form  mist  as  they  hit  the  recording  medium.  Further,  even  if  the  above  described  condition  regarding  the  liquid 
ejection  velocity  is  satisfied,  if  the  thickness  of  the  orifice  plate  is  excessively  reduced,  it  is  possible  that  the  direction 
in  which  liquid  droplets  are  ejected  becomes  instable,  and  also  that  the  mechanical  strength  of  the  orifice  plate  3  is 
reduced.  Thus,  the  orifice  plate  needs  to  have  a  certain  amount  of  thickness.  More  specifically,  the  thickness  of  the 
orifice  plate  needs  to  be  no  less  than  4  urn 

20  [0054]  A  liquid  ejecting  head  in  accordance  with  the  above  described  embodiments  of  the  present  invention,  can  be 
mounted  in  a  liquid  ejecting  apparatus,  for  example,  the  one  illustrated  in  Figure  4,  to  practice  the  liquid  ejecting  method 
in  accordance  with  the  present  invention. 
[0055]  Next,  an  example  of  a  liquid  ejecting  apparatus  will  be  described  with  reference  to  Figure  4. 
[0056]  Referring  to  Figure  4,  a  referential  character  200  designates  a  carriage  on  which  the  aforementioned  liquid 

25  ejecting  head  is  removably  mounted.  In  this  liquid  ejecting  apparatus,  four  liquid  ejecting  heads  are  employed  to  ac- 
commodate  inks  of  different  colors,  and  are  mounted  on  the  carriage  200,  along  with  an  ink  container  201  Y  for  yellow 
ink,  an  ink  container  202M  for  magenta  ink,  an  ink  container  201  C  for  cyan  ink,  and  an  ink  container  201  Bfor  black  ink. 
[0057]  The  carriage  200  is  supported  by  a  guide  shaft  203,  and  is  enabled  to  shuttle  along  the  guide  shaft  202,  by 
an  endless  belt  204  driven  forward  or  backward  by  a  motor  203.  The  endless  belt  is  wrapped  around  pulleys  205  and 

30  206. 
[0058]  A  sheet  of  recording  paper  P  as  recording  medium  is  intermittently  conveyed  in  the  direction  indicated  by  an 
arrow  mark  B,  which  is  perpendicular  to  the  direction  A.  The  recording  paper  P  is  held  by  being  pinched  by  the  upper 
pair  of  rollers  207  and  208,  and  the  bottom  pair  of  rollers  209  and  210,  being  thereby  given  a  certain  amount  of  tension 
so  that  it  remains  flat  while  being  conveyed.  The  roller  units  are  driven  by  a  driving  section  211  .  However,  the  apparatus 

35  may  be  structured  so  that  the  roller  units  are  driven  by  the  aforementioned  motor. 
[0059]  The  carriage  200  stops  at  the  home  position  at  the  beginning  of  each  printing  operation,  and  also  as  necessary. 
At  the  home  position,  capping  members  21  2  for  capping  the  four  heads  one  for  one  are  located.  The  capping  members 
212  are  connected  to  vacuuming  means,  which  prevents  ejection  orifices  from  being  clogged,  by  vacuuming  the  ejection 
orifices. 

40 
(Embodiments  1  and  2) 

[0060]  The  liquid  ejecting  head  illustrated  in  Figure  2,  (a)  and  (b),  was  produced,  and  its  performance  was  tested. 
The  results  are  given  in  Table  1  .  The  ejection  orifices  were  aligned  in  two  parallel  lines,  the  ejection  orifices  in  one  line 

45  being  displaced  in  the  line  direction  half  a  pitch  from  the  ejection  orifices  in  other  line,  as  shown  in  Figure  1,  (a)  and 
(b).  More  specifically,  in  each  line,  the  ejection  orifices  are  disposed  at  a  pitch  of  300  dpi,  and  the  ejection  orifices  in 
one  line  are  displaced  by  25.4  mm  in  line  direction,  from  ejection  orifices  in  the  other  line.  In  other  words,  the  ejection 
orifices  are  arranged  like  the  footprints  of  a  bird.  Consequently,  the  ejection  orifice  density  in  the  direction  perpendicular 
to  the  primary  scanning  direction  of  the  head  became  600  dpi  (600  ejection  orifices  per  25.4  mm).  The  minimum 

so  distance  across  the  horizontal  section  of  the  ejection  orifice  through  the  center  of  the  section  was  22  urn,  and  the 
ejection  orifices  were  shaped  so  that  their  horizontal  sections  became  square.  The  size  So  of  the  opening  of  each 
ejection  orifice  was  484  urn2  (=  22  urn  x  22  urn).  With  this  specification,  the  length  of  the  effective  bubble  generating 
region  in  the  liquid  flow  direction  was  26  urn,  and  the  distance  from  the  center  of  the  effective  bubble  generating  region 
to  the  edge  of  the  effective  bubble  generating  region,  on  the  liquid  supply  source  side,  was  13  urn  The  size  of  the 

55  heating  surface  of  each  heater  was  936  urn2  (=  26  urn  x  36  urn). 
[0061]  In  Embodiments  1  and  2,  the  height  Tn  of  the  liquid  flow  path  was  made  to  be  12  urn  and  6  urn,  respectively, 
and  the  thickness  To  of  the  orifice  plate  was  made  to  be  9  urn  and  11  urn,  respectively.  Further,  across  the  surface  of 
each  heater,  a  0.6  urn  thick  electrically  insulative  film  (Si02)  and  a  0.3  urn  thick  passivation  film  (Ta)  were  formed. 
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[0062]  As  for  recording  ink,  the  ink  with  the  following  composition  was  used: 

