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(57) Abstract: A liquid container includes: a liquid containing portion that is pressurized by a pressure unit and discharges a liquid
stored therein through a liquid discharge port; a liquid supply port that supplies the liquid to an external liquid consuming apparatus;
and a liquid detection unit that is interposed between the liquid containing portion and the liquid supply port, wherein the liquid
detection unit includes: a liquid detection chamber that has a liquid inlet port to be connected to the liquid discharge port of the
& liquid containing portion and a liquid outlet port to be connected to the liquid supply port; a movable member that is movably
& accommodated in response to a liquid containing amount of the liquid detection chamber; a recess portion that partitions a detection
space in cooperation with one surface of the movable member when the liquid containing amount of the liquid detection chamber
becomes a predetermined amount or less, and a piezoelectric detection unit that applies vibration to the recess portion and detects
a free vibration state according to the applied vibration, and wherein the movable member is provided with two flow passages that
connect the detection space partitioned through the cooperation of the recess portion to the liquid detection chamber.
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DESCRIPTION
LIQUID CONTAINER AND LIQUID FILLING METHOD

TECHNICAL FIELD

The present invention relates to a liquid container and
aliquidfiliingmethod,amdinparticular,toaliquidcontainér
that supplies a predéterminéd‘liquid to a liquid consuming .
appardtus, such as a liqgid ejeéting head ejecting minute
droplets or the iike, and a liquid filling ﬁéthod that fills

a liquid in a liquid detection unit of the liquid container.

BACKGROUND ART

A liquid ejecting head of a liquid ejécting apparatus,
such as a printing apparatus, a micll;odispe‘nser, or a commercial
‘recording apparatus that requires‘ultrahigh printing quality,
recéivesaiiquidfromaliquidcontainer. However, if theliquid
‘ejectingheadoperafesinastatewhéretheliqﬁidishotsupplied,
idleprintingoccurs,andthustheliquidejectingheadislikely
to be damaged. Inordertopreventthisproblém,itisrmcessary
to monitor a liquid residual quantity in the container.

Examples of the recording apparatus include various
apparatus that have a liquid detection unit for detecting an
ink residual quantity in an ink cartridge as a liquid container.

The specific structure of such a liquid detection unit
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is suggested in Patent Document 1. Inthe liquiddetectionunit,
a liquid cdntaiﬁing recess portion is formed;at one of opposing
surfaces of a flexible pouch containing the 1liquid, a
piezoelectricvibrator isdisposedat outer surfaceof therecess
poftioh, and a rigid ioody is disposed at the other surface, such
that the ink residual é;uantity is detected froma vibration state
by a liquid‘amount (a depth of the liquid) between the rigid
body and the piezoeléctric,vibrator.

) However,jjltheliquiddetectionunitdescribeddf1Patentl
Document 1, the liquid residual quantity can‘be detected with
comparati?ély high precision, but the residual quantity of ink
containedintheflexiblepouchisaffectedbybendingorwrinkles'
of the pouch since the rigid body moves according to the
'défbrmatnnibftheflexiblepouch,andthusdetectionprecision
may be degraded. |

Another structufe is suggested in Patent Document 2.
Accbrdimgtothiéstructure,leaninkcartridgethatdischarges

ink (ligquid) by a pressure of a pressurized fluid, normally,

air, to be supplied from the butside, a sensor chamber {liquid
detection unit) for detecting an ink residual quantity 1is
provided between a liquid delivery portion (liquid derivation
portion) to be connected to a recording apparatus and an ink
containing portion (liquid containing portion) formed of a

flexible film.
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Patent Document 1: JP-A-2004-1366¢70

Patent Document 2: JP-A-2004-351871

By the way, in case of an ink cartridge, in general, as
a flekible film thét forms an ink containing portion, an
aluminum-laminated mﬁltilayer film having a high gas barrier
property is‘used in order to prevent external air from passiﬁg
through the film and entering ink.

" In case of the above—deScribed ink cartridge, as the
flexible film forming the ink containiﬁg portioﬁ, an
aluminum—iaminated'multilayer film having high gas barrier
property is used in<3fder to suppress external air fron\passing‘
through‘the film and entering ink.

In addition, ink'fhat is'adjﬁsted to a high degree-of‘
deaeration in advance is filled ih.the ink containing portion
“such that printing quality or maintenance on the recording
appératusisnotaffectedonlyduetodeteriorationinthedegree
of deaeratioﬂ caused by external air-paSsing‘through the
aluminum—laminated multilayer film and entering‘ink under
warranty. Quality is guaranteed against the deterioration in
the degree of deaeration under warranty.

Meanwhile, as a liquid detection unit that detects the
ink residual quantity, there is a liquid detection unit having
a diaphragm that is deformed by a pressure of flowing ink. In

this case, the deformation of the diaphragm is detected by a
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sensor (detectionmechanism), therebydetectingtheinkresidual
quantity.

‘ In the liquid detection unit having this structure, in
order to increase the detection precision, the diaphragm needs
to‘be‘formed‘of a fesin film that is thin and likely to be
elastically deformed, such that the diaphragm can be deformed
by a slighﬁ change in liquid pressure.

By the way, the resin film that is thin and likely to
beélasticallydeformédhasealowgesbarrierproperty,compared‘
with the alﬁminum-laminated multilayer film forming the ink
containing portion.

That 1is, wheﬁ the detection precision of the liquid
detectienunitiéimproyed,thegasbarrierpropertyoftheiiquid
containing bortion is degféded. Accofdingly, ih the liquid
detectiqn unit, external air entefs thrdugh the diaphragm‘or
" the like, and the degree of deaeration is likely to be degraded,
comparedwiththeinkcontainingportionhavingaHighgasbarrier
property.

| As described in Patent Document 2, in case of the ink
cartridge having the sensor chamber (liquid detection unit)
provided between the liquid delivery port and the ink containing
portion, ink having a degraded degree of deaeration in the sensor
chamber may flow back to the ink containing portion connected
to the sensor chamber, external air entering the sensor chamber

may enter the ink containing portion flowing down ink in the



WO 2007/055344 ‘ PCT/JP2006/322519

5
sensor chamber, or the degree of deaeration of ink in the ink
cdntéining portion may be incorrectly degraded. As a result,
there may be a difficulty in printing quality Oor maintenance

on the fecording apparatus.

DISCLOSURE OF THE INVENTION

Accofdingly, it is a first object of the invention to
provide a liquid container having a function of detecting that
a liquid residuai quantity‘becomeé a predetermined amount and
a‘good liquid fiiling method that fills a liquid in a liquid
detection unit of the liquid container.

It is a second object of the invention to provide a good
liquid gontainef that can secure excellent liquid detéction
>p}écision, and prevent a. degree of deaeration oan liquid in
'a liquid containing portion from being degraded.

At least one of the above objects of the invention is
achieved by the following aspects.

‘Afirstéspectoftheinventionprovidesaliquidcontainef
including a liquid containing portion that 1is preésurized by
a pressure unit and discharges a liquid stored therein through
a liquid discharge port, a liquid supply port that supplies the
liquid to an external liquid consuming apparatus, and a liquid
detection unit that is interposed between the liquid containing
portion and the liquid supply port. The liquid detection unit

includes a liquid detection chamber that has a liquid inlet port
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to be connected to the liquid discharge port of the liquid
containing portion and a liquid outlet port to be connected to
the liquid supply port, a movable member that is movably
accommodated in response to a liquid containing amount of the
liqnid detection chémber, a recess portion-that partitions a
detection space in cobperation with one surface of the movable
memberwhenfheliquidcontainingamountoftheliquiddetectidn
chamber becomes a predetermined amount of less, and  a
pieZoelectricdetectionunitthatappliesvibrationtotherecess1
portion and detects a free vibration state according tn the
appliedvibration. In this case, themovable member is provided
with two flow passéges that connect the detection space
partitiqned with‘the cQoperation of the recess portion £o the
liquid detection chamber;

According to this structure, if tne\liquid containing
amountintheliquiddetectionchamberbecomesthepredetermined
amonntorléss,tnemovablememberpa:titionsthedetectionspace
in cooperation witn the recess portion as a Vibration reaction
reginn. Accordingly, a change in free vibration state to be
detected by the piezoelectric detection unit markedly appears,
and the time or state that the liquid containing amount of the
liquid detection chamber reaches a predetermined level can be
accurately and reliably detected.

When the liquid is absorbed from the liquid supply port

to be connected to a liquid consuming apparatus in order to fill
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the liquid in the liquid detection chamber, an absorption force
exertsactionontwo flowpassagesprovidedinthemovablemember,
and then the liquid is supplied to the liquid supply port while
goingbacktheflowpassageonvmichtheabsorptionforceexerts
action.

That is, the liquid is reliably filled,in the recess
portion as the vibration reaction region, and bubbles do not
remain in the recess portion.' Therefore, detection precision
can be prevented ffonlbeing degradéd due to remaining bubbles.

In the liquid coritainer having the abo?e structufe; one
of the two flow passages may extend to .the‘vicinity of the liquid
outlet‘port.

A;cording‘to this structure, the absorption force that
absorbs the liquid from tﬁe liquid'Supplyrport in order to fill
the liquid to the liéuicidetectioﬁ éhamberveasily egerts action
‘on one of the two flow passages through the liquid outlet port.
Fufther, fhe abéorption'force reliably exerts action on the
recess portioﬁ connected to the one flow passage.

| Therefore, the liquid in the liquid detection chamber
is easily absorbed through the recess portion connected to the
two flowpassages, and thebubblesremainingintherecessportion
are easily eliminated.

In the liquid container having the above structure, one
of the two flow passages may extend to the vicinity of the liquid

inlet port.
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Accofding to this structure, the absorption force that
absorbs the liquid from the liquid supply port in order to fill
theliquidintheliquiddetectionchamberreliablyexertsaction
on the 1iquid outlet inlet port through the other one of the
two flow passages. |

Therefore,théliquidsuppliedfromtheliquidcontaining
portiontotheliquidinletporteasilyflowsintherecesspnrtion
through the other flow passade, and the bubbies remaining in .
the recess portion 1is eaéily elininated.

In the liquid container having the abo&é structure, the
twoflowpéésagesmayextendtx>thevicinrtyoftheliquidoutlet
port and the vicinity of the liquid outlet port, respectivély,

‘According\to th;s structure, the absorption forcé that
babsorbs the‘iiquid fron1the_iiquid supply'port in order to fill
theliquidintheliquiddetectioncnémberreliablyexeftsaction
on one of the two flow passages through the liquid outlet port
and on the‘liquid inlet port through the other one of the two
‘flow passagesl |

| Therefore, the liquid in the liquid containing portion
is easily absorbed through the recess portion connected to the
two flowpassages, and thebubblesremaining intherecessportion
are easily eliminated.

In the liquid container having the above structure, the
liquid detection chamber may be configured by sealing an opening

formed at its upper surface with a film that is deformable
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accordingtotheliquidcontainingamount,andthepiezoelectric
detection unit may be disposed at the bottom of the liquid
detection chamber.

According to this structure, theliquiddetection chamber
caﬂ be easily deforﬁed corresponding to a liquid containing
amount (a change in bressure),of the liquid detection chamber
and can be easily formed as a closed space. In addition, ink
leakage can be prevented with‘a simple structure.

* In the liquid container having the above structure, the'
movable member ‘may' move by the deformatibn of the film
corresponding to a change in liquid containing amount of the
liquiddetectionéhamber. Inaddition,intheliquidcontainer
having the above strucpure, the movable member may be fiXed to
the film. | |

According to this structure) with the easy deformation’
“of the film, the movable member can smoothly follow the liquid
level or bressufe.

In the iiquid container having the above structure, the
movable member may have, in a region facing a*vibration surface
of the piezoelectric detection unit, a surface substantially
parallel to the vibration surface.

According to this structure, the detection space whose
volume changes in response to the liquid level can be easily
formed.

In the liquid container having the above structure, the
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movable member may be urged by an urging unit in a direction
in which the piezoelectric detection unit is disposed. - In
addition, in the liquid container having the above structure,
the urging unit may be formed of an elastic member.

Accordingtotnisstructure,byadjustinganurgingforce
by the urging unit, the time at which the one surface of the
movable member partitions the detection space in cooperation
with the recess portion can be changed, and‘simultaneously‘én“
internal pressure (liquid’residual quantity) in the liquido
detection chamber to be detected can be easily set. |

In the liquid container having the above structure, a
time at which the movable member partitions the detection space
in cooporation with the recess portion may be set to a.state
‘wher‘e the liéjuid of the liqu'i'd contéininc_i portion is exhausted.

In addition, in the liquid.container having the above
' structure, a ﬁime at which the movable member partitions the
detéction\space‘in cooperation witn the recess portion may be
set to a state -where the liquid of the liquid containing portion
is noarly exhausted.

According to this structure, for example, when the liquid
container is used as an 1ink cartridge, the piezoelectric
detection unit of the liquid detection unit can be effectively
used as an ink end detection mechanism for detecting that the
ink residual quantity in the liquid containing portion becomes

zero, or an ink end detection mechanism for detection a state
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where the ihk residual quantity becomes zero sodn.

In the liquid container having the abbve structure, the
recessportionmayhavetwoopeningsand,whehtherecessportion
partitions the detection space in cooperation with the movable
member,thetwoopeniﬁgsmaybeconnectedtothetwoflowpassages
of the movable member.

Accofding’tO'this structure, when the liquidjjsabsorbéd
fromtheliquidsupplyporttobéconnectedtotheiiquidconsuming
apparatus in ordér to fill the liquid in the liquid defection
chamber, the abéofption force reliably exerfs action Oﬁ'the
recessporﬁionhavimgthetwoopeningsconnectedtx>thetwoflow
passages peridéd in the movable member, respectively, and the
liquid is suppliéd to Fhe liquid supply port while going back
the flow passage on which the absorption force exerts action.
Thatis,sincetherecessportionhééeaflowpassageshapehaving
~the two openings, a bubble disCharge property can be improved.

In fhe liquid container having the above sﬁructureﬁ
in at least a bostﬁre when the liquid is fiiled in the ligquid
deteétion chamber, even though the two openings of the recess'
portion do not have a difference in height, two openings on sides
not connected to the recess portion at the two flow passages
of the movable member may be disposed to have a difference in
height.

