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(57)  An  ink  jet  unit  includes  an  ink  jet  head  for  eject- 
ing  ink;  an  ink  cartridge  for  containing  inkto  be  supplied 
to  the  inkjet  head;  an  inksupply  memberfor  introducing 
the  ink  from  the  ink  cartridge,  provided  in  the  ink  jet 
head;  a  negative  pressure  generating  material  in  the  ink 
cartridge;  an  opening  for  permitting  contact  between  the 
negative  pressure  generating  material  and  in  the  ink 
supply  member;  wherein  a  gap  is  formed  in  the  opening 
when  the  ink  supply  member  is  in  contact  with  the  neg- 
ative  pressure  generating  material. 
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Description 

FIELD  OF  THE  INVENTION  AND  RELATED  ART 

The  present  invention  relates  to  an  ink  container  for 
containing  ink  to  be  supplied  to  an  ink  jet  head,  an  ink 
jet  unit  having  the  ink  container  and  an  ink  jet  apparatus 
having  the  same.  It  is  usable  with  recording  apparatus 
or  communication  apparatus  such  as  a  copying  ma- 
chine  or  a  facsimile  machine,  or  with  a  textile  printing 
apparatus  for  printing  image  or  the  like  on  textile. 

An  ink  jet  recording  apparatus  is  now  widely  used 
as  a  means  for  effect  recording  on  a  recording  material 
such  as  paper,  textile  or  the  like  in  a  printer,  facsimile 
machine,  a  copying  machine  or  the  like.  In  an  ink  jet  re- 
cording  apparatus,  ink  is  ejected  from  a  recording  head 
to  a  recording  material  faced  thereto.  In  one  example,  it 
is  independently  installed  in  a  casing  as  an  ink  jet  re- 
cording  apparatus,  and  in  another  example  it  is  built  in, 
as  an  integral  part,  in  various  electronic  machines  such 
as  a  word  processor,  a  personal  computer  or  the  like. 
As  regards  the  structure  of  an  ink  accommodating  por- 
tion  used  is  such  an  ink  jet  recording  apparatus,  it  is  re- 
quired  that  the  amount  of  the  ink  corresponding  to  the 
amount  of  the  ink  ejected  for  the  recording,  can  be  prop- 
erly  supplied  and  that  the  ink  does  not  leak  through  the 
ejection  outlet  when  the  recording  operation  is  not  car- 
ried  out.  Usually,  the  ink  accommodating  portion  is  in 
the  form  of  a  cartridge  which  is  exchangeable.  In  one 
example,  the  ink  accommodating  portion  is  made  inte- 
gral  with  an  ink  jet  head.  When  the  situation  that  the  ink 
in  the  ink  container  can  not  be  ejected  from  the  ink  jet 
recording  head,  is  reached,  the  ink  accommodating  por- 
tion  is  disposed  of  with  the  recording  head.  However,  in 
the  ink  accommodating  portion,  some  ink  still  remains. 
The  quantity  of  the  non-usable  remaining  ink  is  deter- 
mined  by  an  ink  retaining  power  of  sponge  (negative 
pressure  generating  material)  occupying  the  entirety  of 
the  inside  space  of  the  ink  accommodating  portion,  with 
the  result  that  the  quantity  is  relatively  large.  In  addition, 
the  recording  head  has  to  be  exchanged  with  the  ink 
accommodating  portion  before  the  performance  of  the 
recording  head  itself  is  still  enough  for  the  operation. 
This  results  in  cost  increase  and  low  cost-performance. 
Under  the  circumstances,  a  proposal  has  been  made 
that  the  recording  head  and  ink  cartridge  are  detachably 
mountable  to  permit  exchange  of  the  ink  cartridge  alone. 
In  this  case,  it  is  further  required  that  the  mounting  and 
demounting  between  the  recording  head  and  the  ink 
cartridge  can  be  smoothly  carried  out  without  ink  leak- 
age  and  that  the  ink  can  be  assuredly  supplied  when 
they  are  coupled  together. 

Japanese  Laid-Open  Patent  Application  No. 
87242/1  988  discloses  an  ink  accommodating  portion  in- 
tegral  with  the  recording  head,  in  an  ink  jet  unit  provided 
with  a  plurality  of  ink  ejection  outlets  and  a  foamed  ma- 
terial  in  an  ink  accommodating  portion.  In  such  an  ink 
accommodating  portion,  the  ink  is  contained  in  a  porous 

material  such  as  polyurethane  foamed  material,  and 
therefore,  negative  pressure  is  produced  by  the  capillary 
force  inherent  to  the  porous  material,  and  the  ink  is  re- 
tained  there,  that  is,  the  ink  leakage  from  the  inkabsorb- 

5  ing  material  is  prevented. 
However,  since  the  porous  material  occupies  sub- 

stantially  the  entirety  of  the  ink  accommodating  portion, 
and  therefore,  the  quantity  of  the  ink  capable  of  being 
retained  thereby  is  limited,  and  in  addition,  the  quantity 

10  of  the  ink  non-usable  remaining  ink  in  the  porous  mate- 
rial  is  relatively  large,  and  therefore,  the  use  efficiency 
of  the  ink  is  low.  Since  the  ink  is  filled  in  the  porous  ma- 
terial,  it  is  difficult  to  detect  the  remaining  quantity  of  the 
ink.  Furthermore,  there  is  an  additional  problem  that  it 

is  is  difficult  to  maintain  a  substantially  constant  negative 
pressure  in  the  ink  container  when  the  ink  is  being  con- 
sumed. 

Japanese  Laid-Open  Patent  Application  No. 
522/1  990  has  proposed  a  solution  to  this  problem.  It  dis- 

20  closes  an  ink  jet  recording  cartridge  in  which  a  primary 
ink  containing  portion  and  a  secondary  ink  containing 
portion  and  further  the  ink  jet  recording  head  are  com- 
municated  with  porous  materials.  In  such  a  cartridge, 
the  use  efficiency  is  improved  because  the  porous  ma- 

25  terial  is  not  contained  in  the  main  part  of  the  ink  contain- 
ing  portion  but  is  provided  only  in  the  ink  passage.  In 
addition,  by  the  provision  of  the  secondary  ink  contain- 
ing  portion,  the  ink  leakage  from  the  primary  ink  contain- 
ing  portion  attributable  to  the  air  expansion  in  the  prima- 

30  ry  containing  portion  as  a  result  of  pressure  reduction 
due  to  the  temperature  rise,  can  be  suppressed.  There- 
fore,  the  negative  pressure  during  the  recording  opera- 
tion  of  the  recording  head  can  be  maintained  substan- 
tially  constant. 

35  However,  since  the  negative  pressure  producing 
means  is  provided  in  the  ink  passage,  the  porous  ma- 
terial  contains  an  amplitude  of  the  ink  with  the  result  of 
insufficient  negative  pressure  when  the  recording  oper- 
ation  is  not  carried  out.  Then,  there  is  a  possibility  that 

40  the  ink  leaks  through  the  orifices  of  the  ink  jet  recording 
head  by  small  impact.  The  ink  jet  recording  head  has 
been  made  integral  with  the  ink  containing  portion  be- 
forehand,  and  therefore,  it  is  not  usable  in  an  exchange- 
able  ink  cartridge  in  which  the  ink  cartridge  is  detachably 

45  mounted  to  an  ink  jet  recording  head. 
When  an  ink  jet  recording  head  and  an  ink  cartridge 

are  detachably  mountable  to  constitute  an  ink  jet  unit, 
and  they  are  mounted  on  a  carriage  of  a  recording  ap- 
paratus  as  a  unit,  a  problem  of  ink  leakage  upon  the  ex- 

so  change  of  the  ink  cartridge  alone,  is  a  problem.  The  ink 
leakage  is  different  from  an  ink  cartridge  disposed  re- 
mote  from  the  recording  head.  More  particularly,  there 
is  a  liability  that  the  inside  of  the  apparatus  is  contami- 
nated,  electric  connection  between  the  recording  head 

55  and  the  recording  apparatus  may  be  deteriorated,  that 
the  recording  material  may  be  contaminated,  or  the  like. 

This  problem  is  significant  recently  because  both  of 
the  recording  head  and  the  cartridge  are  carried  on  a 
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carriage  for  the  purpose  of  machine  downsizing. 
When  an  ink  supply  tube  is  used  for  a  recording 

head  for  fluid  communication  between  the  recording 
head  and  the  ink  cartridge,  a  large  quantity  of  the  ink  is 
to  be  supplied  for  the  purpose  of  increasing  the  record- 
ing  speed  of  the  ink  jet  recording  apparatus,  and  there- 
fore,  a  relatively  large  diameter  ink  supply  tube  is  de- 
sired.  Therefore,  when  an  ink  cartridge  is  exchanged, 
and  the  ink  supply  tube  is  inserted  to  be  press-contacted 
to  the  ink  absorbing  material,  the  absorbing  material  is 
compressed  by  a  tip  end  of  the  ink  supply  tube  with  the 
result  that  the  ink  retained  therein  seeps  out.  Then,  the 
ink  may  be  discharged  to  the  outside  of  the  ink  cartridge 
with  the  result  of  contamination  of  the  recording  appa- 
ratus  or  the  recording  material. 

As  described  hereinbefore,  the  easy  mounting  or 
demounting  is  desired  between  the  ink  cartridge  and  the 
recording  head,  and  therefore,  it  has  been  difficult  to  ob- 
viate  these  problems. 

Additionally,  in  order  to  maintain  a  high  ejection  per- 
formance,  the  position  of  the  recording  head  is  strictly 
limited,  and  therefore,  the  deviation  thereof  due  to  ex- 
ternal  force  or  vibration  has  to  be  prevented.  In  this 
sense,  it  has  been  required  that  the  recording  head  is 
not  pushed  by  an  ink  cartridge  when  the  ink  cartridge  is 
mounted  thereto.  To  achieve  this,  it  is  considered  that 
the  ink  cartridge  imparts  the  load  only  in  a  predeter- 
mined  direction.  In  such  a  case,  various  direction  limiting 
means  have  to  be  provided  with  the  result  of  complicat- 
ed  structure  and/or  a  bulky  structure. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  principal  object  of  the  present  in- 
vention  to  provide  an  exchangeable  ink  jet  unit  with 
which  an  ink  container  can  be  easily  coupled  with  a  re- 
cording  head. 

It  is  another  object  of  the  present  invention  to  pro- 
vide  an  ink  jet  unit  in  which  an  ink  container  applies  only 
a  limited  load  to  the  recording  head  when  the  ink  con- 
tainer  is  coupled  with  the  recording  head. 

It  is  a  further  object  of  the  present  invention  to  pro- 
vide  an  ink  jet  unit  with  which  performance  of  an  ink  jet 
unit  can  be  maintained  for  a  long  term  while  the  ink  jet 
unit  is  kept  loaded  in  the  ink  jet  recording  apparatus. 

It  is  a  yet  further  object  of  the  present  invention  to 
provide  an  ink  jet  unit  in  which  the  ink  leakage  from  an 
ink  container  can  be  effectively  prevented  irrespective 
of  mode  of  use. 

According  to  an  aspect  of  the  present  invention, 
there  is  provided  an  ink  jet  unit  comprising:  an  ink  jet 
head  for  ejecting  ink;  an  ink  cartridge  for  containing  ink 
to  be  supplied  to  the  ink  jet  head;  an  ink  supply  member 
for  introducing  the  ink  from  the  ink  cartridge,  provided 
in  the  ink  jet  head;  a  negative  pressure  generating  ma- 
terial  in  the  ink  cartridge;  an  opening  for  permitting  con- 
tact  between  the  negative  pressure  generating  material 
and  in  the  ink  supply  member;  wherein  a  gap  is  formed 

in  the  opening  when  the  ink  supply  member  is  in  contact 
with  the  negative  pressure  generating  material. 

Since  a  portion  of  the  ink  cartridge  which  defines 
the  opening  is  not  contacted  to  a  joint  portion  of  an  ink 

5  jet  recording  head,  and  therefore,  no  external  force  is 
imparted  to  the  recording  head  except  for  the  force  re- 
quired  for  pressing  the  negative  pressure  generating 
material  in  the  ink  cartridge.  Thus,  an  ink  cartridge,  an 
ink  jet  unit  and  an  ink  jet  apparatus  capable  of  assuring 

10  satisfactory  printing  operation,  is  provided. 
According  to  another  aspect  of  the  present  inven- 

tion,  the  ink  supply  member  is  provided  with  a  recess, 
which  is  located  adjacent  an  end  of  the  ink  supply  mem- 
ber  so  as  to  be  located  in  the  ink  cartridge  when  the  ink 

is  jet  head  and  the  ink  cartridge  are  connected. 
By  doing  so,  the  ink  leakage  can  be  further  prevent- 

ed. 
According  to  a  further  aspect  of  the  present  inven- 

tion,  press-contact  member  which  is  between  the  gap 
20  and  an  ambience  when  the  ink  jet  head  and  the  ink  car- 

tridge  are  connected,  the  press-contact  member  is  pro- 
vided  in  either  of  the  ink  jet  head  or  ink  cartridge. 

These  and  other  objects,  features  and  advantages 
of  the  present  invention  will  become  more  apparent  up- 

25  on  a  consideration  of  the  following  description  of  the  pre- 
ferred  embodiments  of  the  present  invention  taken  in 
conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
30 

Figure  1  is  a  sectional  view  of  a  part  of  an  ink  jet 
recording  head  usable  with  the  present  invention. 

Figure  2  is  an  exploded  perspective  view,  without  a 
housing  therefor,  of  an  ink  jet  head  unit  comprising  a 

35  plurality  of  the  ink  jet  heads  shown  in  Figure  1  . 
Figure  3  is  an  exploded  perspective  view  of  an  ink 

jet  head  unit  of  Figure  2. 
Figure  4  is  a  perspective  view  illustrating  coupling 

between  an  ink  jet  head  unit  and  an  ink  cartridge. 
40  Figure  5  is  a  sectional  view  of  an  ink  jet  head  con- 

stituted  by  coupling  an  ink  cartridge  with  an  ink  jet  head. 
Figure  6  is  a  sectional  view  illustrating  a  coupling 

portion  between  the  ink  jet  head  unit  and  the  ink  car- 
tridge. 

45  Figure  7  is  a  sectional  view  of  an  ink  cartridge  con- 
taining  a  porous  material. 

Figures  8A,  8B,  8C  and  8D  are  sectional  views  il- 
lustrating  connection  between  an  ink  jet  head  and  an  ink 
cartridge,  wherein  they  are  not  coupled  in  Figure  8A; 

so  they  are  being  coupled  in  Figure  8B;  they  are  being  sep- 
arated  in  Figure  8C;  and  they  are  recoupled  in  Figure 
8D. 

Figure  9  is  a  sectional  view  illustrating  an  example 
of  coupling  between  an  ink  jet  head  and  an  ink  cartridge. 

55  Figure  10  is  a  perspective  view  of  an  ink  jet  head 
unit  using  the  structure  of  Figure  8  in  another  example. 