TiO  glycol  15% 
Glycerin  5  % 
Urine  5  % 
Isopropyl  alcohol  4  % 
Water  remainder 

The  ink  had  a  viscosity  of  1  .8x1  0"2,  a  surface  tension  of  0.038  N/m,  and  a  density  of  1040  kg/m3. 
[0063]  The  liquid  ejecting  head  (recording  head)  structured  as  described  above  was  driven  at  7  kHz  with  the  use  of 
a  power  source  which  could  apply  a  voltage  Vop  of  1  2  V  to  the  heater.  The  duration  of  the  driving  pulse  was  set  to  be 
1  .9  usee.  When  the  duration  of  the  driving  pulse  applied  to  the  heater  was  1  .9u.sec,  the  minimum  voltage  Vth  (threshold 
voltage)  necessary  for  the  ink  to  be  ejected  was  9.9  V.  Therefore,  Vop/Vth  was  1  .21  .  The  performance,  or  characteristic, 
regarding  various  aspects  of  this  head,  which  was  realized  when  the  head  was  driven  under  the  above  described 
condition,  is  given  in  Table  1. 
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45  [0064]  Under  the  above  described  conditions,  a  printing  operation  was  carried  out,  in  which  a  plurality  of  A3  size 
sheets  or  recording  paper  were  continuously  fed.  The  minimum  cross  distance  D  of  an  ejection  orifice  through  the 
center  of  the  orifice  was  22  urn,  which  was  no  less  than  twice  the  orifice  plate  thickness  To  which  equaled  the  distance 
between  the  imaginary  top  and  bottom  surfaces  of  the  ejection  orifice.  The  performance  was  such  that  printing  could 
be  carried  out  across  the  entire  surface  of  an  A3  sheet  of  recording  paper  or  more,  without  an  interruption,  which 

so  exceeded  a  performance  level  above  which  there  would  be  no  problem  in  practical  usage.  In  other  words,  the  head 
was  reliable. 
[0065]  The  head  was  fast  enough  in  ink  ejection  velocity  to  deal  with  a  situation  in  which  ink  viscosity  had  increased 
while  the  head  was  left  unused.  More  specifically,  the  head  could  desirably  deal  with  ink,  the  viscosity  of  which  was 
as  high  as  5x1  0"2  N/m.  When  the  ink  viscosity  increased  beyond  10x10-2  N/m,  that  is,  when  the  ink  viscosity  was 

55  excessively  high,  ink  ejection  velocity  dropped  below  10  m/sec.  As  a  result,  ink  droplets  missed  intended  spots  on 
recording  medium.  In  order  to  assure  that  the  object  of  the  present  invention  is  accomplished,  the  surface  tension  of 
ink  is  desired  to  be  as  high  as  possible.  However,  the  surface  tension  of  the  ink  must  be  determined  in  consideration 
of  how  an  ink  droplet  behaves  as  it  hits  recording  medium,  in  addition  to  the  ink  ejection  velocity.  Thus,  the  surface 
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tension  of  ink  is  desired  to  be  no  less  than  30x1  0"2  N/m,  and  there  is  no  restriction  regarding  the  upper  limit  as  long 
as  the  ink  can  be  desirably  ejected  by  a  bubble.  If  the  surface  tension  of  the  ink  is  less  than  30x1  0"2  N/m,  the  capillary 
force  generated  by  the  ink  is  not  high  enough  to  serve  as  the  force  for  driving  the  ink  for  refilling.  Therefore,  refilling 
time  is  long,  and  long  refilling  time  makes  it  impossible  for  the  head  to  be  driven  at  a  high  frequency,  which  is  a  problem. 

5  [0066]  In  the  above  embodiments,  the  refilling  time  was  75  u.sec,  counting  from  the  beginning  of  the  liquid  ejection 
pulse  application.  The  meniscus  vibration  thereafter  was  at  an  undetectable  level,  and  had  virtually  no  effect  upon 
printing  quality. 
[0067]  Also  in  those  embodiments,  the  heater  protection  film  was  rendered  thin,  and  the  pulse  duration  was  set  short. 
Consequently,  the  amount  of  bubble  growth  was  relatively  small.  In  other  words,  the  refilling  time  was  reduced  by 

10  reducing  the  amount  of  meniscus  retraction,  instead  of  increasing  refilling  speed. 
[0068]  Further,  the  protective  layer  for  the  heater  1  was  formed  of  Si02  (0.6  urn  thick),  and  passivation  film  (0.3  urn 
thick)  was  formed  of  Ta.  These  films  are  desired  to  be  as  thin  as  possible,  provided  that  heater  durability  is  reasonably 
long.  Reducing  the  thickness  of  the  protective  layer  makes  it  possible  to  reduce  the  overall  amount  of  the  thermal 
energy  conducted  from  a  heater  to  the  ink  between  the  beginning  of  the  pulse  application  and  the  beginning  of  bubble 

is  growth.  Therefore,  reducing  the  thickness  of  the  protective  layer  reduces  the  amount  of  bubble  growth  after  bubble 
generation,  reducing  consequently  the  amount  of  meniscus  retraction.  When  the  protective  layer  is  formed  of  Si02  or 
SiN,  its  thickness  is  desired  to  be  no  more  than  1  urn.  Obviously,  if  extremely  non-corrosive  platinum  or  the  like  material 
is  used  as  heater  material,  the  protective  layer  may  be  eliminated. 
[0069]  In  the  liquid  ejecting  heads  in  accordance  with  the  present  invention,  in  which  a  bubble  generated  in  a  liquid 

20  path  becomes  connected  to  the  atmosphere  through  an  ejection  orifice,  the  volume  by  which  ink  is  ejected  per  ejection 
is  generally  determined  by  the  geometric  aspects  of  the  heater,  liquid  path,  and  ejection  orifice.  In  other  words,  there 
is  a  wide  range  in  the  amount  of  bubble  growth,  in  which  the  volume  by  which  ink  is  ejected  per  ejection  is  not  affected 
by  the  reduction  in  bubble  growth. 