According to this structure, even in a layout where the

two openings of the recess portion are in parallel with each
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other with no difference in height when the liquid is filled
in the liquid detection chamber due to electrode arrangement
ofthepiezoelectricdetectionunitorthelike,thetwoopenings
on sides not connected to the recess portion at the two flow
passages of the movabie member are disposed to have a difference
in height. Thereforé, the opening of thé'movable member on a
lower side when the liquid is filled in the recess portion is
set as the liquid inlet port,(aﬁd thus a flow direction can be.
made clear. As a result, ﬁhe bubbie discharge property of the
recessportionwhentheliqunjisfilledixxtheliquiddetection
chamber cah be secured.
Asecondaspecﬁoftheinventionprbvidesaliquidfilling'
method that filis a liquid in a liquid detection unit éf the
llquidcontaineraccordingtothefirstaspect. He;e,theliquid
isfilledintheliquiddetectionunitinastatewhereadifference
“in height betweenvtwo openings on sides not connected to the
recess poftion at the two openingé of the movable member is
 secured. ‘
| According to the liquid filling method having the above
structure, when the liquid is absorbed from the liquid supply
port to be connected to the liquid consuming apparatus and is
filled in the liquid detection unit, there is a difference in
height between the two openingsof themovablemember. Therefore,
the opening of the movable member on a lower side when the liquid

is filled in the recess portion is set as the liquid inlet port,
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and thus a flow direction can be made clear. As a result, a
bubble discharge property of the liquid detéction unit can be
improved.

In the liquid'container according to the first aspect
of the invention, if fhe liquid containing amount of the liquid
detectionchamberbecémesthepredeterminedamountorJess,the
movable member partitions the detection space in coopefation
with therecessportion. Theréfdre,thechangeinfreevibration
state markedly appears, and the time or state that the liquid
containing amount of the liquid detection chémber reacﬁes the
predetermined level can be accurately and reliably detected.

When the liquid is absorbed from the liquid supply port
to‘be connected to the_liquid consuming apparatus in order to
fill the liquid in the liqﬁid<detectibh chamber, tﬁé absorption
forceexertsactiononthetwoflowpaésagesofthemo&ablemembéf,
and the liquid is supplied to the liquid - supply port while going
backtheflbwpassageonwhichtheabsbrptionforceexertsaction.

That ié, the liquid is reliably filled in.the recess
portion as the vibration reaction region, and the bubbles do
not remain in the recess portion. Therefore, the detection
precision can be prevented from being degraded due to remaining
bubbles, and the liquid containing amount can be detected with
high precision.

Intheliquidfillingmethodaccording tothe secondaspect

of the invention, when the liquid is absorbed from the liquid
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supply port to be connected to the liquid consuming apparatus
and is filled in the liquid detectionunit, thére 1sadifference
in height between the two openings of the movable member. Then,
the opening of the movable member on the lower side when the
liquid is filled in tlie recess portion is set as the liquid inlet
port, and the flow direction is made clear. As a result, the
bubble discharge property of the liquid dete;tion unit is
improved. |
Therefore, it is poésible tb provide a liquid container
havingeafunctimnofdetectingthattheliquidfésidualquaﬁtity
becomeszefo,amdagoodliquidfillingmethodthatfillsaliquid
in thevliquid detection unit of the liquid container.
| Athirdaspectofiheinventionprovidesaliquidcontainer
includes a liquid contaiﬁing portibn that is pfeséufized byia
pressureunitanddischargesaliquidstoredthereinfromaliquid
discharge port, a‘liquid supply port that supplies the‘liquid
toanexterﬁalliduidconsumingappafatus,andaliquiddetection
unit that is ihterposedvbetween the liquid containing portion
and fhe liquid supply port. Here, the liquid detection unit‘
includes a liquid detection chamber that has a liquid inlet port
to be connected to the liquid discharge port of the liquid
containing portion and a liquid outlet port to be connected to
the liquid supply port, a movable member that moves in response
to a liquid containing amount of the liquid detection chamber,

a recess that is provided in the movable member to partition
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a detection space in cooperation with'a recess portion provided
inﬁhéliquiddetectionchamberwhentheliquidcontainingamount
of the liquid detection chamber becomes a predetermined amount
or less, and a piezoelectric detection unit that applies
vibration to the reéess portion and detects a free vibration
state according to the applied vibration.

According to this structure, if the liquid containing
aﬁountoftheliquiddetectionéhémberbecomesthepredetermined
amount or less, the recess of the movable member partitions the
detectionspaceaé'Uuevibrationreactionregibnjxlcooperétion
with the fecess portion. Accordingly, a frequency having
acqust;c impedaﬁce corresponding to the total volume of the
reéess pqrtion and the recess appears. This frequencyfbécomes
a frequency lower than a fréquency by acoustic imbédance Whén"
the‘movable member is separated ffom the‘recess portion,.énd'
‘a difference markedly,apbears.

Thefeforé, the change in free vibration state to be
detected by tﬁe pieZoelectric detection unit, and the time or
staté that the liquid containing amount of the liquid detection
chamber reaches the predetermined level can be accurately and
reliably detected.

The recess portion provided in the 1liquid detection
chamber partitions the detection space in cooperation with the
recess provided in themovable member so as to increase the volume

of the detection space. Accordingly, there is no case where
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residual vibration becomes small due to an insufficient volume
of thevibrationreactionregionandthedetectionis impossible,
or, even though the detection is possible, .a difference cannot
be distinguished due to a slight difference in frequency when
the recess portion is opened in the liquid detection chamber
and when the recess portion is blocked.

Thatis,thevolumeofthedetectionspaceasthevibration
reactionregionchangesduetothemovementofthemovablemember,;
and the acoustic impedance’varies. Accordingly, by detecting
the difference in frequency of the residual‘Vibration, it is
possibletedetectwithhighprecisionthattheliquidcontaining
amount of the liquid detection chamber reaches the predetermined
level. |

In the liquid contaiﬁer héving the above structure, the
recess may be formed of a member having at least one elastic
surface.

Accerding‘tO'this structure, in the detecﬁion.space that
is partitioned by the recess portion of'the liguid detection
chamﬁer in cooperation with the reeess of the movable member,
the attenuation of the residual vibration 1s suppressed by a
volume change characteristic (compliance) due to elastic
deformation of the elastic member forming at least one surface
of the recess. As a result, the amplitude of the residual
vibration can be easily detected, and the detection precision

can be improved.
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In the liquid container having the above structure, the
elastic member may be a film.

Accordingtothisstructure,forexample,whentherecess
is provided in a plate-shaped movable member, the recess having
a volume change charaéteristic (compliance) due to the elastic
deformation can be simply formed only by blocking an opening
formed to pass through the movable member with the'film as the
elastic member.

“In the liquid container having the above structufe, the
recess may be connected to the liquid detecfion chamber.

Accerding‘to this structure, even.though the compliance
of the recess is not secured by forming one surface of the recess
with the elast1c1nember by connectlng the recess to the llquld
detectlon chamber as a large liquid space, the attenuatlon of
the residual vibration of the detectlon space partltloned by
'therecessportionincmoperationwiththerecessissuppressed.
AceOrdingly, the amplitude of ‘the residual vibration upon
detection can.be secured, and the detection precision can be
improved.

In the liquid container having the above structure, the
recess may have two flow passages that connect the recessportion
to the liquid detection chamber.

According to this structure, when the liquid is absorbed
fromthe liquid supplyport tobeconnectedtotheliquidconsuming

apparatus in order to fill the liquid in the liquid detection
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chamber, the absorption force exerts action on the two flow
passdges provided in the movable member, énd the liquid is
supplied to the liquid supply port while going back the flow
passage'on which the absorption force exerts action.

'Thatis,theliquhjisreliablyfilledevenj11therecess
portionof the liquiddetection chamber as the vibrationreaction
region, and.the bubbles do not remain in the recess portion.
Therefore, the detection precision can be prevented from being
degraded due to remaining'bubblesf

In the liquid container having the abo&e structufe, the
liquiddetéctionchambermaybecmnfiguredbysealinganopening
formedlat its upper surface with a film that is deformab;e
acéordingtotheliquid;ontainingamount,andthepiezoeléctric
detection unit may be diépbsed"at4the'bottom of the liquid
detection chamber. | |

Accordingtothisstructure,theliquiddetectionchamber
can be eaéily déformed corresponding to a change in liquid
Containingam&unt(achangeinpmeésure)oftﬁeliquiddetection
chamber and can be easily formed as a closed space. Inaddition,‘
ink leakage can be prevented with a simple structure.

In the liquid container having the above structure, the
movable member may move by the deformation of the film
corresponding to a change in liquid containing amount of the
liquid detection chamber. 1In addition, in the liquid container

having the above structure, the movable member may be fixed to
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the film.

According to this structure, with thé easy deformation
of the film, the movable member can smoothly follow the liquid
level or pressure.

In the liquid Eontainer having the above structure, the
movable member may have a surface that is, in a region facing
a vibration surface of thé piezoelectric detection unit,
substantially in parallel with‘the vibration surface.

“According to this structure? the detection space whose
volume éhanges ih response to the liquid amoﬁnt can be easily
formed.

In the liquid container having the above structure, the
movable.member may bg urgéd in a direction in‘which the
piezoelectric detection uhit is disposed. In additidn, in the
‘liquid container having the above‘structure, the urging unit
‘'may be formed of an elastic member.

Accbrdinglto this structure, by adjusting anurging force
by the urging ﬁnit,‘the time at which the recess of the movable
member partitions the detection space in cooperation with the
recess portion of the liquid detection chamber can be changed,
and simultaneously an internal pressure (liquid residual
guantity) in the liquid detection chamber to be detected can
be easily set.

In the liquid container having the above structure, a

time at which the recess partitions the detection space in
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cooperation with the recess portion may be set to a state where
the liquid of the liquid containing portion is exhausted. .In
addition, in the liquid container having the above structure,
a time at which the recess partitions the detection space in
codpefation with the\recess portion may be set to a state where
theliquhjoftheliquidcontainingportionisrmarlyexhausted.

ACcordingtothisstructure,forexample,whentheliquid
container is used as an ink cartridge, the plezoelectric
detection unit of the liquid detection unit can be effectively
used as an ink end detection mechanism for détecting that the
ink residuéi quantity in the liquid containing portion becomes
zero, or an ink end detection mechanism for detection a state
where the ink résidual quantity becomes zero soon.

In the liquid contaiher accbfdiﬁé to thé ﬁhird aspéét
of the invention, if the liquid coﬁﬁaining amount of thé liqﬁid
detectiqnchamberbecomesthepredeterminedamountorless,the
recess of fhe movable member partitions the detection-space in
cooperation with the recess portion offthé liqﬁid detection
chamber. Therefore, the change in free vibration state to be'
detected by the piezoelectric detection unit markedly appears,
and the time or state that the liquid containing amount of the
liquid detection chamber reaches the predetermined level can
be accurately and reliably detected.

The recess portion of the liquid detection chamber

partitions the detection space in cooperation with the recess
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of themovable member so as to increase thevolume of thedetection
space. Accordingly, there is no case wﬁere the residual
vibration becomes small due to an insufficient volume of the
vibration reaction fegion and the detection is impossible, or,
even though the deteétion is possible, a difference cannot be
distinguished due to a slight difference in frequency when the
recess portion is opened in the liquid detectiqn'chambér and
when the recess portion 1is bloéked.

'Accordihgly, the vdlume‘of’the detection space‘as thei
vibration reaction region changes due to thé'movement of the
movable member, and the acoustic impedance varies. Therefore,
byvdetecting the difference in frequency of the residﬁal‘
vibratiqn, it is‘possible to detect with high precision that
‘the liquid containing améunt of the liquid detecfioh chamber
réaéhes the predetermined level.

A fourth aSpect of the invention provides a liquid
containerincludingaliqUidcontainingportioninwhichaliquid
can be filled in advance at high dégree of déaeration, a liquid
deteetion unit that has a gas barrier property lower than the
liquid containing portion, a liquid derivation portion that
derives theliquidof theliquidcontainingportionto theoutside
through the liquid detection unit, and an on/off valve that is
provided in a flow passage between the liquid detection unit
and the liquid containing portion so as to open/close the flow

passage.
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The high degree of deaeration means a state that has a
dissélved gas amount smaller than a dissolved gas amount .(a
dissolvedgasamountjjlasaturationstate)uhderanatmospheric
pressure at a normal temperature (25°C) by 20%.

‘Accordingtotﬁisstructure,whentheliquidoftheliquid
containing portion is not derived to the outside, the on/off
valve provided.in the flow passage between the liquid'detectidn
unit and the liquid containing'portion is closed so as to block
between the liquid cohtain;ng portion and the liquid deﬁection
unit. Accordingly, the liquid or gas can bé'prevented from
flowing frofn the liquid detection unit in the liquid containing
portion.

Then, even though the gas barrier property of thé ligquid
détectionunitislowerthantheliquidcoﬂtainingpéftion,thefe
is no case where thé degree of deaération of the liquid in-the
liquid cgntaining portion is degraded due to a back flow of gas
entering the liéuid detection unif or the like.

Therefére, ﬁhe liquid detection unit can improve the
liquid detection precision without concern for the degradation
of the gas barrier property, can secure excellent liquid
detection precision, and can prevent the degradation of the
degree of deaeration of the liquid in the liquid containing
portion.

In the liquid container having the above structure, the

on/off valvemay be a check valve that opens a flowof aderivation
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direction of the liquid to the outside, and closes a reverse
flow.

According to this structure, theon/off valve as the check
valve may have a structure in which an opening of a flow passage
between the ligquid detection unit and the ‘liquid containing
portion is sealed with an urging force by the flow of the liquid
from the liduid detection unit. Fof example, the on/off valVe
canbeimplementedbyasimplestrﬁctureusingatﬁinplate-shaped‘
valve body. Therefore,vthe degradation of the degree of
deaeration of the liquid in the liquid contaihing portion can
be prevented at .low cost.

In the liquid Container having the above structure, the
liéuid dgtection unit and the liquid containing portion.mayfbe
séparéble from each other; and the on/off valve may be provided
inaflowpassagecloéetotheliquiddétectionunittobeconnected
"to the liquid containing portion.

Accbrdind to this structufe, the liquid containing
portion is an’independent part that has no relation with the
provishnuoftheon/offvalve. Accordingly, the use of a 1liquid
containing portion for a known liquid container that is not
providedwith the on/off valve between the liquid detectionunit
and the liquid containing portion 1is possible, and the
development of the liquid container becomes easy.