Figure  1  1  is  a  sectional  view  illustrating  coupling  be- 
tween  an  ink  jet  head  and  an  ink  cartridge,  in  a  further 
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example. 
Figure  1  2  is  a  sectional  view  illustrating  coupling  be- 

tween  an  exchangeable  ink  cartridge  and  an  ink  jet  re- 
cording  head,  in  a  further  example. 

Figure  1  3  is  a  sectional  view  illustrating  coupling  be- 
tween  an  exchangeable  ink  cartridge  and  an  ink  jet  re- 
cording  head  in  a  further  example. 

Figure  1  4  is  a  perspective  view  of  an  ink  jet  record- 
ing  head  unit  according  to  a  further  embodiment  of  the 
present  invention. 

Figure  15  is  a  partial  sectional  view  of  a  recording 
apparatus  in  which  an  ink  jet  recording  head  unit  of  Fig- 
ure  14  is  mounted  on  a  head  carriage. 

Figure  16  illustrates  an  ink  jet  printer  using  an  ink 
jet  cartridge  according  to  an  embodiment  of  the  present 
invention. 

Figures  17Aand  17B  are  sectional  views  illustrating 
a  permissible  range  of  inclination  when  the  ink  cartridge 
is  being  used. 

Figures  1  8A,  1  8B  and  1  8C  illustrate  changes  during 
printing  operations. 

Figures  19A,  19B,  19C  and  19D  illustrate  change 
due  to  ink  level  in  a  first  accommodating  chamber. 

Figure  20A  is  a  longitudinal  sectional  view  of  a  main 
body  of  an  ink  cartridge  for  an  ink  jet  printing  according 
to  a  further  embodiment  of  the  present  invention. 

Figure  20B  is  a  cross-sectional  view  thereof. 
Figures  21  A  and  21  B  are  sectional  views  of  a  main 

body  of  an  ink  cartridge  in  which  surface  of  rib  is  illus- 
trated. 

Figure  22  illustrates  an  optimum  range  of  the  ink 
level. 

Figure  23  illustrates  a  desirable  ink  level  according 
to  a  further  embodiment  of  the  present  invention. 

Figure  24  is  a  sectional  view  of  an  ink  jet  printing 
apparatus,  in  a  further  example. 

Figure  25  is  a  sectional  view  of  another  example  of 
an  ink  jet  printing  apparatus. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  to  the  accompanying  drawings,  the  em- 
bodiments  of  the  present  invention  will  be  described  in 
detail. 

Referring  first  to  Figure  1,  there  is  shown  a  major 
part  of  an  ink  jet  head  (recording  head)  usable  with  an 
embodiment  of  the  present  invention. 

As  shown  in  this  Figure,  the  recording  head  com- 
prises  a  substrate  100  (heater  board)  having  thermal  en- 
ergy  generating  elements,  and  a  substrate  1  300  having 
grooves  for  constituting  ink  passages  8  and  a  liquid 
chamber  7  for  containing  recording  liquid  (ink)  when 
coupled  with  the  substrate  100.  The  substrate  (top  plate 
with  grooves)  1  300  has  an  integral  orifice  plate  400  pro- 
vided  with  ink  ejection  outlets  (orifices)  through  which 
ink  is  ejected  and  which  are  in  liquid  communication  with 
the  ink  passages  8,  respectively. 

The  heater  board  100  is  bonded  by  a  bonding  ma- 
terial  on  the  supporting  substrate  (supporting  member) 
300.  The  top  plate  1300  is  temporarily  bonded  to  the 
heater  board  1  00  so  that  the  thermal  energy  generating 

5  elements  on  the  heater  board  100  are  contained  in  ink 
passages  8  constituted  by  the  coupling  therebetween. 
The  orifice  plate  400  of  the  top  plate  is  in  the  form  of  an 
apron  at  a  front  end  of  the  supporting  base  plate  300. 

The  ink  is  supplied  from  an  ink  supply  member  600 
10  through  an  ink  supply  port  1  500  formed  in  an  upper  por- 

tion  of  the  top  plate  1300.  The  ink  supply  passage  mem- 
ber  600  is  provided  with  a  projected  road,  which  is  in- 
serted  into  a  through  hole  formed  in  the  supporting  sub- 
strate  300,  and  then  is  cramped  by  heat  so  as  to  be  fixed 

is  on  the  supporting  substrate  300. 
Figures  2  and  3  illustrate  an  embodiment  of  the 

present  invention  and  are  exploded  perspective  views 
of  a  recording  head  unit  having  a  plurality  of  recording 
heads  having  the  structure  shown  in  Figure  1  .  In  Figure 

20  2,  housing  member  for  the  unit  has  been  omitted  in  Fig- 
ure  2. 

In  the  recording  head  unit  of  this  embodiment,  four 
recording  heads  capable  of  ejecting  different  color  inks 
are  mounted  with  precise  relative  positions  among 

25  them.  The  four  recording  heads  may  eject  the  same 
color  ink,  in  which  case,  a  high  speed  recording  or  tone 
recording  (in  accordance  with  the  number  of  droplet  of 
the  ink)  is  possible.  Alternatively  the  recording  heads 
may  eject  same  color  but  different  density  inks  to  effect 

30  the  tone  recording.  In  Figure  2,  a  unit  frame  4000  com- 
prises  an  outer  plate  4001  in  the  form  of  a  channel  and 
three  internal  wall  plates  4002  for  defining  a  head  re- 
taining  portion  4003  for  accommodating  the  recording 
heads.  The  recording  head  IJU  of  Figure  1  is  accommo- 

35  dated  in  the  head  retaining  portion  4003  with  the  ink 
ejection  outlet  directed  downward.  For  the  purpose  of 
precise  positioning  of  the  recording  head  in  the  unit 
frame  4000,  reference  surfaces  of  each  of  the  recording 
heads  are  abutted  to  three  directional  reference  surfac- 

40  es  of  the  head  retaining  portion,  and  thereafter,  they  are 
fixed  by  adhesive  material  or  the  like.  Here,  the  position- 
al  relationship  between  the  orifice  and  the  reference  sur- 
faces  is  desirably  highly  precise. 

As  for  the  method  of  positioning  the  recording 
45  heads  IJU,  TV  camera  or  the  like  is  used  to  correctly 

position  them  on  a  monitor,  and  then,  they  are  bonded, 
without  using  the  reference  surfaces  described  above. 

In  this  manner,  according  to  the  present  invention, 
four  recording  heads  are  fixed  to  the  unit  frame,  and  the 

so  recording  head  is  exchanged  as  a  unit,  and  therefore, 
the  relative  positional  relationship  among  the  four  re- 
cording  heads  is  maintained  even  after  the  exchanging 
operation.  In  addition,  the  recording  heads  are  accom- 
modated  in  the  unit  frame,  and  are  fixed  therein,  and 

55  therefore,  a  wide  latitude  in  the  design  is  permitted,  as 
compared  with  the  recording  head  ejecting  different 
color  inks. 

In  Figure  2,  a  porous  material  4005  capable  of  ab- 

4 
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sorbing  the  ink  is  disposed  between  adjacent  recording 
heads  IJU  adjacent  to  the  sides  having  the  orifices. 
When  the  orifice  surfaces  are  wiped  by  a  blade,  the  po- 
rous  material  absorbs  the  ink  from  the  blade,  so  that  the 
deposition  of  the  different  color  ink  on  the  orifice  side 
surface  can  be  prevented. 

In  Figure  3,  a  top  housing  4506  and  a  side  housing 
4006  are  fixed  to  the  unit  frame  4000.  For  fixing  the  top 
housing,  a  pair  of  pins  4504  (only  one  is  shown)  is  in- 
serted  into  holes  4011  formed  in  a  top  surface  of  the 
outer  wall  plate  4001  of  the  unit  frame  4000,  so  that  the 
top  housing  4506  is  correctly  positioned.  Unshown  pro- 
jections  of  engaging  plates  4505  formed  at  the  opposite 
ends  of  the  top  housing,  are  engaged  with  recesses 
401  0  formed  in  the  outer  wall  plate  with  elasticity  of  the 
engaging  plates  4505,  so  that  they  are  fixed.  As  regards 
the  fixing  of  the  side  housing  4006  to  the  unit  frame 
4000,  is  effected  similarly,  using  a  pair  of  engaging  plate 
4008  of  the  housing  4006  and  recesses  4007  of  the  unit 
frame  4000. 

The  outer  surface  of  the  top  housing  4506  is  provid- 
ed  with  a  plurality  of  pads  4502  functioning  as  electric 
contact  of  the  recording  head  IJU.  The  respective  pads 
4502  are  electrically  connected  with  terminals  4501  ex- 
tending  to  the  backside  of  the  top  housing  4506.  The 
respective  terminals  4501  are  contacted  with  associat- 
ed  pads  on  the  substrate  of  the  recording  head,  when 
the  housing  4506  is  fixed  to  the  unit  frame. 

The  side  housing  4006  is  provided  with  a  hole  4009 
for  permitting  insertion  of  an  ink  supply  pipe  2200  (joint 
portion)  as  an  ink  supply  member  of  the  recording  head 
IJU.  When  they  are  connected,  the  inksupply  pipe  2200 
is  projected  through  the  hole  4009,  so  that  the  supply 
pipe  is  inserted  into  the  ink  cartridge  to  permit  introduc- 
tion  of  the  ink  into  the  recording  head. 

Figure  4  is  a  perspective  view  illustrating  coupling 
between  an  ink  jet  head  unit  and  an  ink  cartridge  shown 
in  Figures  2  and  3.  Figure  5  is  a  sectional  view  an  ink 
jet  unit  constituted  by  coupling  the  ink  jet  head  unit  and 
an  ink  cartridge. 

As  shown  in  Figure  4,  each  of  ink  containers  6000 
containing  respective  color  inks,  is  connected  with  the 
associated  one  of  the  recording  heads  by  insertion  of 
the  ink  supply  pipe  2200  of  the  recording  head  through 
the  opening  (not  shown).  When  the  ink  container  6000 
is  removed  from  the  recording  head,  the  ink  containers 
6000  can  be  removed  independently  from  each  other. 
In  the  Figure,  designated  by  a  reference  numeral  2201 
is  a  head  fixing  wall  for  fixing  a  plurality  of  the  ink  jet 
recording  heads. 

With  this  structure,  the  ink  container  may  be  re- 
placeable  when  the  ink  container  6000  becomes  empty. 
Since  the  replacement  is  possible  for  each  of  the  ink 
containers,  the  quantity  of  the  wasted  ink  materials  can 
be  avoided  in  the  case  of  color  ink  jet  recording. 

In  Figure  5,  the  supply  pipe  2200  of  the  recording 
head  IJU  is  inserted  such  that  a  filter  7000  provided  at 
the  tip  end  thereof  is  press-contacted  to  an  absorbing 

material  6003  in  the  ink  container  6000.  The  ink  cham- 
ber  6006  is  filled  with  ink  6009.  The  ink  is  filled  in  a  part 
of  the  absorbing  material  6003  in  a  front  chamber  6006 
isolated  by  a  partition  wall  6005  of  an  ink  chamber  6006. 

5  The  absorbing  material  6003  has  enough  capillary  to  re- 
tain  the  ink,  so  that  the  ink  is  prevented  from  leaking 
through  the  opening  6002.  The  ink  6009  in  the  inkcham- 
ber6006  is  supplied  into  the  front  chamber  6004  through 
a  slit  6008.  The  ink  supply  is  permitted  because  an 

10  amount  of  the  ink  corresponding  to  the  ink  amount  con- 
sumed  by  the  ink  supply  to  the  recording  head  IJU  is 
introduced  into  the  ink  container  through  an  air  vent 
6013. 

Referring  to  Figures  1  -5,  more  detailed  explanation 
is  will  be  made.  The  ink  container  6000  in  the  form  of  an 

exchangeable  ink  cartridge  is  slid  rightwardly  in  Figure 
5  relative  to  the  ink  jet  recording  head  IJU  fixed  in  the 
apparatus  to  such  an  extent  that  the  ink  supply  pipe 
2200  (joint  portion)  of  the  ink  jet  recording  head  IJU  is 

20  inserted  through  the  opening  6002  by  a  predetermined 
degree.  Here,  sufficient  gap  is  provided  between  the  in- 
ternal  wall  6002a  of  the  opening  6002  of  the  cartridge 
6000  and  an  external  wall  2200a  of  the  ink  supply  pipe 
2200  of  the  ink  jet  recording  head  IJU.  The  sufficient  gap 

25  is  desirably  more  than  that  provided  by  manufacturing 
tolerances  between  the  supply  pipes  and  the  opening. 
Due  to  the  sufficient  gap  therebetween,  the  contact  be- 
tween  the  outer  wall  of  the  joint  portion  of  the  recording 
head  IJU  and  the  periphery  of  the  opening  6002,  can  be 

30  avoided. 
In  consideration  of  possible  leakage  of  the  ink  upon 

coupling  the  ink  cartridge  with  the  recording  head  and 
the  ink  evaporation,  the  sufficient  gap  is  as  follows. 

As  shown  in  Figure  6,  an  ink  supply  pipe  has  a  di- 
ss  ameter  of  D,  and  a  gap  h  and  h'  are  formed  at  an  upper 

portion  and  lower  portion,  respectively,  between  an  ex- 
ternal  surface  2220a  of  the  ink  supply  pipe  and  an  inter- 
nal  wall  of  the  ink  cartridge  opening,  in  a  cross-section. 
In  Figure  6,  the  same  reference  numerals  as  in  Figure 

40  5  are  assigned  to  the  corresponding  elements. 
When  the  ink  supply  pipe  2200  is  inserted  through 

the  opening  6002  of  the  ink  cartridge  6000,  the  air  is 
forced  into  the  ink  cartridge  with  the  inserting  action  of 
the  ink  supply  pipe,  if  there  is  no  gap.  This  may  result  in 

45  an  air  rich  area  is  formed  adjacent  the  tip  end  of  the  ink 
supply  pipe.  If  this  occurs,  the  ink  supply  may  become 
improper.  In  addition,  if  the  gap  is  small,  the  ink  is  formed 
into  a  meniscus  between  the  internal  wall  of  the  opening 
and  the  external  wall  of  the  ink  supply  pipe,  if  the  ink 

so  exists  adjacent  the  internal  wall  of  the  opening.  Then, 
when  the  air  thus  introduced  is  going  to  discharge  to  the 
outside,  it  may  push  the  inkforming  the  meniscus  to  the 
outside  of  the  ink  cartridge.  In  order  to  avoid  this,  the 
gap  desirably  satisfies  h  +  h'  S  0.3  mm  in  consideration 

55  that  the  meniscus  is  easily  formed  if  the  gap  is  not  more 
than  0.3  mm  when  usual  ink  is  used.  Further  preferably, 
h  +  h'  S  0.6  mm,  since  then  the  formation  of  the  menis- 
cus  can  be  avoided  with  further  certainty.  Thus,  the  ink 

5 
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leakage  can  be  prevented  when  the  diameter  of  the 
opening  of  the  ink  cartridge  is  larger  than  the  outer  di- 
ameter  of  the  ink  supply  pipe  at  least  by  0.3  mm,  further 
preferably,  at  least  by  0.6  mm. 