25  (Comparative  Examples  1  -  4) 

[0070]  The  liquid  ejecting  heads  employed  in  Comparative  Examples  1  -  4  are  the  same  as  those  employed  in  Em- 
bodiments  1  and  2,  except  that  in  these  comparative  examples,  the  height  of  the  liquid  path  was  varied  from  the  those 
in  Embodiments  1  and  2.  In  other  words,  in  Embodiments  1  and  2,  the  height  Tn  of  the  liquid  path  was  12  urn  and  6 

30  urn,  whereas  in  Comparative  Examples  1  -  4,  it  was  6  urn,  4  urn,  6  urn  and  5.5  urn,  correspondingly.  In  Comparative 
Examples  1  -  4,  the  thickness  To  of  the  orifice  plate  was  12  urn,  9  urn,  11  urn,  and  11  urn,  correspondingly,  and  the 
minimum  distance  across  the  opening  of  each  ejection  orifice  through  the  center  of  the  orifice  was  less  than  twice  the 
orifice  plate  thickness  To. 
[0071]  In  Comparative  Examples  1  and  3,  in  which  the  orifice  plate  thickness  To,  which  was  set  to  be  equal  to  the 

35  distance  between  the  imaginary  top  and  bottom  surfaces  of  each  ejection  orifice,  was  greater  than  half  the  minimum 
distance  D  across  the  opening  of  the  ejection  orifice  through  the  center  of  the  opening,  the  liquid  ejecting  head  frequency 
failed  to  eject  the  liquid,  or  the  ink.  In  Comparative  Examples  2  and  4,  in  which  the  height  of  the  liquid  path  was  less 
than  6  urn,  refilling  time  was  so  long  that  the  liquid  ejecting  head  was  not  suitable  for  high  frequency  driving. 
[0072]  Although  this  is  not  recorded  in  Table  1  ,  if  the  value  of  (To+Tn)  is  greater  than  Sh1/2  (=  31  urn),  the  behaviors 

40  of  a  liquid  droplet  and  a  meniscus  become  instable  at  the  time  when  the  bubble  becomes  connected  to  the  atmosphere, 
which  negatively  affects  print  quality. 

(Embodiments  3  -  5  and  Comparative  Examples  5-10) 

45  [0073]  The  liquid  ejecting  head  illustrated  in  Figure  2,  (a)  and  (b),  was  produced,  and  its  performance  was  tested. 
The  results  are  given  in  Table  2.  The  ejection  orifices  were  aligned  in  two  parallel  lines  as  shown  in  Figure  1,  (a)  and 
(b).  More  specifically,  in  each  line,  the  ejection  orifices  were  disposed  at  a  pitch  of  600  dpi,  and  the  ejection  orifices  in 
one  line  were  displaced  by  half  a  pitch,  in  line  direction,  from  ejection  orifices  in  the  other  line.  In  other  words,  the 
ejection  orifices  were  arranged  like  the  footprints  of  a  bird.  Consequently,  the  ejection  orifice  density  in  the  direction 

so  perpendicular  to  the  primary  scanning  direction  of  the  head  became  1  200  dpi.  The  size  of  the  opening  of  each  ejection 
orifice  in  Embodiments  3-5  was  227  urn2,  (=c|>17  urn),  225  urn2  (=  15  urn  square),  and  234  urn2.  In  each  of  Embodiments 
3  -  5,  the  size  Sh  of  the  heating  surface  of  each  heater  was  576  urn2  (24  urn  x  24  urn). 
[0074]  In  Embodiments  3  -  5,  the  same  ink  as  the  one  employed  in  Embodiments  1  and  2  was  employed. 
[0075]  As  for  the  height  Tn  of  each  liquid  path,  it  was  made  to  be  12  urn  in  Embodiments  3  and  4,  and  6  urn  in 

55  Embodiment  5.  As  for  the  thickness  To  of  the  orifice  plate,  it  was  made  to  be  7  urn  in  Embodiment  3,  and  6  urn  in 
Embodiment  4.  In  Embodiment  5,  it  was  made  to  be  9  urn. 
[0076]  In  Comparative  Examples  5-10,  the  size  So  of  each  ejection  orifice  was  made  to  be  200  urn2,  314  urn2,  227 
urn2,  202  urn2  (14.2  urn  square),  324  urn2,  and  324  urn2,  correspondingly.  The  size  Sh  of  the  heating  surface  of  each 
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heater  was  made  to  be  the  same  as  that  for  Embodiments  3  -  5,  which  was  570  urn2  (24  urn  x  24  urn).  The  height  Tn 
of  each  liquid  path  in  Comparative  Examples  5-10  was  made  to  be  12  urn,  4  urn,  8  urn,  12  urn,  6  urn  and  5.0  urn, 
correspondingly,  and  the  thickness  To  of  each  orifice  plate  was  made  to  be  9  urn,  1  1  urn,  9  urn,  9  urn,  and  9.5  urn,  and 
9  urn,  correspondingly. 