In the liquid container having the above structure, the

liquid detection unit and the liquid containing portion may be
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separable fionxeach other, and the on/off valve may be provided
in a'flow passage close to the liquid containing portion to.be
connected to the ligquid detection unit.

According to this structure, the liquid containing
poftion is an indepéndent part that has no relation with the
provishmioftheon/offvalve. Accordingly, the use of a liquid
containing portion for a known liquid container that is not
providedwiththeon/offvalvebétweentheliquiddetectionunit
and’ the liquid containing porfion is possible,  and the‘
development of the liquid container becomes'easy. |

In fhe liquid container having the above structure, the
liquid.of the liquid containing portion may be pressurized by
a pressure of préssuri;ed aii'to be supplied fromeapressnrized
gas inj ection portion and fhen may be derived froma iiqnid supply
portion to the outside. In.addition, the 1iquicidetection unit’
‘may be disposed in a region that is blocked from a pressure of
thepressuiizedgas,andmayincludéacﬁaphragmthatiSdeformed
by a change invpreséure due to an inflow of the liquid from the
liquidcontainingportionandaadetectionmechanismthatdetects
the deformation of the diaphragm.

According to this structure, when the pressure by
pressurizedgasagainst theliquidcontainingportionisconstant,
if the liquid residual quantity of the liquid containing portion
becomes small, the derivation amount of the liquid to the liquid

detection unit decreases, the pressure in the liquid detection
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unit decreases, and the diaphragm is deformed by a change in
pressure at that time. Accordingly, the liquid residual
quantity in the liquid contéiner can be calculated from the
deformafionofthediaphragm; Inthis case, byusing a diaphragm
thaf is likely to be aeformed by the change in pressure of the
liquid‘detection unif, residual quantity‘detection precision
can be impréved, while the gas barrier property of the liquid
detection unit is degraded. o
' However, in the liquid.contéiner according to thevfourth

aspectoftheinvention,whentheliquidintheiiquidcontaihing
portion is not derived to the outside, the on/off valve blocks
between‘thevliquid cohtaining portion and the liquid detection
unit. Accordingiy, the liqﬁid or gas can be suppressed.from
éf}tering frorﬁ the liquid detection unit having a loQ gas barrier |
property to the liquid containing.portién»having a high gas
‘barrier property. ‘For this reason, the degradation of the gas
barrier préperty of the liquid detéction unit has no affect on
the degradatién of the degree of‘deaeration of the liquid in
the liquid containing portion. Accordingly, by‘using the
diaphragm that is likely to be deformed by the change in pressure
of the liquid detection unit, the residual quantity detection
precision can be improved.

In the liquid container having the above structure, the
liquid detection unit may be configured by sealing an opening

of a recess portion provided in a member forming the liquid
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detection unit with a flexible film.

According to this structure, the flexiblefilnxfunctions
as a diaphragm that is deformed by the chahge in pressure of
the liquid detection unit, and thus the structure of the liquid
detection unit can Be simplified.

In the liquid container having the above structure, the
diaphragm may be urged by an urging member, which is 'elasticall‘y
deformable byeapressure of thé‘liquid flowing from the liquid
containing portion, in a directioh in which the volume of the
liquid detection unit is reduced. | |

Accérding to this structure, the deformation of the
diaphragm with reSpect to the change in pressure of the liqﬁid
detection unit becomes accurate, and reliability of a reéidual
Iquantity detection operatidn caﬁ be improved.

In the liquid container having the’above structure,; the
liquid chtaining bortion may be a flexible pouch that is formed
by attachiﬁg flekible films, and the films may be multilayer
films includiﬁg an aluminum layér. |

| According to this structure, the liquid containing
portion can have flexibility such that the liquid therein 1is
easily pressed out to the last, and a high gas barrier property
to such an extent that the degree of deaeration can be prevented
from being degraded. Therefore, it is possible to implement
a goodliquidcontaining portion inwhich a waste due to an unused

ligquidis small, and the degree of deaerationof the stored liquid
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is suppressed from being degraded.

In the liquid container having the abéve structure, the
liquid may be ink.

According to this structure, the degree of deaeration
of fhe liquid stored‘in the liquid containing portion can be
suppressed from being'degraded, and the ink residual quantity
in the liguid containing portioh can be detected with»high
precision. Therefore} it is sﬁitably’used for an ink cartridge
that'is mounted on the ink jet recording apparatus.

In the liquid container according to the fourth asbect
oftheinvention,whentheliquidintheliquidcontainingportion
is not derived to thekoutside, the on/off valve blocks betwéen
the liquid cOntaining portion and the liquid detectionlunit,
lsuch that thé liquid‘or gas can bé prevented from entering from
the liquid detection unit to the iiquid containing portién.

Therefore, the liquid'detéction unit can improve the
liqﬁid<detécticn1brecision‘withoUt‘concern for the degradation
of the gas barrier property, secufe excellent liqﬁid detéCtion
precision, and prevent the degree of deaeration of the liquid
in the liquid containing portion from being degraded.

The present disclosure relates to the subject matter
contained in Japanese patent applicationNos. 2005-323977 filed
on November 8, 2005, 2005-347091 filed on November 30, 2005,
2005-353111 filed on December 7, 2005 and 2006-215220 filed on

August 8, 2006, which are expressly incorporated herein by
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reference in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a longitudinal cross-sectional view of a liquid
container according foeafirst embodiment of the invention, and
shows a state where a 1iquid is absorbed from a liquid containing
portionjjlahon—pressurizedstatethroughealiquidsupplyport)

Fig. 2 is a longitudinal cross-sectional view‘showing'a state
wheretheliquidcontainingportionoftheliquidcontainershown‘
in Fig. 2 is pressurized.

Fig. 3 ié a longitudinal cross-sectional view of a liquid
container according to a second embodiment of the inventiénf

Fig. 4 is a lohgitud}nal‘cross—sectional view of a liquid
container according to althird embodiment of the invention.

Fig. 5 is a longitudinal cross—éectiohal,yiew»of a liquid
»containerasacxmmarativeexample,inwhidqafirstflowpassage
and a secoﬁd floQ passage are removeq from a pressure receiving
plate of a liéuid container according to the invention.

Fig. 6 is an enlarged cross-sectional view of the liquid
container shown in Fig. 5, and shows a state where a liquid 1is
absorbed from a liquid containing portion in a non-pressurized
state through a liquid supply port.

Fig. 7 is a longitudinal cross-sectional view illustrating
a liquid filling method when a liquid is filled in a liquid

detection unit of the liquid container shown in Fig. 4.
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Fig. 8 is a horizontal cross-sectional view of a liquid
cdntéiner‘according to a fourth embodiment’of the invention.

Fig. 9 is a longitudinal cross-sectional view of a liquid
container according to a fifth embodiment of the invention.

Figs} 10A to 10C ére a top view and cross-sectional views
illustrating a liquid detection unit of the liquid container
shown in‘Fig. 9.

Fig. 11 is a longitudinal cross-sectional view of a liquid
container according tbaisixth embédiment of the invention, and
shows a state where a liquid cdntaining amount of a liquid
detection‘unit becomes a predetermined' amount or less.

Fig. 12 is a longitudinal cross-sectional view showing a state’
where a liquid covntaini‘ng portion of the liquid containerl shown
iﬁ‘Fig. 11 is pressurized.

Fig. 13 is a longitudinal cross;sectional view of a liquid
-container accordiﬁg to a seventh embodiment of the invention.

Fig. 14 is a longitudinal cross-sectional view of a liquid
contalner accérding to an eighthyembodiment of the invention.

Fig. 15 1is a longitﬁdinal cross-sectional view of a liquid‘
container according to a ninth embodiment of the invention.

Fig. 16 is a longitudinal cross-sectional view of a liquid
container according to a tenth embodiment of the invention.

Fig. 17 is a longitudinal cross-sectional view of a liquid
container according to an eleventh embodiment of the invention.

Fig. 18 is an enlarged cross-sectional view showing the
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operation when a liquid of a liquid detection unit shown in Fig.
17 is derived.
Fig. 19 is a longitudinal cross-sectional View of a liquid
container according to a twelfth embodiment of the invention.
Fig. 20 1s a longifudinal cross-sectional view of a liquid

container according to a thirteenth embodiment of the invention.

BEST MODES OF CARRYING OUT THE INVENTION

A liquid container accordihg to an embodiment of the
invention will now be described in detail with‘reference’td the
accompanyiﬁg drawings.

Fig. lisa longitudinal cross-sectional view of a liquid
containeraccordingtxbgfirstembodimentoftheinvention.' Fig.
IShowsastatéwherealiquidisabsorbedfromaliquidcontaining
portionjjlanon—pressurizedstatetxﬁaliqdidsupplyport; Fig.
2 is a longitudinal cross-sectional view showing a state‘where
the liquid\containing portion of the liquid contéiner shown in
Fig. 1 1is preésurized.

| The liquid container 1 of the first embodiment is an ink
cartridge that is detachably mounted on a cartridge mounting
portion of an ink jet recording apparatus (liquid consuming
apparatus) (not shown) and supplies ink (liquid) to a printing
head provided in the recording apparatus.

As shown in Fig. 1, the liquid container 1 includes a

containermainbody 5, inwhichapressurechamber 3ispartitioned



WO 2007/055344 PCT/JP2006/322519

31

to be pressurized by a pressure unit (not shown), an ink paCk
(1iguid containing portion) 7 that stores ink, 1s accommodated
in the pressure chamber 3, and discharges.ink stored therein
from a discharge port (liquid discharge port) 7b by a pressure
of the’pressure chamber 3, and an ink detection unit (liquid
detection unit) 11 that is interposed between the ink pack 7
andtheinksupplyport9:M>astodetectaninkresidualquantity.

The container main body 5 1s a flat rectangular
parallelepipedcasingformedofresin. Thecontainermainbody:
5 includes the pressure chamber 3 that is iﬁ a closed Stéte,
a pressure’port 13 that serves as a pressurized gas injection
portion for allowing the pressure unit (not shown) to send
pressurized air tQ the pressure chamber 3, as indicated'by an
.affow'A, and‘a detection. unit écéommodating chamber 15 that
accommodates the ink detection unit ll.‘ The detection unit
'accommodating chamber 15 is a region that is blocked from a
pressure of the pressurized gas to be supplied to the pressure -
chamber 3. ‘

The containermainbody S isnot necessarily aresinmember
integrally formed insofar as the pressure chamber 3 can be in
the closed state.

The ink pack 7 has a flexible pouch body 7a that is formed
by attaching edges of aluminum-laminated multilayer films, on
which an aluminum layer is laminated on a flexible resin film,

to each other. A cylindrical discharge port 7b, to which an
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ink inlet port (liquid inlet port) 1la'of the ink detection unit
11 is connected, is bonded to one end of the flexible pouch body
7a. Theinkpack7isformedofﬁhealuminum—laminatedmultilayer
film, tnereby ensuring a high gas barrier property.

The ink pack 7 énd the ink detectionunit 11 are connected
toeachotherbyengagingtheinkinletportllawiththedischarge
port 7b. Tnat is, the ink pack 7 and the ink detection unit
11 can be detached from each other by releasing the engagement
of the discharge port 7b and the ink inlet port 1lla.

A packing 17 that connects the dischargé port 7b and the
ink inlet pnrt lla to each other-aiftight is provided in the
discharge port 7b. In the ink pack 7, ink that is adjusﬁed in‘
advance at aliigh‘degree of deaeration before the ink detection
unit 11 is connected is fiiled{

The ink detection unit 11 innludes a<jetection unit case
~19 that has a recess space 19a connecting the ink inlet port
1lavconnented to‘the diScharge pdft 7b of the ink pack 7 and
én ink outlet‘portr(liquid outlet port) 115 connected to the
ink supply port 9 along a longitudinal direction of the flat
rectangular parallelepiped container main body 5 (a left and
right direction in Fig. 1), a flexible film 23 that seals an
opening the recess space 19a so as to partition a sensor chamber
(liquid detection chamber) 21, a pressure detectionunit 25 that
is provided at the bottom of the recess space 19a, a pressure

receivingplate (movablemember) 127 that is fixedtothe flexible
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film 23 to face the pressure detectionunit 25, and a compression
coil spring (urging member) 29 that is compressed between the
pressure receiving plate 127 and an upper wall of the detection
unit accommodating chamber 15 andelasticallyurges the pressure
reéeiVing plate 127 énd the flexible film 23 in a direction in
which the volume of the sensor chamber 21 is reduced.

In the detection unit case 19, the ink inlet port 1la
isintegrallyformedatoneendbfeaperipheralwéllpartitioning
therecessspaceléa,andthéinkbutietport11bthatiscoﬁnected’
to the ink supply port 9 is formed to pass throu‘gh the peripheral
wall facing the ink inlet port lla. Though not shown, a valve
mechanism is provided in the ink supply port 9. The valve
mechanism opens a flow passacje when the ink cartridge is m'ounted‘
on ' the cartfidge mouhtiﬁg portion'of'ihe ink jét‘recordihg
apparatus and an ink supply needlé provided in fhe cartridge
mounting portion is inserted into the ink supply port 9.

Theypressure detection unit 25 of the ink detection unit
11 includes aioottonlplate 31 that comes intéyclosé contact with
the pressure receiving plate 127 by an urging force of the
compression coil spring 29 when ink is not derived from the ink
pack 7 to the ink supply port 9, an ink guide path 33 that is
arecessportionformedinthebottomplate 31, andapiezoelectric
sensor (piezoelectric detectionunit) 35 that applies vibration
to the ink guide path 33 and detects a free vibration state

according to the vibration.
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The piezoelectric sensor 35 can detect different free
vibrétion states according to whether or notvthe ink guide path
33 is covered with the pressure receiving4plate 127.

For example, a control unit that is provided in the ink
jet'récording appar;tus can detect a pressure in the sensor
chamber 21 by detectin’g deformation of the flexible film 23 that |
is supporting the pressure receiving plate 127 according to thye
free vibration state detectedlby the piezoeiectric sensor 35. .

" An urging direCtioﬁ of the’compression coil spring 29
is a direction iﬁ which the volume of the senéor chamber 21 is
reduced, as described above, and a direction in which the
piezoelectric sensor>35 is disposed.

