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applications Nos. H 11-139683 filed on May 20, 1999, H 11-147538 filed

on May 27, 1999 and H 11-256522 filed ,on Septenber 10, 1999,
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1. Field of the Invention The present invention relates to a liqu
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apparatus is taken as an exanple of 'a liquid container and is

descri bed
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in the, formof ink droplets; and an ink tank which houses ink supplied to

the recordFayRhRadreFebeRfea passage, and is structured such
printing operation can be perforned continuously. In general,
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The present invention relates to a liquid container

eguipped witha piezoelectric apparatus therein which detects the
consumptionsﬁateofliquidinsidealiquidcontainerwhichhouses
the ligquid. More particularly, the present invention relates to
theliquidcontainérequippeduﬂthaipiezoelectricapparatusthat
detects liquid consumptioﬁ status in a liquid container which
provides liquid to a recording head of an ink-jet recording
apparatus.

2. Description of the Related Art

An ink cartridge mounted on an ink-jet type recording
apparatus is taken as an example of a liquid container and is
described below. In general, an ink-jet recording apparatus
comprises: a carriage equipped with an ink-jet type recording head
comprised of a pressure generating means which compresses a
pressure generating chamber and a nozzle opening which discharges
the compressed ink from a nozzle opening in the form of ink
droplets; and an ink tank which houses ink supplied to the
recording head through a passage, and is structured such that the
printing operation can be performed continuously. In general,

the ink tank is structured as a cartridge that can be detached



it at the tinme when the ink is used up. Conventionally, as a nethod of
controlling the ink consunption of the ink cartridge, a nethod is known of
controlling the ink consunption by neans of a calculation in which the
counted nunber of ink droplets discharged by the recording h?ﬁﬂ ggd%ﬁhe
anount of ink sucked in a maintenance process of the printing A 43
integrated by software, and anot her nmethod of controlling the ink
consunption in which the tinme at which the ink is actually consuned is

det ect ed hyordittectdeyoralinig agpheathe, i a& chadt rd dger tawn ehedlyodesldos use

in detecting the liquid surface, and so forth. However, in the
cal cul at i th-Hasetf et dV 3T it rotf i 1)y Y99 YRk consunption by integrating

the discharged eQnd N, drepl gt spandsg he, Ampun fr 111kl onkheibi ke by
the software, the pressure’inside the ink cartridge and thé viscosity of

the i nk whrengetdepepdi nige dnkusager Biye r amentod dehkaswaoli epnt tehberat ur e
and hunidi2¥h | apsed tipe g{ter anc¥ﬂk cartridge has eggﬁogﬁned for use,
and usage9 dqhenioys AP GREY TraBs ofnne il EAnSET SREES

consi der ahl@,&F I 10%CHESphet WeenNsthgr§ad o altRd rddak-aGoRs HeRk aAdamge t he
actual ink consunption. reover, another problemis caused in which the

act ual armuHntop L ik suekgiching NainbengpnewmpPIssss efdiee priatdagehead
cartridge js.r i t hen un i int egr e al ue
o eset 21 LAt AR v e e rha i BaSpbY) 7 cB g ot
the tinme ik wWirgdungte dmkid svhaiens tied & itdeearewhi ohngheathkni sodctukl Tyn be
controlled with high reliability since_the actual ink consunption,gan be
det ect ed ENBHEDFihtdetgGm&fe LY Lresiddr MPHAL 1pFetPi BURJ? BHir FAERT H19¢% he

i nk can kg, gelretgd,addg o, %enq%dd@%eeeniﬂg%hg_eliaeiéugafbg@et,yaﬁé &b ink
for use are very limted. Mreover, a problemis caused in that a
fluid-tighrtlstructure between the el ectrodes and the cartridge mght be 0
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ink consumption by integrating the discharged number of ink
droplets and the amount of ink or the like by the software, the
pressure inside the ink cartridge and the viscosity of the ink
change depending on usage environment such as ambient temperature
and humidity, elapsed time after an ink cartridge has been opened
for use, and usage frequency at a user side. Thus, a problem is
caused where a considerable error occurs between the calculated
ink consumption and the actual ink consumption. Moreover,
another problem is caused in which the actual amount of ink
remaining is not known because once the same cartridge is removed
and then mounted again, the integrated counted value is reset.

On the other hand, in the method of controlling by
electrodes the time at which the ink is consumed, the remaining
amount of ink can be controlled with high reliability since the
actual ink consumption can be detected at one point. However,
in order that the liquid surface of the ink can be detected, the
ink need be conductive, so suitable types of ink for use are very
limited. Moreover, a problem is caused in that a fluid-tight

structure between the electrodes and the cartridge might be



as the electrode material, which is highly conductive and erosive,
manuf acturing costs of the ink cartridge increases thereby. Moreover,
since it is necessary to attach the two electrodes to two separate

positions of the ink cartridge, the manufacturing process |Rgﬁeg€g§muthus
causing a problem which increases the manufacturing costs. when
managi ng the ink consunption status by3 nounti ng a piezoelectric device on
the ink cartridge, ink inside the ink cartridge may roll or_ bubble by the
scanni ng afnlieairl. cdiorepdee, dainng Phechrynitieirlopkt atpenllByuit

waving or hubpll nng{;Itf&ha %@E@ylatlhe piazee! est hhghﬂﬁvwﬁductm‘e oindubbl e

of ink attaches to t i ezoelectri'c device. Th en, there is a cases ari ses
that the rﬁ@ﬁdé’leectﬂrair’@fééﬂlééng CEARBE A&t &OE tIRE (G LEOASEMPRFEReET ANt i ty

by the i nktf?Hreh;}me{dereQ)fveknk sahtached 19 hbeepiazodecitiaevieetwdn ot her
words, even there is only small anpunt of, i.nk |nz gs theklnk traétrldge i f
the ink at?¥RIESIES e p?‘&o%ef%ac’iartlec RAAAHTAEP S nPEt SRENY by FRETWaVi ng of

i nk, therecns ﬁaﬂ@ﬂﬂﬁﬂnﬁh@tghheesplamaebQSESJCtﬂey|c3udem@caspmnblakenly

that there is stil enou inside. the | k. cartridge. Mreover, if the
bubbl e aﬂﬂ&%ﬂb§nF5eFﬁgsp€@%6¥V%§p FrETERYi ¢ r]Cthere i s danger that the

pi ezoel ectric d&meoeedet@mEﬁ|ﬂﬁﬂ&ﬂ«ﬂglwjuhainkhepesugpwupn|$ma$h%|6é t he
I nk CartrIQgg v pr%h%oéﬂgc f!érhggfc48%n|§ju 'iﬁ@dcg¥t£ Fuﬁﬁbernnre

there is pro Tei% hat OSI I'on o nmount i ng t he pi ezoel ec rlc devi ce on
the ink cattsidigethes ink maz@z:rnfd@e detvectdldg arheubhReekd $ihat $SaPR&NEe t he

| nk - cartr | dge.o Fopi exanpl fiod faIPUR! b 118 i REORLESLE L6n devigecnon t he

wal | at the | ower side e ink surface, the piezoelectric device can
det ect thewénlaenedr Osbbhengt Rér inkarREL rigtft PHEIHE e osleda LR ¢

device on the wal i @bi1Eher upperasi 48eaf ddechdkpsandaceribe qivezeel ectric

device cannot detect the ink end Q 7 APR 2004
Then, there is a cases arises that the piezoelectric device
cannot detect the ink consumption gquantity by the ink or
bubble of ink attached to the piezoelectric device. In other
words, even there is only small amount of ink inside the 1ink
cartridge, 1if the ink attaches to the piezoelectric device
mistakenly by the waving of ink, there is a danger that the
piezoelectric device detects mistakenly that there is still
enough ink inside the ink cartridge. Moreover, if the bubble
attaches to the piezoelectric device, there is danger that
the piezoelectric device detects mistakenly that there is no
ink inside the ink cartridge even if the ink cartridge 180 1is
filled by ink.

Furthermore, there is problem that the position of
mounting the piezoelectric device on the ink cartridge is
limited for detecting the ink end status inside the 1ink
cartridge. For example, if mounting the piezoelectric device
on the wall at the lower side of the ink surface, the
piezoelectric device can detect the ink end. On the other
hand, if mounting the piezoelectric device on the wall at the
upper side of the ink surface, the piezoelectric device

cannot detect the ink end



4 -SUMVARY OF THE | NVENTI ON Therefore, it is desirable to provide a liquid
contai ner capable of reliably detecting a |iquid consunption status and
di spensing with a conplicated sealing structure. It is further desirable
to prevent the waving or bubbling of liquid around the piezoelectric
device inside the liquid container. It is further desirable to provide a

| i quid container, the piezoelectric device of which can rel iga‘pIA)g d ,*ect a
l'iquid consunption status by detecting the Iliquid surface even'i ﬁ e case

that liquid inside the liquid container rolls and bubbles. It is further
desirable to provide a liquid container, the piezoelectric device of which
can reliably detect a |iquid consunption status even in the case that the

liquid container tilts or f%U o s does not contacts with
t he piezoelectric device It provide a liquid
cont ai ner capable of reliably detecting a |iquid consunption status in the

l'iquid container even if the piezoelectric device is nounted on the upper
si de of thERSTRHURd ikJp fdasirable theprovidpuiadliquitt apntminer| tapadld wft tediably
desirabl e 108 Al QoL [ i ch,.does. not_.need to bhe  npounted
in an accu‘?ééf_%q%cl)said? |l rIIJ:l %%t"ﬁgwlﬁosr%ésm?%g drlrgﬁer{'t%lmr%gvﬂ i%icgﬁpg’fcaf%e '

pi ezoel ectysalingstaugturen the |iquid contai ner can be freely designed. It is
t he object of the present invention to substantially overcone or at | east
aneliorate one or nore of the disadvantages of the prior art or to neet one
or nore oft isHerthbodesileislier wspreéveit ThARRVEQD4r Aubblith g liQuidnrasneaie of the

present inv ion.. there is. ovi.deq a li,guid contal ner which may

conpri se: npégﬁ%ed%‘ﬂﬁ‘g &185’6?1‘? mshqqagl&tlﬁ%‘f‘gicr?“ﬁla&?d; a |iquid supply opening
formed in the housing for withdrawing the liquid fromthe housing; a
liquid sensor unt he housing for detecting a |level of the |liquid

d,op t ] : . . .
which is VirdBF@ef %Héglreda%d’é?wdﬁha dlavh soRtAinen e Ripeodlecjicadeviemd a
first partéft wdichalah il dedin adflqhidl 8bhAmPiod NEatdOUSY Mtecting the
liquid surface even in the case that liquid inside the liquid container rolls
and bubbles.

It is further desirable to provide a liquid container, the piezoelectric device
of which can reliably detect a liquid consumption status even in the case that

the liquid container tilts or falls down because the gas does not contacts with
the piezoelectric device.

It is further desirable to provide a liquid container capable of reliably
detecting a liquid consumption status in the liquid container even if the

piezoelectric device is mounted on the upper side of the liquid surface in the

liquid container.

It is further desirable to provide a liquid container which does not need to be
mounted in an accurate position, in other words, the mounting position of the

piezoelectric device on the liquid container can be freely designed.

It is the object of the present invention to substantially overcome or at least
ameliorate one or more of the disadvantages of the prior art or to meet oné or

more of the above desires.



and defining the interior of the housing into at least two liquid
accommodat i ng chanbers which communi cate with each other, the liquid
accomodat i ng chanbers conprising: an air-comunication side liquid
accommodat i ng chanber which communicateg with anbient air; ﬁqﬂ 9 qg ection
side liquid accommpdati ng chanber in which the liquid senso i 8FRi @bsed
at an upper portion thereof. The liquid container may further conprises a
porous menber acconmpbdated within the detection side |iquid accommpdating

chamber. The |i quicdr8dppl ¥ooperidikdy rbentoppBdehf iheerd fon COMEHA gation
side liquid accommodating chanber. The liquid supply opening nmay be forned

in the deP&erilegdsi de iiaydidd certeviaiawhaghc heathecomariseun® ohotléng

n the dePEBLgRds) de Limcd avhnghcrmbe Pume: f
Thaa Cof T RE" TGRTAED GACEEHE 1A Ack bW e L RRRBErS SR RGnEecol

the at | &askingo foirquwidhdeearmgdahengighadabersmmayedbeneasg;f comgnaeq side
wal | of the housing to the other opposite wall. The liquid container may
further cERPEPSI HGRACLRBhERepR¥s DA Ofafiet et éRtingevalt pk tdet déanéd side

liquid aggqeppdaty r gﬂgi ol e soplly detect j;on
chanbers. The secoﬁggﬁggg??ﬁé% macﬁﬁﬁgghggh?%fkﬁgﬁ&Fﬁﬁ%g'??&ﬁFHEES&EH’
comuni cagindm dperitngaat i aitonwerl lpaxtehdengdin afhentsacendof pard hbhehnyal |
may be formed.with.a |iquid comuni cati on openi ng at upper part
thercof . HE Ut LR P HEAEEFNEY o hoHOSBINS O eneh FAthe shafuid
det ecti onaebanhens: i iie cvahpers ohithecsmRlhicdebest tAneghANBERS TRYHRE
different fromeach other. The volunes 6 07 APR 2004 of the at |east two

snal | det édEéA eRaAPEPdaRdpa deerdeses fAMT icHdISi d@ wakhcofimuhéchbishng to
t he ot her ile. i ide. liquid accommudat,i.n hanber
my generars oS AendSfaCEhS AR 1 b Ao RS EGTRHR Ll drBhanP

det ecti onadhanhed avictgernerat eide taguldadycdatcsaf Dig by thewhlbcgui d.
The deteﬁ%hon si de Ii%gid accommodat i ng chanber may conprise a recessed
part fornE8%at 199 8p SGREP  ASr S4FPOSFHeF flli HPPSENBBFtHAY EBABEPEe a

~cavity which opens 1oyaid RmdaNher 5y Hurther comprises a porous member
accommodated within the detection side liquid accommodating
chamber. The liquid supply opening may be formed in the air-
communication side liquid accommodating chamber. The liquid
supply opening may be formed in the detection side 1liquid
accommodating chamber. A volume of the air-communication side
liquid accommodating chamber may be different from that of the
detection side liguid accommodating chamber. The volumes of the
at least two liquid accommodating chambers may decrease from one
side wall of the housing to the other opposite wall.