5  [0077]  The  sheet  resistance  of  the  heater  was  53  ohm. 
[0078]  The  liquid  ejecting  head  (recording  head)  structured  as  described  above  was  driven  at  10  kHz  with  the  use 
of  a  power  source  which  could  apply  a  voltage  Vop  of  9.0  V  to  the  heater.  The  duration  of  each  driving  pulse  was  set 
to  be  2.7  usee.  When  the  duration  of  driving  pulse  applied  to  the  heater  was  2.7  u.sec,  the  minimum  voltage  Vth  (thresh- 
old  voltage)  necessary  for  the  ink  to  be  ejected  was  7.2  V.  Therefore,  Vop/Vth  was  1  .25.  The  performance,  or  charac- 

10  teristic,  regarding  various  aspects  of  this  head,  which  was  realized  when  the  head  was  driven  under  the  above  described 
condition  (9  V/2.7  usee),  and  the  number  of  consecutive  recording  sheets  (A3  sheets  of  recording  paper)  through  the 
printing  of  which  ink  was  normally  ejected,  are  given  in  Table  2. 
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[0079]  As  is  evident  from  Table  2,  in  Embodiments  3  -  5,  the  number  of  the  consecutive  recording  sheets,  through 
the  printing  of  which  the  ink  was  normally  ejected,  was  far  greater  than  that  in  the  comparative  examples.  This  verifies 
that  the  present  invention  successfully  prevented  the  appearance  of  unwanted  while  lines,  which  would  have  appeared 
if  some  of  the  ejection  orifices  failed  to  eject  ink. 

5  [0080]  Paying  attention  to  D/To,  in  Embodiments  3  -  5,  D/To  was  no  less  than  2,  whereas  in  Comparative  Examples 
5  -  9,  it  was  no  more  than  2.  Further,  in  Comparative  Examples  5  -  9,  the  number  of  the  consecutive  recording  sheets, 
through  the  printing  of  which  ink  was  normally  ejected,  was  small,  and  also,  the  unwanted  while  lines  for  which  ejection 
failure  is  responsible  were  conspicuous.  Thus,  D/To  is  desired  to  be  no  less  than  2.  In  Comparative  Example  10,  D/To 
was  2.0,  and  the  frequency  of  sudden  ejection  failure  was  relatively  small.  However,  in  this  Comparative  Example  10, 

10  the  height  Tn  of  each  liquid  path  was  5.0  urn,  which  was  rather  low.  Therefore,  when  the  head  was  driven  at  a  frequency 
of  10  kHz  or  higher,  the  liquid  path  could  not  be  refilled  fast  enough,  and  therefore,  an  image  lighter  in  color  than  a 
normal  image  was  printed.  In  other  words,  the  number  of  consecutive  recording  sheets  through  the  printing  of  which 
ink  was  normally  ejected  as  small. 
[0081]  As  for  refilling  time,  in  Comparative  Example  7,  it  was  95  u.sec,  which  was  fast  enough  to  drive  the  head  at 

is  the  aforementioned  frequency.  However,  in  Comparative  Example  6,  it  was  920  u.sec,  which  was  not  fast  enough  for 
the  driving  frequency  of  1  0  kHz.  This  is  due  to  the  fact  that  in  Comparative  Example  6,  Tn  was  4  urn,  which  was  rather 
small.  Thus,  as  long  as  refilling  time  is  concerned,  the  height  Tn  is  desired  to  be  no  less  than  6  urn. 
[0082]  In  Embodiment  4  and  Comparative  Example  8,  the  opening  of  each  ejection  orifice  was  square,  which  was 
different  from  the  shapes  of  the  openings  in  other  embodiments  and  comparative  examples,  in  which  they  were  in  the 

20  form  of  a  true  circle.  Even  in  Comparative  Example  6  in  which  the  shape  of  the  opening  of  the  ejection  orifice  was  truly 
circular,  the  sudden  ejection  failure  occurred  just  as  in  the  other  heads,  the  openings  of  the  ejection  orifices  of  which 
were  truly  circular.  In  Embodiment  4,  D/To  was  2.5,  which  was  desirable  since  it  was  greater  than  2.  Even  though  the 
opening  of  the  ejection  orifice  was  square,  the  sudden  ejection  failure  did  not  occur.  In  consideration  of  the  deformation 
caused  by  the  pressure  generated  by  bubbles,  the  thickness  To  of  the  orifice  plate  is  desired  to  be  no  less  than  4  urn 

25  [0083]  Further,  in  order  to  accurately  evaluate  the  aforementioned  embodiments  and  comparative  examples  in  terms 
of  color  density  and  sudden  ejection  failure,  the  liquid  ejecting  head  was  activated  so  that  each  sheet  of  recording 
paper  was  "solidly"  covered  with  ink,  and  the  results  were  evaluated.  Being  "solidly"  covered  means  that  the  printable 
area  of  each  sheet  of  recording  paper  is  covered  100  %  by  ink  dots.  In  this  test,  a  plurality  of  A3  size  (JIS)  sheets  of 
recording  paper  were  consecutively  fed.  What  was  important  as  a  criterion  for  evaluating  the  liquid  ejecting  heads  was 

30  whether  or  not  a  liquid  ejecting  head  could  normally  eject  ink  to  solidly  cover  the  entirety  of  at  least  one  of  consecutively 
fed  sheets  of  recording  paper,  with  ink.  If  color  density  begins  to  drop,  or  sudden  ejection  failure  occurs  (head  is  not 
acceptable),  while  a  given  liquid  ejecting  head  is  used  to  cover  entirety  of  a  sheet  of  recording  paper  with  ink,  this  head 
is  judged  to  be  impractical,  because  in  such  a  case,  the  printing  operation  must  be  interrupted  to  carry  out  an  recovery 
operation  or  the  like,  which  requires  extra  time.  In  other  words,  it  is  essential  that  it  is  assured  that  a  liquid  ejecting 