The ihk_gﬁ;de path 33 that is a recess portion formed
ih‘the bottoﬁlplate 31 has a_flow passadéfthat haS'ﬁwo openinés
33a and 33b connected to each other.inealongitudinal direction
"of the container main body 5. As‘shown in Fig. 1, in a state
whefe thevﬁressure receiving plate 127 comes into close contact
with the bottém plate 31, the ink‘guide path 33 partitiohs the
detection space in cooperation with one surface 127c of the
pressure receiving plate 127. A first flow passage 127a and
a second flow passage 127b (described below) of the pressure
receiving plate 127 are connected to the openings 33a and 33D,
respectively. Meanwhile, as shown in Fig. 2, if the pressure
receiving plate 127 is separated from the bottom plate 31, the

ink guide path 33 is opened to the sensor chamber 21 through
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the twoopenings 33aand33b. Theonesurfacel2/cofthepressure
réceiving plate 127 is, in a region facing a’vibration surface
of the piezoelectric sensor 35, substantially in parallel with
the vibration surface.
- As shown in Fig. 2, if ink is supplied from the ink pack
7 to the sensor chamber 21 due to a pressure of the ink pack
7 by presSufized air to be supplied to the pressure chamber 3,
in the ink detection unit 11, the flexible~fiim 23 is swelled
anddeformedupwardaccordingtoachangeininkcontaininéamountv
{liquid level) ih the sensor chamber 21 accoraingly. With the
deformationof the flexible film23, thepressurereceivingplate
127 that forms a portion of a partition of the sensor chamber
21movesupward,éndthepressurereceivingplate127issepérated
from the bottom plate 31.' If the pféssﬁfe receivih@?plate 127
is separated from the bottom platé 31, the ink guide path‘33’
is opengd to the sensor chamber 21, and then ink is supplied
from the ink subply port 9 to the‘recording head through the
‘sensor chambef 21.
| Even though a predetermined pressure is applied to the
pressure chamber 3, if ink contained in the ink pack 7 decreases,
the amount of ink to be supplied from the ink pack 7 to the sensor
chamber 21 decreases. Accordingly, the pressure in the sensor
chamber 21 decreases, and thus the pressure receiving plate 127
approaches the bottom plate 31 having the ink guide path 33.

Inthis embodiment, thepressurereceivingplatel27 comes



WO 2007/055344 PCT/JP2006/322519

36
into contact with the bottomplate 31 by the decrease in pressure
ofthésensorchambeer,andatimeatwhichtheﬁressurereceiving
plate 127 partitions the detection space in cooperation with
the ink’guide path 33 1is set to a state where ink of the ink
pack‘7‘is exhausted;

TheflexiblefiimZBfunctionsasachaphragmthatapplies
displacement to the pressure receiving plate 127 according to
a pressure of ink to be suppliéd to the sensor chamber 21. 1In
order to detect a minute chahge in pfessure of ink and to improve
detection precision, the flexible film 23 preferany’has
sufficient‘flexibility.

As shown in Fig. 1, the pressure receiving plate 127 of
this embodiment is provided with the first flow passagé~127a‘
éhd the secohd flow passage 127b that are two flow passages
connecting the detection spéce forﬁed through the cooperation
of the ink guide path 33 to the sensor chamber 21.

In‘éddition, the second flow passages 127b as one of the
two flovzpassaées extends to the vicinity of ﬁhej1ﬂ<outlet port
11b.

In the above-described liquid container 1 according to
this embodiment, if the liquid containing amount in the sensor
chamber becomes a predetermined amount or less, the pressure
receiving plate 127 comes into contact with the bottom plate
31, and partitions the detection region in cooperation with the

ink guide path 33 as a vibration reaction region. Accordingly,
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a change in free vibration state to be detected by the
piezoelectric sensor 35 markedly appears, an’d a time or a state
that the liquid containing amount in the sensor chamber reaches
a predetermined level can be accurately and reliably detected.

Further, ‘when\ ink is absorbed from the ink supply port
9 to be connected to the ink jet recording apparatus in order
to fill ink 1n the sensor chamber 21, an absorption force exerﬁs
action on the discharge port 7'b‘of the ink pack 7 connected to .
the sensor chamber 21 throucjh the seéond flowpassage 1275 formed |
in the bressure receiving plate 1‘27, the ink gﬁide path 33/' and
the first fiow passage 127a. Then, ink is supplied to the ink
supply port 9 while ‘going back the flow passage on which the-
absorption force exerts action. Here, since the ink guidé path
33 of this embodiment is a flow passagé h'aving the vt-:-v‘Jo openings
33a and 33b, the absorption force'from the . ink supply port 9’
" can reli'ably exerﬁ action on the ink guide path 33 having the
two‘openinlgs 335; and 33b that conﬁect the first flow passage
127a and the s~ec0nd flow passage ‘127b, 'réspéctivély, and thus
a bubble discharge property can be improved. |

That 1is, ink is reliably filled in the ink guide path
33 as the vibration reaction region, and bubbles do not remain
in the ink guide path 33. Accordingly, the detection precision
can be prevented from being degraded due to remaining bubbles,
and the ink containing amount canbe detectedwithhighprecision.

Therefore, the liquid container 1 of this embodiment can
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have a function of detecting that the ink residual quantity
becoﬁés a predetermined amount.

For reference, a liquid container 100 that includes a
pressuréreceivingplate27nothavingprovidedthereinthefirst
flow passage 127a and the second flow passage 127b is shown in
Figs. 5 and 6. Moreerr, the liquid container 100 has the sane
structure as the above liquid container 1, except that the
pressure receiving plate 27 aré ﬁot provided with the first flow .
paséage 127a and the'secoﬁd flow’passage 127b.

In case of the liquid conta‘iner 100, when ink is absorbed
from the ink supply port 9 connected to 'the ink jet recording
apparatus in order to fill ink in the sensor chamber 21, as shéwn
inFig.S,thepressurereceivingplate27comesintoclosecéntact
‘With the bottom plate 31 by the urgihg force of the(compression
coilspring29,andtheinkguidepatﬁBBisclosedbythepressure
‘receiving plate 27.

Theﬁ, even though the absorpﬁion from the ink supply port
9isperformed,incaseoftheliquidcontainerlOO,theabsorption
force does not exert action on the ink guide path 33} and thus,
as shown in Fig. 6, ink is rarely filled in the ink guide path
33. As a result, bubbles remaining in the ink guide path 33
mayflowtowardtherecordingheadandcauseatrouble. Further,
the free vibration state to be detected by the piezoelectric
sensor 35 may be incorrect due to the remaining bubbles, and

the precision of the residual quantity may be degraded.
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In the liquid container 1 of this embodiment, the second
fl'ow"'passage 127b formed in the pressure receiving plate 127
extends to thevicinityof the inkoutlet port 11b. Accordingly,
when ink is absorbed from the ink supply port 9 in order to fill
ink in the sensor cha@er 21, the absorption force easily exerts
action on the second flow passagé 127b through the ink outlet
port 11b, aﬁd reliably exerts action on the ink guide path 33
that is‘connected to the secénd flow passége 127b.

" Therefore, ink in the sensor éhamber 21 iseasily absorbed
through the ink guide path 33 connected to the f‘irst flow pas‘sage
127a and the second flow passage 127b, and the bubbles remaining
in the ink guide path 33 are easily eliminated.

In the liq\uid container 1 of this embodiment, the éensor
chamber 21 is configured by sealing“t.h'ewopeni‘ng forrﬁed at the
upper surface with the flexible film 23 that 1is deformable
according to the ink containing capacity. The piezoelectric
sensor 35 is disi_oosed at the bottom of the sensor chamber 21.

For this feasonh the senéor chambef 21 can be easily
deformed corresponding to the change in liquid containing amount |
(a change in pressure), and can be easily configured as a closed
space. In addition, ink leakage can be prevented with a simple
structure.

Inthe liquid container 1 of this embodiment, the pressure
receiving plate 127 is fixed to the flexible film 23, and moves

by the deformation of the flexible film 23 corresponding to the
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change in liquid containing amount of the sensor chamber 21.

With the easy deformation of the flekible film 23, the
pressurereceivingplate127cansmoothlyfollowtheliquidlevel,
or pressure.

In the liquid\container 1 of this embodiment, the one
surface127cofthepreésurereceivingplat6127is,intheregion
facing the vibration surface of the piezoelectric sensor 35}
substantially in parallel ’with the vibration surface. .
Accdrdingly,thedetectionépacewhosevolumechangesaccording
to the liquid level can be easily formed. |

Intheliquidcontainer;fofthisembodiment,thepressure
re;eiving plate 127 is urged by the compression coil spring 29
as the urging unit formed of an elastic member in the diréction
in'whidh the piezoelectric sensor 35 ié disposed.

By adjusting the urging fofce of the compression coil
spring 29, the ﬁime at which the one surface 127c of the pressure
recéivingplate127partitionsthedefectionspaceincobperation
with the 1nk éuide path 33 can be arbitrarily Changed; and
simultaneouslyaninternalpressure(liquidresiduaiquantity)
of the sensor chamber 21 to be detected can be easily set.

In the liquid container 1 of this embodiment, the time
at which the pressure receiving plate 127 partitions the
detection space in cooperation with the ink guide path 33 can
be set to a state where ink of the ink pack 7 is exhausted.

Accordingly, as described above, when the liquid container 1
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is used as an ink cartridge, the piezoelectric sensor 35 of the
ihk detection unit 11 can be effectively used as an ink end
detectionmechanism for detecting that the ink residual quantity
of the ink pack 7 becomes zero.
| Fig. 3 is a lon‘gitudinal cross-sectional viewof a liquid
container according éo a second embodiment of the invention.

A liquid container 101 of the second embodiment uses a
pressure receiving pléte 227 that is replaced for the pressure
receiving plate 127 in the liquid container 1 of the first
embodiment. Other parts than the pressure receiving pléte 227
are the same as those of the liquid container 1. The same parts
are represented by the same reference numerals, and the
descriptions théreof will be omitted.

As shown in Fig. 3, in the‘pressuré receiving plate 227
of the liquid container 101 accordiﬁg to the second.embodiment,
a first flow passage 227a and a second flow passage 227b that
aretwoflonassagesconﬁectingthedetectionspacepartitioned
Vthrdugh the cooperation of the ink guide pafh 33 ﬁo the sensor
chamber 21 are provided.

The first flowpassage 227a as one of the two flowpassages
extends to the vicinity of the ink inlet port lla.

In the liquid container 101 of the second embodiment,
when ink is absorbed from the ink supply port 9 to be connected
to the ink jet recording apparatus in order to fill ink in the

sensor chamber 21, the absorption force reliably exerts action
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on the ink inlet port lla through the first flow passage 227a.

Then, ink supplied from the ink pack 7 to the ink inlet
port 1la easily flows to the ink guide path 33 through the first
flow paésage 227a, apd the bubbles remaining in the ink guide
path 33 are easily eliminated.

" Fig. 41is a long’itudinal cross-sectional view of a liquid
container according to a third embodiment of the’invention.

A liquid container 102 of the third embodiment uses a -
preésure receiving plate 327 that is replaced’for the pressure
receiving plate 127 in the liquid containervl of thevfirst
embodiment. Other parts than the‘pressufe receiving plate 327
are the same as those of the liquid container 1. The same parts.
are represented by the same reference numerals, and the
descriptionsrthereof will be omitted.

As shown in Fig. 4, in the pressure receiving plate 327
of the liquid container 102 according to the second embodiment,
a first flow passage 327a and a second‘flow passage 327b that
éretwoflowbassagesconnectingthédetectionspacepartitioned
through the cooperation of the ink guide path 33 to the sensor
chamber 21 are provided.

The first flow passage 327a and the second flow passage
327b as the two flow passages extend to the vicinities of the
ink inlet port 1la and the ink outlet port 11lb, respectively.

In the liquid container 102 of the third embodiment, when

ink is absorbed from the ink supply port 9 to be connected to
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the ink jet recording apparatus in order to fill ink in the sensor
chamber 21, the absorption force reliably exerts action on the
second flow passage-327b through the ink oﬁtlet port 11b and
on the ink inlet port 1la through the first flow passage 327a.

Then, ink in the ink pack 7 is easily absorbed through
the ink guide path 33’connected to the first flow passage 327a
and the second flow passage 327b,‘and the bubbles remaining in
the ink guide path 33 are easily eliminated.

~In order to fill ink in the ink detection unit 11 of the

liquid container 102 by an ink filling method of the invention
(liquid filling method), for example, as shown in Fig. 7, the
inksupplyportEaisliftedateuléndjmlalongitudinaldirection
of the liquid container 102, such that the liquid container 102
is inclined; Then, a differénce in height h is seCuredioetweén
an ink inlet port-side opening 327d and an ink outlet port—side
opening 327e that are two openings on sides not connected to
the ink guide path 33 at the first fléw paSsage 327a and the
second flow passage 327b of the pressure receiving plate 327.

That is, when ink is absorbed from the ink supply port
9 to be connected to the ink jet recording apparatus and then
is filled in the ink detection unit 11 from the ink pack 7, the
ink outlet port-side opening 327e in the vicinity of the ink
supply port 9 is made higher than the ink inlet port-side opening
327d in the vicinity of the discharge port 7b.

Then, the ink inlet port-side opening 327d of the pressure
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receiving plate 327 on a lower side when the ink is filled‘in
the ink guide path 33 becomes an ink inlet port, and a flow
directionismadeclear. Accordingly,compafedwithacasewhere
ink is filled when the liguid container 102 is in a horizontal
stéte; the bubble di;charge property of the ink detection unit
11 can be improved.

In an ink filling method according to the embodiment of
the invention, when ink is filled, the ink outlet port-side-
opening327einthevicinityoftheinksupplyport9ispreferably
higher than the ink inlet port-side opening 327d in the vicinity
of the diséharge port 7b. Accordingly, ink may be filled iﬁ
the ink detection unit 11 in a state where the liquid'containér,
102 is erect such that the ink supply port 9 turns uanrd.

Fig. 8 is a horizontal cross-sectional view of a iiquid'
container according to a fourth embodiment of the invention.

Avliquid container 401 of the fourth embodiment uses an
ink detection unit 411 that 1is replacéd for the ink detection
unit 11 in thé liquid container 102 of'the’third embodiment.
Other parts than the arrangement of the ink detection unit 11
are the same as those of the liquid container 102. The same
parts are represented by the same reference numerals, and the
descriptions thereof will be omitted.