The ligquid container may further comprising a second
partition wall extending in the detection side liquid
accommodating chamber and defining at least two small detection
chambers. The second partition wall may be formed with a liguid
communication opening at a lower part thereof. The second
partition wall may be formed with a liquid communication opening
at an upper part thereof. The detection sensor may be disposed
on each of the small detection chambers. The volumes of the small

detection chambers may be different from each other. The volumes



t he housing for holding the liquid. The liquid sensor may conprise a

pi ezoel ectric device having a vibrating section, the vibrating section
generates a counter electronotive force in accordance with a residual
vibration of the vibrating section. Thesliquid sensor may detgegtypdt sgheast
an acoustic inpedance of the liquid and detects a liquid consunption
status in accordance with the acoustic inpedance. The |iquid container my
be nounted on an ink-jet printing apparatus having a printhead which

ej ects i nkf ditaplat 9.eaatd thie shizqui decertabnechanpplsehalh@eckéged dfrom
contained therein to the printhead through the liquid supply ogening. The
vol ume ofordesigde atdllorPkitdee | hejs N9 de@ oo daltlieiy PRAHEYS il be equal to

or less than h t I the airsc i i i {.qui
accommodat i ng clgﬂbg%F%%ﬁg%%Vofgégs<ﬁ§¥{%e?¥%%1 %g%g§91 dg??hggghgn rs
may decr epsesfatomnoresildemalforefe te holsiing thet heqotider TheposnaEl wal | .

The porous nenber may conprise a first porous material disposed clﬁse to

the | i quitFHHSIAN GRETRSSEDN FFETOUS et ah! 2y §p5Sed PanH Foret
l'iquid semgh&.ormﬂeg a\t%@d(ﬁ? Ei st 1980QUS o IR RIJAILi RN RS

porous material has I gher qui d- philTic characteristics than the Tirst
por ous net@mpElse Rheecésspi gagenformed g tcarqud sal i tieezaye] echiecl dewide
having a _vibrating secti.on, the vibraktn% sectiog ﬁengrates a counte%
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acoustic inpedance of the_liquid and detects a |iquid consunption status
in accor (RATERE 15¢ [ PREZaESESEIAC] ApBdandevime § V4brat 186nfarhéP melyde

mount ed Qﬁﬁ‘aéﬂ)gj j %éctP:[éwrm%Qﬂe?ﬁ?égagu§onﬁ\fiegg el%d%&id?&c&%zﬁe WL GlL & gcts
ink droplets, and”the T1quid contarner supplies the Iiquid contalne
therein tacddmigdnthiead ot resughalt kebkregdod sfpphy vpenaning Aeeor dmg t o

anot her aspect ?%% he pr.esent invenéion, there is rovidgd a liquid

contai ner whi ¢ iy GURRTSEO% TRIULT HGET Ednt GRAF R FREFEEA TTRT RIS

liquid suypl ¥nepeni e SUBRKY i 8tects a liquid consumption status in
accordance with the acoustic impedance. The liquid container may
be mounted on an ink-jet printing apparatus having a printhead
which ejects ink droplets, and the liquid container supplies the
liguid contained therein to the printhead through the liquid
supply opening. The wvolume of the detection side liquid
accommodating chamber may be equal to or less than half the volume
of the air-communication side liquid accommodating chamber. The
volumes of the liquid accommodating chambers may decrease from
one side wall of the housing to the other opposite wall.

The porous member may comprise a first porous material
disposed close to the liquid sensor and a second porous material
disposed far from the 1iquid sensor compared with the first porous
material, and the second porous material has a higher liquid-
philic characteristics than the first porous material. The

- liquid- sensor may comprise a piezoelectric device having a
vibrating section, the vibrating section generates a counter
electromotive force in accordance with a residual vibration of

the vibrating section. The liquid sensor may detect at least an



li-quid to an exterior of the housing; a detection device nounted on the
housi ng, the detection device conprising a piezoelectric elenent for
detecting a |iquid consunption status; and a wave absorbing wall extending
in an interior of the housing disposed .at a place facing the ﬁglﬂﬁﬁhﬁﬂ
device. A gap may be defined between the detection device and the wave
absorbing wall. The gap nay not generate a capillary force for holding the
liquid. The gap may generate a capillary force which is snaller than a

force for fwhditig &JﬂFeEhﬁ@é%f The dehed Lon devices %a}’iglgﬂ@eo%%un@t%w ty

for receiving and holding liquid, the cavity being fornme to open toward

t he i nt erigraters tile arsipsdriceThel thavidealssordsitnis  Awptddanme be Thec drigniido and
extends fr i i wal | ,of, the _housi.ng. The, detection device.may be
St tached 1o e fakihe Whineka kit A H EhPERDEAGY THPE VST PETin

di rection sobrtihehehguivHicheypdet anti heopave sabsagbi g mallidreynextigad in
parallel with_ the first wall of the housing. The detection device may be
attached tS3PRGE ShewailEusf cerbahpadi Meerekd the s iatdwast treagh may

extend inparallel; g wihitheldd qud | evel . The wave absorbing wall may
extend in an ﬁﬁ@ﬁine |>20ﬁ%§$ﬂ%1r1respect to the liquid level. The wave

absor bi ng wal | Aeycexitiegdt 6 cowthesi aepaet bfofhé he dseusi ngvedt Thn, ithere
perpendicular to the liqujd |evel. The a capillary force nmay be generated

between at*9 &4st” Sshrd by TR 1T WP CRNB2ENC8MBYIAPR 2068V RSr
wal | of theneusiing t%é/ﬁyelj?cﬂmplé\gly\%idr@ﬁpgw%béﬁing @%@;&&?%ng
of ge e“wave

section which is fornmed by bending at |eaSt a par an e

absor bi ng ligiuicd baeae extsiomrivbhe haurd ngteredt t oot tevidevice mounted, and
a gap defiped, hy, the. bendin ecti.on and.the detection device generates a
a1 ary Fofud nouFuls LS st BR300 60 OB SRR e tezp e IE R e

det ecti onedewiete fdaesleneictderenatlegaigapohkamptioncetrathe ;Wave absarbi ng
wal | may conprise aygiﬁrality of wave absorbing wall pieces, and at |east

one of th&°FParartt TRV LS orbidRg TREPF 1 pr et st b asiaisiy dipemsgdsi de
wal | of the BOYSiaR@ facing the detection device. A gap may be defined

between the detection device and the wave absorbing wall. The
gap may not generate a capillary force for holding the liquid.

The gap may generate a capillary force which is smaller than
a force for holding the liquid. The detection device may comprise
a cavity for receiving and holding liquid, the cavity being formed
to open toward the interior of the housing. The wave absorbing
wall may be secured to and extends from an interior wall of the
housing. The detection device may be attached to a first wall
of the housing which extends in a vertical direction of the liquid
level, and the wave absorbing wall may extend in parallel with
the first wall of the housing.

The detection device may be attached to a bottom wall of
the housing, and the wave absorbing wall may extend in parallel
with the liquid level. The wave absorbing wall may extend in an
inclined direction with respect to the liquid level. The wave
absorbing wall may extend from a side wall of the housing which
is perpendicular to the liquid level. The a capillary force may

be generated between at least a part of the internal wall and an



which is perpendicular to the liquid |level. The detection device my
conprise a vibrating section which generates a counter electronotive force
in accordance with a residual vibration of the vibrating section. The
liquid container may be mounted on an dnk-jet printing appargpyushaming a
printhead which ejects ink droplets, and the Iiquid container may supply
the liquid contained therein to the printhead through the |iquid supply
openi ng. According to the other aspect of the present invention, there is
provi ded fnhé €Ul 1CoMmt Ehd HouBhCONPheSEava d¥Htsibithg eanlanay ngoriger s n
Tiquid;, a liquid supply opening fornmed in a wall of the housing for

Wi t hdr awi A ating |ACE o5 yhiekt i bprmeq hiehendisly @évileeskoant@8t &t t he
housi ng, 1he a’%; o6H Ok AL LLLAMASTG 2 PLERAPI LOILIL S SN TOhe
detecting a T99ui d consunption status; and a porous nenber di sposed within
the housdérgedtidhedavidai iy mdurithed deirettd aramele Cimed Hey detediéringlevi ce
may contact the porous menber., A gap may be defined between _ the porous
nmenber ant¢heoyerdctivAcH_GF e %Yé%ﬂ%??%%e%&?%@%?rﬁgﬁﬁﬁes Yavity

and a vi bégtaér%aeﬂﬁghi PR G € AN RGNS G ah h b d i QuEBctRBnc@ide and

the porou nber 1s disposed in the cavity. A capillary force of the
por ous neddes malybeesemdtera tdwpi lal dor cowde ch hol ds the liquid. The

detection device may conprise .a base.plate, a vibrating 9 0.7 AP 4
portion and a tfﬁ?uﬁh?quﬁ goﬁiPﬁgdwF L RBYL58RPRIEFe® B r?g%t 0?5U§gaﬁenber
covers atah&ashing RAIL plictbe, timaugh 1kelse. otbectaflrcpiloraldey 0€ waye

further conprise a groove connecting with the through __hole, and the porous
menber i sakiFePeted Wit i BéCgEEONRY SPHeENHETERt Aol @R WAdd &EdERRAMNF b

menber IS € e Lgui RERI NG| Se
forned.n?ﬁgggéS@Eﬁ?%ﬁgﬁgg?g%gégg)%%%gﬁi ékgfﬁ%%?atﬁﬁgyEE%Fan whi ch
gener at esnay Ccavhpeti sel ectviopodt ey f erceion adciaridagerevatésaa resuntef

vi bration of the viprating section, and the.d%tgction gvaggrdetectgfthe

i qui d conEEMpTPBAC SYRRT ST He 86FRAReEaR Pth & Tesidu aticH

the vibrating section. The liquid container may be mounted on
an ink-jet printing apparatus having a printhead which ejects ink
droplets, and the liquid container may supply the liquid contained
therein to the printhead through the liquid supply opening.

According to the other aspect of the present invention,
there is provided a liquid container may comprise: a housing
containing therein liquid; a liquid supply opening formed in a
wall of the housing for withdrawing the liquid to an exterior;
a detection device mounted on the housing, the detection device
comprising a piezoelectric element for detecting a liquid
consumption status; and a porous member disposed within the
housing in the vicinity of the detection device. The detection
device may contact the porous member. A gap may be defined between
the porous member and the detection device.

The detection device may comprise a cavity and a vibrating
section which contacts the liquid through the cavity, and the
porous member is disposed in the cavity. A capillary force of
the porous member may be smaller than a force which holds the liquid.

The detection device may comprise a base plate, a vibrating



the counter electronotive force. The detection device nay conprise a

pi ezoel ectric el enment and a nounting structure

pi ezoel ectric elenent, and the nounting structure is attached to the
housi ng. The liquid container may be ngunted on an ink-jet p&fﬁting
h

apparatus having a printhead which ejects ink droplets, and

container supplies the 1liquid contained therein to the printhead through
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the liquid supply opening. This sumrary of the invention does not

necessari byrdesardhea tdongcrssarfodfmeal ihahooba b8 RS eahdithepbireiis The

‘pr esent

invention may al so be a sub-conbination of the above described

f eat ur es. "TRECHIGVEE BN tol RRPL fRRRUERT &hte hBvanshduslof (e dpkesehen
i nven 'Ondgwhhﬁgﬁgfn%ggg{eﬁ:ngteﬁg%%&t%r ho%ecéﬁhwmggm %M@Eh?@@%

enbodi nents ta
DESCRI PTI bh1&F aHE DRENDEEDH I grnedbshows dispdecdr @ss tsect gonalevi evhef an
enbodi nent. of the 'nk,cartridﬁe according to the present invention. Fig. 2

shows a sPBESEFASE IBEtFDAR4 b

W e acconpanyi rawi ngs.

BRVTIOUhBEBPREMa% Mot RBAFSEOF KeP T ARS

CartfidgewﬁEEQVQh@glE@u&ﬁesﬁﬁﬁiﬁanehﬂﬁgnigOPor&eQ.0 7 APR 2904 Fig. 3
shows a side cross sectional view of the further other enbodi nent

i nventi on.
enbodi nent

Fi g. Themsddiateimn devveatmisoncoRpyise enpodi aehng denieinii whicki g,
genéggggglgnbounter electromotive force in accordance with a
residual vibration of the vibrating section, and the detection
device detects the liguid consumption status in accordance with
the counter electromotive force. The detection device may
comprise a piezoelectric element and a mounting structure
unitarily formed with the piezoelectric element, and the mounting
structure is attached to the housing. The liquid container may
be mounted on an ink-jet printing apparatus having a printhead
which ejects ink droplets, and the ligquid container supplies the
liquid contained therein to the printhead through the ligquid
supply opening.