35  head  can  entirely  cover  at  least  one  sheet  (A3  size)  of  recording  paper  with  ink,  without  an  interruption  and  without 
losting  print  quality. 
[0084]  In  any  case,  the  present  invention  offers  practical  solutions,  in  terms  of  liquid  ejecting  head  structure  and 
liquid  ejecting  method,  to  the  problems  which  occur  when  ink  droplets  with  a  volume  of  no  more  than  15x10"15  m3  are 
ejected  from  such  a  liquid  ejecting  head  that  allows  bubbles  to  become  connected  to  the  atmosphere. 

40 
(Miscellaneous) 

[0085]  The  present  invention  brings  forth  excellent  results  when  applied  to  an  ink  jet  based  recording  head  and  an 
ink  jet  based  recording  apparatus,  in  particular,  those  which  are  equipped  with  means  (for  example,  electrothermal 

45  transducer,  laser  beam  emitting  element,  and  the  like)  for  generating  thermal  energy  as  the  energy  used  for  ejecting 
ink,  and  change  the  state  of  ink  with  the  use  of  the  thermal  energy.  This  is  due  to  the  fact  that  according  to  such  an 
ink  jet  system,  recording  can  be  made  at  a  high  density  to  produce  highly  precise  images. 
[0086]  As  for  the  structures  and  liquid  ejection  principle  for  such  a  recording  head  or  a  recording  apparatus,  those 
disclosed  in  the  specifications  of  U.S.  Patent  Nos.  4,723,129  and  4,740,796  are  desirable.  The  system  disclosed  in 

so  these  patents  is  compatible  with  both  the  so-called  on-demand  type  and  the  continuous  type,  in  particular,  the  on- 
demand  type  for  the  following  reason.  That  is,  in  the  on-demand  type,  each  electrothermal  transducer  is  disposed  so 
that  it  faces  a  sheet  or  a  liquid  path  in  which  liquid  (ink)  is  held.  In  order  to  eject  the  liquid,  at  least  one  signal,  which 
is  capable  of  generating  a  large  enough  amount  of  thermal  energy  to  suddenly  increase  liquid  temperature  to  a  point 
at  which  the  so-called  film  boiling  is  triggered  in  the  liquid,  on  the  surface  of  the  electrothermal  transducer,  is  applied 

55  to  the  electrothermal  transducer  in  accordance  with  recording  data.  In  other  words,  bubbles  are  formed  in  the  liquid 
(ink)  by  driving  signals  one  for  one.  As  each  bubble  grows  and  contacts,  the  liquid  is  ejected  in  the  form  of  a  droplet 
(at  least  one  droplet)  through  the  opening  of  specific  ejection  orifices  correspondent  to  the  recording  data.  The  driving 
signal  is  preferred  to  be  in  the  form  of  a  pulse,  because  the  driving  signal  in  the  form  of  a  pulse  cause  a  bubble  to 
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instantly  and  properly  grow  and  contact,  in  other  words,  head  response  is  excellent  when  the  driving  signal  is  in  the 
form  of  a  pulse. 
[0087]  More  specifically,  a  driving  signal  such  as  the  driving  signal  in  the  form  of  a  pulse  which  is  disclosed  in  U.S. 
Patent  Nos.  4,463,359  and  4,345,262  is  suitable.  Further,  if  the  condition  regarding  the  rate  of  temperature  increase 

5  at  the  heat  releasing  surface  of  an  electrothermal  transducer,  which  is  recorded  in  the  specification  of  U.S.  Patent  No. 
4,313,124  is  employed,  printing  quality  can  be  further  improved. 
[0088]  The  present  invention  is  compatible  with  not  only  the  recording  head  structure  disclosed  in  each  of  the  spec- 
ifications  of  the  aforementioned  patents,  in  which  ejection  orifices,  liquid  path  (right  angle  liquid  path),  and  electrother- 
mal  transducers  are  arranged  as  described  above,  but  also  recording  heads  such  as  the  recording  head  structure 

10  disclosed  in  the  specifications  of  U.S.  Patent  Nos.  4,558,333  and  4,459,600,  according  to  which  the  heat  releasing 
surface  of  an  electrothermal  transducer  is  located  at  the  bend  of  a  liquid  path.  The  present  invention  is  also  effective 
when  applied  to  the  recording  head  structure  disclosed  in  Japanese  Laid-Open  Patent  Application  No.  123670/1984, 
according  to  which  an  ejection  orifice  is  constituted  of  a  slit  shared  by  a  plurality  of  electrothermal  transducers,  or  the 
recording  head  structure  disclosed  in  Japanese  Laid-Open  Patent  Application  No.  138461/1984,  according  to  which 

is  an  opening  for  absorbing  pressure  waves  generated  by  thermal  energy  is  placed  directly  facing  the  liquid  ejecting 
section.  In  other  words,  the  present  invention  improves  a  recording  head,  such  as  those  described  above,  in  terms  of 
reliability  and  efficiency,  regardless  of  its  configuration. 
[0089]  Further,  the  present  invention  is  effectively  applicable  to  a  full-line  type  recording  head,  that  is,  a  recording 
head,  the  length  of  which  equals  the  maximum  recording  range  of  a  recording  apparatus,  that  is,  the  width  of  the  image 