When  the  gap  is  large,  evaporation  of  the  ink  from 
the  negative  pressure  generating  material  may  be  a 
problem.  The  ink  evaporation  occurs  adjacent  the  outer 
periphery  of  the  tip  end  of  the  ink  supply  pipe.  The  ink 
passage  formed  between  the  negative  pressure  gener- 
ating  material  and  an  ink  supply  passage  (not  shown) 
in  the  ink  supply  pipe  becomes  gradually  narrow.  In  this 
case,  when  a  recovery  operation  is  carried  out,  air  bub- 
bles  or  the  like  are  introduced  into  the  recording  head 
with  the  possible  result  of  improper  ink  ejection.  In  order 
to  avoid  this,  it  is  preferable  that  (h  +  h')/D  g  0.6  is  sat- 
isfied,  further  preferably  (h  +  h')/D  g  0.3  is  satisfied. 
Then,  the  ink  evaporation  can  be  suppressed  so  as  not 
to  influence  the  formation  of  the  ink  passage. 

Referring  to  Figure  5,  the  operation  will  be  de- 
scribed.  In  this  Figure,  the  ink  supply  pipe  2200  of  the 
ink  jet  recording  head  IJU  is  inserted  to  such  an  extent 
of  sufficient  press-contact  relative  to  the  negative  pres- 
sure  generating  material,  so  that  the  operation  of  the  ink 
jet  recording  apparatus  is  enabled.  A  filter  700  is  used 
to  avoid  foreign  matter  in  the  ink  cartridge  6000,  at  an 
end  of  the  ink  supply  pipe  2200. 

The  ink  cartridge  usable  with  the  present  invention, 
as  shown  in  Figure  7,  may  contain  the  porous  material 
6003  occupying  substantially  the  entirety  of  the  inside 
space  of  the  ink  cartridge.  However,  in  consideration  of 
the  use  efficiency  of  the  ink  cartridge,  the  ink  cartridge 
shown  in  Figure  5  is  preferable. 

The  description  will  be  made  as  to  the  ink  cartridge 
shown  in  Figure  5.  When  the  ink  jet  recording  apparatus 
is  operated,  the  ink  is  ejected  through  the  orifices  9  of 
the  recording  head  IJU,  so  that  sucking  force  is  pro- 
duced  in  the  exchangeable  ink  cartridge.  The  ink  6009 
is  introduced  by  the  sucking  force  from  the  ink  accom- 
modating  portion  6006  into  the  ink  supply  pipe  2200 
through  a  gap  6008  formed  between  a  rib  end  and  a 
cartridge  bottom  6011  and  through  the  negative  pres- 
sure  generating  material  accommodating  portion  6004 
(front  chamber)  and  the  negative  pressure  generating 
material  6003.  Thus,  the  ink  is  supplied  to  the  ink  jet 
recording  head.  By  this,  the  pressure  in  the  ink  accom- 
modating  portion  6006  which  is  hermetically  sealed  ex- 
cept  for  the  gap  6008,  decreases  with  the  result  of  pres- 
sure  difference  between  the  ink  accommodating  portion 
6006  and  the  negative  pressure  generating  material  ac- 
commodating  portion  6004.  With  the  continuing  record- 
ing  operation,  the  pressure  difference  continues  to  in- 
crease.  Since  the  negative  pressure  generating  material 
6003  is  opened  to  the  ambience  by  an  air  vent  601  3  or 
a  clearance  formed  between  the  ink  supply  member 
2200  and  an  opening  6002,  and  therefore,  the  air  is  in- 
troduced  into  the  ink  accommodating  portion  6006 
through  the  negative  pressure  generating  material  6003 
and  through  the  gap  6008  between  the  rib  end  and  the 

cartridge  bottom  6011.  When  this  occurs,  the  pressure 
difference  between  the  ink  accommodating  portion 
6006  and  the  negative  pressure  generating  material  ac- 
commodating  portion  6004  is  removed.  During  the  re- 

5  cording  operation,  this  action  is  repeated,  and  therefore 
a  certain  constant  degree  of  the  negative  pressure  is 
maintained  in  the  ink  cartridge.  Almost  all  of  the  ink  ex- 
cept  for  the  ink  deposited  on  the  internal  wall  surface  of 
the  ink  accommodating  portion,  can  be  used,  and  there- 

to  fore,  the  use  efficiency  is  improved. 
When  the  recording  operation  is  not  effected,  the 

capillary  force  provided  by  the  negative  pressure  gen- 
erating  material  (or  meniscus  force  at  the  interface  be- 
tween  the  ink  and  the  negative  pressure  generating  ma- 

15  terial)  functions  to  prevent  leakage  of  the  ink  from  the 
ink  jet  recording  head. 

In  accordance  with  the  types  of  the  ink  jet  recording 
heads  to  be  coupled,  the  negative  pressure  generating 
material  and  the  volume  ratio  between  the  negative 

20  pressure  generating  material  accommodating  portion 
and  the  ink  accommodating  portion  can  be  determined 
to  accomplish  proper  printing  operation.  In  addition  to 
the  increase  of  the  ink  accommodating  amount  as  com- 
pared  with  the  case  of  the  porous  material  occupying 

25  substantially  the  entirety  of  the  ink  cartridge,  the  ink 
leakage  through  the  opening  can  be  effectively  prevent- 
ed. 

As  for  a  color  ink  jet  recording  apparatus,  the  ex- 
changeable  ink  cartridges  of  this  embodiment  are  usa- 

30  ble  to  contain  different  color  inks  (black,  yellow,  magenta 
and  cyan,  for  example).  These  cartridges  may  be 
formed  into  a  unit  to  constitute  a  single  exchangeable 
ink  cartridge.  Alternatively,  the  cartridge  for  the  black  ink 
which  is  most  frequently  used,  may  be  made  separable 

35  from  the  other  part  having  the  other  color  cartridges. 
Proper  combinations  can  be  selected  for  the  types  of  ink 
jet  recording  apparatuses. 

In  order  to  properly  control  the  negative  pressure  in 
the  ink  jet  recording  head  using  the  exchangeable  ink 

40  cartridge  of  this  embodiment,  proper  selection  or  deter- 
mination  is  made  as  to  material  selection,  configuration, 
dimension  of  the  negative  pressure  generating  material 
6003,  configuration  and  dimension  of  the  rib  end,  con- 
figuration  and  dimension  of  the  gap  6008  formed  be- 

45  tween  the  rib  end  and  the  cartridge  bottom  6011  ,  volume 
ratio  between  the  negative  pressure  generating  material 
accommodating  portion  6004  and  the  ink  accommodat- 
ing  portion  6006,  degree  of  insertion,  configuration  and 
dimension  of  the  insertion  of  the  ink  supply  pipe  2200 

so  into  the  ink  cartridge,  configuration,  dimension  and 
mesh  of  the  filter  700,  and  surface  tension  of  the  ink. 

As  for  the  negative  pressure  generating  material,  a 
known  material  is  usable,  provided  that  the  material  ex- 
hibits  proper  ink  retaining  power  against  the  weight  of 

55  the  liquid  (ink)  and  small  vibration.  For  example,  felt  like 
material  of  fibers,  or  porous  material  having  continuous 
pores,  is  usable,  Polyurethane  foamed  material,  mela- 
mine  foamed  material  or  another  sponge  is  preferable 

6 
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because  the  ink  retaining  power  and  the  vacuum  gen- 
eration  is  easily  controllable. 

Particularly  in  the  case  of  the  foamed  material,  a 
proper  density  of  pores  can  be  adjusted  during  the  foam- 
ing.  When  the  density  of  pores  is  further  adjusted  by 
heat-compression  treatment  of  the  foamed  material,  de- 
composition  products  occur  with  the  possible  result  of 
adverse  influence  to  the  printing  quality  because  of 
changing  the  ink  property.  Therefore,  in  this  case  clean- 
ing  is  required.  To  meet  various  types  of  inkjet  recording 
apparatuses,  the  materials  have  corresponding  densi- 
ties  of  pores,  are  produced.  To  do  this,  it  is  desirable  that 
a  foamed  material  (not  heat-compressed)  having  a  de- 
termined  porosity  (number  of  pores  per  1  inch)  is  cut  into 
selected  dimensions,  and  the  density  of  pores  and  the 
capillary  force  are  adjusted  by  pressed  into  the  negative 
pressure  generating  portion,  so  that  they  are  controlled 
by  the  degree  of  the  compression,  although  the  density 
of  the  pores  is  constant. 

As  described  hereinbefore,  if  the  gap  is  enough  be- 
tween  the  ink  supply  pipe  2200  and  the  opening  6002, 
the  structure  and  the  configurations  are  not  limited  to 
those  described  above. 

In  the  case  that  the  use  is  made  with  the  porous 
material  such  as  sponge,  the  end  of  the  ink  supply  pipe 
2200  is  preferably  tapered  with  respect  to  the  inserting 
direction  of  the  ink  supply  pipe,  in  order  to  suppress  the 
removal  of  the  porous  material  from  the  bottom  of  the 
ink  cartridge  and  in  order  to  maintain  and  assure  the 
press-contact  between  the  filter  and  the  negative  pres- 
sure  generating  material. 

The  degree  of  insertion  of  the  ink  supply  pipe  2200 
into  the  cartridge  6000  is  determined  in  consideration  of 
the  configuration  of  the  ink  supply  pipe  and  the  config- 
urations  of  the  ink  cartridge  6000  and  the  negative  pres- 
sure  generating  material  6003,  so  as  to  avoid  the  ink 
leakage  upon  the  inserting  action  and  so  as  to  avoid  the 
ink  disconnection  during  the  recording  operation. 

The  degree  of  insertion  of  the  ink  supply  pipe  2200 
into  the  ink  cartridge  6000  is  preferably  determined  in 
consideration  of  the  following. 

Since  the  ink  cartridge  is  a  replaceable  type,  the  us- 
er  necessarily  manipulate  the  ink  cartridge  in  the  initial 
mounting  or  after  the  initial  mounting.  Particularly,  the 
user  may  mount  of  demount  it  without  specific  purposes. 
If  this  is  done,  ink  disconnection  or  the  ink  leakage  oc- 
curs. 

Figure  6  illustrates  the  situation  in  which  the  mount- 
ing  and  demounting  are  repeated.  In  this  example,  as  a 
simple  example,  the  ink  supply  pipe  2200  is  not  tapered. 

Shown  in  Figure  8A  is  the  situation  before  the  sup- 
ply  pipe  2200  of  the  recording  head  is  immediately  be- 
fore  inserted  into  the  opening  6002  of  the  cartridge 
6000.  Here,  the  supply  pipe  has  a  diameter  D. 

In  the  state  shown  in  Figure  8B,  the  ink  cartridge 
has  been  mounted  on  a  carriage  (not  shown);  the  supply 
pipe  2200  is  press-contacted  to  the  negative  pressure 
generating  material  6003;  it  is  inserted  by  a  distance  L 

from  the  internal  wall  of  the  negative  pressure  generat- 
ing  material  accommodating  portion;  and  the  jointing  ac- 
tion  is  completed. 

If  the  degree  of  insertion  L  is  not  enough,  the  com- 
5  pression  ratio  of  the  negative  pressure  generating  ma- 

terial  6003  is  not  enough,  so  that  the  air  is  introduced 
into  the  negative  pressure  generating  material  through 
the  opening  6002.  The  introduced  air  reaches  to  the  end 
portion  of  the  supply  pipe  2200  with  the  result  of  the  air 

10  is  carried  over  to  the  recording  head,  or  the  filter  is 
clogged.  If  this  occurs,  the  ink  disconnection  may  occur. 

In  order  to  avoid  this,  it  is  desirable  that  the  degree 
of  insertion  is  not  less  than  one  half  the  diameter  d  of 
the  opening  at  the  contact  portion,  where  d  is  a  maxi- 

15  mum  inner  diameter  of  the  supply  pipe  2200.  This  has 
been  empirically  confirmed. 

That  is,  L  s  d/2  is  desirable  from  the  standpoint  of 
concentrating  the  ink  to  the  neighborhood  of  the  ink  sup- 
ply  pipe  2200  by  the  compression  of  the  negative  pres- 

20  sure  generating  material. 
If  the  mounting  and  demounting  are  repeated,  as 

shown  in  Figure  8,  the  configuration  of  the  negative 
pressure  generating  material  abruptly  restores  to  the 
original  configuration  upon  removal  of  the  supply  pipe 

25  2200.  However,  the  ink  in  the  negative  pressure  gener- 
ating  material  is  unable  to  move  at  such  a  high  speed 
so  that  the  air  is  introduced  through  the  opening  6002. 
Then,  an  air  rich  portion  occurs  as  indicated  by  V0.  Even 
if  the  supply  pipe  is  reinserted,  the  air  rich  portion  V0 

30  remains  adjacent  the  end  of  the  supply  pipe  2200. 
When  a  pump  suction  quantity  Vof  a  recovery  pump 

not  shown  for  sucking  the  ink  for  the  purpose  of  recov- 
ering  the  ink  ejection  function  provided  in  the  recording 
apparatus,  is  smaller  than  V0,  the  air  in  the  region  V0  is 

35  not  sufficiently  sucked  with  the  result  of  ink  disconnec- 
tion. 

The  volume  of  the  region  V0  is  expressed  as  fol- 
lows: 

40 
V0  =  (4/3)tiL(D/2) 

where  L  is  insertion  and  D  is  an  outer  diameter  of  the 
supply  pipe. 

45  Therefore,  the  pump  sucking  quantity  is  preferably 
not  less  than  (1/3)tiLD2. 

To  avoid  the  ink  disconnection  despite  repeated 
mounting  and  demounting,  the  degree  of  insertion  L  of 
the  supply  pipe  desirably  satisfies: 

50 

3V/D2ti  is  L  is  d/2 

where  V  is  a  sucking  quantity  of  the  recovery  pump,  D 
55  is  an  outer  diameter  of  the  supply  pipe,  and  d  is  an  inner 

diameter  thereof. 
As  shown  in  Figure  7,  the  similar  advantageous  ef- 

fects  are  provided  in  the  case  of  the  replaceable  ink  car- 
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tridge  containing  a  negative  pressure  generating  mate- 
rial  substantially  in  the  entirety  of  the  ink  accommodat- 
ing  portion. 

As  described  hereinbefore,  when  the  configuration 
of  the  end  of  the  ink  supply  pipe  2200  is  changed,  the 
upper  limit  of  the  degree  L  of  insertion  is  determined  on 
the  basis  of  the  volume  of  the  air  rich  region  and  the 
sucking  quantity  V. 

By  doing  so,  the  ink  leakage  and  the  ink  disconnec- 
tion  can  be  avoided,  and  the  proper  recording  operation 
can  be  started  instantaneously  even  in  the  case  of  the 
replaceable  type  ink  cartridge. 

Figure  9  shows  another  embodiment. 
The  ink  container  6000  contains  an  ink  absorbing 

material  6003  as  the  negative  pressure  generating  ma- 
terial.  The  ink  is  retained  in  the  pores  of  the  absorbing 
material  6003  which  is  a  porous  sponge  having  an  elas- 
ticity.  The  ink  is  absorbed  and  retained  by  the  capillary 
property  of  the  porous  material. 