This summary of the invention does not necessarily describe
all necessary features of the present invention. The present
invention may also be a sub-combination of the above described
features. The above and other features and advantages of the
present invention will become more apparent from the following
description of embodiments taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a side cross sectional view of an embodiment
of the ink cartridge according to the present invention.

Fig. 2 shows a side cross sectional view of the other
embodiment of the ink cartridge according to the present

invention.

unitarily formed with the



Fi-g. enbodinent invention. Fig. enbodinment invention. Fig. enbodi nent
invention. Fig. enbodinment invention. Fig. enbodinent invention. Fig.
enbodi ment invention. of the ink cartridge according to the present 4

shows a side cross section of the further other of the ink cargri gewe oop:
according to the present 5 shows a side cross section of the further other
of the ink cartridge according to the present 6 shows a side cross section
of the further other of the ink cartridge according to the present 7 shows
a side cross sexidgon sliotda 4idd hebsetdwst iafndlheikenk Laherfidgheaacoohdirng to
"the present. 8 shows a side cross section of the further other of the ink
cartri dgecBeedt®rRly F t hBeprB¥entCogtyioRE a2sraedergsstIedtFonPbF2ERE
further ofher . pf,the ink cartridge according to the present 10 shows a
side cross section of the further other of the ink cartridge according to
the present 11 Bhpwsd asBbde ar eislesertisen sefcttilve fafr ttier Duheher other

embodiment of the ink cartridge according to the present

invention.

Fig. 5 shows a side cross section of the further other
embodiment of the ink cartridge according to the present
invention,

Fig. 6 shows a side cross section of the further other

embodiment of the ink cartridge according to the present
invention.

Fig. 7 shows a side cross section of the further other
embodiment of the ink cartridge according to the present
invention.

Fig. 8 shows a side cross section of the further other
of the

embodiment ink cartridge according to the present

invention.

Fig. 9 shows a side cross section of the further other
embodiment of the ink cartridge according to the present
invention.

Fig. 10 shows a side cross section of the further other
embodiment of the ink cartridge according to the present
invention.

Fig. 11 shows a side cross section of the further other
embodiment of the ink cartridge according to the present
invention.

Fig. 12 shows a side cross section of the further other
of the

embodiment ink cartridge according to the present

invention.



of the ink cartridge according to the present 12 shows a side cross section
of the further other of the ink cartridge according to the present 11 0 7

APR 20D4

enbodi nent of the ink cartridge accordi to the present invengi,0 EFi g.
g g p ¢Z|E5R8@§

Fig. 13 shows a side cross section of the further other

14 is a perspective view of the ink cartridge which stores plu

nks, viewed from a back side thereof, according to an enbodi nent. Fig.
pective view of the ink cartridge which stores plural types of

S a pers

nks, viewed frBiga backhswdeat hedeotrosacsecdiog 66 aheefotdheentthé&rg.

[

i

[

i pective view of the nk cartridge which _stores pluyral types of
i nks, vi efBROFLBATE Rk tSedel B erddttr 2 A8& oREFRGIEBIant @ nib nBﬁ%g

[

[

[

[

is a pers

S a pers

nk-jet r

ecording.a ratus sui.itable for th ink cartrjdge.sh in:Fig.
1. Fig. 1§“P&e§ aéngﬁngE?astséB FOnXFeV?ngB?maas %F%n%lﬁ%igﬁg§§ogs an
enbodi nentcebrihggl tauhd emBbaimnentaccording to the present invention.

Fig. 20

a Cross s
of the |i
a det ai

of the pi

SR} g.
EEQE%YQOM[eWIOf the ink cartridge which stores plural types of
nks, viewed froma back side thereof, according to an enbodinent. Fig.

s a cross sectFogal 14i 2w = how sge i enbddivedt tbe iaknapotrpdge whiche

of
15

s a cross sectional view of another enbodi nent of a subtank unit
33 of the |iqui Bigentaihera RIIRETHG ¥ iy piesbgt inkngagtirédgerrhichl is

SEbLODAL RS Llpll LROL RIS DELucETROGRRbAOL, B:8URLABKSYR | 99

cont al ner cordin e present 1rnvention. Fig

Shows

andoegihgatenencembodimehtan actuator 106, which is an enbodi nent

ezoel ectric device of the . _ ) . .
Fig. 16 is a persgpective view of the ink cartridge which

stores plural types of inks, viewed from a back side thereof,
according to an embodiment.

Fig. 17 is a perspective view of the ink cartridge which
stores plural types of inks, viewed from a back side thereof,
according to an embodiment.

Fig. 18 is a cross sectional view showing an embodiment of
a major part of the ink-jet recording apparatus suitable for the
ink cartridge shown in Fig. 1.

Fig. 19 is a detailed cross sectional view of a subtank unit
33 as an embodiment of the ligquid container according to the
present invention.

Fig. 20 is a cross sectional view of another embodiment of
a subtank unit 33 of the liguid container according to the present
invention.

Fig. 21 is a cross sectional view of further another
embodiment of a subtank unit 33 of the liquid container according
te the present invention.

Fig. 22 shows a detail and equivalent circuit of an actuator
106, which is an embodiment of the piezoelectric device of the

present invention.



present invention. 12 0 7 APR 2004 Fig. 23 shows a detail and equival ent
circuit of an actuator 106, which is an enbodi nent of the piezoelectric
device of the present invention. Fig. 24 is a graph which shows the

rel ationship between the ink quantityjbnside the ink tank and 69%yﬁgiﬁpant
frequency fs of the ink and the vibrating section. Fig. 25 shows
waveform of the residual vibration of the actuator 106 and the neasuring
met hod of the residual vibration. Fig. 26 shows the nmanufacturing nethod
of the actuat orri)623AHYW alddna iaf ahlee@ct wllaitsc106uit aff anwdtarstdm the
‘case of the Fig. 26, are formed as one body. Fig, 27 shows a cross- sectlon
of a part1%f (e dttigapsr cToedineng, oﬁsteﬁo%e50%%%%%%&%1‘10%@

act uat or %Oe% ]_I;_?eq,_ Qg.yvs t he manufacturing method of the actuator 106
shown in Fig. I42:6. |g.t%3 shows the further other enbodi ment of the ink
cartridge of thaqr ese:m al grl&p]hivﬂrickFls@ow&lt]séla\ﬂaftdmm@ipobEEWeemjﬂtﬁ ment
of the ink cartrid of the resent i nventi_on, shows ot her

enbodi ment™Mo AU i r&&’g"rgr%lt e dnk gpgk a3d; Eheol Jé %ﬁ’ﬁa’\w SR i t her
ot her empdiggnt; . of argc{m:}p&tﬁq;_rqtlr%%e@ﬁ&pom a slant view of the other

enbodi nent of the actuator. Figs shows plan views of the through hol e
| ¢ according tRi@anéthehowsbadiaraiorFial t3e shewdualsvahrabiew of thee

SO0 9t LN oL OLR B SELUTE ndPRolT, BURDERY, B8 M g, 0L
show the structrire ot dhievdmlel ad®fscthifgindgheth@dsot hﬂléb&ﬂha\lbew_(m‘ t he
ot her enbodi nents of the i
A plurality of the actuators 106, four numbers in the case of the
Fig. 26, are formed as one body.
Fig. 27 shows a cross-section of a part of the actuator 106.
Fig. 28 shows a cross-section of the actuator 106.
Fig. 29 shows the manufacturing method of the actuator 106
shown in Fig. 26.
Fig. 30 shows the further other embodiment of the ink
cartridge of the present invention. '
Fig. 31 shows further other embodiment of the ink cartridge
of the present invention.
Fig. 32 shows other embodiment of the through hole 1c.
Fig. 33 is a slant view of the further other embodiment of
the actuator,
Fig. 34 shows a slant view of the other embodiment of the
actuator.
Figs. 35 shows plan views of the through hole lc¢ according
to another embodiment.
Fig. 36 shows a slant view of the configuration that forms
the actuator 106 in one body as a mounting module 100.
Fig. 37 shows an exploded view of the module 100 shown in
Fig. 36 to show the structure of the module 100.
Fig.38 shows the slant view of the other embodiments of the

module.



nodul e. 13 07 APR 2014 Fig. 39 shows an expl oded view of the nodul e 400
showmn in Fig. 38 to show the structure of the nodule 400. Fig. 40 shows
the further other enbodiment of the nodule. Fig. 41 shows a
cross-sectional view around the bottompf the container 1 mheﬁ7&§§ ﬁ@ﬂule
100 shown in Fig. 36 is nounted on the container 1. Fig. 42 sho %

cross section of the ink container when nounting nodule 700B on the
container 1. Fig. 43 shows an enbodi nent of an ink cartridge and an ink

j et recording apparatusswbi€hruseplihedactivat 6f JR6 e 4D FisGowa2inFi 0.
44 shows a detail around the head nmenber of the ink jet recording

appar at us F1Bi.g38450s Ry 6hReFtenpbdraenf &het medphr €8Ptri dge 180 shown

in Fig. 44. Fig..46 o) rthe i j C kdge
180, Big a7 sHERE R T ba: Tugbaar Shres TR figloba PhegthagYy o
48 shows furtherigthel €mbediamenbsefstheibaklcaléwi Ageund8he BogtoADoshows
a plan cross sectional view of the further another enbodi nent of the _ink
cartridge t8EcEPRERGTES t HEGH ddenfodideehPLoRNOR G 50 Shoks 18 PPEAteRoss
sectional .y eW-0Ltke it Ukt her another enbodi ment of the ink cartridge
according to the present i1nvention. Fig. 51 shows other enbodi nent of the
ink cartridge ufigg 42hehawsudiorcrt(t skicgicds2of stlze dirds soséetinemalwhenew of

an enbodi nent . of an . nk riridge as _an _enbodi pent of the liquid container
Fccor di ngtorgtang prevdh TPhbeRt Bhe coR:IRgL! 17

Fig. 43 shows an embodiment of an ink cartridge and an ink
jet recording apparatus which uses the actuator 106 shown in Fig.
22.

Fig. 44 shows a detail around the head member of the ink
jet recording apparatus.

Fig. 45 shows other embodiment of the ink cartridge 180
shown in Fig. 44.

Fig. 46 shows further other embodiment of the ink cartridge

180.

Fig. 47 shows further other embodiment of the ink cartridge
180.

Fig. 48 shows further other embodiment of the ink cartridge
180.

Fig. 49 shows a plan cross sectional view of the further
another embodiment of the ink cartridge according to the present
invention.

Fig. 50 shows a plan cross sectional view of the further
another embodiment of the ink cartridge according to the present
invention.

Fig. 51 shows other embodiment of the ink cartridge using
the actuator 106.

Fig. 52 is a cross sectional view of an embodiment of an
ink cartridge as an embodiment of the liguid container according

to the present invention.



14 0 7 APR 2004 Fig. 53 is a perspective view of the ink cartridge which
stores plural types of inks, viewed froman outside thereof, according to
an enbodinment. Fig. 54 is a cross sectional view showi ng an enbodi nent of

a major part of the ink-jet recording gpparatus suitable for the ink
cartridge shown in Fig. 52 and Fig. 53. Fig. 55 is a cross sect® @nsiR 200w
of an anot her enbodi nent of an ink cartridge as an enbodi nent of the

| iquid container according to the present invention. Fig. 56 shows further

ot her enbodi mentidf g d Bk peapdcdd®e WSieRgoEhenact Hat esrdf6dg&iwhich
" 57showsf ur t her anot her enbodi nment of t hei nk cartri dge using the_ actuator_106.
Fi g. 58shoveres tihbibnbt hEPeabed mesoef vHeMe Caat iajyecyppide thereof,

showsf urt anet her i ink Fig. 59 cartridge 180.
showsf urt ééaﬂdPﬂirﬁﬁgﬁgiﬁﬁa %ﬁ%%ﬁﬁhk Fig. 60 cartridge 180. Fig.

61showsf urt her amiaj heuetrbodidmidokicheiinkatari ewdgeol By & gmbodiment of

62showsf ur t her anot her enbodi nent of t hei nk cartri dge 180. ,
Fi g. 63shcWaTiCthBRERO? hernBadi-A6ht SEERERARI GRRTT 3fges B35 taRle 8% Hiows

e olFreRrea e intint I 4L oot LamgR0a L, 65 Shone L1 e
enbodi nent of thigyi B6 carardmges sectional view of an another embodiment

of an ink cartridge as an embodiment of the liquid container
according to the present invention.

Fig. 56 shows further other embodiment of the ink cartridge
using the actuator 106.

Fig. 57 shows further another embodiment of the ink
cartridge using the actuator 106.

Fig. 58 shows further another embodiment of the ink
cartridge 180.

Fig. 59 shows further another embodiment of the ink
cartridge 180.

Fig. 60 shows further another embodiment of the ink
cartridge 180.

Fig. 61 shows further another embodiment of the ink
cartridge 180.

Fig. 62 shows further another embodiment of the ink
cartridge 180.