20  recordable  area  of  the  largest  piece  of  recording  medium  which  can  be  accommodated  by  a  recording  apparatus.  A 
full-line  recording  head  may  be  constituted  of  a  combination  of  a  plurality  of  recording  heads,  the  combined  length  of 
which  equals  the  length  of  the  full-line  recording  head,  or  may  be  formed  as  a  single  piece  of  a  long  recording  head. 
[0090]  The  present  invention  is  also  effectively  applicable  to  the  aforementioned  serial  type  recording  head,  which 
may  be  in  the  form  of  a  fixed  type  recording  head,  a  chip  type  recording  head,  or  a  cartridge  type  recording  head.  A 

25  fixed  type  recording  head  is  such  a  head  that  is  fixed  to  the  main  assembly  of  a  recording  apparatus.  A  chip  type 
recording  head  is  an  exchangeable  type  head,  which  is  removably  installable  in  the  main  assembly  of  a  recording 
apparatus.  As  it  is  installed  in  the  main  assembly  of  a  recording  apparatus,  it  is  electrically  connected  to  the  main 
assembly,  and  is  provided  with  ink.  A  cartridge  type  recording  head  is  such  a  head  that  integrally  comprises  an  ink 
container. 

30  [0091]  Providing  a  recording  head  with  an  ejection  performance  restoring  means,  a  means  for  ejecting  liquid  prior 
to  recording  ejection,  and  the  like  means,  is  desirable  since  it  assures  the  effectiveness  of  the  present  invention.  More 
specifically,  these  means  are  a  means  for  capping  a  recording  head,  a  means  for  cleaning  a  recording  head,  a  means 
for  applying  positive  or  negative  pressure  to  a  recording  head,  a  means  for  heating  a  recording  head  or  ink  prior  to 
recording  ejection,  and  a  means  for  ejecting  ink  prior  to  recording  ejection.  A  means  for  heating  a  recording  head  or 

35  ink  prior  to  recording  ejection  may  employ  an  electrothermal  transducer  for  recording  ejection,  an  electrothermal  trans- 
ducer  different  from  the  one  for  recording  ejection,  or  a  combination  of  both. 
[0092]  Regarding  the  recording  head  type,  and  the  number  of  recording  heads  mounted  in  a  recording  apparatus, 
there  is  no  strict  restriction.  For  example,  the  number  of  recording  heads  mounted  in  a  recording  apparatus  may  be 
only  one  as  it  is  in  the  case  of  a  recording  apparatus  which  prints  only  in  the  monochromatic  mode,  or  may  be  plural 

40  as  it  is  in  the  case  of  a  recording  apparatus  which  uses  a  plurality  of  inks  to  print  images  different  in  color  or  density. 
In  other  words,  the  present  invention  is  very  effectively  applicable  to  not  only  a  recording  apparatus  equipped  with  only 
a  single  recording  head  for  the  main  printing  mode,  or  black  mode,  but  also  a  recording  apparatus  equipped  with  a 
plurality  of  recording  heads,  being  integral  with  each  other  or  separate,  for  printing  in  a  plurality  of  recording  modes, 
for  example,  a  multi-color  mode,  a  full  color  mode  accomplishable  by  color  mixture,  and  the  like  mode  inclusive  of  the 

45  monochromatic  mode. 
[0093]  In  the  above  description  of  the  embodiments  of  the  present  invention,  ink  was  described  as  ink  in  liquid  form. 
However,  the  present  invention  is  compatible  with  such  ink  that  remains  solid  at  or  below  the  normal  room  temperature 
and  liquefies  above  the  normal  room  temperature.  Generally  speaking,  in  an  ink  jet  system,  in  order  to  keep  ink  viscosity 
within  a  range  in  which  ink  ejection  remains  stable,  ink  temperature  is  controlled  so  that  it  remains  within  a  range  from 

so  no  less  than  30  °C  to  no  more  than  70  °C.  Thus,  the  ink  to  be  used  with  a  recording  head  in  accordance  with  the 
present  invention  may  be  such  ink  that  liquefies  at  the  time  of  recording  signal  application.  Using  the  "solid"  ink  offers 
additional  benefits.  For  example,  the  excessive  temperature  increase,  which  will  be  caused  by  the  excessive  energy, 
can  be  prevented  by  using  the  excessive  energy  to  change  the  state  of  ink  from  solid  state  to  liquid  state.  Ink  which 
remains  solid  when  left  alone,  and  liquefies  as  heat  is  applied  to  it  may  be  employed  to  prevent  ink  evaporation.  In  any 

55  case,  the  present  invention  is  compatible  with  any  of  the  inks  of  the  above  described  types,  for  example,  the  solid  ink 
which  is  liquefied  only  by  the  thermal  energy  generated  by  a  recording  signal,  and  is  ejected  in  liquid  form,  but  begins 
to  solidify  the  moment  it  reaches  recording  medium.  One  example  of  such  ink  is  disclosed  in  Japanese  Laid-Open 
Patent  Application  No.  56847/1979  or  71260/1985,  according  to  which  the  ink  in  solid  or  liquid  state  is  retained  in  the 
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indentations  or  through  holes  of  a  sheet  of  porous  material,  so  that  it  directly  faces  an  electrothermal  transducer.  In 
terms  of  compatibility  with  this  type  of  ink,  a  recording  head  based  the  aforementioned  film-boiling  type  system  is  the 
best. 
[0094]  As  for  the  field  of  usage,  an  ink  jet  type  recording  apparatus  in  accordance  with  the  present  invention  can  be 

5  used  as  an  image  output  terminal  for  an  information  processing  device  such  as  a  computer,  a  copying  apparatus 
combined  with  a  reader  or  the  like,  a  facsimile  machine  provided  with  both  sending  and  receiving  functions,  or  the  like. 
[0095]  While  the  invention  has  been  described  with  reference  to  the  structures  disclosed  herein,  it  is  not  confined  to 
the  details  set  forth  and  this  application  is  intended  to  cover  such  modifications  or  changes  as  may  come  within  the 
purposes  of  the  improvements  or  the  scope  of  the  following  claims. 