The  ink  jet  recording  head  unit  IJU  is  provided  with 
an  ink  supply  pipe  2200  for  supplying  the  ink  to  the  re- 
cording  head  from  the  absorbing  material  6003.  The  end 
of  the  ink  supply  pipe  adjacent  the  opening  of  the  ab- 
sorbing  material  6003,  a  filter  700  contactable  to  the  ab- 
sorbing  material  6003  is  provided.  The  filter  is  effective 
to  small  foreign  matters  in  the  ink  and  to  prevent  intro- 
duction  of  small  bubbles  into  the  ink  supply  passage 
2205. 

As  shown  in  the  Figure,  a  joint  seal  2204  of  an  elas- 
tic  material  may  be  provided  for  the  purpose  of  sup- 
pressing  evaporation  of  the  ink.  Below  the  ink  supply 
pipe  2200,  an  ink  sump  2208  maybe  provided  to  prevent 
contamination  of  the  other  part  of  the  ink  jet  recording 
apparatus  when  the  ink  leaks  from  the  ink  container 
6000. 

As  shown  in  Figure  9,  the  ink  supply  pipe  2200  has 
a  neck  221  0  which  is  within  the  ink  container  6000  when 
properly  inserted. 

The  neck  2210  is  formed  so  as  to  retain  the  ink 
seeped  out  of  the  absorbing  material  when  the  ink  sup- 
ply  pipe  2200  is  press-contacted  to  the  absorbing  ma- 
terial  6003,  so  as  to  accommodate  the  ink  as  much  as 
possible.  The  neck  or  recess  is  preferably  as  large  as 
possible  downwardly  as  shown  in  Figure  9  because  the 
seeped  ink  at  the  upper  portion  of  the  ink  supply  pipe 
2200  sooner  or  later  lowers  by  the  gravity. 

Figure  10  shows  an  example  of  a  recording  head 
unit  to  provide  the  cross-sectional  configuration  shown 
in  Figure  9.  The  same  reference  numerals  as  in  Figure 
8  are  assigned  to  the  corresponding  elements. 

In  Figure  10,  the  end  portion  of  the  ink  supply  pipe 
2200  is  conical,  but  the  end  portion  configuration  is  not 
limited  to  the  conical. 

Thus,  the  ink  discharged  from  the  absorbing  mate- 
rial  6003  when  it  is  compressed  by  the  end  portion  of 
the  ink  supply  pipe  2200,  when  the  ink  supply  pipe  2200 
is  inserted  into  a  new  ink  container  6000,  is  received  by 
the  recess  2210  provided  by  the  neck  of  the  ink  supply 

pipe  2200,  and  therefore,  the  leakage  and  therefore  the 
contamination  can  be  avoided. 

Figure  1  1  is  a  sectional  view  of  an  ink  jet  head  unit 
IJU  according  to  another  embodiment  of  the  present  in- 

5  vention.  The  same  reference  numerals  as  in  Figure  8 
are  assigned  to  the  corresponding  elements,  and  the 
description  thereof  are  omitted  for  simplicity. 

In  this  embodiment,  the  end  of  the  ink  supply  pipe 
2200,  that  is,  the  filter  7000,  is  inclined  relative  to  the 

10  direction  of  insertion  a. 
With  this  structure,  the  volume  of  insertion  of  the  ink 

supply  pipe  2200  into  the  ink  container  is  reduced,  so 
that  the  amount  of  the  seeping  ink  from  the  absorbing 
material  6003  is  reduced  when  the  ink  supply  pipe  2200 

is  is  press-contacted  the  absorbing  material  6003.  Thus, 
the  ink  leakage  can  be  suppressed.  The  advantageous 
effects  of  the  Figure  9  embodiments  can  be  effectively 
provided.  Bythetapered  structure,  it  can  be  avoided  that 
the  porous  material  tends  to  be  separated  from  the  in- 

20  ternal  wall  surface  of  the  ink  cartridge  upon  the  ink  sup- 
ply  pipe  2200  insertion,  and  in  addition  the  proper  press- 
contact  is  established  between  the  filter  and  the  nega- 
tive  pressure  generating  material  (porous  material). 

As  described  in  the  foregoing,  by  the  provision  of 
25  the  recess  in  the  ink  supply  passage  2200,  the  recording 

ink  (seeped  out  of  the  absorbing  material  compressed 
by  the  tip  end  of  the  ink  supply  pipe  upon  the  insertion 
of  the  ink  supply  pipe  into  a  new  ink  container)  is  re- 
ceived  by  the  recess  2210  formed  at  a  part  of  the  insert- 

so  ed  portion  of  the  ink  supply  pipe,  and  therefore,  the  leak- 
age  of  the  ink  container  can  be  prevented,  and  there- 
fore,  the  ink  does  not  contaminate  the  outside. 

When  the  structure  of  providing  the  ink  sump  for  re- 
ceiving  the  leaked  ink  adjacent  the  connecting  portion 

35  between  the  ink  supply  pipe  and  the  ink  cartridge  supply 
port,  in  addition  to  the  above  structure,  the  leaked  ink  is 
received  by  the  ink  sump  even  if  a  small  amount  of  ink 
leaks  from  the  ink  container,  and  therefore,  the  contam- 
ination  is  further  assuredly  prevented. 

40  A  configuration  and  dimension  of  the  gap  6008  be- 
tween  the  rib  end  and  the  ink  cartridge  bottom  6011 
shown  in  Figure  5,  can  be  determined  properly  by  one 
skilled  in  the  art.  If  it  is  too  narrow,  the  meniscus  force 
relative  to  the  ink  is  too  strong  with  the  result  that  al- 

45  though  the  ink  leakage  through  the  opening  6002  can 
be  prevented,  the  proper  ink  supply  to  the  front  chamber 
6004  requires  larger  power,  and  therefore,  ink  discon- 
nection  may  occur  during  use.  If  it  is  too  wide,  an  oppo- 
site  phenomenon  may  occur.  These  facts  are  to  be  con- 

so  sidered  in  the  determination.  The  gap  6008  is  desirably 
determined  in  consideration  of  the  position  of  the  open- 
ing  6002. 

It  is  preferably  0.1  -  20  mm  approximately,  or  further 
preferably  0.5  -  5  mm,  although  it  is  dependent  on  the 

55  configuration  and  the  dimension  of  the  ink  cartridge.  The 
configuration  of  the  rib  may  be  any  if  the  positional  re- 
lation  with  the  opening  6002  is  properly  considered  by 
skilled  in  the  art. 
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The  interface  between  the  rib  end  and  the  negative 
pressure  generating  material  will  be  considered.  When 
the  negative  pressure  generating  material  is  not  com- 
pressed  by  the  rib  end,  for  example,  the  density  of  the 
material  is  low  so  that  the  flow  of  the  ink  and  that  of  the 
air  is  relatively  quick.  This  is  preferable  for  a  high  speed 
recording  mode  or  a  color  recording  mode.  On  the  other 
hand,  when  the  negative  pressure  generating  material 
is  compressed  by  the  rib  end,  the  density  of  the  material 
is  relatively  high.  In  this  case,  the  flow  of  the  ink  or  that 
of  the  air  is  relatively  impeded,  but  the  ink  leakage  can 
be  suppressed  more  against  ambient  condition  change. 
Therefore,  it  is  determined  in  consideration  of  the  types 
of  the  ink  jet  recording  apparatus  and  the  ambient  con- 
dition  under  which  the  apparatus  is  used. 

The  volume  ratio  between  the  negative  pressure 
generating  material  accommodating  portion  6004  and 
the  ink  accommodating  portion  6006,  is  determined  in 
consideration  of  the  types  of  the  ink  jet  recording  appa- 
ratus  or  the  ambient  condition.  Also,  relation  with  the 
used  negative  pressure  generating  material  is  also  con- 
sidered. 

The  configuration,  dimension  and  mesh  of  the  filter 
700  are  determined  depending  on  the  types  of  the  ink 
jet  recording  apparatus.  From  the  standpoint  of  avoiding 
clogging  of  the  nozzle  of  the  recording  head  by  properly 
preventing  introduction  of  foreign  matter  from  the  ink 
cartridge,  the  mesh  of  the  filter  is  preferably  smaller  than 
the  diameter  of  the  orifice. 

Known  ink  is  usable  forthe  replaceable  inkcartridge 
of  this  invention.  To  prevent  the  ink  leakage,  the  surface 
tension  is  preferably  not  less  than  30  dyne/cm  at  25  °C, 
further  preferably  not  less  than  45  dyne/cm:  the  viscosity 
thereof  is  1  -  20  cps,  further  preferably  1-15  cps.  The 
quantity  of  the  ink  to  be  filled  in  the  ink  cartridge,  may 
be  properly  determined  by  one  skilled  in  the  art.  From 
the  standpoint  of  providing  the  negative  pressure  imme- 
diately  after  the  ink  cartridge  is  opened,  the  ink  may  be 
filled  to  the  volume  limit  of  the  ink  containing  portion. 
However,  the  quantity  of  the  ink  in  the  negative  pressure 
generating  material  preferably  does  not  exceed  the  ink 
retaining  limit  thereof.  Here,  the  ink  retaining  limit  is  a 
limit  of  ink  quantity  which  can  be  retained  by  the  nega- 
tive  pressure  generating  material  itself. 

In  the  case  of  an  ink  cartridge  having  a  hermetically 
sealed  ink  containing  portion,  upon  ambient  condition 
change  (temperature  increase  or  pressure  decrease) 
with  the  cartridge  loaded  in  the  ink  jet  recording  appa- 
ratus,  the  ink  in  the  ink  chamber  is  discharged  outwardly 
due  to  the  expansions  of  the  air  or  ink  in  the  ink  contain- 
ing  portion  with  the  possible  result  of  ink  leakage. 

Therefore,  it  is  preferable  in  the  ink  cartridge  that 
volume  of  expansion  of  the  air  (including  expansion  of 
the  ink  although  it  is  small)  of  the  sealed  ink  accommo- 
dating  portion  upon  a  worst  ambient  condition  change 
and  that  the  displacement  of  the  ink  from  the  ink  con- 
taining  portion  is  allotted  to  the  negative  pressure  gen- 
erating  material.  However,  in  this  case,  the  absorbing 

material  in  the  accommodating  portion  is  to  be  such  that 
it  is  uniformly  compressed  without  gap  between  the  in- 
ternal  wall  surface  of  the  container  or  that  the  absorbing 
material  is  not  creased  or  burred.  If  this  is  not  sufficient, 

5  the  possibility  of  the  ink  leakage  will  be  increased. 
However,  as  will  be  described  hereinafter,  by  seal- 

ingly  bonding  the  ink  supply  pipe  and  the  press-contact 
member,  in  case  that  the  ink  is  going  to  discharge  due 
to  the  increase  of  the  internal  pressure  of  the  container 

10  in  the  worst  ambient  condition  change,  the  ink  does  not 
discharge  to  the  outside  because  the  small  gap  in  the 
joint  portion  is  sealed  by  the  bonding  agent  or  the  seal- 
ing  material.  Therefore,  the  above  described  require- 
ment  to  the  replacement  of  the  absorbing  material  is 

is  eased.  This  permits  a  reliable  ink  jet  recording  head  unit 
to  be  provided. 

The  position  of  the  air  vent  is  properly  determined 
by  one  skilled  in  the  art,  if  it  is  above  the  opening  of  the 
negative  pressure  generating  material  accommodating 

20  portion.  From  the  standpoint  of  separating  the  flow  of 
the  ink  in  the  negative  pressure  generating  material  up- 
on  ambient  condition  change  from  the  opening,  it  is  pref- 
erably  remote  from  the  opening.  The  number,  configu- 
ration  and  size  of  the  air  vent  or  air  vents,  are  properly 

25  determined  by  one  skilled  in  the  art  in  consideration  of 
evaporation  of  the  ink.  From  the  standpoint  of  the  evap- 
oration  of  the  ink,  the  smaller  is  better. 

During  transportation  of  the  ink  cartridge  itself,  it  is 
preferable  that  the  opening  and/or  the  air  vent  are 

30  sealed  by  a  sealing  member  to  avoid  ink  evaporation  or 
air  expansion  in  the  ink  cartridge.  As  for  the  sealing 
member,  a  barrier  (so-called  in  the  field  of  package)  is 
used  as  a  single  layer  and  a  multi-layer  or  with  taper  or 
cloth.  Additionally,  aluminum  foil  is  also  used.  It  is  also 

35  preferable  that  the  same  or  similar  material  of  the  body 
of  the  ink  cartridge  is  used  as  a  bonding  layer  for  the 
barrier,  and  heat  is  used  forthe  bonding  to  improve  the 
hermetical  sealing  property. 

In  order  to  suppress  the  ink  evaporation  from  the 
40  cartridge  or  the  air  introduction  from  the  outside  thereof, 

it  is  effective  that  the  air  is  removed  from  the  package 
after  the  ink  cartridge  is  placed  therein,  and  thereafter, 
the  hermetical  sealing  is  effected.  It  is  preferable  that 
the  package  material  is  selected  from  the  barrier  as  in 

45  the  case  of  the  sealing  material  in  consideration  of  the 
transmissibility  for  the  liquid  or  gas. 

By  selecting  such  package,  when  the  ink  cartridge 
itself  is  transported,  the  ink  leakage  is  prevented,  and 
therefore,  the  reliability  is  improved. 

so  The  material  of  the  body  of  the  ink  cartridge  may  be 
a  known  one.  However,  the  material  is  so  selected  that 
it  does  not  adversely  affect  the  ink,  or  the  cartridge  is 
treated  with  a  material  not  influential  to  the  ink.  It  is  also 
desirable  that  the  productivity  of  the  ink  cartridge  is  con- 

55  sidered.  For  example,  a  bottom  part  6011  of  the  main 
body  of  the  ink  cartridge  and  an  upper  part  are  separably 
molded  from  resin  material.  After  placing  the  negative 
pressure  generating  member,  the  bottom  part  6011  and 

9 
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the  top  part  are  fused  together  to  constitute  an  ink  car- 
tridge  body.  If  the  resin  material  is  transparent  or  semi- 
transparent,  the  ink  in  the  ink  containing  portion  can  be 
observed,  and  therefore,  the  operator  can  predict  when 
the  ink  cartridge  is  to  be  replaced.  For  easy  fusing  with 
the  sealing  member,  the  container  is  provided  with  a  pro- 
jection.  The  other  surface  of  the  ink  cartridge  may  be 
wrinkled. 

For  the  filling  of  the  ink,  pressurizing  or  suction 
method  are  usable.  Provision  of  an  ink  filling  opening  in 
the  main  body  of  the  container  is  preferable  since  then 
the  other  openings  are  not  contaminated  during  the  ink 
filling  operation.  The  ink  filling  port  may  be  plugged  with 
plastic  or  metal  plug. 

The  other  structure  and  the  configuration  of  the  re- 
placeable  ink  cartridge  may  be  modified  without  depart- 
ing  from  the  present  invention. 