Fig. 63 shows further another embodiment of the ink
cartridge 180.

Fig. 64 shows further other embodiment of the ink cartridge
180.

Fig. 65 shows further other embodiment of the ink cartridge
180.

Fig. 66 shows further other embodiment of the ink cartridge

180,



180. 15 0 7 APR 2004 Fig. 67 shows an enbodi nent around a recordi ng head of
part of the ink cartridge and an ink jet recordi ng apparatus which uses
the actuator 106. Fig. 68 shows a detail around the head nmenber of the ink

jet recording apparatus. Fig. 69 is a @moss sectional view of a@ eggﬁ [ rent
of an ink cartridge as an enbodi nent of the liquid container a Jo to

the present invention. Fig. 70 is a cross sectional view of an enbodi nent
of an ink jet recording apparatus and ink cartridge according to the
present inventiBng. Elgsh@¥sian embodssesecaromad avrenovfiingfhedaderl panot her

‘enbodi nent__of. an _jnk cartridge.as an.enbodi nent.,of the liquid, .container
accor di ng Ot Rt IR BREI Th 1T 1EC FSCOROIETrARRHER t S STiER tses

enbodi mentpef ztbgat Bk 16a&rtridge using the actuator 106. Fig. 73 shows
further another enbodinment of the ink <cartridge using the actuator 106.
Fig. 74 shows fEit®hesd aritavrera gevadilnenousid the hakd vamberdgé ke nipk he
act uat or &Q@. gégrd7§ shomsrg GLoss section of an ink cartridge 180D which
is furthe t heFCenbodi MRt of Fhe i nk cartridge 180 using actuator 106.
Fig. 76 shows fmidhego anotaerrydedidrin=qf vibe bikancambbidgentsbéNtan
actuator 106. Fig. 77 shows further another enbodi nment of the ink

cartri dgellsi Ry Ectdng 68 apEmGmerg Sholle AUdHEl CORbRRBETRBHI Frd  of

the ink ¢artpldge-ysing; the ator 106. Fig. 79 shows further another
enbodi nment OF th ?n§ c%rtr?gggH180.

Fig. 70 is a cross sectional view of an embodiment of an
ink jet recording apparatus and ink cartridge according to the
present invention.

Fig. 71 is a cross sectional view of a further another
embodiment of an ink cartridge as an embodiment of the liquid
container according to the present invention.

Fig. 72 shows further another emboediment of the ink
cartridge using the actuator 106.

Fig. 73 shows further another embodiment of the ink
cartridge using the actuator 106.

Fig. 74 shows further another embodiment of the ink
cartridge using the actuator 106.

Fig. 75 shows a cross section of an ink cartridge 180D which
is further other embodiment of the ink cartridge 180 using
actuator 106,

Fig. 76 shows further another embodiment of the ink
cartridge using actuator 106.

Fig. 77 shows further another embodiment of the ink
cartridge using actuator 106.

Fig. 78 shows further another embodiment of the ink
cartridge using the actuator 106.

Fig. 79 shows further another embodiment of the ink

cartridge 180.



16 0 7 APP 2004 Fig. 80showsfurtheranother enbodi nentoftheink cartridge
180. showsfurtheranot her enbodi nentoftheink Fig. 81 cartridge 180.
showsf urt heranot her enbodi mentoftheink Fig. 82 cartridge 180. Fig.
83showsf urt heranot her enbodi ment of t hei rdé cartri dge 180. 07 APR 2004

Fi g. 84showsf urt her anot her enbodi nent of t hei nk cartridge 180. Fig. 85 shows
further other enbodinent of the ink cartridge using the actuator 106. Fig.
86 shows further other enbodinent of the ink cartridge 180. Fig. 87 shows
further other efb@di Péntslpws hdurgkegaranpdger 180boHL§engs %ﬁoaémhnlnk
'enbodinené g{gy&dealégcording head of part of the ink cartridge and an ink
] et record?ng ap%ara U5 which uses the actuator 106. Fig. 87 shows further
ot her enbodi mentigf tghe shdweafutittige l8fotity. cbosHomentancEnivddi menk
around a recording head of part of the ink cartridge and an ink jet

recor di ngcappat@¥aslfbi ch uses the actuator 106. Fig. 89 shows a detai

Beross sect i onal 91 eqlol AR Enasien SOCAC AR o R e W h o
singl e cotartridgeexaopl e, the black ink.

Fig. 83 shows further another embodiment of the ink
cartridge 180,

Fig. 84 shows further another embodiment of the ink
cartridge 180.

Fig. 85 shows further other embodiment of the ink cartridge
using the actuator 106.

Fig. 86 shows further other embodiment of the ink cartridge
180.

Fig. 87 shows further other embodiment of the ink cartridge
180.

Fig. 88 shows an embodiment around a recording head of part
of the ink cartridge and an ink jet recording apparatus which uses
the actuator 106.

Fig. 87 shows further other embodiment of the ink cartridge
180.

Fig. 88 shows an embodiment around a recording head of part
of the ink cartridge and an ink jet recording apparatus which uses
the actuator 106.

Fig. 89 shows a detail around the head member of the ink
jet recording apparatus.

Fig. 90 is a cross sectional view of an embodiment of an
ink cartridge for use with a single color, for example, the black
ink.

Fig. 91 is a cross sectional view showing an embodiment of
a major part of the ink-jet recording apparatus suitable for the

ink cartridge shown in Fig. 90.



Fig. 91 is a cross sectional view show ng an enbodi nent of a major part of
the ink-jet recording apparatus suitable for the ink cartridge shown in
Fig. 90. 17 8 7 APR 2004 Fig. 92 is a detailed cross sectional view of a
subtank unit 33. Fig. 93 is a cross secityonal view showi ng an anqtﬂgé
enbodi ment of the ink cartridge. Figs. 94 shows manufacturing met Rof#004
the elastic wave generating device 3, 15, 16 and 17. Figs. 95 shows
manuf act uri ng nmet hods of the elastic wave generating device 3, 15, 16 and
17. Fig. 96 showWdgansi s satdtraidgel acces diang ilcmadnot Berof ardasiamntindt t he
present invention. Fig. 97 shows ink cartridges according to still another
embodi ment’s -of t he present invention. Fig. 98 shows ink cartridges

according to stighl, a h e e S j:nventio i 99
shows an i nk ca???fdggiag%o?ding fgeg%??fg%%%tﬁg%ﬁ %ﬁ%ggﬁﬁﬁn%ﬁo?n?ﬁggr
present i mweediioentFiod. the0 iskowsrarddgss section of the ink-jet recording
apparatus alone_.Fig. .101 is a cross_section of the ink-jet recqrdin
apparatus to mhF&ﬁthgiiﬁﬁogirT??ﬁ C%H%F?%;Wﬁﬁﬂﬂ&hioﬁ;ﬁﬁe f@?s§ﬁﬁm§a§ﬁ
enbodi menigepk rhiRe ngnetackr ndoe sf oneugag Wyth a single color, for instance,
the black color. Fig. 103 shows an ink cartridge 272 according to stil

anot her enbodi nEaESef 9Phdhpveseanulf avierinm natilpds @F shhewelastigkwave

cart[199e EEL. 04,1k | 360r dgpeaghar alus according Lo Still
vi ew of an enbo#igento®f shBwsi rdn cankr idkge: fidigdisecvbiiiagsitwl eneehey, for
exanpl e, %h o) E%%Et of the present invention.

Fig. 97 shows ink cartridges according to still another
embodiments of the present invention.

Fig. 98 shows ink cartridges according to still another
embodiments of the present invention.

Fig. 99 shows an ink cartridge according to still another
embodiment of the present invention.

Fig. 100 shows a cross section of the ink-jet recording
apparatus alone.

Fig. 101 is a cross section of the ink-jet recording
apparatus to which the ink cartridge 272 is mounted.

Fig. 102 shows an embodiment of the ink cartridge for use
with a single color, for instance, the black color.

Fig. 103 shows an ink cartridge 272 according to still
another embodiment of the present invention.

Fig. 104 shows an ink cartridge 272 and an ink-jet recording
apparatus according to still another embodiment of the present
invention.

Fig. 105 is a cross sectional view of an embodiment of an
ink cartridge for use with a single color, for example, the black
ink.

Fig. 106 is a cross sectional view of the bottom part of

the ink cartridge of the present embodiment.



ink. Fig. 106 is a cross sectional view of the bottompart of the ink
cartridge of the present enbodinent. 18 0 7 APR 20D4 Fig. 107 is a cross
sectional view showi ng an enbodi nent of a najor part of the ink-jet
recording apparatus suitable for the ik cartridge shown in Fg Q&g ?nd
Fig. 106. Fig. 108 is a cross sectional view of another enbodlned% s
subtank unit 33. Fig. 109 show ink cartridges according to still another
enbodi ments of the present invention. Fig. 110 shows an ink cartridge
according to stFig.anorhes a endusd mentt iohdlhe ipwe séowingy ent eohodkngnt111

‘'shows ot her enbodi nent of th t hrough hol e | . 112 is a nt _vi ew of
the furth8f drHelo%middi ﬁ’én{: %n’fhﬁeacﬁﬁﬂ%ﬁmw@ aff‘z?“sgh&‘/&&tﬁ%’&ﬁéf’ Tot her

enbodlnEn£h@flﬁnecagkreaggrgﬁgﬁnl§ﬁ ngg 1834.580m84f uibper ot her

enbodi ment of the ink cartridge 180. Fg. 115 shoms further other

enbodi ment of tReginkO8atsra dg@%@.edDEmaLlelbﬁsoﬁl PIpONeOFeMREA L NYENTI ON
The invent'on mﬁél now be d$§cribed based on the preferred enbodinents,

whi ch do fbt 2i At8ha" fo 't >t he scope of the present invention, but
exenplify the ipygnties. sAbly Ohkt B8rf £AAYESSa8BErai R cenbinali ansthber eof
described in the enbodi nrent are not necessarily essential to the

i nvent i onemFpdipante @ﬁnébﬂtpéﬁsﬁﬁé presBhioNpavention is to detect a state
of the liquid i d I i t Vi brat.i-gn na.
The state of tHBLFT il B AN uAGe hSPRGE USF BorOtRenFi ke e PheCl hul d
cont ai ner einBoéipéyt aﬁnuhé prketbrt ingentiochevel of the I|qU|d types of
the liquid and conblnatl

shows other embodiment of the through hole 1lc.
Fig. 112 is a slant view of the further other embodiment
of the actuator.

Fig. 114 shows further other embodiment of the ink cartridge

180.

Fig. 114 shows further other embodiment of the ink cartridge
180.

Fig. 115 shows further other embodiment of the ink cartridge
180.

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described.based.bn the preferred
embodiments, which do not intend to limit the scope of the present
invention, but exemplify the invention. All of the features and
the combinations thereof described in the embodiment are not
necessarily essential to the invention.

The basic concept of the present invention is to detect a
state of the liquid inside a ligquid container by utilizing
vibration phenomena. The state of the liquid includes whether
or not the ligquid in the liquid container is empty, amount of the
liquid, level of the liquid, types of the liquid and combination
of liquids. Several specific methods realizing for detection of

the state of the liquid inside the liguid container utilizing



of liquids. Several specific nethods realizing for detection of the state
of the liquid inside the liquid container utilizing 19 0 7 APR 2004

vi brati on phenonena are consi dered. For exanple, a method is considered in
whi ch the nmedium and the change of itsigfate inside the |iqui @ ropabper
are detected in such a manner that an elastic wave generating device
generates an elastic wave inside the liquid container, and then the
reflected wave which is thus reflected by the liquid surface or a wall

di sposed wabmaenohhehehomena eapt ubedidéhede |iBoanetaeplapthodetiodhich a

‘change of acoustic npedance, i s det ect ed by vi brating characterjst] cs of a
vi br ati ng “°8} g@i’fed %H'LgtkhBHed‘ﬂ‘? U At Hae ahatge 8?@ %R shebGsteide

i npedance thedy i’#ﬁ@%bﬂ%@%&' OFc QbR REBZPLISREH & Gat@UhCEnE 23N PEELIAL OT
havi ng a piezoelectric elenent therein is vibrated. Thereafter, a resonant
fr equencyweweagﬁra&ﬁﬂultnm@e'oice mriﬁawlte@l e edesbticweavd onesédedef biqmlid
detected b% measurl n bac ce,whic S ca

b
resi dual ViBFaths n%lh %%r:ﬁh ]ie#:'tef{:ee :(’%rvft Bor i Eﬁussj()e e?‘be et ect

t he changeyofthtehe iRAOUBtderfddPedanaewads anepheedrihed &t idiatdih the
change of the acoustic inpedance, the |nc’igi)edance characteristic or

adnmi t t anc62PEHAFEct SFhaXe d oRNPhBEK| TRl suwagghe@ prgaredsucengt ic

appar at us ., .SSi

Char i ho TRHa3:88 ALALERECARSE, BRkE s Bt A M B L LB a8
t he currenbjeal:ue or vol tage val ue due to the frequency caused by the

vi bration given_to the |i.qg I s, nmeasured. In the present enbodi nent, the
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actuator to detect the residual vibration remained in the vibrating

section BRVihg qapeseepéet:tmCdewrmtaﬁhemenam wabyater.g. Thereafier, 13 is
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cont ai ner faeecerwangtdéom is detected by measuring the back electromotive
force which is caused by residual vibration which remains in the
vibrating portion, so as to detect the change of the acoustic
impedance. As another methodutilizing the change of the acoustic
impedance, the impedance characteristic or admittance
characteristic of the liquid is measured by a measuring apparatus
such as an impedance analyzer and a transmission circuit, so that
the change of a current value or a voltage value, or the change
of the current value or voltage value due to the frequency caused
by the vibration given to the liquid is measured.