10 

Claims 

1.  A  liquid  ejecting  method  using  a  liquid  ejecting  head  having  electrothermal  transducer  elements  for  generating 
is  thermal  energy  sufficient  to  create  bubbles  in  liquid  and  ejection  outlets  disposed  opposed  to  the  electrothermal 

transducer  elements  which  are  arranged  at  a  density  not  less  than  300  per  25.4mm  in  a  line,  the  liquid  ejection 
head  also  having  liquid  flow  paths  in  fluid  communication  with  the  ejection  outlets,  respectively,  wherein  the  bubble 
generated  by  the  thermal  energy  generated  by  the  electrothermal  transducer  element  is  brought  into  communica- 
tion  with  ambience  while  an  internal  pressure  of  the  bubble  is  less  than  an  ambient  pressure,  and  wherein  droplets 

20  having  volumes  not  more  than  15x10"15m3  are  ejected  at  a  frequency  not  less  than  7kHz,  said  method  comprising 
the  improvement  wherein: 

the  liquid  flow  path  of  the  liquid  ejecting  head  has  a  height  not  less  than  6u.m,  and  a  distance  between  an 
upper  surface  and  a  lower  surface  of  the  ejection  outlet  is  not  more  than  one  half  of  a  minimum  opening  distance 
through  a  center  of  the  ejection  outlet. 

25 
2.  A  method  according  to  Claim  1  ,  wherein  a  sum  of  the  distance  between  the  upper  surface  and  the  lower  surface 

of  the  ejection  outlet  and  the  height  of  the  liquid  flow  path  is  not  more  than  a  size  of  the  electrothermal  transducer 
element. 

30  3.  A  method  according  to  Claim  1  ,  wherein  a  volume  of  the  droplet  is  not  more  than  10x  10"15m3. 

4.  A  method  according  to  Claim  1  ,  wherein  the  height  of  the  liquid  flow  path  is  not  more  than  20u.m. 

5.  A  method  according  to  Claim  1  ,  wherein  an  ejection  speed  of  the  ejected  droplet  is  not  more  than  20m/s. 
35 

6.  A  method  according  to  Claim  1,  wherein  a  width  of  an  electrical  pulse  applied  to  said  electrothermal  transducer 
element  to  eject  the  liquid  is  not  more  than  3.5u.sec. 

7.  A  method  according  to  Claim  1  ,  wherein  a  driving  voltage  of  an  electrical  pulse  applied  to  the  giving  is  in  a  range 
40  of  1  .1times-1  .3times  a  threshold  voltage  of  liquid  droplet  ejection. 

8.  A  method  according  to  Claim  7,  wherein  said  electrical  pulse  comprises  a  plurality  of  pulses. 

9.  A  method  according  to  Claim  8,  wherein  said  plurality  of  pulses  include  a  main  pulse  and  a  pre-pulse  applied 
45  before  the  main  pulse,  and  a  duration  of  the  pre-pulse  is  not  more  than  1  .5u.sec. 

10.  A  method  according  to  Claim  9,  wherein  an  interval  between  said  pre-pulse  and  said  main  pulse  is  not  more  than 
2.0u.sec. 

so  11.  A  method  according  to  Claim  11,  wherein  the  liquid  to  be  ejected  has  a  surface  tension  not  less  than  0.025N/m 
and  a  viscosity  not  more  than  5x  10-2N/S. 

12.  A  method  according  to  Claim  1  ,  wherein  said  electrothermal  transducer  element  generates  thermal  energy  enough 
to  cause  film  boiling  of  the  liquid. 

55 
1  3.  A  liquid  ejecting  head  using  a  liquid  ejecting  head  having  electrothermal  transducer  elements  for  generating  thermal 

energy  sufficient  to  create  bubbles  in  liquid  and  ejection  outlets  disposed  opposed  to  the  electrothermal  transducer 
elements  which  are  arranged  at  a  density  not  less  than  300  per  25.4mm  in  a  line,  the  liquid  ejection  head  also 
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having  liquid  flow  paths  in  fluid  communication  with  the  ejection  outlets,  respectively,  wherein  the  bubble  generated 
by  the  thermal  energy  generated  by  the  electrothermal  transducer  element  is  brought  into  communication  with 
ambience  while  an  internal  pressure  of  the  bubble  is  less  than  an  ambient  pressure,  and  wherein  droplets  having 
volumes  not  more  than  15x10"15m3  are  ejected  at  a  frequency  not  less  than  7kHz,  said  head  comprising  the  im- 
provement  wherein: 

the  liquid  flow  path  of  the  liquid  ejecting  head  has  a  height  not  less  than  6u.m,  and  a  distance  between  an 
upper  surface  and  a  lower  surface  of  the  ejection  outlet  is  not  more  than  one  half  of  a  minimum  opening  distance 
through  a  center  of  the  ejection  outlet. 

14.  A  head  according  to  Claim  13,  wherein  a  sum  of  the  distance  between  the  upper  surface  and  the  lower  surface  of 
the  ejection  outlet  and  the  height  of  the  liquid  flow  path  is  not  more  than  a  size  of  the  electrothermal  transducer 
element. 