The  advantageous  effects  of  the  above-described 
embodiments  are  summarized  as  follows: 

By  joint-free  structure: 

(1)  Container  can  be  easily  replaced. 
(2)  The  load  applied  to  the  recording  head  is  small 
so  that  the  head  position  is  not  changed. 
(3)  The  alignment  between  the  joint  opening  of  the 
container  and  the  head  joint  is  not  so  strict  that  the 
yield  of  the  parts  is  improved,  and  the  cost  can  be 
reduced. 
(4)  The  accuracy  of  guiding  of  the  ink  container  by 
the  carriage  may  be  rough,  and  therefore,  the  yield 
of  parts  is  improved,  and  the  cost  can  be  reduced. 

The  ink  jet  recording  head  is  fixed  at  an  adjusted 
position  in  the  apparatus  for  recording  characters  and 
images,  and  therefore,  any  external  force  which  may  in- 
fluence  the  position  of  the  recording  head  is  desirably 
avoided.  This  is  particularly  so  when  a  plurality  of  ink  jet 
recording  heads  are  fixed  as  in  a  color  image  forming 
apparatus. 

According  to  the  embodiments,  the  external  force 
by  abutment  of  the  ink  cartridge  main  body  to  the  ink 
supply  tube  2200  as  the  joint  portion  of  the  recording 
head  upon  the  mounting  or  replacement  of  the  ink  car- 
tridge,  can  be  avoided.  Namely,  the  force  other  than  that 
required  for  urging  the  negative  pressure  generating 
member  in  the  cartridge  can  be  avoided. 

Particularly,  a  recording  head  unit  comprising  a  plu- 
rality  of  ink  jet  recording  heads  is  usable  for  color  image 
formation.  In  this  case,  strict  accuracy  are  required  for 
the  respective  head  positions.  If  even  one  of  the  heads 
is  deviated,  the  quality  of  the  color  image  is  remarkably 
deteriorated.  Therefore,  upon  the  use  of  the  replaceable 
ink  cartridge  of  this  invention  for  such  an  ink  jet  recording 
head  unit,  the  force  exerted  to  the  recording  head  should 
be  minimized  during  the  mounting  or  demounting  oper- 
ation  or  during  the  use  of  the  apparatus. 

When  the  ink  cartridge  is  kept  loaded  in  the  record- 
ing  apparatus  for  a  long  period  of  time,  there  is  a  liability 

that  the  ink  is  evaporated  through  the  gap  between  the 
jointing  portion  of  the  recording  head  and  the  opening 
of  the  ink  cartridge.  However,  according  to  the  embodi- 
ments,  the  evaporation  of  the  ink  can  be  sufficiently  sup- 

5  pressed  by  the  easy  press-contact  connection. 
Referring  to  Figures  1  2  -  13,  the  description  will  be 

made  as  to  another  embodiment  of  the  replaceable  ink 
cartridge. 

Figures  1  2  and  1  3  are  sectional  views  of  major  por- 
10  tions  of  interconnection  structure  between  the  replace- 

able  ink  cartridge  6000  and  an  ink  jet  recording  head. 
In  Figure  12A,  a  simple  press-contact  member  2202 

is  used  in  a  part  of  an  outer  peripheral  surface  2202a  of 
the  ink  supply  pipe  of  a  cylindrical  shape  of  an  ink  jet 

is  recording  head  IJU.  The  press-contact  member  2202  is 
projected  radially  outwardly  from  the  ink  supply  pipe 
2200.  One  side  thereof  is  provided  with  a  plate  portion 
2202a  contactable  with  a  head  fixing  wall  2201  of  the 
recording  head  IJU,  and  a  rib  2202b  having  a  triangular 

20  cross-section  projecting  in  a  direction  of  a  length  of  the 
ink  supply  pipe  2200  at  the  other  side  of  the  plate  portion 
2202a.  Both  of  then  are  made  of  a  material  having  a 
lower  hardness  than  the  material  constituting  the  ink 
cartridge  6000  and  the  recording  head  IJU.  Upon  the 

25  interconnection  therebetween,  the  rib  2202b  is  abutted 
to  a  neighborhood  of  the  opening  6002  of  the  outer  wall 
of  the  ink  cartridge  6000. 

By  employing  the  structure  shown  in  Figure  1  2A  as 
the  simple  press-contact  member  2202,  the  external 

30  force  upon  the  mounting  of  the  ink  cartridge  6000  is  only 
the  force  urging  the  negative  pressure  generating  mem- 
ber  6003.  After  the  completion  of  the  mounting,  there 
exist  only  a  light  contact  between  the  rib  2202b  and  the 
outer  wall  of  the  cartridge  6000,  so  that  a  small  external 

35  force  is  imparted  in  a  horizontal  direction  in  the  Figure. 
Accordingly,  the  force  imparted  to  the  recording  head 
during  the  cartridge  mounting  operation  is  the  force  re- 
quired  to  press  the  negative  pressure  generating  mate- 
rial  6003  and  the  force  of  contact.  By  adjusting  the  de- 

40  gree  of  pressing,  the  force  can  be  substantially  adjusted. 
The  press  contact  member  2202  may  be  contacted 

to  the  outer  wall  of  the  ink  cartridge  with  a  small  force. 
Even  if  there  is  small  local  gap  therebetween,  the  ink 
evaporation  can  be  suppressed,  and  therefore,  there  is 

45  no  problem.  In  addition,  even  if  the  air  is  introduced  into 
the  cartridge,  the  performance  of  the  ink  cartridge  is  not 
deteriorated,  as  will  be  described  hereinafter. 

In  this  embodiment,  the  interconnection  between 
the  ink  cartridge  and  the  ink  jet  recording  head,  is  es- 

50  tablished  in  the  manner  shown  in  Figure  1  2A.  However, 
as  mentioned  hereinbefore,  the  structure  is  not  limited 
to  this.  Figures  12B  -  12D  are  modifications  of  Figure 
1  2A  structure.  In  Figure  1  2B,  the  rib  2202b  of  the  simple 
press-contact  member  2202  has  a  circular  cross-sec- 

55  tion,  generally  it  is  in  the  form  of  a  ring.  In  Figure  12C, 
the  simple  contact  member  2202  itself  has  a  circular 
cross-section,  generally  in  the  form  of  a  doughnut.  In 
Figure  12D,  the  simple  press-contact  member  2202  it- 
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self  has  a  triangular  cross-section  (generally  conical). 
The  diameter  decreases  toward  the  end  of  the  ink  sup- 
ply  pipe  2202,  so  that  it  is  inserted  into  the  gap  CL  be- 
tween  the  inner  edge  of  the  opening  6002  and  the  outer 
surface  of  the  ink  supply  pipe  2202,  and  the  outer  sur-  s 
face  of  the  simple  press-contact  member  2202  is  con- 
tacted  to  the  inner  edge  of  the  opening  6002.  In  Figure 
12E,  simple  press-contact  member  2202  having  an  L 
cross-section  is  disposed  to  the  outer  periphery  of  the 
ink  supply  pipe  2200.  The  simple  press-contact  member  10 
2202  is  constiLuted  by  a  plate  portion  2202a  projecting 
radially  outwardly  from  the  ink  supply  pipe  2202  and  a 
cylindrical  portion  2202c  extending  rearwardly  from  the 
plate  portion  2202a  and  fixed  to  the  outer  surface  of  the 
ink  supply  pipe  at  the  internal  periphery.  They  are  made  15 
of  a  relatively  soft  material  than  the  material  constituting 
the  ink  cartridge  6000  and  the  recording  head  IJU.  In 
this  example,  when  the  ink  supply  pipe  2200  is  inserted 
into  the  opening  6002,  the  plate  portion  2202a  of  the 
simple  press-contact  member  2202  advances  over  the  20 
inner  edge  of  the  opening  6002  while  being  deformed, 
until  the  ink  supply  pipe  2200  is  engaged  into  the  open- 
ing  6002  by  the  plate  2202a.  The  engagement  is  estab- 
lish  by  the  deformation  of  the  plate  portion  2202a  of  the 
simple  press-contact  member  2202,  and  therefore,  the  25 
removal  is  also  easy.  However,  in  consideration  of  the 
load  applied  to  the  recording  head  upon  the  intercon- 
nection,  examples  shown  in  Figures  1  2A  -  1  2C  are  pref- 
erable. 

As  for  other  examples,  the  press-contact  member  30 
may  be  provided  in  the  ink  cartridge  6000  not  in  the  ink 
jet  recording  head  IJU.  A  simple  press-contact  member 
having  the  similar  structure  as  the  simple  press-contact 
member  2202  shown  in  Figure  1  2A  may  be  fixed  on  the 
outer  wall  of  the  ink  cartridge.  The  top  of  the  projection  35 
is  abutted  to  the  fixing  wall  of  the  ink  jet  recording  head 
IJU.  The  press-contact  member  shown  in  Figure  12B 
may  be  fixed  on  the  inner  edge  of  the  opening  6002. 

As  for  the  other  interconnection  structure,  as  shown 
in  Figures  1  3A  -  1  3D,  the  deformations  and  changes  of  40 
both  of  the  ink  cartridge  6000  and  the  recording  head 
IJU,  may  be  employed. 

In  Figure  13A,  a  wall  6002b  is  made  of  a  material 
softer  than  the  ink  cartridge  6000  and  the  recording 
head  IJU  and  is  disposed  at  an  outer  edge  of  the  open-  45 
ing  6002,  and  a  simple  press-contact  member  2202 
comprises  a  disk  extending  radially  outwardly  from  the 
ink  supply  pipe  2200  at  the  outer  periphery  of  the  ink 
supply  pipe  2200  and  a  cylindrical  portion  extending 
frontwardly  along  the  length  of  the  ink  supply  pipe  2200  so 
from  the  outermost  edge  of  the  disk.  The  front  edge  of 
the  cylindrical  portion  of  the  press-contact  member  2202 
is  abutted  to  the  outside  of  the  wall  6002b  around  the 
opening  6002  of  the  cartridge  6000  upon  the  mounting 
of  the  cartridge.  In  Figure  13B,  the  wall  6002b  is  such  55 
that  the  wall  of  the  cartridge  6000  adjacent  the  opening 
6002  as  a  small  thickness  except  forthe  peripheral  edge 
of  the  opening  6002,  and  that  a  member  similar  to  that 

show  in  Figure  1  3A  is  used.  In  Figure  1  3C,  unlike  Figure 
1  3B  example,  only  the  edge  portion  of  the  opening  6002 
has  a  small  thickness.  To  the  cut-away  portion  provided 
thereby,  an  edge  portion  of  the  press-contact  member 
2202  in  the  form  of  a  disk  extending  radially  outwardly 
from  the  outer  periphery  of  the  ink  supply  pipe  2200,  is 
engaged.  In  Figure  13D,  a  cut-away  portion  is  formed 
in  the  central  portion  of  the  inside  surface  6002a  of  the 
opening  6002  among  the  constituent  walls  of  the  car- 
tridge  6000.  To  the  cut-away  portion,  a  part  of  the  press- 
contact  member  2202  provided  on  the  outer  periphery 
of  the  ink  supply  pipe  2200  is  engaged.  Namely,  the  sim- 
ple  press-contact  member  2202  of  this  example  com- 
prises  a  cylindrical  portion  fixed  to  the  outer  periphery 
of  the  ink  supply  pipe  2200  and  a  disk  extending  radially 
outwardly  from  the  outer  central  portion  of  the  cylindrical 
portion,  so  that  the  outer  edge  portion  of  the  disk  is  en- 
gaged  to  the  cut-away  portion. 

The  material  constituting  the  simple  press-contact 
member  as  a  separate  member  and  the  peripheral  por- 
tion  of  the  opening,  it  may  be  the  same  material  as  the 
ink  cartridge  6000  and  the  recording  head  IJU.  However, 
in  order  to  reduce  the  force  exerted  to  the  recording 
head  upon  the  press-contact,  the  material  may  prefera- 
bly  have  small  hardness  than  the  material  constituting 
the  ink  cartridge  6000  and  the  recording  head  IJU. 

As  for  the  material  constituting  the  separate  simple 
press-contact  member,  it  may  preferably  exhibit  low  gas 
transmissivity  to  suppress  the  ink  evaporation.  When  a 
separate  simple  press-contact  member  is  used  in  the 
joint  portion  between  the  cartridge  6000  and  the  record- 
ing  head  IJU,  it  may  be  mounted  to  the  ink  cartridge 
6000  or  to  the  recording  head  unit  IJU  before  the  inter- 
connection  therebetween.  The  configuration  and  di- 
mension  may  be  properly  determined  by  one  skilled  in 
the  art  in  consideration  of  the  configuration  and  dimen- 
sion  of  the  ink  cartridge  6000  and/or  the  recording  head 
IJU.  When  a  separate  simple  press-contact  member  is 
mounted  to  the  ink  supply  pipe  2200  of  the  recording 
head  IJU,  it  is  not  necessary  to  fix  it,  but  movable  struc- 
ture  is  desirable. 

The  structure  shown  in  Figure  5  is  one  of  the  suita- 
ble  ink  container  usable  with  this  embodiment  because 
there  is  provided  a  gap  between  the  opening  6002  and 
the  supply  pipe  2200.  By  doing  so,  no  such  a  force  as 
is  influential  to  the  positional  precision  of  the  recording 
head,  is  not  applied  to  the  insertion  of  the  ink  container. 
This  advantageous  effect  is  not  deteriorated  even  if  the 
simple  press-contact  member  as  shown  in  Figures  12A 
-  12E  or  Figure  13A  -  13D  are  used,  or  ink  absorbing 
material  as  shown  in  Figures  9  and  11  are  used.  In  ad- 
dition,  the  problem  of  the  ink  evaporation  or  ink  leakage 
can  be  reduced. 

Referring  to  Figure  14,  there  is  shown  an  outer  ap- 
pearance  of  a  preferable  ink  jet  head  unit,  in  a  perspec- 
tive  view,  according  to  a  further  embodiment  of  the 
present  invention.  In  this  embodiment,  the  press  contact 
member  2202  of  the  ink  jet  recording  head  unit  IJU  is 
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integral  with  a  base  portion  of  four  ink  supply  pipes  2200 
arranged  in  one  line  on  one  side  wall  of  the  unit  IJU. 
Each  of  the  ink  supply  pipe  2200  is  in  the  form  of  a  horn 
having  a  reduced  diameter  at  the  base  side  as  com- 
pared  with  the  free  end  side.  Adjacent  the  reduced  por- 
tion,  there  is  bonded  a  sealing  material  2203  for  con- 
necting  the  ink  container  6000  and  the  unit  IJU  with  the 
opening  6002  being  sealed,  when  an  ink  supply  pipe 
2200  (joint  portion)  is  inserted  into  the  opening  6002  of 
the  ink  container  6000  of  a  replaceable  type.  In  the  side 
wall  of  the  unit  IJU,  a  recess  2204  and  a  projection  2205 
for  the  correct  positioning  for  the  interconnection.  In  the 
opposite  wall,  a  positioning  recess  is  formed  to  position 
by  abutment  to  a  positioning  projection  HCI  of  the  head 
carriage  HC.  This  is  not  shown  in  Figure  1  4,  but  is  shown 
in  Figure  15. 