In the present embodiment, the medium in the 1liquid
container and the change of the status of the medium in the liquid
container is detected using the piezoelectric device or actuator
to detect the residual vibration remained in the vibrating section
of the piezoelectric device and the actuator.

Fig. 1 to Fig. 13 is a cross sectional view of an embodiment
of an ink cartridge for use with a single color, for example, the
black ink as an embodiment of the liquid container according to

the present invention. An ink cartridge according to the present



the present invention. An ink cartridge according to the present 20 0 7 APR
2004 enbodi nment conprises a container 1 which contains liquid K, a ink
supply port 2 which supplies liquid K outside the container 1, an actuator
106 which detects ink consunption statgs i nside the container %, g@ﬂ@ﬁ
wave preventing wall which provided at the position that faceg td

actuator 106. A packing ring 4 and a valve body 6 are provided in the ink
supply port 2. Referring to Fig. 18, the packing ring 4 is engaged wth

t he i nk sepptgimerdlsr@2r corsrandarat a imgemlt Wwhacheoontth ings Regohid3d, & nnk
fluid-tight nner. The valve body. 6 i.s con ntly .and el astical

cont act eqSUBRL B0 he? JRLT P I 5P o D BUgricy 78, CORBALPRE Fnk
supply negdl&-B32atSrinserlAth Bhee¥akVenbabhdumpsi i 838y nkheel Bke
supply needle 32 so as to open an ink passage, 'so that ink inside the

cont ai nercantsisgppli edndoat Weve epvedeéngingewdl 31whiaht heovhkeduppl $heort 2
and the ink supply, needlL.e 32. an_upper wa of the container 1, there
is nnunte%o%}tggﬂiEgﬁgu%?S?én%ﬁSQQen%%ﬁ a%oﬁh#éﬁ‘stores data on ink inside
the ink cartriggaciHg ring™ &hDwsvalsedsody @ssreegtbenatdvirewnef iar

enbodi ment of the ink cartridge accqrding to the E(esent invention. In
Fig. 1 t3Upply pertihe RRSHHORRPITG wafl theopackdng 1oing #<ekngaged

hori zont atl.liﬁ’ht\:?'lé hﬁrgaﬁjé%%% 1451 %[n{m{i%aéigg g,g_waé%cﬂo%ii naQynt ed

on the bottom face ocat e ower si the ink surface. As
shown in Flg.irl a( Aluidtheéghbkmasupgty [{dre v2lveabodengadgesonsthntiy andé

supply needl e of i e recording quarat S is rovi,ded on the container 1
whi ch™ cont &t RS T .Yﬂ?@té&tﬁgt%‘? 16 L& R %%r&ﬁgt%gyd[ﬂlfsP & PRE B3t t om

face la of theeGPRERI Relk shpplylhabdldesactdiaie A Camecataet 8oyt B i nk
inside the container 1 througﬁ t he through hole 1c which is provided on he

cont ai nerig pregeedchyiatsr inheuprs lprovedls 3@nse ke posipsroan iliikchas#sgni gher
;[‘a{‘htehteiérékcokf&{fﬁ'éﬁcl ﬁ%rstnigé%r Egﬁég&fe%‘f{&?@rifﬁ%§£@p@ﬂﬁ%§%o VREA LB BRRY TS
) propagatio
head 31 via the ink supply port 2 and the ink supply needle 32.
On an upper wall of the container 1, there is mounted a
semiconductor memory means 7 which stores data on ink inside the
ink cartridge.

Fig. 1(A) showe a side cross sectional view of an embodiment
of the ink cartridge according to the present invention. In Fig.
1 to Fig. 4, the wave preventing wall 1192a to 11924 is extended
horizontally to the ink surface. Furthermore, the actuator 106is
mounted on the bottom face la which is located lower side of the
ink surface. As shown in Fig. 1(A), the ink supply port 2 that
engages with the ink supply needle of the recording apparatus is
provided on the container 1 which contains ink. The actuator
106 is mounted on the outside the bottom face 1la of the container
1 so that the actuator 106 can contacts with ink inside the
container 1 through the through hole 1lc which is provided on he
container 1. The actuator 106 is provided on the position which
is higherx than the ink supply port 2 so that when ink K is almost
used up, that is, at the time of the ink near end, the propagation

of the elastic wave can change from ink to gas. The actuator 106



of the elastic wave can change fromink to gas. The actuator 106 21 07 APR
2004 can be used as only for the nmeans of nerely detecting the vibration
generated in the ink cartridge without generating a vibration by itself
Fig. 1(B) shows a cross sectional view ffomthe front of an enbodi ment of
the ink cartridge according to the present enbodinment. As shdwPR 00Fi g.
1(B), the container 1 has a side wall 1020 which extends substantially
vertical direction to the liquid surface. The wave preventing wall 1192a

is fixed tcurd B ufQnhaidiery tob)t HOMBLHhES OfeLbey Hede Waldg 4R2Q i0faithen
container 1. A gap is provided between the actuator 106 and the wave

prevent i n@emgnated2a. the ink chyttilpedyipheohle datlensdring dgelbratiion by
filled int hseelqlgap bet ween the actuator 106 and the wave preventing wall
1192a. On J’tthe ot’her hand, the gap is designed such that ink is not held in

the gap betweenrike aqEyaik@owk08 afdsstbecwaygapPrevent frsm wild fikddadef i nk
in the ink cartridge is used. up. In other_words, no capillary force for
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remains i t hr ough C even I'n e contal ner
consuned. wHidr ébanewhevbnexhendd mbadartardirliydgertiichiad esebyisudio ahe

scanni ng &Pieqréla,t on (%url ng the printing process _and_thus, ink, ne rb% t he ink
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little possibility for the actuator 106 to m stakenly detect the
exi stence of ink. The wave preventing wall is provided to face to the

sctuator, 106 1 LR LA HABS SGRRL g, L0 A5 SRR et TRV
prevent i ngpratdntprey enrtld ttheo=ql | ef ink 1 bHel cehtiactthd tihkd kartridge,
ink is filled in the gap between the actuator 106 and the wave
preventing wall 1192a. On the other hand, the gap is designed
such that ink is not held in the gap between the actuator 106 and
the wave preventing wall 1192a if ink in the ink cartridge is used
up. In other words, no capillary force for holding ink arises
between the actuator 106 and the wave preventing wall 1192a.
Because the through hole lc is provided on the container
1, ink remains in the through hole 1lc even the ink inside the
container 1 is consumed. Therefore, even when the ink cartridge
vibrates by such as scanning operation during the printing process
and thus ink nearby the ink supply port 2 rolls, ink deces not
mistakenly attach to the actuator 106 because ink previously
remains in the through hole 1c. Thus, there is only little
possibility for the actuator 106 to mistakenly detect the
existence of ink.
The wave preventing wall is provided to face to the actuator
106 in the ink cartridge according to the present embodiment.
Therefore, even ink nearby the ink supply port 2 rolls, the wave

preventing wall prevents the rolled ink to be contact with the



22 0 7 APP 2004 actuator 106. Therefore, Thus, there is only little
possibility for the actuator 106 to m stakenly detect the existence of

i nk. Furthernore, bubbles may be generated by the waving of ink, which is
caused by the vibration of ink cartridge generated by such af t he scanni ng
operation during the printing process. Then, there is danger’ { &R 203k
actuator 106 nay detect m stakenly that there is no ink if the bubble
attaches to the actuator 106 even if the ink is filled in the container 1.
However, aecctoadongid®. trheredofiegurahsortiafrd He gnikgdnittdrbpdsaent }ithe
‘wave preventing wall prevents the waving of ink around the piezqgelectric

device eb®R WRRAIHEGMK 104 CPi BYBL3IBRAY e BT L UCH &XiHE SEaRhi ng™ -
operation duri ng.tbfephoPL! RLNICEERAY BY GBEEYEREWNGY (hie ¥AYLAG o0knknk

around the piezoelectric device, the wave preventing wall prevents the
gener at i orhoEht he dalbbdéd oy Furd hetrete orewven itnke calrtiriidgs generated bie

wave preventjn |1 prevents the bubhles tq nove close to the uat or
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provided gHehetNalgdRer WAXE PEEVRAMINDMAbl hagefedd e saclkeator tAh86.
There is no limtation of the size, shape, flexibility, and material for
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further tbhaneinfidurdthesmereshd eedmaneenbotihtenayetlps anert pngveatlingan be
square, rectangular, polygon, or an ellipse._ Furthernore, the ve,
prevent i NYEhaIPEENER T ¥avios Phel Mardk FRAG NS PIEZPRRCEFEC HEVEFRal .
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l'iquid-tight material. (Jionversely, the wave preventing wall can be nade

from t he bpeathabnlduninmteei piinoringgtekdess whByhpcevepasng heugavingui d.
ui d-t.i terial, there are
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exanpl € prevents the generation of the bubbles. Furthermore, even the
bubbles generate, the wave preventing wall prevents the bubbles
to move close to the actuator 106 and contact with the actuator
106 because the wave preventing wall is provided such that the
wave preventing wall faces to the actuator 106.

There is no limitation of the size, shape, flexibility, and
material for the wave preventing wall. Therefore, the size of
the wave preventing wall can be made further larger or can be made
further smaller. The thickness of the wave preventing wall can
be made further thicker or can be made further thinner.
Furthermore, the shape of the wave preventing wall can be square,
rectangular, polygon, or an ellipse. Furthermore, the wave
preventing wall can be made from the hard material or flexible
material. Furthermore, the wave preventing wall can be made from
the air-tight or liquid-tight material. Conversely, the wave
preventing wall can be made from the breathability material or
material which can pas through liquid. As an example of the
air-tight or liquid-tight material, there are plastic, tefron,

nylon, polypropylene, or PET. On the other hand, as an example



23 0 7 APR 200% of the breath ability material or a material which pass
through 1liquid, there are porous material constituted by such as nylon or
a material having a mesh structure. Furthernore, the porous material used
for the wave preventing wall can be negative pressure generatjng nenber.
Preferably, the container 1 and the wave preventing wall is f%ﬁﬂﬁdMﬁy a
sane material such that both of the container 1 and the wave preventing
wal | can be forned as one body. Then, the manufacturing process of the ink
cartri dgeotahhéebregitic ethilBegamse eirtke 1canndtmaieesigip Wibdat i passt blerowgh

supply port 2, .to the recording head if. the pressure jnside the ink

cartri dge5158&8m§ @%?_r%ﬁ%ugmég%ﬂ%emlh ‘Jcogﬁtilﬁkltéér]g@nﬁ%gn?saﬁl}’%%?e,

not  showgyi f fd G4F £a1 i By bdREs AN BrRAEErOf TS teRARIARLT t8e bBAbust he
pressure inside the ink cartridge does not becone extrenme negative. Fig. 2

shows a simdgerisds usest | DPmal theewaske tiveeiiieing ewbblli wemt ¥ nhsathke
cartridge_accordin resgg%ﬁinvention. As shown in Fig. 2, a wave

to. t
preventinarﬁﬁﬁPrflgfﬁgfggﬁﬂ nt'e " the side wall 1030 which extends to

the vertical dipeeteeably,thge ddtt SikidACe.antheher Qasespetiventyhgwedlfrom
the front of the ink cartridge according to the present enbodinent is sane
as the créssfozumed by ahenife itrteielaf suqr them) bethrpd. theppontaéngave

preventin 1 i ri f r t di
ext ends |§ﬁ§§%h?h§§@?h§£ag€§t%$ J%%{%ﬁggaa($ik%%§§%e§f%?ﬁéh§) ddiggn “shown
in Fig. lthéheaatifaeturhagweveceps everthiengnkaldartidecaancbkectduety.

protects the actuator 106 fromthe wave_of .ink. Fig. 3 .(A) shows a sjde
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1010 and a side wall 1030, which extend to the vertical direction to the

ink 24 becomes extremely negative with the ink consumption, airhole, not
shown in figure, is provided on a part of the container so that
the pressure inside the ink cartridge does not become extreme
negative.

Fig. 2 shows a side cross sectional view of the other
embodiment of the ink cartridge according to the present invention.
As shown in Fig. 2, a wave preventing wall 1192b is mounted on
the side wall 1030 which extends to the vertical direction to the
ink surface. The cross section viewed from the front of the ink
cartridge according to the present embodiment is same as the cross
section shown in one of Fig. 1(B) or Fig. 3(B).

The wave preventing wall 1192b of the ink cartridge of the
present embodiment extends longer than the wave preventing wall
1192a of the embodiment shown in Fig. 1. Therefore, the wave
preventing wall 1192b can effectively protects the actuator 106
from the wave of ink.