As shown in Fig. 8, in the liquid container 401 of the
fourth embodiment, the ink detection unit 411 includes a

detection unit case 419 that has a recess space 419a connected
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to an ink inlet port (liquid inlet pért) 411la to be connected
to a”discharge port 407b of an ink pack 407 and an ink outlet
port (ligquid outlet port) 41lb to be connectéd to an ink supply
port 409 along a transverse direction of a flat rectangular
paréllélepipedcontainermainbody405(antn>anddowndirection
in Fig. 8), a flexible ‘film 23 that seals an opening of the recess
space 419%a so as to partition a sensor chamber 21, a pressure
detection unit 25 that is provided at the bottom of the recess
spaée 419a, a pressuré receiving plate 327 that is fixed to the
fiexible film 23 to face the pressure detection unit 25, and
a compression coil spring 29 that is compressed between the
pressure receiving plate 427 and a front wall of a detection
unit accommodatihg chambgr 415 so as to elastically urge the
préssure receiving plate.427 and the flexible film 23 inva
direction inwhich the volume of the sensor chamber 21 is reduced.
The detection unit case 419 has the L-shaped ink inlet
port 41la that is integrally formed at one end of a péripheral
wall partitioning the recess space 419a, and the L-shaped ink
outlet port 411b that passes through the peripheral Qall facing
the ink inlet port 41la to be then connected to the ink supply
port 409. Then, ink that flows in the sensor chamber 21 from
the discharge port 407b of the ink pack 407 is supplied to the
recording head from the ink supply port 409, which is offset
and opened in the transverse direction of the container main

body 405, through the ink outlet port 411b.



WO 2007/055344 PCT/JP2006/322519

46

The container main body 405 includes a preséure chambér
403 that is in a closed state, a pressure port 413 that serves
as a pressurized gas injection portion for allowing a pressure
unit(ndtshown)tx>sendpressurizedairtx>thepressurechamber
403,asindicatedbyanarrowAﬁandadetectionUnitaccommodating
chamber 415 that accoﬁmodates‘the ink detection unit 411. The
detection unit accommodating chamber 415 is a region that 1is
blocked from a pressufe of thé pressurized gas to be supplied
to the pressure chamber 403.

That 1s, when ink is filled in the ink detection unit
411 of theliquidcontainer 401 according to the fourth embodiment,
as shown in Fig. 8, the container main body 405 is erect such
that the transvefse diregtion of the container main body 405
becomes perpéndicular. Theﬁ, a difference in height h betweén
the ink inlet port-side opening 327d and the ink outlet
port-opening 327¢ that are twobopenings on sides not connected
to the ink‘guide path 33 at the first flow passage 327a and the
second flow passage 327b of the pressure receiving platé 327
can be secured.

That is, when ink is absorbed from the ink supply port
409 to be connected to the ink jet recording apparatus and is
filled in the ink detection unit 411 from the ink pack 407, the
ink outlet port-side opening 327e in the vicinity of the ink
supply port 409 becomes higher than the ink inlet port-side

opening 327d in the vicinity of the discharge port 497b.
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Then,theinkinletport—sideopening327dofthepressufe
recéiving plate‘327 on a lower side when ink is filled in the
ink guide path 33is set asaninkinlet port, énd a flowdirection
is made’clear. Further, the bubbles in the sensor chamber 21
mo§e11>theupperinkoutletport—sideopening327ebyhmoyancy.
Accordingly,thebubbiedischargeproperﬂyofthéinkcktection
unit 411 is improved.

Fig. 9 is a loncjitudinalﬁ cross-sectional viewof a liquid
confaineraccordingtoeafifthembodimentoftheinvention. ‘Figs.
lOAtolOCareeaplanviewandcross—sectionalviewsillustrating
an ink detectionunit. A liquid container 501 according to the
fifth embodiment has the same structure as the liquid container
102 of the third embodiment, except for an ink detection unit
511. The same parts are'répresented by the same referenée
numerals, and the descriptions thereof will be omitted.

As shown in Fig. 9, the ink aeteCtion unit 511 according
to fhe fifth epbodiment has a detection unit case 519 that has
a recess space 519a connected to an ink inlet port (liquid inlet
port) 51la to be connected to a discharge port 7b of an ink pack
7 and an ink outlet port (liquidoutlet port) 511b to be connected
to an ink supply port 9, a flexible £ilm 23 that seals an opening
of the recess space 519a so as to partition a sensor chamber
21, a pressure detection unit 525 that is provided at the bottom
of the recess space 51%a, a pressure receiving plate (movable

member) 527 that is fixed to the flexible film 23 to face the
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pressure detection unit 525, and a compression coil spring 29
that' is compress‘ed between the pressure receiving plate 527 and
an upper wall of a detection unit accommodating chamber 15 so
as to erastically urge the pressure receiving plate 527 and the
flexible film 23 in a \direction in which the volume of the sensor
chamber 21 is reduced.

An ink guide path 533 as a recess portion formed at a
bottom plate 531 of the pressﬁre detection unit 525 is a flow
passage shape having two openings 533a and 533b. 1In é state
where the pressure receiving plate 527 comes into close contact
with the bottom plate 531, the ink guide path 533 partitions
the detection spaCe in cooperation with one surface 527c of the
pressure receiving plate 527. The openings 533a and 333b are
connected to a first flow passage 527a and a second flow passage
527b (described below) of the pfeésure receiving plate 527,
respectiyely. ‘Meanwhile, if the pressure receiving plate 527
is Separatéd froﬁ the bottom plate 531, the ink guide path 533
is opened to tﬁé sensor chamber 21 through the two openings 533a
and 533b. The one surface 527c of the pressure receiving plate
527 is, in a region facing a vibration surface of a piezoelectric
sensor 535, substantiallyinparallelwiththevibrationsurface.

As shown in Figs. 10A to 10C, in the liquid container
501 of the fifth embodiment, the pressure receiving plate 527
is provided with the two flow passages 527a and 527b that are

two flow passages connecting the detection space through the
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cooperation of the ink guide path 533 to the sensor chamber 21.

The first flow passage 527a and the second flow passage
527b as the two flow passages extend to thé vicinities of the
ink inlét port 511a and the ink outlet port 511b, respectively.

'The ink guide path 533 that is formed at the bottom of
the pressure detéctién unit 525 of this embodiment has a flow
passage shape that is connected along the transverée directién
of the flat rectanguiar parallelepiped container main body 5 -
accbrdingtx;theelectrodearrangementofeapie;oelectricsensor
535, as shown in Figs. 10A to 10C.

When ink is filled in the ink detection unit 511 of the
liquid container 501 on the basis of the ink filling method of
the invention, e&en though the ink supply port 9'at an énd in
thelongitudinaldirectionoftheliqﬁidcontainerSOlis]iftéd
in a direction of an arrow B and the liquid container 501 1is
inclined, the two openings 533a and 533b of the ink guide path
533‘are ho?izontal with‘no difference‘in height. waever, a
differencejJ1heightbetweenzn1inkinletport—sideopening527d
and an ink outlet port-side opening 527e that are two openings
on sides not connected to the ink guide path 533 at the first
flowpassage 527a and the second flowpassage 527b of the pressure
receiving plate 527 can be secured.

That is, when ink is absorbed from the ink supply port
9 to be connected to the ink jet recording apparatus and then

is filled in the ink detection unit 511 from the ink pack 7,
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the ink outlet port-side opening 527e in the vicinity of the
ink supply port 9 becomes higher than the ink inlet port-side
opening 527d in the vicinity of the discharge port 7b.

Then,theinkinletport—sideopening527dofthepressure
‘reéeiving plate 527\on a lower side when ink is filled in the
ink guide path 533 is set to as a liquid inlet port, and a flow
direction is made clear. Therefore, the bubble discharge
property of the ink guide path 533 is set as a 1liquid inlet port,
and a flow direction is made clear. As a result, the bubblev
discharge property of the ink guide path 533 that is in the
horizontal state can be secured.

Ineachcﬂftheébove—describedembbdiments,astheurging 
unit that urges the flexible film 23 and the pressure receiving
vplate 127 (227, 327) toward the piezoeléctric sensor 35, the
compression coll spring 29 is useﬁ.

However, instead of the compression coil spring 29, an
urginguni£formedofeadifferentelésticmember,sudﬂasrubber
or the like, ﬁay be used.

In each of the above-described embodiments, the time at
which the pressure receiving plate 127 (227, 327) partitions
the detection space in cooperation with the ink guide path 33
isset toastatewhereinkof theinkpack7 iscompletelyexhausted,
and thus the piezoelectric sensor 35 functions as an ink end
detectionmechanism for detecting that the ink residual quantity

in the ink pack 7 becomes zero.
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However,ifthetimeatwhichthépressurereceivingplate
127 Y227, 327) partitions the detection space in cooperation
with the ink guide path 33 is set to a state where ink of the
inkpack'?isnearlyexhausted(astatewherepredeterminedsmall
amdunﬁ remains), the piezoelectric sensor 35 may function as
aninkenddetectionmeéhanismfordetectingthattheinkresidual
quantity in the ink pack 7 becomes zero soon. |

In the liquid éontainef of each of the above-described
embodiments of the invention, the recess portion that partitions
thedetectionspaceincooperationwithonesurféceofthembvable
member and serves as the vibration reaction region, tovwhich
the vibration is applied by the pressure‘detéction unit, is not
limited to the iﬁk guide_path 33 having the two openinés 33a
and 33b shown in each of the embodiments of the invention. Tﬁe
recess portion shown in each of the embodiments of the invention
may be a simple notch shape that is opened at the upper surface
of the bottom plate 31,‘not a pipy flow passage.

A liquid container according to another embodiment of
the invention will now be described in detall with reference
to the accompanying drawings.

Fig. 11 is alongitudinal cross-sectional viewofaliquid
container accordingtoasixthembodiment of theinvention. Fig.
11 shows a state where the liquid containing amount of the liquid
detection chamber becomes a predetermined amount or less. Fig.

12 is a longitudinal cross-sectional view showing a case where
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the liquid containing portion of the liquid container shown in
Fig. 11 is pressurized.

A liquid container 601 of the sixth ehbodiment is an ink
cartridge that is detachably mounted on a cartridge mounting
portidn of an ink jet recording apparatus (liquid consuming
apparatus) (not showﬂ) and supplies ink (liquid) to a printing
head provided in the recording apparatus.

As shown in Fig. 11, the liquid container 1 includes a
container main body 5 that partitions a pressure chamber‘3 to
bepressurizaﬁbyapressureunit(notshown),aninkpack(iiquid
containing‘portion) 7 that stores ink, is accommodated in the
pressure chamber 3, and discharges ink étoréd therein from an
ink discharge poft (liquid discharge port) 7b by a pressure of
the pressure chamber 3, an ink subpl}rport-(liquid supply port)
9 that supplies ink to a printing head of the ink jet recording
apparatus as an e‘xﬁernal liquid consuming apparatus, and an ink
detection unit (liquid detection unit) 11 that is ihterposed
between the ink pack 7 and the ink supply poft 9 and detect the
ink residual quantity.

The container main body 5 is a casing that is integrally
formedof resin. Thecontainermainbody 5 includes thepressure
chamber 3 that is in a closed state, a pressure port 13 that
serves as a pressurized gas injection portion for allowing the
pressure unit (not shown) to sendpressurizedair to the pressure

chamber 3, as indicated by an arrow A, and a detection unit
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accommodating chamber 15 that accommodates the ink detection
unit 11. Thedetectionunit accommodating chamber 15is aregion
that is blocked from a pressure of the préssurized gas to be
supplied to the pressure chamber 3.

ThecontainerﬁainbodySisnotnecessarilyaresinmember
integrally formed insofar as the pressure chamber 3 can be in
the closed state.

The ink pack 7 has a flexible pouch body 7a that is formed
by attaching edges of‘aluminum~laﬁinated multilayer films, on‘
which an aluminum layer is laminated on a flegible resin film,
to each other. A cylindrical discharge port 7b, to which an
ink inlet port (liquid inlet port) lla of the ink detection unit
11 is connected, \is bonded td one end of the flexible pouch body
Ta. Theinkpack7isformedofthealuminum4laminatedmultilayér
film, thereby ensuring a high gas.barriér\property.

The ink f)ack 7 and the ink detection unit 11 are connected
toeachothérbyengagingtheinkinletportllawiththedischarge
port 7b. Thaf is, the ink pack 7 and the ink detection unit
11 can be detached from each other by releasing the engagement
of the discharge port 7b and the ink inlet port 1lla.

A packing 17 that connects the discharge port 7b and the
ink inlet port 1la to each other airtight is provided in the
discharge port 7b. In the ink pack 7, ink that is adjusted in
advance at a high degree of deaeration before the ink detection

unit 11 is connected is filled.
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The ink detection unit 11 includes a detection unit case
19 that has a recess space 19a connecting the ink inlet port
l1la connected to the discharge port 7b ofvthe ink pack 7 and
an ink 5utlet port (liquid- outlet port}) 1llb connected to the
ink supplyrport 9, a flexible film 23 that seals an opening the
recess space 19%a so és to partition a sensor chamber (liquid
detection chamber) 21, a pressurevdetection unit 25 that is
provided at the bottbm of tﬁé recess space l1l%a, a pressure
recéivingplate(movablemember)627thatisfixedtotheflexible
film231x>facethepressuredetectionunit25,andacxmmréssion
coil spring (urging member) 29 that is compressed between the
pressure receiving plate 627 and an uppef wall of the‘detection‘
unitaccommodatingchamber15andelasticallyurgesthepressure
receiving plate 627 and the flexible film 23 in a direction in
which the volume of the sensor chémber 21 'is reduced.