Figure  15  is  a  partial  sectional  view  of  a  major  por- 
tion  of  a  recording  apparatus  having  a  head  carriage  HC 
on  which  the  ink  jet  recording  head  unit  IJU  shown  in 
Figure  14  is  mounted.  In  Figure  15,  the  ink  container 
6000  is  mounted  to  the  unit  IJU  positioned  and  fixed  by 
abutment  between  the  projection  HCI  of  the  head  car- 
riage  HC  and  the  positioning  recess,  and  is  carried  on 
the  head  carriage  HC.  The  structure  of  the  portion  of  the 
head  carriage  HC  on  which  the  ink  container  6000  is 
carried,  will  be  described  in  detail.  It  comprises  a  mount- 
ing  portion  HC2  which  is  generally  flat,  and  a  projected 
portion  HC3  projected  upwardly  adjacent  an  end  of  the 
head  carriage  HC,  in  the  Figure.  At  an  upper  portion  of 
the  projection  HC3,  a  slope  HC4  lowering  toward  the 
light  is  formed.  The  projection  HC3  is  effective  to  urge 
the  wall  opposite  from  that  having  an  opening  6002  of 
the  ink  container  6000,  which  will  be  described  herein- 
after,  for  the  purpose  of  firmly  connecting  the  ink  con- 
tainer  6000  to  the  unit  IJU.  When  the  ink  container  6000 
is  mounted  to  the  head  carriage,  the  ink  supply  pipe 
2200  of  the  unit  IJU  is  inserted  into  the  opening  6002  of 
the  container  6000,  and  thereafter,  the  ink  container 
6000  is  pushed  toward  the  unit  IJU  so  that  the  bottom 
corner  of  the  ink  container  6000  slides  on  the  slope  HC4 
of  the  head  carriage  HC,  thus  lowering  in  the  container 
6000.  By  doing  so,  the  ink  container  6000  can  be  assur- 
edly  fixed,  and  in  addition,  the  opening  6002  can  be 
sealed  with  certainty. 

In  this  embodiment,  as  shown  in  Figure  15,  a  step 
formed  between  the  ink  supply  pipe  2200  and  the  press- 
contact  member  2202  to  facilitate  application  of  the 
bonding  sealing  material  2203.  Depending  on  the  meth- 
od  of  application,  the  step  is  not  necessary. 

By  using  the  structure  of  the  above  embodiment, 
the  advantageous  effects  can  be  provided  in  synergism. 

The  description  will  be  made  as  to  a  preferred  mod- 
ification  of  the  ink  container  and  the  operation  common 
to  the  above  ink  container  will  be  described. 

As  for  a  mechanism  for  interconnection  between 
the  ink  jet  head  and  the  ink  cartridge,  a  sealing  member 
2202  (press  contact  member  of  Figure  15)  is  interposed 
between  the  ink  container  and  the  ink  jet  head.  It  is  pref- 

erable  that  the  deformable  sealing  member  2202  is  de- 
formed  to  assure  the  prevention  of  the  leakage  of  the 
liquid  to  the  outside.  When  a  gap  is  formed  in  the  ink 
container  adjacent  the  opening  when  the  supply  pipe  of 

5  the  head  is  inserted  into  the  ink  container,  the  material 
preferably  exhibits  slight  gas  transmissivity  when  the 
pressure  is  higher  than  the  atmospheric  pressure.  This 
is  because  the  inside  pressure  of  the  container  increas- 
es  as  a  result  of  the  ambient  condition  change,  the  ten- 

10  dency  of  the  pressurized  ink  concentrating  to  the  air  vent 
is  eased  by  the  gas  transmissivity,  by  which  the  motion 
of  the  ink  to  the  ink  supply  pipe  is  promoted. 

By  locating  the  ink  supply  opening  or  the  com- 
pressed  or  compressible  region  of  the  negative  pres- 

15  sure  generating  material  (by  the  supply  pipe)  adjacent 
a  side  faced  to  a  partition  wall  constituting  a  fine  com- 
municating  portion,  substantially  stabilized  ink  supply 
path  is  assuredly  constituted  in  the  vacuum  generating 
material  in  a  second  accommodating  chamber.  As  for  a 

20  structure  for  further  stabilizing  this,  the  ink  supply  open- 
ing  is  located  above  the  fine  communicating  portion  with 
respect  to  a  bottom  surface  of  the  ink  cartridge,  by  which 
the  above-described  gas  transmissivity  of  the  sealing 
member  2202  functions  as  a  normal  gas  penetration 

25  preventing  member,  and  therefore,  the  gas-liquid  inter- 
change  in  the  hermetical  sealed  structure  of  a  second 
accommodation  chamber  is  further  stabilized.  By  this, 
the  ink  supply  in  the  compressed  region  of  the  absorbing 
material  is  assured.  From  this  standpoint,  the  gas  trans- 

30  missivity  of  the  sealing  member  2202  may  be  a  com- 
plete  gas-sealing  property. 

Here,  the  supply  pipe  also  includes  a  valve  structure 
or  another  connecting  member  of  a  cartridge  effective 
to  compress  the  negative  pressure  generating  material. 

35  The  consideration  has  been  made  to  the  condition 
of  the  usable  ink.  When  the  ink  surface  tension  exceeds 
55  dyne/cm  (25  °C),  the  ink  change  due  to  the  ambience 
dependency  of  the  ink  or  the  internal  structure  is  remark- 
able,  but  if  it  is  not  more  than  55  dyne/cm,  this  problem 

40  is  significantly  avoided.  Particularly,  if  it  is  not  more  than 
50  dyne/cm,  very  stabilized  properties  is  exhibited  with- 
out  being  influenced  by  the  ambience.  In  addition,  if  it  is 
not  less  than  55  dyne/cm,  the  ink  assuredly  moves  in 
the  negative  pressure  generating  material.  Particularly 

45  in  the  case  that  an  interface  is  formed  between  the  air 
and  the  ink  in  the  negative  pressure  generating  material, 
the  interface  can  be  stabilized  for  a  long  period  of  time. 
In  a  cartridge  in  which  the  liquid-air  exchanging  zone 
extends  from  the  fine  communicating  portion  to  the  por- 

50  tion  faced  to  the  negative  pressure  generating  material 
in  the  first  accommodating  chamber,  a  linear  interface 
can  be  stably  formed,  and  therefore,  it  is  preferable.  On 
the  other  hand,  if  the  surface  tension  of  the  ink  is  lower 
than  20  dyne/cm  (25  °C),  the  ink  does  not  leak  in  the 

55  normal  use,  but  if  some  impact  is  applied,  the  ink  leak- 
age  occurs.  If  the  surface  tension  is  not  less  than  20 
dyne/cm,  the  ink  leakage  can  be  prevented  even  in  the 
case  of  the  impact.  Particularly,  when  the  surface  ten- 
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sion  is  not  less  than  25  dyne/cm  and  not  more  than  50 
dyne/cm,  the  very  stabilized  condition  is  maintained 
without  being  influenced  by  the  ambience. 

The  description  will  be  made  as  to  a  preferable 
structure  of  the  negative  pressure  chamber  of  the  ink 
cartridge  having  the  structure  shown  in  Figures  4-15. 

As  shown  in  Figure  16,  the  negative  pressure  gen- 
erating  material  adjacent  the  air  vent  is  not  supplied  with 
the  ink,  and  therefore,  does  not  retain  the  ink  therein. 
Then,  the  opening  13  is  scaled  by  a  ball  14,  and  the 
opening  22  and  the  air  vent  are  sealed  by  a  single  seal- 
ing  member  S  (different  sealing  members  are  usable). 
Figure  16  shows  an  ink  jet  cartridge  before  use.  In  this 
Figure,  an  ink  is  contained  in  the  ink  accommodating 
chamber  6.  Figure  illustrates  a  hermetically  sealed  ink 
jet  cartridge  21  ,  and  a  printer  usable  therewith.  The  car- 
tridge  1  is  provided  with  a  negative  pressure  generating 
zone  23A  adjacent  the  air  vent  20  as  a  non-ink-retaining 
zone  at  a  top  corner  of  the  cartridge.  The  negative  pres- 
sure  generating  zone  23B  below  the  zone  23A  is  a  com- 
pressible  zone  which  can  be  compressed  by  insertion 
of  an  unshown  ink  supply  pipe.  The  portion  of  the  neg- 
ative  pressure  generating  material  other  than  the  zones 
23A  and  23B  retain  the  ink  and  is  free  of  external  influ- 
ence.  The  zone  23B  is  faced  to  an  opening  22  for  per- 
mitting  connection  with  the  ink  supply  tube,  the  opening 
22  being  formed  in  the  same  side  and  below  the  air  vent 
20.  The  opening  22  is  located  above  the  fine  communi- 
cating  portion  28,  and  the  above-described  structural  fe- 
aLures  are  used. 

The  cartridge  21  of  Figure  1  6  becomes  usable  if  the 
above-described  sealing  members  is  removed.  Howev- 
er,  since  the  zone  23A  does  not  retain  the  ink,  the  ink 
does  not  leak  out  even  if  vibration  or  pressure  change 
occurs  in  the  unsealing  operation. 

This  embodiment  employs  a  non-ink  retaining  zone 
adjacent  the  air  vent  in  the  negative  pressure  generating 
material  irrespective  of  the  state  of  keeping  or  state  of 
use  of  the  ink  cartridge.  By  doing  so,  the  ink  is  prevented 
from  leaking  out  of  the  ink  cartridge  through  the  air  vent 
against  ambient  condition  change.  Particularly  when, 
the  sealing  member  seals  the  air  vent,  the  sealing  mem- 
ber  is  prevented  from  peeled  off.  Particularly,  when  the 
sealing  member  seals  the  air  vent,  the  sealing  member 
is  prevented  from  unintended  removal.  During  use,  this 
region  is  effective  to  efficiently  supply  the  amount  of  air 
corresponding  to  the  necessity,  and  in  addition  is  effec- 
tive  to  suppress  the  negative  pressure  change  in  the  ink 
jet  cartridge.  If  the  zone  adjacent  the  air  vent  is  com- 
pletely  free  of  wet  with  the  ink,  it  is  preferable  from  the 
standpoint  of  reducing  the  ink  seeping  speed,  but  it  is 
first  wetted  with  the  ink,  and  thereafter,  the  ink  is  re- 
moved  from  the  zone. 

According  to  this  embodiment,  the  ink  supply  open- 
ing  or  the  compression  or  compressible  zone  is  located 
at  a  side  opposite  from  the  partition  wall  constituting  the 
fine  communicating  portion,  and  therefore,  the  ink  sup- 
ply  path  can  be  stably  assured  in  the  negative  pressure 

generating  material  in  the  second  accommodating 
chamber.  This  can  be  further  assured  by  locating  the  ink 
supply  opening  above  the  fine  communicating  portion 
with  respect  to  the  bottom  surface  of  the  ink  cartridge. 

5  This  positional  feature  is  effective  to  make  a  substantial 
ink  moving  direction  constant,  so  that  all  of  the  ink  in  the 
second  accommodating  chamber  can  be  used  up.  After 
it  is  used  up,  the  air  in  the  second  accommodating 
chamber  moves  toward  the  opening,  and  as  a  result,  the 

10  ink  in  the  negative  pressure  generating  material  can  be 
used  up,  thus  reducing  an  amount  of  non-usable  re- 
maining  ink. 

By  locating  a  non-compressed  zone  (not  com- 
pressed  by  the  supply  pipe)  and  the  compressed  zone 

is  (by  the  supply  pipe)  of  the  negative  pressure  generating 
material  in  this  order  from  the  partition  wall  constituting 
the  fine  communicating  portion  to  the  opposite  wall,  the 
above-described  one  directional  ink  supply  path  can  be 
formed  in  the  non-compressed  zone,  and  in  addition,  by 

20  the  ink  retaining  power  in  the  compressed  zone,  the 
non-usable  ink  is  further  reduced. 

The  ink  jet  printer  of  this  embodiment,  as  shown  in 
Figure  1  6,  is  provided  with  head  recovery  means  HR  for 
recovering  the  recording  head  by  sucking  or  ejection  us- 

25  ing  sucking  means  the  ink  through  the  recording  head 
from  the  cartridge,  automatically  or  manually.  By  doing 
so,  the  state  of  the  ink  in  the  negative  pressure  gener- 
ating  means  can  be  corrected  before  printing,  and  there- 
fore,  the  above-described  function  of  the  cartridge  can 

30  be  provided  without  being  influenced  by  the  state  of 
keeping  the  cartridge. 

The  container  21  mounted  to  the  ink  jet  head  HB 
carried  on  a  scanning  type  carriage  CR  corresponds  to 
the  above-described  cartridge  1  but  without  the  sealing 

35  tape.  The  ink  supply  pipe  of  the  head  compresses  and 
deforms  the  compressible  zone  23B  of  the  negative 
pressure  generating  material  23  through  the  opening 
22.  In  this  embodiment,  the  negative  pressure  generat- 
ing  material  23  is  deformed  toward  the  fine  communica- 

40  tion  portion.  At  this  time,  mount  detecting-means  (me- 
chanical  or  electrical,  not  shown)  transmits  the  cartridge 
mount  signal  LP  to  printer  control  means  CC.  In  re- 
sponse  thereto,  the  recovery  means  HR  is  operated  be- 
fore  start  of  the  recording  operation,  thus  discharging 

45  the  ink  in  the  container  21  to  improve  the  state  of  the  ink 
in  the  container. 

Figures  17A  and  17B  illustrate  an  inclinable  range 
in  the  printing  operation  or  in  the  inksupplying  operation. 
Designated  by  a  reference  numeral  40  is  a  horizontal 

so  plane.  It  is  preferable  for  the  present  invention  that  the 
fine  communicating  portion  is  located  at  a  lower  posi- 
tion.  Ideally,  it  is  parallel  at  a  bottom  surface  of  the  car- 
tridge  with  the  horizontal  plane  40.  Practically,  however, 
in  the  case  of  the  two  chamber  structure,  the  angle 

55  formed  between  the  horizontal  plane  and  the  cartridge 
bottom  surface  6  may  be  0  S  0  S  15  degrees  without 
practical  problem.  When  it  is  moved  by  the  scanning 
type  carriage,  0 S 6 ^ 5   degrees  is  preferable.  Even  if 

13 
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the  inclination  of  the  cartridge  occurs  due  to  an  unex- 
pected  factor,  the  provision  of  the  gap  between  the  ink 
supply  pipe  2200  and  the  opening  6002  of  the  ink  car- 
tridge  permits  easy  joint  without  excessive  load  to  the 
recording  head,  and  therefore,  the  ink  supply  perform- 
ance  is  assured. 

A  plurality  of  negative  pressure  generating  material 
is  usable.  However,  the  air  can  move  in  the  interface 
therebetween,  and  therefore,  it  is  preferably  a  single  po- 
rous  material. 

If  the  ink  containing  chamber  contains  a  larger 
quantity  of  the  ink  than  the  negative  pressure  generating 
material  accommodating  chamber,  it  can  be  included  as 
an  ink  containing  chamber,  in  effect. 

Referring  to  Figure  18,  the  description  will  be  made 
as  to  the  ink  consumption  mode  in  the  ink  cartridge. 