Fig. 3(A) shows a side cross gectional view of the further
other embodiment of the ink cartridge according to the present
invention. As shown in Fig. 3(A), a side wall 1010 and a side

wall 1030, which extend to the wvertical direction to the ink



0 7 APR 2004 surface, faces each other. The wave preventing wall 1192c
extends fromthe side wall 1010 to the side wall 1030. Fig. 3 (B) shows a
cross sectional view fromthe front of the ink cartridge of Fig. 3(A). A
gap is provided between the side wall 24020 and the wave pr e\s{qegti ng wal |
1192c so that ink can pass through the gap. Fig. 4 shows a AFE P8k
section of the further other enbodinent of the ink cartridge according to
the present invention. |In the present enbodi ment, the actuator 106 is
provi ded surfaee, fhapackdacethernedTion wblve fuotteorh frageal 2.1 TR emvends

“preventin wal | 1192d extends_fromthe periphe of .the ink supply port 2
within thErPRste Safe $7LEnt0tdntqi Her gbd?a‘&%{i/olqzh ~actuator 106. Fig.

5(A) shows a sige, Crogs) saduon Urddie Joittikpaiovher reshodhrentogt she ink
cartridge accordinhg to the present invention. In Fig. 5to Fig. 7, the

act uat or 496 isk noamtetion ¢eheisyde (Adal | 21030 ki phoexdeddbetweenethe
vertical directi.an the.ink surface. Furthernor he e .pr.eventing
val | 11928508 “EIgr 1030 PR dts UBYEARE P AP G VR Pl s 196 Ot FE T S0 Geb,
that is, pRasathebuyhtfhéhgasi de wall 1030. The wave preventing wall 1192e

is provided on the position where directly faces to the actuator 106. The
wave preventinFigwal4 shove axedflgs crogm tesStion &f fde fertiwytpekebre, a

nal | 1100 e R R e A B R e
i nk cartrifigechofpiéegentd(ebodingart | $har avitded crettwsenst heoviddd wal £thd 020

and the wave preventing wall 1192e so that_ink_can ass through tEe S?ap'
Because ofi®Ped gbice i iR LHNG AREYP™ ifRSend 2act TRE o¥2YB6PEF Y bI Y he

cont ai nerydy 1 WY &34 | Sed M@ de Ry PR Yl iQHAG birechant akngtpp1hypbhe yave
preventing wall 1192e, 25
within the inside wall of the container to face to the actuator
106.

Fig. 5(A) shows a side cross section of the further other
embodiment of the ink cartridge according to the present
invention.

In Fig. 5 to Fig. 7, the actuator 106 is mounted on the side
wall 1030 which extends to the vertical direction to the ink
surface. Furthermore, the wave preventing wall 1192e to 1192g
extends substantially vertical to the ink surface, that is,
parallel with the side wall 1030.

The wave preventing wall 1192e is provided on the position
where directly faces to the actuator 106. The wave preventing
wall 1192e extends from the bottom face la. Furthermore, a gap
is provided between the topwall 1040 and the top of wave preventing
wall 1192e.

Fig. 5(B) shows a cross sectional view from the front of
the ink cartridge of Fig. 5(A). A gap is provided between the
side wall 1020 and the wave preventing wall 1192e so that ink can
pass through the gap. Because of the gap, ink does not remain
in the actuator 106 side of the container 1, which is formed by

partitioning the container 1 by the wave preventing wall 1192e,



O 7 APR 2004 even if ink is consuned. Therefore, the level of ink surface
around the actuator 106 is always equal to the level of the ink surface of
the other region of the container 1. Thus, the actuator 106 does not
detect m stakenly the ink consunption st@atus. Furthernore, thﬁ.;ﬁnﬁth of

t he wave preventing wall 1192e fromthe bottomface |la can be c a &%
according to the height of the actuator 106 to the level of the ink
surface and the probability of the generation of ink wave which is

i nfl uenceevey itthenki sgosbhguatdi.nkTh&netbeenotee letvelvalF ohkt bergape
between the wave preventing wall 1192e and the side wall 1020 can be

changed &ceyrdi RSt 3CtPREPosiYa dF GHLveHE s8taatbr Wd Iivahetwthenink

di rectiongof-rhbe ci»f‘EhEQJttHeirdﬂé‘gi&Iﬁ'ﬁfn_@g@.b[?i{gﬁﬁﬂgrhh.e ¥hitatifgact8aE8p Of
t he actuator 106, or the characCteristic of ink. Fig. 6 (A shows a side
cross secflidéndokst hetf dethet vibeekenhpotherentkofotnbemphkonastatdge

according to th sent _invention. .the actuator 106 is .nount n_the
i de wal T 1030, FAERERERORF ovett (Rl L1 8651 HCE ROt GIF PHa poLP EFon
where diregbhythbapgstbR tdee atd Ul QhanHiel WS ralieveRbl Bdenakh gitd 92f
extends fromthe top wall 1040. Furthernore, a gap is provided between

the bottomif &8¢ |artawmd arhel Oaviee prleweheivag wal Ithel192fk Fixfage (Bydshbes a
o e  brabaka¥iey L YR BEnLLaRt oBlor LS WAROHE Lh 40 sole Blodiael 660, -

The wave preventing”wa I'STcoup Si al

tightly sehthaistokicarof deik.pasartheenghebeineenvihesmare: pagvestvagnwal
1192f and the side wall 1020.%E¥ this configuratiaqn, ink renains onlg in

the side®8f 1He BEEUGRbI "I 06 1ant £Hr § 8nAdiRedi gy veddt 193 RPAJPY RBange

contai ner atcByging Waye iy e¥s8it ign el thD2 o &¥ESr | fokNod SchnLonsHERd.
However, when ink surface reaches to the |lower end of the wave preventing

wal | 1192flirgasient efsthe e crotdidge 108:e siagmisfudehefcoheavhbrating
par 1 1 onegdaPle B VRNCGRLSYEOL D0t L AOZ R e enerng, gl (he gas
the wave prevenfFigg €6a) shows a side cross section of the further other
embodiment of the ink cartridge according to the present invention.
the actuator 106 is mounted on the side wall 1030. A wave
preventing wall 1192f is mounted on the position where directly
faces to the actuator 106. The wave preventingwall 1192f extends
from the top wall 1040. Furthermore, a gap is provided between
the bottom face la and the wave preventing wall 1192f.

Fig. 6(B) shows a cross sectional view from the front of
the ink cartridge of Fig. 6(A). The wave preventing wall 1192f
is coupled to the side wall 1020 liguid tightly =so that ink can
not pass through between the wave preventing wall 1192f and the
side wall 1020. By this configuration, ink remains only in the
side of the actuator 106 which is formed by partitioning the
container 1 by the wave preventing wall 1192f, even if ink is
consumed. However, when ink surface reaches to the lower end of
the wave preventing wall 1192f, gas enters to the actuator 106
side of the container 1 partitioned by the wave preventing wall
1192f. By the entering of the gas, ink remained in the actuator

106 side of the container 1 partitioned by the wave preventing



0 7 APR 2004 wall 1192f flows out to the ink supply port 2 side, then the
medi um exits around the actuator 106 changes fromink to gas. Thereby the
actuator 106 can detect that the ink inside the ink cartridge is in status
of ink end. According to the present epiodi nent, |ower end 192a_det erm nes
the level of ink surface to be an ink end. Therefore, as far TtARR 2004
actuator 106 is provided on the position upper than the |Iower end 192a to
the ink surface, actuator 106 can be |ocated in any position on the wall
face 1030valih 11&i2thbleys whitcho itier bukicepmgaspors eodedadiahthianedipimpal |

‘of the ink, suppl rt 2 side, of ontainer 1 partitioned ve
prevent i g et Iapﬁ@%fttrﬁ .G.Ct’faFﬂf iﬁgv@jaan%?%gg%qnbslgksggt 9%%' o%%}%&f ur t her
other enbodiliBnl, 1Qfr 16 EAK dekbii €98r a0LOh dikNind Ddd 1Pl ARSFHr MBI | ON.
The actuator 106 is nounted on the side wall 1030 which is vertical to the

i nk surf ate ianorigtiuse ofalinkoéndhe dswoaidiew to AheaREespRle\ MR |
1192g i s provi ded th Qsi t.ion ere directly. f to.th r

106. The ‘V/Férp?ré%g%%ah S Irlmlff§2é\ﬁ%xf%\ﬁ jé O#r%jr% tsﬁ%%%gtet (g}r% ?gg%ﬁlu%h?o t he
top wal | &@40. ThieGrefHB), ShOWaraaer 88 sechbesal 1vEews fpoovided foonthof

the ink cartridge of Fit%éfa?%A). A gap i.s provided between the wave
prevent i RPSwET O PP IR hBediQne anf 7Rt e S henbik PR TasR RSP YN ough
the gap. fygthi n{} i OR, 4k Pk HOEE: BRt of EFRENalD EREeShOg00f Ade
act uat or %66 %I?clﬁgi %b‘?gtﬁ'%dgﬁya%gr??tlfg%?ﬁgo tﬂgéco?lt ai nerel by the wave
prevent i rgivable 110%gh énenoidficenlgas s isopsomided Thekbeotrep waHd pévidie of

cur f ace. ook RPRIGHBPF g oo PE GOt AEA T oA Har WO B S Y ERe et o
the gap betyween: tdeyyever psgrenting wall 1192g and the side wall 1020 can
be changed according to the position of the actuator 106 on the width
direction of tHaidNK e shictiged 9tde rereharsradansoifc thef fppkheyOERer App
2 embodiment of the ink cartridge according to the present invention.
The actuator 106 is mounted on the side wall 1030 which is vertical
to the ink surface among the wall of the container 1. A wave
preventing wall 1192g is provided on the position where directly
faces to the actuator 106. The wave preventing wall 1192g extends
from the bottom face la to the top wall 1040.

Fig. 7(B) shows a cross sectional view from the front of
the ink cartridge of Fig. 7(A). A gap is provided between the
wave preventing wall 1192g and the side wall 1020 so that ink can
pass through the gap. By this configuration, ink does not remain
in the side of the actuator 106 which is formed by partitioning
the container 1 by the wave preventing wall 1192g, even if ink
is consumed. Therefore, the level of ink surface around the
actuator 106 is always equal to the level of ink surface of the
other region of container 1. Furthermore, the interval of the
gap between the wave preventing wall 1192g and the side wall 1020
can be changed according to the position of the actuator 106 on

the width direction of the ink cartridge, or the characteristic

of ink.



Fig. 8 to Fig. 11 show a side cross section of the further other
enbodi nent of the ink cartridge according to the present invention. The
actuator 106 is nounted on the side wall 1010 where the ink supply port 2
is provided. In Fig. 8, the wave prevengtyng wall 1192i is provided on the
position where directly faces to the actuator 106. The wave pﬁ%ﬁdﬁPﬂM@
wal | 1192i extends fromthe supply port wall 2a which is a outside wall of
the ink supply port 2 anong the inside wall nearby the ink supply port 2
of the ink cartrHidges ©n Eig. dtthehowhansl dea qqapd sepravndefl Hiet ieentHere top
i wal | 1192i. Because the cross section

wal I 1040 a d t% pr evenhl ng , ,
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There is a gap between the wave preventing wall 11921 and the side wall

1020. Becdwe irdf supploaportnk dsepreotideshain in the actuator 106 side of
the container 1, |ch is . forned b art tioni t he .cont ai ner t he
wave preventi ng]I\ﬁaI e\%ntF‘F FAKS ér%é%g Hed Y3 1h]agszjtﬁég é:rﬂ)déel‘fg

shown in Rirg pSs:fEh’!@he\fIlQéﬁe dihedwe }Qe'fa@Esl K S Heetataround. t ehagkyat or
106 is always equal to_the |evel the ink surface of the other region of

t he cont aiff@venting pagl 9192h@m9plfé@@nthﬁgsbmlly peg2j wasl prtaowhded on

B N T

provi ded bmtam&gzn theeiskpphypppdorwabl o2 a lend dkhearvaydgpr evrﬁzmtul—ng otdlel
1192j . ause the crqss section viewed fromthe front of the ink

cartri dge Y hé FPEsefit PFRVEARHOReTHesR Fhrarter vl W4kpnd the WEV§ur e
of which Wddvhe 191 tdad fargRig. 9. The wave preventing wall 1192) is
coupl ed to the side wall 1020 liquid so that ink can not pass through

bet ween t he wav&esaaenthacyessd serydjoramdewetief sdndhmafron020f threrdakor e,

as the en%%&%@%%%e?Bgm@hgnpﬁiéknéﬁgé%ééﬂﬁﬂ%.%%Oélmllar to Fig. 5(B), the
figure of which will be omitted for Fig. 8. There is a gap between
the wave preventing wall 11921 and the side wall 1020. Because
of the gap, ink does not remain in the actuator 106 side of the
container 1, which is formed by partitioning the container 1 by
the wave preventing wall, even if ink is consumedi192i as the
embodiment shown in Fig. 5. Therefore, the level of ink surface
around the actuator 106 is always equal to the level of the ink
surface of the other region of the container 1.

In Fig. 9, the wave preventing wall 1192j is provided on
the position where directly faces to the actuator 106. The wave
preventingwall 11527 extends fromthe topwall 1040. On the other
hand, a gap is provided between the supply port wall 2a and the
wave preventing wall 11927j.

Because the cross section viewed from the front of the ink
cartridge of the présent invention is similar to Fig. 6(B), the
figure of which will be omitted for Fig. 9. The wave preventing
wall 11927 is coupled to the side wall 1020 liquid so that ink
can not pass through between the wave preventing wall 11927 and

the side wall 1020. Therefore, as the embodiment shown in Fig.