In the detection unit case 19, the ink inlet port 1lla
isintegrailyformedatoheendofeaperipheralwallpartitioning
thefecessspacel9a,andtheinkoutletpdrt11bthatisconﬁected
to the ink supply port 9 is formed to pass through the peripheral
wall facing the ink inlet port 1la. Though not shown, a valve
mechanism is provided in the ink supply port 9. The valve
mechanism opens a flow passage when the ink cartridge is mounted
on the cartridge mounting portion of the ink jet recording
apparatus and an ink supply needle provided in the cartridge

mounting portion is inserted into the ink supply port S.
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The pressure detection unit 25 of the ink detection unit
11 includes a bottom plate 31 that comes into close contact with
the pressure receiving plate 627 by an urging force of the
compreséion coil spring 29 when ink is not derived from the ink
pack 7 to the ink subply port 9, an ink guide path 33 that 1is
a recess portion formed in the bottom plate 31, a recess 627a
that is pro§ided in the pressure receiving plate 627 so as to
form partition the detection space in cooperation with the ink
guide path 33, and a piézoelectric sensor (piezoelectric
detection unit) 35 that applies vibration to the ink guide‘path
33anddetectsafreevibrationstateaccordingtothevibration;

The piezoelectric sensor 35 can detect different free
vibration states\(a change in amplitude or frequency of the
residual vibration) according to whether or not the ink guide
path 33 is covered with the pressﬁre receiving plate 627;

qu example, a cohtrol unit that is provided in the ink
jet recording apparatus can detect a pressure in the sensor
chamber 21 by d-etecting defofmation of the flexible film 23 that
is supporting the pressure receiving plate 627 according to the
free vibration state detected by the piezoelectric sensor 35.

An urging direction of the compression coil spring 29
is a direction in which the volume of the sensor chamber 21 is
reduced, as described above, and a direction in which the
piezoelectric sensor 35 is disposed.

The ink guide path 33 is a recess portion formed in the
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bottomplate3l. AsshowninFig.1ll, inastatewherethepressure
réceiving plate 627 comes into close contact with the bottom
plate 31, the ink guide path 33 partitions Ehe detection space
in coopération with the recess 627a of the pressure receiving
plate/627. Meanwhiie, as shown in Fig. 12, if the pressure
receiving plate 627 ié separated from the bottom plate 31, the
inkguidepa£h33isopenedtothesensorchambeer. Thepressure
receiving plate 627 hés, in a.fegion facing a vibration surface
of thepﬂezoelectric sensor 35, a surface that is substantially
in parallel with the vibration surface.

As shown in Fig. 12, if ink is supplied from the ink pack
7 to the sensor chamber 21 due to a préssure of the ink pack
7 by pressurized\air to be supplied to the pressure chamber 3,
in the ink detection unit 11, the flexible film 23 is swelled
anddeformedupwardaccordingtoachéngeininkcontainingamoﬁnt’
(liquid level) in the sensor chamber 21 accordingly. With the
deformati&noftheflexiblefilm23,thepressurereceiVingplate
627 that forms a portion of a partition of the sensor chamber
21 movesupward, and thepressurereceivingplate 627 is separated
from the bottom plate 31. If the pressure receiving plate 627
is separated from the bottom plate 31, the ink guide path 33
is opened to the sensor chamber 21, and then ink is supplied
from the ink supply port 9 to the recording head through the
sensor chamber 21.

Even though a predetermined pressure is applied to the
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pressure chamber 3, ifinkcontainedihiﬂuainkpack'7decreases,
the amount of ink to be supplied from the ink pack 7 to the sensor
chamber 21 decreases. Accordingly, the preésure in the sensor
chamber’21 decreases, and thus the pressure receiving plate 627
approaches the bottom plate 31 having the ink guide path 33.

Inthisembodiﬁent,thepressurereceivingplate627comes
intocontactwiththebottomplateBlkn/thedecreaséinpmessure
of the sensor chamber 21, and’a time at which the recess 627a
partitions the detection space in cooperation with the ink guide
path 33 is set to a state where ink of the ink pack 7 1s exhausted.

The flexible film23 fuﬁctions as adiaphragm that applies
displacement to the pressure receiving plate 627 according to
a pressure of ink\to be supplied to the sensor chamber 21. 1In
order to detect a minute chia-nge in-pressuréof ink and to improve
detection precision, the flexible film 23 preferably has
sufficient flexibility.

In the above-described liquid container 601 of this
embodiment, if the ink containing amount (liquid containing
amount) of the sensor chamber 21 becomes the predetermined amount
or less, the recess 627a of the pressure receiving plate 627
partitions the detection space servingas the vibration reaction
region in cooperation with the ink guide path 33. Accordingly,
a frequency having acoustic impedance corresponding to the total
volume of the ink guide path 33 and the recess 627a appears.

This frequency becomes a frequency lower than a frequency by
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acoustic impedance when the pressufe receiving plate 627 is
sepéfated from fhe bottom plate 31, and a difference markedly
appears.

fherefore, tbe change in free vibration state to be
detected by the piezoelectric sensor 35, and the time or state
thattheliqpidcontaiﬁingamountofthesensorchamber21reaches
a predetermined level can be accurately and reliably detected.

The ink guide path 33 provided in the sensor chamberv21j
partitions the detecﬁion space in cooperation with the recess
627aprovidedinthepressurereceivingplate627soastoin¢rease
the volume of the detection space. Acéordingly, there is no
case where the résidual vibration becbmes small due to én
insufficient volﬁme of the vibration reaction region and the
detection 1s impossible, of, even thouéh the detection‘is‘
possible, a difference cannot be distinguished due to a slight
difference in frequency when it'is openéd in the sensor chamber
21 énd when it is blockéd. |

Thatis,thevolumeofthedetectionspacéasthevibration
reaction region changes due to the movement of the pressure
receiving plate 627, and the acoustic impedance varies.
Therefore, by detecting the difference in frequency of the
residual vibration, it is possible to detect with high precision
that the ink residual quantity in the sensor chamber 21 reaches
the predetermined level.

As a result, the liquid container 601 of this embodiment
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can have a function of detecting that the ink residual quantity
reaches the predetermined amount.

Intheliquidcontainer601ofthisembodiment,thesensor
chambef 21 is configured by sealing the opening formed at the
upper'surface with‘the flexible film 23 that is deformable
according to the ink'containing capacity. The piezoelectric
sensor 35 ié disposed at the bottom of the sensor chamber 21.

For this reasdn, the éensor chamber 21 can be easily-
defbrmedcorrespondingtx>thechangej11liquid;ontainingamount
(a change in pressure), and can be easily configured as a ;::losed
space. In addition, ink leakage can be prevented with a Simple
structure.

In the liquid container 601 of this embodimenf, the
pressure recéiving plate 627 is fixed to the flexible film 23,
andmoves by thedeformationof the flexiblefilm23 corresponding
to the change in liquid containing amount of the sensor chamber
21. |

With thé easy deformation of the flexible film 23} the
pressurereceivingplate 627 can smoothly followthe liquid level
or pressure,

In the liquid container 601 of this embodiment, the
pressure receiving plate 627 has, in the region facing the
vibration surface of thepiezoelectric sensor 35, a surface that
is substantially in parallel with the vibration surface.

Accordingly, the detection space whose volume changes according
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to the liquid level can be easily formed.

In the liquid container 601 of this embodiment, the
pressure receiving plate 627 is urged by the compression coil
spring 29 as the urging unit formed of an elastic member in the
direction in which £he piezoelectric sensor 35 is disposed.

By adjusting the urging force of the compression coil
spring 29, the time at which the recess 627a of the pressufe
receivingplate627paftitionsthedetectionspaceincooperation'
with the ink guide path 33 can be arbitrar;ly changed, and
simultaneouslyaninternalpressure(liquidresidualquantity)
of the sensor -chamber 21 to be detected can be easily set.

In the liquid éontainer 601 of this embodiment, the time
at which the recess 627a of the pressure receiving plate 627
‘partitionsthedetectionspaéeincmoperafionwiththeinkguiae
path 33 can be set to a state whege ink of the ink pack 7'15
exhausted. Accordingly, as described'above, when the liquid
containeri.isusedasaninkcartridge,thepiezoelectricsensor
35 of the ink aetection.unit 11 can be effectiveiy used'as an
ink end detection mechanism for detecting that the ink residual
quantity of the ink pack 7 becomes zero.

Fig. 13 isalongitudinal cross-sectional viewof aliquid
contaliner according to a seventh embodiment of the invention.

As shown in Fig. 13, in a liquid container 701 of the
seventh embodiment, the improvement of a portion of the liquid

container 601 shownin Fig. 11 ismade. Specifically, anopening
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passing through a pressure receivinq plate 727 is blocked by
a flexible film 23 to which the pressure receiving plate 727
is fixed, thereby formihg a recess 727a. Other parts are the
same as’those of the liquid container 601 shown in Fig. 11. The
saﬁe parts are represented by the same reference numerals, and
the descriptions thefeof will be omitted.

The flexible film 23 is a so-called elastic member, and
thus, in the liquid éontainef 701 of the seventh embodiment, -
thefecess727aofthepfessurereceivingplate727hasonesurface
formed of an elastic member. |

Therefore, according to the liquid container 701 of the
seventh embodiment, in the detection spabe that 1is partitioned‘
by the ink guide ﬁat&133 oﬁ the sensor chamber 21 in cooperation
with the recess 727a of the pressure receiving plate 727, tﬁe
atténuation of the residual vibration is suppressed by a volﬁme
change characteristic (compliénce) due to elastic deformation
of the flexible film 23 forming one surface of the recess 727a.
Asaresult,théamplitudeoftheresidualvibratioﬂcanbeeasily
detected, and the detection precision can be improved.

As the elastic member for securing the compliance in the
recess 727a, instead of using the flexible film 23 described
above, thepressurereceivingplateitselfmaybe formedof rubber
or plastic having elasticity.

However, like the pressure receiving plate 727 of this

embodiment, when the flexible film23 isusedas anelasticmember
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forming the wall surface of the recess 727a, as shown in Fig.
13,5£he recess 727a that secures a volume change characteristic
{compliance) can be simply formed only by blocking an opening
formedfopassthroughtheplate-shapedpressurereceivingplate
‘727 with the flexible film 23 as the elastic member, thereby
improving productivity.
Fig.14jxsalongitudinalcross—sectionalviéwofaaliquid
container according to an eighth embodiment of the inventidn.:
" As shown in Fig. 14, in a liquid container 801 of the
eighth embodiment, the improvement of a portion of the liquid
container 601 shown inFig. 11 ismade. Specifically, inasingle
recess 827a that is formed in a pressuré receiving plate 827,.
a connection patﬁ 827b that connects the sensor chamber 21 and
the recess 827a at the liquid outlgt porf 1lb is additionally
formed. Except that the connection path 827b is added, other
parts are the same as those ofvthe liquid container 601 shown
infig.ll. Thesamepartsarerepresentedbythesamefeference
numerals, and the descriptions thereof will be omitted.
According to the liquid container 801 of the eighth
embodiment, the recess 827a formed in the pressure receiving
plate 827 is connected to the sensor chamber 21, which is a liquid
space having a large volume, by the connection path 827b.
Accordingly, unlike the pressure receiving plate 727 in the
seventhembodiment, insteadof securingthecomplianceby forming

one surface of the recess 727a with the flexible film 23 as the
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elastic member, the amplitude of the residual vibration upon
detection can be secured by suppressing the attenuation of the
residual vibration of the detection space'partitioned by the
ink guide path 33 in cooperation with the recess 827a.

Then, the atténuation of the residual vibration of the
detectionspacepartiﬁionedbytheinkguidepathBBofthesensor
chamber 21 in cooperation with the recess 827a of the pressufe
receiving plate 827 is suppressed. Thereforé, the amplitude
of the residual vibration can be easily detected, and\ﬁhus the
detection precision can be further improved.

As a result, the liquid container 801 of this embodiment
can have a function of‘detecting that the ink residual quantity
beéomes a predeﬁermined amount.

Fig.15jxsalongitudihalcross—sectionalviewofealiquid
container according to a ninth embodiment of the invention.

As shown in Fig. 15, in a liquid container 901 of the
ninth emboaimenf, the improvement of a portion of the liquid
container6015£owninFig.llismade. Specifically,inasingle
recess 927a that is formed in a pressure receiving plate 927,
a connection path 927b that connects the sensor chamber 21 and
the recess 927a at the liquid inlet port lla is additionally
formed. Except that the connection path 927b is added, other
parts are the same as those of the liquid container 601 shown
in Fig. 11. The same parts are representedby the same reference

numerals, and the descriptions thereof will be omitted.
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According to the liquid container 901 of the ninth
embdaiment, the recess 927a formed in the pressure receiving
plate927iscmnnectedtothesensorchamber21,whichisealiquid
space Having a large volume, by the connection path 927b.
Acsordingly, unlike the pressure receiving plate 727 in the
seventhembodiment,iﬁsteadofsecuringthecompliancebyforming
one surface of the recess 727a with the flexible film 23 as the
elastic member, the émplitudé of the residual vibration upon-
detection can be secured by suppressing the attenuation of the
residual vibration of the detection space partitioned by the
ink guide path 33 in cooperation with the recess 927a.

Then, the attenuation of the residual vibration of the'
detectionspacepartitionsdbytheinkguidepathBBofthesensor
chamber 21 in cooperationAwith the recess'927a of the pfessure
receiving plate 927 is suppressed. Therefore, the amplitude
of the residual vibration can be easily detected, and thus the
detection brecision can be further improved,.

As a result, the liquid container 901 of this embodiment
can have a function of detecting that the ink residual quantity
becomes a predetermined amount.

Fig. 16 isalongitudinal cross-sectional viewofaliquid
container according to a tenth embodiment of the invention.

As shown in Fig. 16, in a liquid container 1001 of the
tenth embodiment, the improvement of a portion of the liquid

container 601 shown in Fig. 11 ismade. 1In a pressure receiving
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plate 1027, two recesss 1027a and 1027b are provided so as to
pértition the détection space in cooperation with the ink guide
path 33, and connection paths 1027c¢ and 1027d that connect the:
recesss’1027a and 1027b to the sensor chamber 21 are provided
in fhe recesss 1027a and 1027b, respectively. Other parts than
the pressure receiviﬁg plate 1027 are the same as those of the
liquid container 601 shown in Fig. 11. The same parts are
representedbythesamerefereﬁcenumerals,andthedescriptions
thereof will be omitted.

In the liquid container 1001 of the tenth embodiment,
the two recesss 1027a and 1027b formed in the pressure receiving
plate 1027 serve as two flow passages that connect the detection
space partitioned.through_the cooperation of the ink guide path
33Servhugastherecessportiontdthesenéorchambeerthrough,
the connection paths 1027c and 1027d, respectively.