In  Figure  18A,  ink  joint  member  27  as  the  ink  supply 
pipe  is  inserted  into  the  opening  22  of  the  main  body  21 
of  the  ink  cartridge  to  be  press-contacted  to  the  negative 
pressure  generating  material  23.  It  is  a  sectional  view  in 
the  operable  state.  It  is  preferable  that  a  filter  is  provided 
at  an  end  of  the  joint  member  27  to  remove  the  foreign 
material  in  the  ink  cartridge.  When  the  ink  jet  recording 
material  is  operated,  the  ink  is  ejected  through  the  ori- 
fices  of  the  ink  jet  recording  head,  so  that  ink  sucking 
tendency  is  produced  in  the  ink  container.  By  this,  the 
ink  is  moved  to  the  negative  pressure  generating  mate- 
rial  accommodating  portion  24  from  the  ink  containing 
portion  26  through  a  gap  between  an  end  of  the  rib  25 
and  a  bottom  11  of  the  ink  cartridge,  and  is  supplied  to 
the  ink  jet  recording  head  through  the  negative  pressure 
generating  material  23  and  the  joint  member  27.  By  this, 
the  pressure  in  the  ink  accommodating  portion  26  which 
is  sealed  except  for  the  gap  28  reduces  with  the  result 
of  pressure  difference  between  the  ink  accommodating 
portion  26  and  the  negative  pressure  generating  mate- 
rial  accommodating  portion  24.  With  the  continuous  of 
the  recording  operation,  the  pressure  difference  contin- 
ues  to  increase.  However,  since  the  negative  pressure 
generating  material  accommodating  portion  24  is 
opened  to  the  ambience  through  the  air  venL  28,  and 
therefore,  the  air,  as  shown  in  Figure  18B,  is  introduced 
into  the  ink  accommodating  portion  26  through  the  neg- 
ative  pressure  generating  material  23  and  through  the 
gap  28  between  the  rib  25  and  the  bottom  11  of  the  ink 
cartridge.  At  this  point  of  time,  the  pressure  difference 
between  the  ink  accommodating  portion  26  and  the  neg- 
ative  pressure  generating  material  accommodating  por- 
tion  24  is  removed.  During  the  ink  jet  recording  opera- 
tion,  this  is  repeated,  so  that  a  substantially  constant 
negative  pressure  is  provided  in  the  ink  cartridge.  The 
ink  in  the  ink  accommodating  portion  26  can  be  all  con- 
sumed  except  for  the  ink  deposited  on  the  internal  wall 
surface  of  the  ink  accommodating  portion  26,  and  there- 
fore,  the  ink  use  efficiency  is  improved  (Figure  18C). 
When  the  recording  operation  is  not  carried  out,  by  the 
capillary  force  of  the  negative  pressure  generating  ma- 
terial  23  itself  (or  the  force  of  the  meniscus  at  the  inter- 

face  between  the  ink  and  the  negative  pressure  gener- 
ating  material),  the  leakage  of  the  ink  from  the  recording 
head  can  be  prevented. 

The  description  will  be  made  as  to  the  gas-liquid  ex- 
5  change  in  the  negative  pressure  generating  material  ac- 

commodating  chamber. 
Figures  19A  -  19D  illustrate  an  interrelation  be- 

tween  an  ink  level  and  an  ink  leakage  from  the  ink  jet 
cartridge  in  an  example  where  the  air  vent  is  located  at 

10  an  optimum  position.  When  the  upper  limit  of  the  ink  lev- 
el  exceeds  the  optimum  zone  H,  as  shown  in  Figure 
19A,  the  ink  leaks  out  through  the  air  vent  1013,  as 
shown  in  Figure  19B,  when  the  ambient  pressure  de- 
creases  or  temperature  increases.  Irrespective  of  the 

is  position  of  the  air  vent  1  01  3  in  the  first  accommodating 
chamber  1004  as  the  vacuum  generating  material  ac- 
commodating  portion,  the  ink  leaks  when  the  ink  level 
exceeds  the  optimum  zone  H.  The  air  vent  1013  of  this 
embodiment,  is  most  remote  position  from  the  commu- 

20  nicating  portion  1008,  so  that  the  safety  margin  is  in- 
creased. 

As  shown  in  Figure  1  9C,  when  the  ink  level  is  lower 
than  the  optimum  zone  H,  an  air  layer  is  produced  ad- 
jacent  the  joint  member  1  007  (ink  supply  pipe)  of  the  ink 

25  jet  head  inserted  thereinto,  and  therefore,  when  the 
sucking  recovery  operation  is  carried  out  or  when  the 
recording  operation  is  carried  out,  the  air  may  be  intro- 
duced  into  the  head  through  the  joint  member  1007  as 
shown  in  Figure  19D.  If  this  occurs,  the  ink  flow  is  im- 

30  peded  with  the  result  of  disturbed  printing. 
The  detailed  consideration  has  been  made  to  the 

optimum  zone  H  of  the  ink  level.  The  ink  level  in  the  car- 
tridge  itself  before  the  connection  with  the  joint  member 
is  preferably  higher  than  the  top  end  of  the  ink  supply 

35  opening,  and  not  higher  than  the  position  5  mm  higher 
than  the  top  end  is  preferable,  since  then  the  above- 
described  inconveniences  can  be  avoided.  The  lower 
limit  is  further  1  mm  higher  position.  In  this  case,  the  ink 
leakage  does  not  occur,  and  the  separate  provision  of 

40  the  air  vent  works  well.  The  investigations  have  been 
made  as  to  the  ink  level  after  the  joint  with  the  ink  jet 
head,  including  the  ink  level  not  satisfying  the  optimum 
zone  for  the  cartridge  itself.  The  optimum  zone  H  is  a 
region  above  the  top  end  of  the  joint  member  1007  in- 

45  serted  through  the  ink  supply  opening,  and  below  a  po- 
sition  5  mm  higher  than  the  top  end,  further  preferably, 
it  is  higher  than  a  position  1  mm  higher  than  the  top  end 
of  the  joint  member  and  below  a  position  5  mm  higher 
than  the  top  end. 

so  In  the  case  of  the  liquid  level  adjustment  for  the  in- 
dependent  cartridge  and  for  the  jointed  case,  one  or 
more  of  the  following  methods  are  usable  to  adjust  the 
ink  level. 

55  (1  )  A  bottom  portion  of  a  partition  wall  for  separating 
a  first  accommodating  chamber  as  a  negative  pres- 
sure  generating  material  accommodating  portion 
and  a  second  accommodating  chamber  (inkaccom- 
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modating  chamber)  is  disposed  in  the  optimum 
zone  H,  by  which  the  ink  level  is  substantially  hori- 
zontal. 
(2)  Compression  ratio  of  the  negative  pressure  gen- 
erating  material  is  adjusted  to  provide  vertically  dif- 
ferent  compression  ratio,  more  particularly,  the  bot- 
tom  portion  is  compressed  more.  This  method  is 
particularly  effective  if  used  with  (I). 
(3)  The  degree  of  compression  or  pressing  of  the 
negative  pressure  generating  material  by  the  joint 
member  of  the  ink  jet  head,  is  adjusted.  For  exam- 
ple,  when  the  inksupply  rate  per  unit  time  is  desired 
to  be  increased  (total  ejection  quantity  of  the  record- 
ing  head  is  increased),  the  pressure  is  reduced  to 
increase  the  ink  flow  rate  (the  liquid  level  is  main- 
tained  at  a  higher  level  by  another  method).  On  the 
other  hand,  in  order  to  prevent  the  air  introduction 
with  certainty,  the  pressure  is  reduced  to  raise  the 
liquid  level  adjacent  the  joint  member. 

On  the  other  hand,  in  the  ink  jet  cartridge  described 
above,  it  is  desired  that  the  ink  of  the  second  chamber 
and  the  air  in  the  first  chamber  are  stably  and  smoothly 
exchanged  during  the  ink  supply. 

The  description  will  be  made  as  to  improvement  in 
this  respect. 

Figure  20A  is  a  longitudinal  sectional  view  of  the 
main  body  of  the  ink  jet  cartridge  according  to  a  further 
embodiment  of  the  present  invention.  Figure  20B  is  a 
sectional  view  thereof,  and  Figure  21  is  a  sectional  view 
illusLrating  the  surface  of  the  rib.  The  ink  cartridge  main 
body  1001  is  provided  with  an  air  introducing  groove 
1031  and  a  negative  pressure  generating  material  ad- 
justing  chamber  1032  in  a  rib  1005  which  functions  as 
a  partition  between  the  ink  accommodating  portion  1  006 
and  the  negative  pressure  generating  material  accom- 
modating  portion  1  004.  The  air  introducing  groove  1  031 
extends  from  a  central  portion  of  the  rib  1005  to  an  end 
thereof,  that  is,  the  gap  1008  between  the  bottom  of  the 
ink  cartridge  1011,  adjacent  the  negative  pressure  gen- 
erating  material  accommodating  portion  1004.  Between 
the  negative  pressure  generating  material  1003  adja- 
cent  to  the  air  introducing  groove  1031  of  the  rib  1005, 
a  negative  pressure  generating  material  adjusting 
chamber  1032  is  formed  as  a  concavity. 

Since  the  negative  pressure  generating  material 
1  003  is  contacted  to  the  inside  surface  of  the  accommo- 
dating  portion  1  004  therefor,  the  contact  pressure  (com- 
pression)  to  the  negative  pressure  generating  material 
1003  is  partly  eased  even  if  the  negative  pressure  gen- 
erating  material  1003  is  non-uniformly  inserted,  as 
shown  in  Figure  22.  For  this  reason,  when  the  ink  starts 
to  be  consumed  through  the  recording  head,  the  ink  con- 
tained  in  the  material  1003  is  consumed  to  reach  the 
material  adjusting  chamber  1032.  When  the  consump- 
tion  of  the  ink  is  continued,  the  air  can  easily  break  the 
ink  meniscus  at  the  portion  where  the  contact  pressure 
is  eased,  so  that  the  air  is  smoothly  introduced  into  the 

air  introducing  groove  1  031  ,  and  therefore,  the  negative 
pressure  can  be  easily  controlled. 

The  structure  including  the  rib,  the  adjusting  cham- 
ber  or  another  structure  having  the  equivalent  function, 

5  are  called  an  air-liquid  exchange  promoting  structure.  In 
the  ink  cartridge  having  this  structure,  the  ink  level  op- 
timum  zone  can  be  provided  by  adjusting  the  level  of  the 
top  of  the  air-liquid  exchange  promoting  structure  dis- 
posed  on  the  first  accommodating  chamber  side  wall 

10  above  the  communicating  portion  between  the  first  ac- 
commodating  chamber  and  the  second  accommodating 
chamber. 

As  a  means  for  controlling  the  optimum  zone  of  the 
ink  level,  the  direction  of  the  compression  and  the  corn- 

's  pression  ratio  of  the  negative  pressure  generating  ma- 
terial  may  be  changed,  as  described  hereinbefore.  How- 
ever,  the  adjustment  of  the  top  of  the  air-liquid  exchange 
promoLing  structure  is  effective  from  the  standpoint  of 
certainty  and  reproducibility.  These  methods  may  be 

20  combined  to  provide  the  optimum  zone  of  the  ink  level. 
An  example  will  be  described. 
Figure  22  shows  an  embodiment  provided  with  an 

air-liquid  exchange  promoting  structure.  As  shown  in 
Figure  22,  a  recess  is  formed  at  a  bottom  end  adjacent 

25  the  negative  pressure  generating  material  accommo- 
dating  portion  1004  of  the  partition  1005,  and  air  intro- 
ducing  groove  1031  is  formed  extended  upwardly  from 
the  communicating  portion  1008.  The  air  introducing 
groove  1  031  is  effective  to  promote  the  supply  of  the  ink 

30  to  the  ink  accommodating  portion  1  006  when  a  negative 
pressure  is  produced  in  the  ink  accommodating  portion 
1  006  by  the  ink  in  the  ink  accommodating  portion  1  006 
is  guided  in  the  negative  pressure  generating  material 
accommodating  portion  1004  through  the  communicat- 

es  ing  portion  1008.  Therefore,  the  portion  above  the  top 
of  the  air  introducing  groove  1031  is  filled  with  an  air 
supplied  through  the  air  communicating  portion  101  3.  In 
other  words,  depending  on  the  location  of  the  top  of  the 
air  introducing  groove  1031  which  is  the  air-liquid  ex- 

40  change  promoting  structure,  the  ink  level  in  the  accom- 
modating  chamber  1004  can  be  adjusted. 

Figure  22  shows  an  optimum  height  of  the  top  of  the 
air-liquid  exchange  promoting  mechanism  of  this  em- 
bodiment.  The  top  of  the  mechanism  is  at  a  position  not 

45  less  than  5  mm  higher  than  the  top  of  the  ink  supply 
opening.  This  is  because  the  top  limit  of  the  irik  level,  as 
described  hereinbefore,  is  5  mm  above  the  top  end  of 
the  end  of  the  joint  member  1007  (ink  supply  port)  in- 
serted  into  the  opening  2. 

so  That  is,  in  such  an  ink  jet  cartridge,  the  top  limit  of 
the  ink  level  is  5  mm  higher  than  the  top  of  the  inksupply 
port,  and  the  lower  limit  of  the  ink  level  is  the  top  end  of 
the  effective  diameter  D2  of  a  filter  1012  provided  in  the 
ink  supply  opening,  further  preferably,  the  top  end  of  the 

55  outer  diameter  D1  of  the  filter  1012,  further  preferably 
the  top  end  of  outer  diameter  DO  of  the  ink  supply  port. 
Therefore,  the  most  preferable  range  of  the  optimum 
zone  of  the  ink  level  is  limited  by  a  position  5  mm  higher 
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than  the  top  end  from  the  top  end  of  the  ink  supply  open- 
ing.  In  this  embodiment,  the  height  of  the  top  is  1  6.5  mm 
from  the  bottom  of  the  inside  of  the  cartridge,  by  which 
the  optimum  ink  level  zone  can  be  accomplished. 

If  it  is  higher  than  16.5  mm,  the  liquid  level  is  raised 
toward  the  air  vent  position.  Therefore,  when  the  air  lay- 
er  having  replaced  and  contained  in  the  second  cham- 
ber  or  the  air  layer  in  the  negative  pressure  generating 
material  are  expanded  due  to  the  temperature  or  pres- 
sure  change  in  the  ambient  condition,  the  ink  may  tends 
to  leak  through  the  air  vent.  On  the  other  hand,  if  the 
position  is  lower  than  16.5  mm,  the  ink  level  lowers,  and 
therefore,  an  air  layer  is  formed  around  the  supply  pipe 
inserted.  During  the  recording  operation  or  during  the 
sucking  recovery  operation,  the  air  may  be  introduced 
into  the  recording  head  with  the  result  of  tendency  of  the 
output  image  disturbance. 