6, as far as the actuator 106 is provided on the position upper than the
| ower end 192a to the ink surface, the actuator 106 can be |ocated in any
position on the wall face 1030. In Fig. 10, the wave preventing wall 1192k
is provided on the position where diresgtly faces to the actuatgoy '%86 The
wave preventing wall 1192k extends fromthe top wall 1040 to the

port wall 2a. Because the cross section viewed fromthe front of the |nk
cartridge of the present invention is simlar to Fig. 7 (B) , the figure
of which 6il&sbeenres té¢ hotubtgr 106 ¥s gapvigigd on dée pb@ﬁv\é@ﬁ thpeRave

‘preventing, wal | 92k and .t si de |, _1020_as __s

Thereforeghf'ﬂktlb% Wit © (Slrrg?% 2% { % su ?a?ﬁéh%@? L?zﬁ t%&G W%I A% s
formed bypparbehteal N LA ﬁ@Qi@i@ﬁronltHé{ mmweepwyentl ng wal I 1192k,
even if ink is consuned as sane as the enbodinment of Fig. S. Therefore,

the level of inkn Bigfadde &heunavehererenhiog Wbl 151 92 Kad P PEAUARSE0O R he
| evel of . jnk surface of thg;ol hﬁ]g f O%eo tﬁ?”&@&&%«a} 1 9 géh% ﬁgvg' g.

13 show a“si de Cross sectlon of her odi hent

cartri dgepaseending w01t heopkesarndd fvenmttilen tophea BL lwatooto the ssppbunt ed
on the boundary between the bottomface la, which is |ocated bel ow the ink
surface, BREE ¥AblsPBe wall 1030, which extends vertical to the ink

surface. |0 Fi Gpeddusd MRy S rRs8YE0LE 00 WPl ddd 320ri Bnbi fht O Be ink

cont ai ner 1 suc at one e a wave preventing wall 1192mis connected
to the botéooridge oh trzm@rtetsa@nmt herveshdoof 1shs hi lar tsbrifheict 8dBl o th@ si de

wal | 1030, . The wa vent.i.ng wal |, 11 r ov de on the cont al 1
boh thot iAot RL RBE Ge Bt e 585 Fby: 8t A 1 ade S, TE SRR TAEEL,
106 and Sﬁ@@ﬁéeﬁ%ﬁ@@vd@‘pr&‘&éﬁﬁ@ﬁg WwAEL QLlsszlaag@pth@tsy\@@él Wdie siode mal |
1020 and the wave preventing wall 1192m anong the wal |l of the cont ainer 1

in the prPeeERtivnbwi TelR).- TREPEREPES. t hiek| QRF It naRadyy fRcEhEr 8UAE  the
actuator 106y a%lty%%refé'é"wh‘l%ht bhe éoeeﬁ?éd E{; ﬁeﬂ‘tfﬂ&ﬁ%‘i‘g 2oV 2 AR 2004

the other region of container 1 even If i's consune
1 by the wave preventing wall 1192k even if ink is consumed as

same as the embodiment of Fig. 5. Therefore, the level of ink
surface around the actuator 106 is always equal to the level of
ink surface of the other region of container 1.

Fig. 11 to Fig. 13 show a side cross section of the further
other embodiment of the ink cartridge according to the present
invention. The actuator 106 is mounted on the boundary between
the bottom face la, which is located below the ink surface, and
the side wall 1030, which extends vertical to the ink surface.

In Fig. 11, a wave preventing wall 1192m is fixed to the
container 1 such that one end of a wave preventing wall 1192m is
connected to the bottom face 1a, and the other end of which is
connected to the side wall 1030. The wave preventing wall 1182m
is provided on the container 1 such that the wave preventing wall
1192m directly faces to the actuator 106 and slopes to the ink
surface. There is a gap between the side wall 1020 and the wave
preventing wall 1192m among the wall of the container 1 in the
present embodiment. Therefore, the level of ink surface around

the actuator 106 is always equal to the level of ink surface of



Furthernore, the shape of the wave preventing wall 1192m of the present
enbodi nent is substantially plane shape. Because the ink cartridge
according the present enbodi ment nounting the actuator 106 on the boundary
of the wall of the container 1, the poz$tioning of the actuatd}l? KPR 2084 t he
container 1 during the manufacturing of the ink cartridge becones easy.

Mor eover, because the length or the wwdth of the wave preventing wall
1192m can be shorten, the quantity of the material used for nanufacturing
the wave phevepthey wsdionl oo iconteduedd.l Eyetherhoiak evencprpastmedease
O ranul AGhurig Lhe VBKe BRENENLL o YA 1120MAT.3. |Odenenan. pber i al
w th the container f/ i %P eI G i VE y eas 0 positioning the wave

prevent i ngraalentl td@@ddmerithd sheundanytak 11ye phahk ehable contai ner 1.
Therefore, the manufacturing of the_ink cartrjidge 180 becones easy. In
Fig. 12, the po@ief:ﬁblﬁeo‘f-h%ﬁﬂ%t FAgt Fhega A GH Db haRretee: ®EPEIpFERENt i ng

wal | 1192 - i aj i ﬂ@pﬂi ntROf wLDe Erdrpll. On
t he ot her Cgﬁéggghgggh%%gﬁgg%?k?Iﬁaggéaiﬁicg%%?ng 1192n ?s a pgr% of
the sphericoaltaihelrl 1} rthd pesprésanhgenbaticneatuaByr ditéponglicheonaadner

preventin 11, 1192n in shape of spherical shell, .the distance between
the act uatloRu=108 &R§ PREUIAESHRGHaPt a_ﬁet REkWGFE LprE9EnPPRE™REI P28Y92n

becomes  epdabveepebyubhe NEV@ ey 8R! {1 WiRlth 19K GRA% BeEvenklingnce
the residual vibration detected by the actuator 106. Furthernore, the wave

prevent i nyaddl L1228 dre sbofsenedthasyunparty off the natenivkydadiforal
shape. In_Fig. f. iLtion of i h tu 1 a wave
P mearl fla%%ﬁf%%oﬁgﬁ Wik p%% t’lq'glgtsagr{%%gs ﬁ%ﬁmefﬁs diutcgﬁ

preventing Wa e cont airner odi'ment” "of the
Fig. 11. Gurtheraiher, daadintdlee vave i exeotadgur iad it hehe@pe psehentedgi N an -
L-shape in the Eresent enbodi mrent. The wave preventing wall 1192p is

provi ded HAlthdleewtas ferngepgiAent nERtehethalid e reRiPRhgiREFI L 15d2p5has a

sane di st 3agg Wikh t Q§g§Q:c9 pbARRAIY ehd MRl briQ30cang Fhe1 botdmohace

| a. By shaping the wav
the boundary of the wall of the container 1. Therefore, the

manufacturing of the ink cartridge 180 becomes easy.

In Fig. 12, the position of mounting the actuator 106 and
the wave preventing wall 1192n on the container 1 is same as the
embodiment of the Fig. 11. On the other hand, the shape of the
wave preventing wall 1192n is a part of the spherical shell in
the present embodiment. By shaping the wave preventingwall 1192n
in a shape of spherical shell, the distance between the actuator
106 and the all the part of the wave preventing wall 1192n becomes
equal. Thereby the wave preventing wall 1192n deoes not influence
the residual vibration detected by the actuator 106.

Furthermore, the wave preventing wall 1192n can be formed
as a part of the hollow cylindrical shape.

In Fig. 13, the position of mounting the actuator 106 and
the wave preventing wall 1192p on the container 1 is same as the
embodiment of the Fig. 11. O©On the other hand, the wave preventing
wall 1192p is formed in an L-shape in the present embodiment. The
wave preventing wall 1192p is provided on the container 1 such

that the wave preventing wall 1192p has a same distance with the



preventing wall 1192n in a L-shape and reducing the gap between the wave
preventing wall 1192p and the actuator 106 as long as the capillary force
does not arise between the wave preventing wall 1192p and the actuator
106, the waving and bubbling of ink around the actuator 106 cBri ARR 2004
effectively prevented. Fig. 14 is a perspective view of the ink cartridge
which stores plural types of inks, viewed froma back side thereof,

accor di Nggi Qe APz ENMDa@LIEN NG A KON 1S Baks diavi ded %agﬂi\fiéi@{b Walre s
into three ink chanbers 9, 10 and 11. Ink supply ports 12, 713 and 14 are
“formed fopreventespecalve g dhapbershape andctadmingaédegganpfbeheeen

tive ink chanb 9, 10 and th t t 1 d
e ok T HHE Cuntad de s WA ard REE asrvaest el fenidne dein
the ink whhgh-d;5i hpasedrdceatded Mot Gharkebetivaehhehkhwaughphevenpinyi ded

on the container 8 Each of three different wave preventing walls, not
shown inwahk ¥i%gp end ¢her e¢tdedosnlfhe PosivadoindfaichbRbdl ingsPdeiBE the
i nk contajner_9, a c h t venting walls
faces to %ﬂ%u%(gc'#?%f Qg%%%té %rgoég&iégagﬁgf%?ebﬁ%? ifgg‘?%ngé%ér spective

vi ew of the inkrigrtr4 dge aMpectspesitdres villewr @lf thpednkf chnksjidygeewbilchr om a

back side thereof according to,an enbodinent. A contajner 8 is di v%ded by
partitionSt9EET sPIAralt hYReS| Ak LWEFherse¥ed 15T R de 172 nk  deppRS Hofts 12,

13 and 14 5% el fSReCt hVeoh ki GBRAMEES 14188 $ydgiv 8l bn 1028
whi ch extae%t%lcglrc?/%ﬁ1 icalfalﬁyeto t{\e I nk ?u??%gélof t he rlespecti ve ﬂr\k ch?mbers

9, 10 andwdllls tihgo ¢hpeet ink cGemEmy §, 16,arkb 1dnd 17k gupminupead soh2t he

cont ai ner_ 8. h of the ctuators 15, 16, and.,l17.i s, nmount Qn ach
o e il anda e sotre B4P e reRoer R el nit FreR REr i Ao dEEofE!
and 17 cafac&@Bidetchd thspher itk ik ehamse housedoigheath thikrespebeivei a

the through hole, not shown in the figure, provi ded on the container 8.
The act ua@@FuaERF sl hodsft 88dat? gre Bpunhedpar thhe sRMMALFeTWHiTh 8RO e APR

2004 i's providedy betneesnt hec i ke ghanbern9 andchhesi Rkusbander e40n aad

chamber via the through hole provided on the container 8.
Each of three different wave preventing walls, not shown
in the figure, is provided on the position of each of inside of
the ink container 9,10 and 11 such that the each of the wave
preventing walls faces to the each of actuators 15, 16, and 17.
Fig. 15 is a perspective view of the ink cartridge which
stores plural types of inks, viewed from a back side thereof,
according to an embodiment. A container 8 is divided by partition
walls into three ink chambers 9, 10 and 11. Ink supply ports 12,
13 and 14 are formed for the respective ink chambers. 1In a side
wall 1028 which extends vertically to the ink surface of the
respective ink chambers 9, 10 and 11, the respective actuators
15, 16 and 17 are mounted on the container 8. Each of the
actuators 15, 16, and 17 is mounted on the each of the ink chambers
9, 10, 11 so that the each of the actuators 15, 16, and 17 can
contact with the ink which is housed in each ink chamber via the
through hole, not shown in the figure, provided on the container

8. The actuator 16 is mounted at one of the partition wall, which



the partition wall, which is provided between the ink chanber 10 and the

i nk chanber 11. Each of the wave preventing walls, not shown in the figure,
is provided inside the each of the ink anber 9, 10, and 11 such that
each of the wave preventing walls faces™to the actuators 15, ﬂ?@Raﬂﬂ#l7
and extends to the vertical direction to the ink surface. Fig.

perspective view of the ink cartridge which stores plural types of |nks

vieved from 3,-835Kc8l Hét%@@fxe&{e 1n@;081ﬁ§@ﬂé&?n9f(gg§“t£§?§%%%bg dner

is divided by partition s into t

supply porttlse p2rtit3oandald, awleldlomseplrbmdeheoeteeqmmtuheemhkclmdnﬁhmeﬂ&
Each of act attors ]kg 16 and 7 is nmounted on the container 8 just nearby
the each ot" etl 12, 13, and 14, respectively. Each of the

actuators 15, 1@acamdf1t7hé &awie%ﬂelﬁ@%aqu Abttdodkn chamens-d, 10,
11 so that the each of the actuators 15, 16, and 17 can contact wth the

i nk whi ch issDPHeyddgd anaida bk e@ﬁan@érthaulalq fharhesuyh 1ol epdnict sstedwn i n

he f '
15, ot ReRoRA ST 0 e PR T radas, irah hE B G T T

chanber 9,16l0and@nd élﬂd&bttﬁndbhﬂi tﬁé%r(&flctail&ii/\ﬁé/@tﬂﬁl@‘ﬁ@rﬁﬂégn}é@driaf@es to
the actuators 15, 16, and 17 as shown in Fig. 8 to Fig. 11. Fig. 17 is a

per spective vi eWi6r e lSnR PEFEPFEBEVANYERY @f drks Jm]ﬁr(%@lrttr)l&é? ks,
vi ewed fropgdack side t:%gsegf’ i AGCORdINRd ‘%f??nt %"%%@W%gtde GG ner 8

has sane constltute el e t as showl in Fig. ope 'face
whi ch sl omormr@n‘eomkemhocﬂaments ﬂ’rown’dednenathe chnztﬂdmi lbﬁ@er&atlEalch of

actuators 15, 16 d%f#gels pltreng ed face 1025 of each of t he

i nk chanberslﬁ Tg ZUeMTCAP '2 4a c]hlof e SHRR LY RiRfehilPng

wal |'s, n0t13'5|a@1\&n1l4na§cEeth:ﬁ\!éEieforl Sher pyipede 19s1 tex theaRaehs Of Holig K

chanber 9, 10, and 11 as shown in Fig. :
‘actuators 15, 16 and 17 is mounted on the container 8 just nearby
the each of the ink supply port 12, 13, and 14, respectively. Each
of the actuators 15, 16, and 17 is mounted on the each of the ink
chambers 9, 10, 11 so that the each of the actuators 15, 16, and
17 can contact with the ink which is housed in each ink chamber
via the through hole, not shown in the figure, provided on the
container 8.