15.  A  head  according  to  Claim  13,  wherein  a  volume  of  the  droplet  is  not  more  than  10x  10"15m3. 

16.  A  head  according  to  Claim  13,  wherein  the  height  of  the  liquid  flow  path  is  not  more  than  20u.m. 

17.  A  head  according  to  Claim  13,  wherein  an  ejection  speed  of  the  ejected  droplet  is  not  more  than  20m/s. 

18.  A  head  according  to  Claim  13,  wherein  a  width  of  an  electrical  pulse  applied  to  said  electrothermal  transducer 
element  to  eject  the  liquid  is  not  more  than  3.5u.sec. 

19.  A  head  according  to  Claim  19,  wherein  a  driving  voltage  of  an  electrical  pulse  applied  to  the  giving  is  in  a  range 
of  1  .1times-1  .3times  a  threshold  voltage  of  liquid  droplet  ejection. 

20.  A  head  according  to  Claim  19,  wherein  said  electrical  pulse  comprises  a  plurality  of  pulses. 

21.  A  method  according  to  Claim  20,  wherein  said  plurality  of  pulses  include  a  main  pulse  and  a  pre-pulse  applied 
before  the  main  pulse,  and  a  duration  of  the  pre-pulse  is  not  more  than  1  .5u.sec. 

22.  A  method  according  to  Claim  21  ,  wherein  an  interval  between  said  pre-pulse  and  said  main  pulse  is  not  more  than 
2.0u.sec. 

23.  A  method  according  to  Claim  13,  wherein  the  liquid  to  be  ejected  has  a  surface  tension  not  less  than  0.025N/m 
and  a  viscosity  not  more  than  5x  10-2N/S. 

24.  A  method  according  to  Claim  13,  wherein  said  electrothermal  transducer  element  generates  thermal  energy 
enough  to  cause  film  boiling  of  the  liquid. 

25.  A  liquid  ejecting  method  using  a  liquid  ejecting  head  having  electrothermal  transducer  elements  for  generating 
thermal  energy  sufficient  to  create  bubbles  in  liquid  and  ejection  outlets  disposed  opposed  to  the  electrothermal 
transducer  elements  which  are  arranged  at  a  density  not  less  than  300  per  25.4mm  in  a  line,  the  liquid  ejection 
head  also  having  liquid  flow  paths  in  fluid  communication  with  the  ejection  outlets,  respectively,  wherein  the  bubble 
generated  by  the  thermal  energy  generated  by  the  electrothermal  transducer  element  is  brought  into  communica- 
tion  with  ambience  while  an  internal  pressure  of  the  bubble  is  less  than  an  ambient  pressure,  and  wherein  droplets 
having  volumes  not  more  than  15x10_15m3  are  ejected  at  a  frequency  not  less  than  7kHz,  said  method  comprising: 

a  first  step  wherein  the  liquid  remaining  in  the  ejection  outlet  after  fluid  communication  with  the  ambience  of 
the  bubble  maintains  fluid  communication  with  the  liquid  retracted  from  the  ejection  outlet  in  the  liquid  flow  path; 
a  second  step  wherein  the  remaining  liquid  and  the  liquid  in  the  liquid  flow  path  are  merged  to  refill  the  liquid 
into  the  ejection  outlet. 

26.  An  apparatus  according  to  Claim  25,  wherein  a  sum  of  the  distance  between  the  upper  surface  and  the  lower 
surface  of  the  ejection  outlet  and  the  height  of  the  liquid  flow  path  is  not  more  than  a  size  of  the  electrothermal 
transducer  element. 

27.  An  apparatus  according  to  Claim  25,  wherein  an  outer  surface  in  which  the  ejection  outlets  are  formed  is  treated 
for  hydrophilic  property. 
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28.  An  apparatus  according  to  Claim  27,  wherein  an  outer  surface  in  which  the  ejection  outlets  are  formed  has  a  partial 
hydrophilic  region. 

29.  An  apparatus  according  to  Claim  25,  wherein  an  inner  surface  in  which  the  ejection  outlets  are  formed  is  treated 
for  hydrophilic  property. 

30.  A  liquid  discharge  head,  for  example  an  ink  jet  recording  head,  or  an  apparatus  using  such  a  head  wherein  the 
head  has  a  plurality  of  liquid  discharge  paths  each  having  an  ejection  orifice  from  which  liquid  is  ejectable  in 
response  to  generation  of  a  bubble,  wherein  the  thickness  of  an  orifice  plate  through  which  the  ejection  orifices 
extend  is  not  more  than  half  the  width  (diameter  where  the  orifice  is  circular)  of  the  corresponding  orifice. 

31.  Apparatus  for  controlling  ejection  of  liquid  from  a  liquid  discharge  head,  for  example  an  ink  jet  recording  head 
having  a  plurality  of  liquid  discharge  paths  each  having  an  ejection  orifice  from  which  liquid  is  ejectable  in  response 
to  generation  of  a  bubble,  wherein,  in  use,  liquid  ejection  is  controlled  such  that  liquid  remaining  in  an  orifice  after 
a  bubble  communicates  with  atmosphere  maintains  fluid  communication  with  liquid  in  the  discharge  path  and  said 
liquid  remaining  in  the  orifice  and  said  liquid  in  the  discharge  path  merge  to  refill  the  ejection  orifice  ready  for  the 
next  discharge. 

32.  A  liquid  discharge  head,  apparatus  or  method  having  the  features  recited  in  any  one  or  any  combination  of  the 
preceding  claims. 
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