Accordingly, the ink guide path 33 provided in the sensor
chamber 21 partitions the detection space in cooperétion with
thetworecesss1027aand1027bprovidedinthepressurereceiving
plate 1027 so as to increase the volume of the detection space.
Therefore, there is no case where the residual vibration becomes
small due to an insufficient volume of the vibration reaction
region and the detection is impossible, or, even though the
detection is possible, a difference cannot be distinguished due
to a slight difference in frequency when it is opened in the

sensor chamber 21 and when it is blocked.
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That is, the two recesss 1027a and 1027b formed in the
preSsurereceivingplate1027isconnectedtothesensorchamber
21, which is a liquid space having a large &olume, through the
connection paths 1027¢c and 1027d, respectively. Accordingly,
the amplitudé of the residual vibration upon detection can be
securedbysuppressiﬂgtheattenuationoftheresidualvibration
of the detection space partitioned by the ink guide path 33 in
cooperation with the‘recesss 1027a and 1027b,

When ink is absorbed from the ink supply port 9 to be
connected to the ink jet recording apparatus’in order to fill
ink in the sensor chamber 21, an absorption force exerts actiop
onthedischargeport'H)Oftheinkpack'7éonnectaﬂtothesensor
chamber 21 through the connection path 1027d, the recess 1027b,
the ink guidé path 33, the recess 1027a, and the connecti¢w1path
1027¢c formed in the pressure receiving plate 1027, and then ink
is supplied to the ink supply\port 9 while going back the flow
paséage oﬂ which the absorption force exerts action.

That is, ink is reliably filled in fhe iﬁk guidé path
33 as the vibration reaction region, and bubbles do not remain
in the ink guide path 33, Therefore, detection precision can
be prevented from being degraded due to remaining bubbles.

Therefore, the liquid container 1001 of this embodiment
can have a function of detecting that the ink residual quantity
becomes a predetermined amount. 1In addition, even when the ink

guide path 33 has a shape in which it is difficult to fill ink,
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ink can be reliably filled, and the ink‘containing amount cén
bé detected with high precision.

The structures of the liquid detectién unit, the liquid
detectibn chamber, thelnovable member, the recess portion, the
reéess, the pieZoelectric detection unit, and the like in the‘
liquid container of,the invention are not limited to the
structures in each of the above—described embodiments; but
various shapes can bé used oﬁ the basis of the spirit of the
invention.

In each of the above-described embodiments} the
compression coil spring 29 is used'as the urging unit that urges
the flexible film 23 and the pressure receiving'plate 627 (727,
827, 927, 1027)‘toward the piezoelecﬁric sensor 35.

However, instead of the compressién coil spring 29, an.
urging unit formed of a different elastic member, such as rubber
or the like, may be used.

In each_of the above-described embodiments, the time at
Which the pressure receiving plate 627 (727, 827, 927, 1027)
partitions the detection space in cooperation with the ink guide
path 33 is set to a state where ink of the ink pack 7 is completely
exhausted, and thus the piezoelectric sensor 35 functions as
aninkenddetectionmechanismfordetecting that theinkresidual
guantity in the ink pack 7 becomes zero.

However, if the time at which the pressure receivingplate

627 (727, 827, 927, 1027) partitions the detection space in
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cooperation with the ink guide path 33 is set to a state where
ink of the ink pack 7 is nearly exhausted (a state where
predetermined small amount remains), the piezoelectric sensor.
35 may function as an ink end detection mechanism for detecting
that the ink residuai quantity in the ink pack 7 becomes zero
soon.

In the liquid container of each of the above—described
embodimentsoftheinvention,therecessportioﬁthatpartitions
the detection space in cooperationwith the recess of themovable
member and serves as the vibration reaction region, to which
the vibration is applied by the pressure detection unit, is not
limited to the ink guide path 33 having the two openings 33a
and 33b shown in each of the embodiments of the invention. The
recess portien shown in each of the embodiments of the inventien
may be a simple notch shape that is.opened at the upper surféce
of the bettom plate 31, not a pipy flow passage.

A liquid container according to an eleventh embodiment
of the inventien\dillrunvbe described in detail with reference
to the accompanying drawings.

Fig. 17 isalongitudinal cross-sectional viewofaliquid
container according to the eleventh embodiment of the invention.
Fig. 18 isanenlargedcross-sectional viewshowing the operation
when the liquid of the liquid detection unit shown in Fig. 11
is derived.

A liquid container 1101 of the eleventh embodiment is
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an ink cartridge that is detachably mounted on a cartridge
mounting portioh of an ink jet recording apparatus (not shown)
and supplies ink to a printing head providéd in the recording
apparatﬁs.

As shown in Fig. 17, the liquid container 1101 has a
contalner main body S'that partitions a pressure chamber 3, an
ink pack (liquid containing portion) 7 that stores ink and is
accommodated in the pressure Chamber 3, an ink detection unit.
(liduiddetectionunit)9thathasaflowpassage9atobeconnected’
to the ink pack 7, and an ink derivation port (liquid derivation
portion) 1i that derives ink in the ink pack to a printing head
as a liquid ejecting head.

“The container main body 5 is a casing that is integrally
formedof resin. ThecontainermainbodySincludesthepressure
chamber 3 that 1s in a closed staﬁe, a pressure port 13 that
serves as a pressurized gas injection portion for allowing the
preésureuﬁit(notshown)tosendpressurizedairtothépressure
chamber 3, as>indicated by an afrow A, and a detection unit
accommodating chamber 15 that accommodates the ink detection
unit 9. The detectionunit accommodating chamber 15 1is a region
that is blocked from a pressure of the pressurized gas to be
supplied to the pressure chamber 3.

The ink pack 7 has a flexible pouch body 7a that is formed
by attaching edges of aluminum-laminated multilayer films, on

which an aluminum layer is laminated on a flexible resin film,
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to each other. A cylindrical ink supply port 7b, to which fhe
flow”passage 9a of the ink detection unit 9 is connected, 'is
bonded to one end of the flexible pouch body 7a. The ink pack
7 is fofmedcyfthe aluminum-laminated multilayer film, thereby
enéuring a high gas barrier property.

The ink pack 7 'and the ink detection unit 9 are connected
to each other by engaging the flow passage Sa with the ink supply
port 7b. That is, the ink paek 7 and the ink detection unit
9 can be detached from each other by releasing the engagement
of the ink supply port 7b and the flow passage 9a.

A packing 17 that connects the ink supply 7b and e pipe
19bservingtheflewpassage9atoeachotherairtightiSprovided‘
in the ink suppiy port 7b.

In the ink pack 7, ink that is adjusted in advance at
a high degree of deaeration before the ink detection unit 9 is
connected is filled.

The\high degree of deaeration means a state fhat has a
dissolved gas amount smaller than a dissolved gas amount (a
dissolved gas amount in a saturation state) under an atmospheric
pressure at a normal temperature (25°C) by 20%.

As regards ink that is used in the ink jet recording
apparatus, if the nitrogen content in the saturation state is
about 10 PPM, the state where the degree of deaeration is kept
refers to a state where the dissolved nitrogen content is 8 PPM

or less.
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The ink detection unit 9 includes a detection unit cése
19 that has a recess space 19a connecting the flow passage 9a
and the ink derivation port 11, a flexible‘film 23 that seals
anopeningthereceSs;pace19asoastopartitionasensorchamber
21; a pressuré detection unit 25 that is provided at the bottom
of the recess space i9a, a pressure receiving plate (movablé
member) 1127 that is supported on the flexible film 23 to face
the pressure detectién unit 25, and a compression coil springj
(urging member) 29 ﬁhat is compressed between the pressure
réceiving plate 1127 and an upper wall of the detectioh unit
accommodating chamber 15 and elastically urges the pressuré
receiving plate’1127 and the flexible film 23 1in a‘direction 
in which the volume of the sensor chamber 21 is reduced.

In thé detection unit case ;9, the‘pipe 19b serving the
flow passage 19a is integrally formed at one end of a peripheral
‘walll9cpartitioningthe recessspace l9a, andtheinkderivation
porf 11 is formed to passkthrough the peripheral wall 19¢ facing
the pipe léb. Though not -shown, a valve mechanism is pro&ided
in the ink derivation port 11. The valve mechanism opens a flow
passage when the ink cartridge is mounted on the cartridge
mounting portion of the ink jet recording apparatus and an ink
supply needle provided in the cartridge mounting portion is
inserted into the ink derivation port 11.

The pressure detection unit 25 of the ink detection unit

9 includes a bottom plate 31 that comes into close contact with
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the pressure receiving plate 1127 by an urging force of the
compression coil spring 29 when ink is not derived from the ink
pack 7 to the ink derivation port 11, an ink guide path 33 that
is forméd to pass through the bottom plate 31 and is connected
to‘the sensor chamber 21 i1f the pressure receiving plate 1127
is separated from the'bottonlplate 31, as shown in Fig. 18, and
apiezoelectricsensor35thatappliesvibrationtoﬁheinkguide
path 33 and detects é free vibration state according to the-
vibration.

As shown in Fig. 18, if ink is supplied from the iﬁk pack
7 to the sénsor chamber 21 due to a pressure of the ink pack
7 by pressurized air to be supplied to the pressure chamber 3, 
in the ink detecfion unit_ll, the flexible film 23 is swelled
anddeformedupwardbythepréssuréofink. With thedeformation
oftheflexiblefihn23,thepressurereceivingplate1127nm§es
upward, and the pressure receiving.plate 627 is separated from
thelbottom\plate 31. Thén, the ink guide path 33 is bonnected
to the sensor chamber 21. | |

The piezoelectric sensor 35 can detect different free
vibration states between a state where the ink guide path 33
is closed with the pressure receiving plate 1127 and a state
where the ink guide path 33 is connected to the sensor chamber
21.

Accordingly, for example, a control unit that is provided

in the ink jet recording apparatus can detect the pressure in
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the sensor chamber 21 by detecting deformation of the flexible
film 23 that is‘supporting the pressure receiving plate 1127
according to the free wvibration statev detected by the
piezoeiectric sensor 35.

o The flexible film 23 functions as adiaphragm that applies
displacement to the cressurefreceiving plate 627 according to
a pressufe of ink to be supplied to the sensor chamber 21. In
order to detect a minubte changé in pressure of ink and to improve-
detection precision, the fleXible film 23 preferably has
Sufficient flexibility. In this case, however, the gasljarrier
property is degraded.

Therefore, the gas barrier properyty of the ink detection
unit 9 is lower‘than the ink pack 7.

In a state where the pressure by’préssﬁrized.gas against
the ink pack 7 is constant, if the ink residual quantity of the
ink pack 7 becomes small, the derivation amount of ink to the
senéor chamber 21 in the ink detection unit 9 decreases, and
the pressure 1in the sensor chamber 21 decreases. Accordingly,
the ink residual quantity in the ink pack 7 can be calculated
from the change in pressure of the sensor chamber 21.

In this embodiment, in the flow passage 9a connected to
the ink pack 7 of the ink detection unit 9, an on/off valve 37
that opens/closes the flowpassage 9a isprovided. Astheon/off
valve 37, acheckvalve that opensa flowofaderivationdirection

of ink to the printing head, and closes a reverse flow is used.
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In the above-described liquid container 1101 of this
embodiment, when ink in the ink pack 7 is not derived to the
printing head, the on/off valve 37 provided in the flow passage
Sa betwéen the ink detection unit 9 and the ink pack 7 is closed
SO ‘as to block betweén the ink pack 7 and the ink detection unit
9. Accordingly, ink'or gas can be prevented from flowing back
in the ink pack 7' from the ink detection unit 2. |

For this reasdn, even#though the gas barrier property-
of the ink detection ﬁnit 9 is lower than the‘ink pack 7, there
is no case where the degree of deaeration of ink in the ink pack
7 is degraded due to a back flow of gas entering the ink detection
unit 9 or the like.

Thereforé, the ink detection unit 9 can improve the
residual quantity detection precision using the flexible film
23 having excellent flexibility withoﬁt' concern for the
‘degradation of the gaS'barrier,préperty, can secure excellent
thé‘residuél quantity detection precision, and can.pfévent the
degradation of the degree of deaeration of ink inlthe ink pack
7. |

In this embodiment, the on/off valve 37 as the check valve
may have a structure in which an opening of the flow passage
9a between the ink detection unit 9 and the ink pack 7 is sealed
with an urging force by the flow of ink from the ink detection
unit 9. For example, the on/off valve 37 can be implemented

by a simple structure using a thin plate-shaped valve body.
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Therefore, the degradation of the degree of deaeration of ink
in the ink pack 7 can be prevented at low cost.

In this embodiment, the ink pack 7 and the ink detection
unit 9 ére separable from each other, and the on/off valve 37
is.prdvided in the flow passage %a close to the ink detection
unit 9 connected to fhe ink pack 7. Accordingly, the ink pack
7 is an independent part that has no relation with the provision
of the on/off valve 37. Theréfore, the use of an ink pack forf
a known liquid container that is not provided with the on/off
valve 37 between the ink detection unit 9 and the ink‘pack 7
ispossible,andthedevelopmeﬁtoftheliquidcontainerbecomes
easy.

In this embodiment, the sensor chamber 21 in the ink
detection unit 9 is configdred by.sealiﬁg the opening of the‘
recessportion19aprovidedinthedetectionuhitcase19forming
theinkdetectionunit9withthéflexiblefilm23,andtheflexible
filﬁ 23 fﬁnctions as a diaphragm that is deformed by ﬁhe change
inpressureoftheinkdetectionunit9. TherefOre,thestrﬁcture
of the ink detection unit 9 can bé simplified.

In this embodiment, the flexible film 23 that functions
as the diaphragm is urged by the compression coil spring 29,
which is elastically deformable by a pressure of ink flowing
from the ink pack 7, in a direction in which the volume of the
ink detection unit 9 is reduced. Therefore, the deformation

of the diaphragm with respect to the change in pressure of the



WO 2007/055344 PCT/JP2006/322519

76
ink detection unit 9 becomes accurate, and reliability of a
résidual gquantity detection operation can be improved.

In this embodiment, the ink pack 7 ié a fiexible pouch
that islformed by attaching flexible films, and the flexible
filhs are multilayér films including an aluminum laver.
Accordingly, the ink back 7 can have flexibility such that ink
therein is easily pressed out to the last, and a high gas barrier
property to such an extent thét the degree’of’deaeration can .
be prevented from being degraded. Therefore, it'is péssible
to implement a good ink pack 7 in which a waste due to an unused
liquid is small, and the degree of deaeration of stored ink is
suppressed from being degraded.

Accordingtotheliquidcontainer 1101 of this embodiment,
an ink cartridge that can suppress the degree of deaeration éf
ink stored in the ink:pack’?fronubeing degfaded, and can detéct
the ink residual quantity in the ink‘pack 7 with high precision
canvbe mouﬁted oﬁ the ink jet recording apparatus. -

Fig.‘l9-shows a liquid container according‘to a twelfth
embodiment of the invention.