The  optimum  zone  of  the  ink  level  is  not  proper  only 
for  the  cartridge  of  this  embodiment.  However,  it  is  us- 
able  with  an  ink  jet  recording  head  integrally  having  an 
ink  container  and  an  ink  ejecting  portion,  the  ink  con- 
tainer  having  a  first  and  second  chambers  as  shown  in 
Figure  23.  The  structure  of  the  ink  jet  head  shown  in 
Figure  23  is  such  that  the  ink  supply  opening  1002A  is 
in  the  bottom  side  of  a  first  accommodating  chamber, 
that  is,  a  negative  pressure  generating  material  accom- 
modating  portion  1004A,  and  through  the  opening 
1  002A,  a  joint  1  007A  of  the  ink  ejecting  portion  is  insert- 
ed.  In  the  ink  jet  cartridge,  an  air  introducing  groove 
1031  A  (air-liquid  exchange  promoting  mechanism)  is 
provided.  At  an  upper  position  of  the  negative  pressure 
generating  material  accommodating  portion  1004A,  a 
stop  rib  1016  is  provided.  By  this,  a  portion  without  the 
negative  pressure  generating  material  1003  is  formed 
at  an  upper  portion  of  the  accommodating  portion 
101  4A.  The  air  vent  1  01  3A  is  in  communication  with  the 
material  absent  zone.  Adjacent  the  bottom  communicat- 
ing  portion  1018  of  the  ink  accommodating  portion 
1016A,  a  projection  1017  is  formed,  which  functions  to 
prevent  introduction  of  ink  or  dew  liquid  into  the  accom- 
modating  portion  1014  through  the  communicating  por- 
tion  1  008,  when  the  cartridge  is  turned  upsidedown.  Al- 
so,  in  the  ink  jet  cartridge  of  this  structure,  the  level  of 
the  top  of  the  air  introducing  groove  1031  A  of  the  air- 
liquid  exchange  promoting  region  is  preferably  higher 
than  5  mm  higher  position  above  the  ink  supply  port 
plane.  In  addition,  the  optimum  ink  level  of  the  cartridge 
is  lower  than  a  position  5  mm  higher  than  the  plane  of 
the  ink  supplying  opening  at  an  end  of  the  joint  1007A. 
More  particularly,  the  upper  limit  of  the  optimum  ink  level 
is  the  level  of  the  top  of  the  air  introducing  groove  1  031  A 
which  is  the  air-liquid  exchange  promoting  region,  and 
preferably,  it  is  a  position  5  mm  higher  than  the  plane  of 
the  ink  supply  port.  On  the  other  hand,  the  lower  limit  is 
a  position  1  mm  higher  than  the  plane  of  the  ink  supply 
opening,  further  preferably,  it  is  a  position  2  mm  higher 
than  the  ink  supplying  plane.  Therefore,  the  preferable 
range  of  the  ink  level  is  between  2  mm  higher  than  the 

top  end  of  the  inksupply  port  and  a  position  5  mm  higher 
than  that. 

As  described  in  the  foregoing,  by  placing  the  ink  lev- 
el  in  a  region  lower  than  5  mm  higher  than  the  top  end 

5  of  the  ink  supply  opening  of  the  ink  cartridge,  then  an 
ink  jet  cartridge  which  provides  stabilized  inksupply  with 
proper  negative  pressure,  can  be  provided. 

Particularly,  by  controlling  the  ink  level  by  the  air- 
liquid  exchange  promoting  mechanism,  further  correct 

10  proper  zone  can  be  provided. 
As  described  in  the  foregoing,  according  to  the 

present  invention,  the  ink  in  the  ink  accommodating  por- 
tion  and  the  ambient  air  can  be  smoothly  and  stably  ex- 
changed  during  the  ink  supply.  As  a  result,  the  internal 

is  pressure  in  the  ink  supply  portion  can  be  stably  control- 
led.  A  high  speed  printing  is  possible  with  high  stability 
of  ejection  of  the  recording  head.  Against  the  pressure 
change  in  the  ink  container  against  the  ambient  condi- 
tion  change,  the  ink  leakage  does  not  occur. 

20  The  description  will  be  made  as  to  the  ink  preferably 
usable  with  the  embodiment.  The  preferable  ink  pro- 
vides  an  ink  interface  in  the  negative  pressure  generat- 
ing  material  against  vibration  of  the  ink  container.  In  ad- 
dition,  the  air-liquid  interface  is  stabilized  against  ambi- 

25  ent  condition  change.  For  this  purpose,  the  surface  ten- 
sion  of  the  ink  is  preferably  20  dyne/cm  -  55  dyne/cm, 
further  preferably,  25  dyne/cm  -  50  dyne/cm.  When  the 
ink  surface  tension  is  in  this  range,  the  ink  does  not  leak 
when  the  printing  operation  is  not  carried  out,  as  a  result 

30  of  break  of  the  meniscus  at  the  orifice. 
The  desired  surface  tension  can  be  provided  by 

mixing  water  with  water  soluble  organic  solvent  such  as 
ethanol  (22  dyne/cm),  isopropanol  (22  dyne/cm),  cy- 
clohexanol  (34  dyne/cm),  glycerin  (63  dyne/cm),  dieth- 

35  ylene  glycol  (49  dyne/cm),  diethylene  glycol  monometh- 
ylether  (35  dyne/cm),  polyethylene  glycol  (35  dyne/cm), 
2-pyrrolidone  (47  dyne/cm),  N-methylpyrrolidone  (41 
dyne/cm),  the  surface  tension  being  the  values  at  20  - 
30  °C. 

40  The  description  will  be  made  as  to  the  method  of 
controlling  the  surface  tension  using  surface  active 
agent.  For  example,  1  %  (on  the  basis  of  the  weight  of 
the  water)  of  sorbitan  monolaurate  provides  28  dyne/ 
cm,  and  1  %  addition  of  polyoxysorbitan  monolaurate 

45  provides  35  dyne/cm.  In  the  case  of  1  %  addition  of  acet- 
ylenol  EH  (EO  additive  of  acetylene  glycol)  provides  28 
dyne/cm.  When  a  lower  surface  tension  is  required,  flu- 
orine  surface  active  agenL  such  as  Surfron  S-1  45  (avail- 
able  from  Asahi  Garasu  Kabushiki  Kaish  (EO  additive 

so  of  perfluoroalkyl)  provides  by  0.1  %  addition  17  dyne/ 
cm.  Since  the  surface  tension  changes  by  another  ad- 
ditives,  and  a  proper  adjustment  is  effected. 

Figure  24  is  a  perspective  view  of  an  outer  appear- 
ance  of  an  ink  jet  recording  apparatus  capable  of  carry- 

55  ing  a  recording  head  unit  described  in  the  foregoing. 
In  Figure  24,  forward  or  backward  rotation  of  a  driv- 

ing  motor  5013  is  transmitted  to  a  lead  screw  5004  by 
way  of  drive  transmission  gears  5011  and  5009  to  rotate 
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it.  The  carriage  HC  has  a  pin  (not  shown)  engaged  with 
a  helical  groove  5005  of  the  lead  screw  5004.  By  this, 
the  carriage  HC  is  reciprocated  in  the  longitudinal  direc- 
tion  of  the  apparatus.  Designated  by  a  reference  numer- 
al  5002  is  a  cap  for  capping  the  front  side  of  the  record- 
ing  head  in  the  recording  head  unit,  and  is  used  for  suc- 
tion  recovery  of  the  recording  head  through  the  cap  by 
an  unshown  sucking  means.  The  cap  5002  is  capable 
of  capping  the  ejection  side  surface  of  each  of  the  re- 
cording  heads  by  driving  force  transmitted  by  way  of 
gear  5008  or  the  like.  A  cleaning  blade  501  7  is  movable 
to  and  fro  and  is  supported  on  a  supporting  frame  501  8 
of  the  main  assembly.  The  blade  is  not  limited  to  this 
type,  but  another  known  blade  is  usable. 

The  capping,  cleaning,  sucking  recovery  operations 
are  possible  when  the  carriage  takes  a  home  position, 
by  the  lead  screw  5005.  However,  they  can  be  carried 
out  at  another  proper  timing. 

Connection  pads  4502  of  the  recording  head  unit 
mounted  on  the  carriage  HC  are  connected  with  con- 
nection  pads  5031  by  rotation  of  a  connecting  plate  5030 
of  the  carriage  HC  about  a  predetermined  axis,  by  which 
the  electrical  connection  therebetween  is  established. 
Without  using  connector  or  the  like,  and  therefore,  the 
recording  head  does  not  receive  unnecessary  force. 

Referring  to  Figure  25  another  example  of  an  ink  jet 
printing  apparatus  usable  with  the  ink  jet  cartridge  ac- 
cording  to  this  invention  is  usable.  In  Figure  25,  there  is 
provided  an  automatic  sheet  feeder  51  00  for  supporting 
a  stack  of  sheets  S,  and  for  feeding  them  one-by-one. 
A  feeder  5200  functions  to  supply  the  recording  sheet 
S  singled  out  of  the  automatic  feeder  51  00  to  a  recording 
position,  and  also  to  feed  the  recording  sheet  to  the  dis- 
charge  portion  5300.  A  recording  head  5401  functions 
to  eject  yellow,  magenta,  cyan  and  black  inks  forthe  pur- 
pose  of  color  recording,  in  this  embodiment.  A  carriage 
5402  for  carrying  the  recording  head  5401  is  guided  by 
a  guiding  shaft  5403  for  guiding  the  carriage  5402  in  a 
direction  perpendicular  to  the  surface  of  the  sheet  in  the 
Figure  by  an  unshown  timing  belt,  A  carriage  driver  func- 
tions  to  scanningly  move  the  carriage  5402  carrying  re- 
cording  heads  5401  and  ink  containers  5405  for  supply- 
ing  the  ink  thereto.  Above  this,  a  controller  5500  is  dis- 
posed  for-  controlling  the  entirety  of  the  recording  appa- 
ratus  on  the  basis  nf  record  data  or  information  supplied 
from  an  unshown  host  computer  or  the  like.  Here,  the 
recording  heads  5401  and  the  ink  containers  5405  con- 
stitute  an  ink  jet  head  unit  of  the  invention,  and  they  are 
detachably  mountable. 

In  this  embodiment,  the  recording  head  most  suita- 
bly  use  film  boiling  bubble  creation  system  to  eject  the 
ink. 

As  described  in  the  foregoing,  by  the  use  of  the  air- 
liquid  exchange  mechanism,  the  ink  cartridge  can  be 
mounted  or  demounted  without  adverse  influence  to  the 
mounting  portion  of  the  ink  jet  head.  In  other  words,  the 
ink  cartridge  can  be  mounted  without  exerting  unneces- 
sary  external  force  to  the  ink  jet  head. 

In  addition,  proper  negative  pressure  can  be  main- 
tained  from  the  initial  stage  to  the  last  stage  during  the 
recording,  or  when  the  recording  operation  is  not  effect- 
ed.  Therefore,  a  high  speed  recording  is  possible  even 

5  when  the  use  ambient  condition  is  changed  without  ink 
leakage,  in  a  replaceable  type  ink  cartridge. 

Furthermore,  the  replaceable  type  ink  cartridge  is 
easy  to  handle,  and  upon  the  mounting  to  the  ink  jet  re- 
cording  head,  there  occurs  no  ink  leakage,  and  there- 

to  fore,  erroneous  operation  can  be  avoided. 
Furthermore,  by  the  bonding  and  sealing  of  press- 

contact  member  of  the  joint  portion  of  the  recording 
means  to  the  external  wall,  is  effective  to  prevent  ink 
leakage  even  when  the  internal  pressure  of  the  contain- 

15  er  increases  by  worst  ambient  condition  change,  thus 
tending  to  discharge  the  ink.  Therefore,  a  highly  reliable 
ink  jet  recording  head  can  be  provided. 

While  the  invention  has  been  described  with  refer- 
ence  to  the  structures  disclosed  herein,  it  is  not  confined 

20  to  the  details  set  forth  and  this  application  is  intended  to 
cover  such  modifications  or  changes  as  may  come  with- 
in  the  purposes  of  the  improvements  or  the  scope  of  the 
following  claims. 

An  ink  jet  unit  includes  an  ink  jet  head  for  ejecting 
25  ink;  an  ink  cartridge  for  containing  ink  to  be  supplied  to 

the  ink  jet  head;  an  ink  supply  member  for  introducing 
the  ink  from  the  ink  cartridge,  provided  in  the  ink  jet 
head;  a  negative  pressure  generating  material  in  the  ink 
cartridge;  an  opening  for  permitting  contact  between  the 

30  negative  pressure  generating  material  and  in  the  ink 
supply  member;  wherein  a  gap  is  formed  in  the  opening 
when  the  ink  supply  member  is  in  contact  with  the  neg- 
ative  pressure  generating  material. 

35 
Claims 

1.  An  ink  cartridge  detachably  mountable  at  an  ink  jet 
head  (IJU;  5401  )  having  an  ink  supply  member  (27; 

40  1007;  1007A;  2200),  comprising: 

an  ink  cartridge  (21;  1001;  6000)  for  containing 
ink  having  a  partition  (25;  1005;  6005)  therein 
forming  a  first  ink  chamber  (26;  1006;  1006A; 

45  6006)  for  containing  the  ink  and  a  second  ink 
chamber  (24;  1004;  1004A;  6004)  containing  a 
negative  pressure  producing  material  (23; 
1003;  6003);  a  receptor  port  (22;  1002;  1002A; 
6002)  in  a  side  of  the  second  ink  chamber  (24; 

50  1  004;  1004A;  6004)  opposed  to  said  partition 
(25;  1005;  6005),  and  a  communication  open- 
ing  (28;  1008;  6008)  for  fluid  communication 
between  the  first  ink  chamber  (26;  1006; 
1  006A;  6006)  and  the  second  ink  chamber  (24; 

55  1  004;  1004A;  6004), 
wherein  said  partition  (25;  1005;  6005)  extends 
from  the  communication  opening  (28;  1008; 
6008),  said  ink  supply  member  (27;  1007; 
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1007A;  2200)  of  said  ink  jet  head  contacting 
said  negative  pressure  producing  material  (23; 
1003;  6003)  through  said  receptor  port  (22; 
1  002;  1  002A;  6002)  for  supplying  ink  from  said 
ink  cartridge  (21;  1001;  6000)  to  said  ink  jet  s 
head  (IJU;  5401), 

characterized  in  that 
said  partition  (25;  1005;  6005)  includes  air  in- 

troducing  means  (1  031  ;  1  031  A)  for  stably  introduc-  10 
ing  air  from  the  second  ink  chamber  (24;  1004; 
1004A;  6004)  into  the  first  ink  chamber  (26;  1006; 
1006A;  6006),  a  top  end  of  said  air  introducing 
means  (1  031  ;  1  031  A)  being  above  a  top  of  the  com- 
munication  opening  (28;  1008;  6008),  wherein  said  15 
air  introducing  means  (1  031  ;  1  031  A)  is  constructed 
so  that  an  ink  level  in  said  negative  pressure  pro- 
ducing  material  (23;  1003;  6003)  is  not  more  than  5 
mm  above  a  top  level  of  said  receptor  port  (22; 
1  002;  1  002A;  6002)  as  ink  is  supplied  to  said  ink  jet  20 
head  (IJU;  5401). 

An  ink  cartridge  according  to  claim  1  , 
characterized  in  that 
the  ink  level  is  at  least  2  mm  above  said  top  25 

level  of  said  receptor  port  (22;  1002;  1002A;  6002) 
as  ink  is  supplied  to  said  ink  jet  head  (IJU;  5401  ). 

18 
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