As showninFig. 19, aliquidcontainer 1101Aof the twelfth
embodiment is different from the liquid container 1101 of the
eleventh embodiment in that the on/off wvalve 37 for
opening/closing the flow passage between the ink pack 7 and the
ink detection unit 9 is provided on a side of the ink pack 7.

Except that the position of the on/off valve 37 is changed, other
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parts are the same as those in the eleventh embodiment. The
samelparts are represented by the same reference numerals, and
the descriptions thereof will be omitted;

in the liquid container 1101A of the twelfth embodiment,
thé ink detection unit 9 and the ink pack 7 are separable from
eachother,andtheon?offvalve:??isprovidedjjlaflowpassage‘
7c in the ink supply port 7b close to the ink pack’7 connected
to the flow passage éa of thé ink detection unit 9.

" In the liquicicontainer 1101A of the twelfth embodiment,
like the liquid container 1101 of the eleventh embodiment, since
the ink detection unit 9 and the ink pack 7 are separable each
other, the ink detection unit 9 is an inaependent part that has
norelationwiththeprovisionoftheon/offvalve37. Therefore,
the use of an ink deteétionvunit fgr a kﬁown liquid‘cohtéiner
that is not provided with the on/off valve 37 between the ink
detectionunit9andtheinkpack7isstsible,andthedevelopment
of the liquid coﬁtainer 1101A becomes easy.

Fig.20showsaliquidcontaineraécordingtoathirtéenth
embodiment of the invention.

A liquid container 1101B of the thirteenth embodiment
is different from the liquid container 1101 of the eleventh
embodiment in that the on/off valve 37 for opening/closing the
flow passage between the ink pack 7 and the ink detection unit
9 is added on a side of the ink pack 7. Except that the on/off

valve 37 is added, otherparts are the same as thoseintheeleventh
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embodiment. Thesamepartsarerepresentedbythe samereference
nﬁméfals, and the descriptions thereof will be omitted.

That is, the on/off valves 37 are provided in the flow
passagev9a close to the ink detection unit 9 connected to the
inkpa¢k7andtheflowpassage7cclosetotheinkpack7connected
to the ink detection'unit 9, respectively.

As such, if the flow passages 7c¢ and %a are‘provided in
the ink pack 7 and the ink detection unit 9, respectively, ink-
or gas can be thoroughly prevented from flowing back to the ink
pack 7 from the inkdetectionunit 9, anda degradétion prevéntion
performance of the degree of deaeration in the ink pack 7 can
be further improved.

The strucfures of_the liquid containing portion, the
liquiddetectionunit,theliquidderivatidnpbrtion,theon/off
valve, and the like in the liquid container of the invention
are not limited to the structures in the above-described
embodiment; but various éhapes can be used on the basis of the.
spirit of the»inVention..

For example, an ink detection unit for detecting the ink
residual quantityintheinkpack 7 isnotlimitedto the structure
having the piezoelectric sensor 35 that applies the vibration
to the ink guide path 33 and detects the free vibration state
according to the vibration so.as to detect the deformation of
the diaphragm by the change in pressure due to the inflow of

ink to the sensor chamber 21 , like the pressure detection unit
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25 in the above-described embodiment.

An ink detection unit that has a contact sensor for
directly detecting the deformation of tﬁe diaphragm to be
deformed by the change in pressure due to the inflow of ink to
‘thé sensor chamber 21 so as to detect the ink residual quantity
in the liquid containér from a signal of the contact sensor may
be used.

In a liquid container including the ink detection unit-
having such a structure, when the‘pressure by pressurized gas
against the ink pack 7 is constant, if the ink residual quantity
of the ink’pack 7 becomes small, the derivation amount of ink
to_the,ink detection unit decreases, tﬁe pressure in the ink
detection unit decreases,_and the diaphragm is deformed by the
‘change in pressure at that time. Accordiﬂgly, the ink residual
quantity in the liquid.container can be detected by the contact
sensor that detects the deformation of the diaphragm.

In t;his case, the diaphragm that is likely to bé deformed
according to the‘changevin pressufe of the ink detection unit
may also be used. Then, the residual quantity detection
precision can be improved, and, since the on/off valve blocks
between the ink pack 7 and the ink detection unit, ink or gas
can be prevented from flowing back from the ink detection unit
having a low gas barrier property to the ink pack 7 having a
high gas barrier property.

In the liquid container of each of the embodiments of
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the invention, the on/off valve that opens/closes the flow
passage between the liquid containing portion and the liquid
detection unit is not limited to the check valve described in
theembediments. For example, anon/off valve that opens/closes
a valve body by an electromagnetic force may be used.

The use of the’liquid container of the invention is not
limited to an ink cartridge of an ink jet recording apparatus,
but may be used as liquid conﬁainers corresponding te various
liquidejectingapparatuseSéaliquidcontainerthatcanprevent
degradation of a degree of deaeration of a etored liqﬁid.

Specific examples of the liquid ejecting apparatus
include, for example; an apparatus haVing‘a color material
ejecting head used in mangfacturing color filters of a liquid
crystal display or the like, an apparatue heving an electrode
material (conductive paste) ejecting head used in forming
electrodes of an ofganic electroluminescent (EL) display or a
surfaceemissiondisplay(FED),anepparatushavingabioorganic
compound ejeceing head used in manufacturing a bio—chip, an
apparatus having a sample spraying head as a precision pipette,

a printing apparatus or a microdispenser, and so on.
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- CLAIMS

1. A ligquid container comprising:

a liquid containing portion that 1s pressurized by a
pressuré unit and discharges a liquid stored therein through
a liquid discharge bort;

a liquid supply port that supplies the liquid to an
extgrnal liﬁgid consuming apparatus; and

a liquid detection unit that is interposed between the
liquid containing portion and‘thé liquid supply port,

wherein the liquid detection unit includes:

a liQuid detection champber that has a liquid inlet port
to be connected to the liquid discharge port of the liquid
containing portion and‘a liquid outlet port to be connected to
the liquid supply port; |

amovablememberthatiSHmQablyaccbmmodatedinresponse
to a liqgid containing amount of the liquid detection chamber;

a récess portion that partitions a detection space in
cooperationwifhonesurfaceofthemovablememberwhentheliquid
containing amount of the liquid detection chamber becomes a‘
predetermined amount or iess, and

a piezoelectric detection unit that applies vibration
totherecessportionanddetectsafreevibrationstateaccording
to the applied vibration, and wherein

the movable member is provided with two flow passages

that connect thedetectionspacepartitionedwiththe cooperation
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of the recess portion to the liquid detection chamber.
2. The liquid container according to claim 1,
wherein one of the two flow passages extends to the

vicinity of the liquid outlet port,

3. The liquid .container according to claim 1,
wherein one of the twd flow passages extends to the

vicinity of the liquid inlet port.

4. The ligquid container according to claim 1,
wherein the two flow passages extend to the vicinity of
the liquid outlet port and the vicinity of the liquid outlet

port, respectively.

5. The liquid container according to any one of claims
1 té 4, |

wherein the liquid detection chamber is configured by
sealing an opening formed at its upper surface with a film that
is deformable according to the liquid containing amount, and

thepiezoelectricdetectionunit isdisposedat thebottom

of the liquid detection chamber.

6. The liquid container according to claim 5,

wherein the movable member moves by the deformation of
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the filmcorrespondingtoaliquidcontainingamount of the liquid

detection chanber.

7. The liquid container according to claim 6,

‘wherein the movable member is fixed to the film.

8. The liquid container according to any one of claims
1 to 7,

"wherein the movable member’has, in a region facing a
vibrationsurfaceofthepiezoelectricdetectionunit,asurface

substantially parallel to the vibration surface.

9. The liquid container according to any one of claims
1l to 8,
wherein the movable member is urged by an urging unit

'in a direction in which the piezoelectric detection unit is

disposed.

10. The liquid container according to claim 9,

wherein the urging unit is formed of an elastic member.

11. The liquid container according to any one of claims

1 to 10,

wherein a time at which the movable member partitions

the detection space in cooperation with the recess portion is
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set to a state where the liquid of the liquid containing portion

is exhausted.

12. The liquid container according to any one of claims
1 to 10, |

wherein a time'at which the movable member partitions
the detection space in cooperation with the recess portion is
set to a-state where the liquid of the liquid containing portion

is nearly exhausted.

13.v‘The liquid container according to any one of claims
1 to 12,

wherein the recess portion has two openings and, when
fherecesspoftionpartitionsthedetectibnspaceincodperatidh
with the movable member, the two opéningsvare connected to -the

two flow passages of the movable member.

14. Thé liquid container according‘to claim 13,

wherein, in at least a posture when the liquid is filled
in the liquid detection chamber, even though the two openings
of the recess portion do not have a difference in height, two
openings on sides not connected to the recess portion at the
two flow passages of the movable member are disposed to have

a difference in height.
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15. A liquid filling method comprising:

providing the liquid container according toclaiml; and

fillingaliquidintheliquiddetectiohunitoftheliquid
container in a state where a difference in height between two
opeﬁings on sides nof connected to the recess portion at the
two flow passages of the movable member is secured.

16. A liquid container comprising:

a liquid containing portioﬁ that is pressurized by a
pressureunitanddischargesaliquidstoredtheféinfromaliquid
discharge port;

a liguid supply port that supplies the liquid to an
externallliquid éonsum;ng apparatus; and

a liqdid detection unit that is interposed between the
liquid containing portion and the‘liquid supply port,

wherein the liquid detection unit includes:

a liquid detection chamber that has a liquid inlet port
to be connectéd to the liquid discharge port of the liquid
containing portion and a liquid outlet port to be connected to‘
the liquid supply port,

a movable member that moves in response to a liquid
containing amount of the liquid detection chamber,

a recess that is provided in the movable member to
partitioneadetectionspacejj1cooperationvniﬁ1arecessportion

provided in the liquid detection chamber when the liquid
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containing amount of the liquid detection chambef becomes a
predetermined amount or less, and

a piezoelectric detection unit that applies vibration
tothereéessportionanddetectsafreeVibrationstateaccording

to the applied vibration.

17. The liquid container according to claim 16,
wherein the recess is formed of a member having at least

one elastic surface.

18. The liquid container according to claim 17,

wherein the elastic member is a film.

19, The liquid container according to claim 16,
wherein the recess is connected to the liquid detection

chamber.

20. The liquid container according to any one of claims
16 to 19,
wherein the recess has two flow passages that connect

the recess portion to the liquid detection chamber.

21. The liquid container according to any one of claims
16 to 20,

wherein the liquid detection chamber is configured by
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sealing an opening formed at its upper surface with a film that
is deformable according to the liquid containing amount, and
thepiezoelectricdetectionunitisdisposedat thebottom

of the iiquid detection chamber.

22. The liquid container according to claim 21,
i wherein the movable member moves by the deformation of

the film corresponding to a change in liquid containing amount

of the liquid detection chamber.

23. The liquid container according to claim 22,

wherein the movable member is fixed to the film.

24, The liquid container according to any one of claims
16 to 23, |

wherein the movable member has a surface that is, in a
regionfacrnga\dbrationsurfaceofthepiezoelectricdetection

unit, substantially in parallel with the vibration surface.

25. The liquid container according to any one of claims

16 to 24,
wherein the movable member is urged in a direction in

which the piezoelectric detection unit is disposed.

26. The liquid container according to claim 25,
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wherein the urging unit is formed of an elastic member.

27. The liquid container according to any one of claims
16 to 26,

'whereinatimeétwhichtherecesspartitionsthedetection
space in cooperation with the recess portion is set to a state

. where the liquid of the liquid c_ontaining portion is exhausted.

‘28, The liquid container acéording to any one of claims
16 to 26,

whereinatimeatwhichtherecesspartitions thedetection
space in cooperation With the recess portion is set to a state
where the liquid of thg liquid.containing portion is nearly

exhausted.

29. A liquid container comprising:

aliquidcontainingportioninwhichaliquidcanbe filled
in advance at-high degree of deaeration;

a liquid detection unit that has a gas barrier property
lower than the liquid containing portion;

a liquid derivation portion that derives the liquid of
the liquid containing portion to the outside through the liquid
detection unit; and

anon/off valve that isprovided in a flow passage between

the liquid detection unit and the liquid containing portion so
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as to open/close the flow passage.

30. The liquid container according to claim 29,
wherein the on/off valve is a check valve that opens a
flow of a derivation direction of the liquid to the outside,

and closes a reverse flow.

31. The liquid container according to claim 29 or 30,

‘wherein the 1liquid detection unit and the liquid
containing portion are separable from each 5ther, and |

the on/off valve is provided in a flow passage close to
theliquiddetectionuﬁittobeconnectedtdtheliquidcontaining

portion.

32. The liquid container acéording to any one of claims
29 to 31,
| whefein the liquid detection unit and the 1liquid
containing po%tion are separable from each other, and
the on/off valve is provided in a flow passage close to
the liquid containing portion to be connected to the liquid

detection unit.

33, The liquid container according to any one of claims

29 to 32,

wherein the liquid of the liquid containing portion is
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pressurized by a pressure of pressurized air to be supplied from
a pressurized gas injection portion and thén is derived from
a liquid supply portion to the outside, and

the liquid detection unit is disposed in a region that
is blocked fromeapreésure of the pressurized gas, and includes
a diaphragm that is deformed by a change in pressure due to an
inflow of the liquid from the liquid containing portion and a
detection mechanism that détécts the deformation of the

diaphragm.

34.‘ The liquid container according to any one of claims
29 to 33,

whereintheliquiddetectionunitisconfiguredbysealing
an opening of a recess portion provided in a member forming the

liquid detection unit with a flexible film.

35.v The liquid container according to claim 33 or 34,
whereh{thediaphramnisurgedkﬁzanufgingmember,which
is eiastically deformable by a pressure of the liquid flowing
from the liquid containing portion, in a direction in which the

volume of the liquid detection unit is reduced.

36. The liquid container according to any one of claims
29 to 35,

wherein the liquid containing portion is a flexible pouch



WO 2007/055344 PCT/JP2006/322519

91

that is formed by attaching flexible films, and the films are

multilayer films including an aluminum layer.

37. The liquid container according to any one of claims

29 to 36,

wherein the liquid is ink.
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