Each of the wave preventing wallg, not shown in the figure,
is provided inside the each of the ink chamber 9, 10, and 11 such
that each of the wave preventing walls faces to the actuators 15,
16, and 17 as shown in Fig. 8 to Fig. 11.

Fig. 17 is a perspective view of the ink cartridge which
stores plural types of inks, viewed from a back side thereof,
according to an embodiment. A container 8 has same constitute
element as shown in Fig. 14 to Fig. 16. A sloped face which slopes
to the ink surface is provided on the bottom face 8a. Each of
actuators 15, 16 and 17 is mounted on the sloped face 1025 of each

of the ink chambers 9, 10, and 11.



Furthernore, the actuators 15, 16, and 17 can be provided on the boundary
of the walls that adjoin each other in the container 8. In this case, each
of the wave preventing walls is providgg i nside the each of the ink
chanbers 9, 10, and 11 as shown in Fig’ 11 to Fig. 13. Fig. 01BAPR M0kr oss
sectional view show ng an enbodi nent of a najor part of the ink-jet
recordi ng apparatus suitable for the ink cartridge shown in Fig. 1. A

carriage 30 ca f i LNg- ] [ t4 f; w gt h-of the
recordi ng pape%@f%qﬁ?%%@ﬁm?%ﬁggﬂgh ?av}n elus'?fi ?QEB%HQWMI?I%; Fﬁg riej%or di ng

- head 31 is pyooniidded insidel ahver ehabheobft el rdulothantbamiot, 38, dbdebveds the
i nk supply needle 32 is provided in an ink cartridge nmounting face side of
the subt a4 F394 1 ¢t he present enbodiment, the ink cartridge shown in

Fig. 1 is used.pJhe[sfone the WRYGatBLEVESLi NG, wald 15182a he FRupE@ss on

the position which faces to the actuator 106. However, the ink cartridge
shown i n di ghe bdumdaiygof theceal be theeddimsitreadchiotar Lnkhearent aReEhown

in Fig. . Therefore, the ve preventing wall shown i i £ Q.
17 can beBlusgﬂl %ngt HiaSHr eS3% %‘ﬁbtgtﬁ RENE. plgleé'.en%énﬁswgmégt gTb'I d‘g%?%é;%
secti onal i vd 8y @hedeSURtINK HENE bk hindferan senbodidRnt 104 s tdiwr Gui Fig.
contai ner according to the present invention. The subtank unit 33

conpri sesltHeo iFlg sulbply needl e 32, the ink chanber 34, a flexible valve
36 and a filter,, 37. .In_the ] ; | Dk . odusedVhkpl &8
supplied fromejli' ilri?kgcszagr]t%ﬂlo%e%\g?gg?%ﬁl%éﬁ)%{?%Hndyéﬁi aglzl.é&%he Tl exible

val ve 36 a4 magordpargnefl dHatinkhe ettl excbléinglampBfat s epatedlandorctivsed by
means of the pressure difference between the ink chanber_ 34 and.the jnk

suppl y pas¥ageasEriffe sHMhKk  nifiB3 ts so EHASEAEE et t FEPHHE iR

supply passage 3o ¢ Shd QAMetk cated Whhb B88h8 Wi dHiRo200de theoragakdbagenead
31 so that the ink can be supplied up to the recording head 31.

Fur t her nok® eduiersst watdr a168btankbenhb At edhod & kdesrgeording head 31

is provided in a lower face of the subtank unit 33. Moreover,
the ink supply needle 32 is provided in an ink cartridge mounting
face side of the subtank unit 33. In the present embodiment, the
ink cartridge shown in Fig. 1 is used. Therefore, the wave
preventing wall 1192a is mounted on the position which faces to
the actuator 106. However, the ink cartridge shown in Fig. 2 to
Fig. 17 can be used instead of the ink cartridge shown in Fig.
1. Therefore, the wave preventing wall shown in Fig. 2 top Fig.
17 can be used for the present embodiment.

Fig. 19 is a detailed cross sectional view of a subtank unit
33 as an embodiment of the liquid container according to the
present invention. The subtank unit 33 comprises the ink supply
needle 32, the ink chamber 34, a flexible valve 36 and a filter
37. In the ink chamber 34, the ink is housed which is supplied
from the ink cartridge via ink supply needle 32. The flexible
valve 36 is so designed that the flexible valve 36 is opened and
closed by means of the pressure difference between the ink chamber
34 and the ink supply passage 35. The subtank unit 33 is so

constructed that the ink supply passage 35 is communicated with



wal I 1050 which extends to vertical direction to the ink surface anong the
wal | of the subtank unit 33 . The actuator 106 is nounted on the side wall
1050 so that the actuator 106 can contg&;s with ink inside the ink chanber
34 through the through hole 1001c whic is provided on the sfgep Iﬁm1050
The wave preventing wall 1192q extends fromthe filter 37 to the upmard
direction to the ink surface so that the wave preventing wall 1192q faces

to the aghualor }8%%%%%?;15 Y %\é‘a‘ﬁeghgei%@ﬁe&ﬁ;ﬁ‘eﬁ sq_gjpvﬂ.leld %%GSEqm%\Cgap

| ocates upward the in the wave prev
‘i's provi dedcbetinagnhthd attuator 106 and the wave preventing wall 1192q.
If ink is filled in the ink cartridge, ink is filled in the g bet

t he actuat or 10gu§EBeFW8r%VEhep?%%‘f?%gl%lqanlf@@w@fefﬂhé’ Fﬁ@rsﬁ ﬁgn i f

the ink inshde; §08 wHih %%Ebhﬁg%o 'v’%ﬂ%%&l”%@reb'&&ohsta%hé@nﬂ birEQgegap
between the actuator 106 and the wave preventing wall 1192g. That is, the

capil |l ar yafnonge;hamla&h dfot ts auﬁt,ardnemhdﬁ WoTke shEtwemT LAE isotuated 106
and the wave reve 119 o S sect of the subtank, unit
33 viemedOFrBﬁ? aﬁé“ﬁP%H PRESH %ﬁ%t?%ﬂ'ﬁppﬁﬁcgg Wﬁ%ﬁcross
section Qhktﬂesic% t&@r ihik @%@n@@@m Itrhrléu h £hé Bhrouyt0Be1 &Sl qo@vivHeeh
between the side wall, not shown in the gure, which adjacent. to the side

wal | 10501iamravidemen thegéae wap Walos 0119@@@ wHye Peoeenbingeall hko3drf ace
around the, actyat ‘Ef% Eno‘éh h)é‘@i‘s ?qHS ere\ﬁgﬁaksvékﬁegkewetb”Ehé“&ﬁﬁce of

t he ot her region O he con alr ner re, w consunption of
the ink i Basrfecthed ndhahattberwadd, ptaeehevrely ek liink 1od aﬁ:aecebzetmenhehe

side wall 1050 and the _wave preventln% wal | 1192%halso decr eases. g
actuat or 66UAEREr - ddeS2RotS RESVARER Heliseerth EOPn‘&a%JoHQL?r‘PptWBhC

status. 34c0:¢c8PRpeR0 W N rddie | 8ptLofwdhe %@%ﬁeﬁf?ﬂ@n{vbmg wal |
1192q fromthe flpter 37 can be changed according to t position of the

actuator 1082¢ge the |level of the ink surface and the probability

A gap is provided between the actuator 106 and the wave
preventing wall 1192g. If ink is filled in the ink cartridge,
ink is filled in the gap between the actuator 106 and the wave
preventing wall 1192g. On the other hand, if the ink inside the
ink cartridge is consumed, ink is not held in the gap between the
actuator 106 and the wave preventing wall 1192g. That is, the
capillary force, which holds ink, does not works between the
actuator 106 and the wave preventing wall 1192q.

The cross section of the subtank unit 33 viewed from the
direction of the side wall 1050 is similar to the cross section
of the ink cartridge shown in Fig. 5(B). A gap is provided between
the side wall, not shown in the figure, which adjacent to the side
wall 1050 and the wave preventing wall 1192g. The level of the
ink surface around the actuator 106 is always equal to the level
of the ink surface of the other region of the container 1.
Therefore, with the consumption of the ink inside the ink chamber
34, the level of ink surface between the side wall 1050 and the
wave preventing wall 1192q also decreases. The actuator 106

thereby does not mistakenly detect the ink consumption status.



of the generation of ink wave which is influenced by the viscosity of ink.
Furthernore, interval of the gap between the wave preventing wall 1192q
and the side wall 1020 can be changed _according to the position of the
actuator 106 on the subtank unit 33, fAe magnitude of the va?gﬁgn {eglon
of the actuator 106, or the characteristic of ink. Referring gm

when the ink supply port 2 of the container 1 is inserted through the |nk

suppl y needle f, the an 3 t he val ve bod r i nst
The shring 5. g etiaret Hpactabh 7L i heetal e RS fE
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valve 36 is positioned fron1a val ve, body 3.8 sg as to bec qgﬁn

t he

as shown H’rr?‘f-ﬁ’a:mQLQ‘”a%eﬁllg’ﬁé PRexithce A% e%3bl i 406Fefé@® RSk

| nk chanpel, f’tﬁrﬁ%@éﬁsthg gﬂ%@%@f@h@%ﬁ?&&hb%r@ﬁ%é bevtakkpassage
35. Acconpanled the ink which has flowed into the recording head 31,

the ink i3B, tdle cagrdimete b lthwas viibrettihg sagtankofinthe 88twdtox he0¢ nk

supply needl e 32.. Moreover, the act ator 106 and the wave preventing wal l
are pr oﬁ‘ﬂeﬁleathae’%‘ft%ﬂjeé%lf ‘:?fg *cartridge and the subtank unit.

However, the agidrad:aFfindbaneid hegyavgdn Wtizﬂg g@ﬁal gsbm 2 psovilged
both of the ink cartridge and the subt ank uni t. providing the actuator

106 and ternt@vEepledeninggrhad thrmu%tW%flnlﬁ@%ﬂ&mwl@gé%ﬁ@ e
subt ank ﬁtaﬁl{'%rﬁ% 3%ndt§1§ Q?ZVQP&G%}? é:%d%% 91 at.l.lill%tl Ehecé}!’){“{hgg@ and
el ecte or

t he subta uni't can bé ‘accura xanpl e, the recording
appar at ussc ahalteasetnit passtagpe nlaefaszenm't @ndgtbpermat iigrs idleehheneomta ther cases
artses Sulcr;':llc:)ws into the ink chamber 34. At a stage where the ink chamber

34 is filled with ink, a negative pressure is applied to a nozzle

opening of the recording head 31 so as to £ill the recording head

with ink. Thereafter, the recording operation is performed.

When the ink is consumed in the recording head 31 by the
recording operation, a pressure in the downstream of the flexible
valve 36 decreases. Then, the flexible valve 36 is positioned
away from a valve body 38 so as to become opened as shown in Fig.
19. When the flexible valve 36 is opened, the ink in the ink
chamber 234 flows into the recording head 31 through the ink passage
35. Accompanied by the ink which has flowed into the recording
head 31, the ink in the container 1 flows into the subtank unit
33 via the ink supply needle 32.

Moreover, the actuator 106 and the wave preventing wall are
provided at least one of the ink cartridge and the subtank unit.
However, the actuator 106 and the wave preventing wall can be
provided both of the ink cartridge and the subtank unit.

By providing the actuator 106 and the wave preventing wall

on both of the ink cartridge and the subtank unit, the ink end



that the nunber of the droplets discharged fromthe recording head reach
to the predeterm ned nunber of droplets during the neasuring of the nunber
of droplets after the actuator 106, which is nounted on the ink cartridge,
detects the ink end or that the actuatot® 106 nounted on the sgﬁtgnk unlt
33 detects the ink end. Furthernore, the recordi ng apparatus c

stop the recording operation Wnen bot h of the cases ari ses such that the

nunber of ttlggu%rcﬁgt%t S%quasc%r}% %g{:ntt baesﬁ 'un head reagﬁurag%gnt ed

pr edet er mne er o roplets

on the inketacteddge, Faletecimplde u:rni( xera:ﬂuremdlg blp@iarfdt@sa@taulaber s¢@6to
nmounted on the subtank unit 33 detects the ink end. Wiile the recording
appar at us St&PopBrat PRETIANr PRBT]F §7RaI WheRr anppif dde sasies &L §860FUTD6 at

a period whiy gr\:ﬁénﬁgl%ae'rrbf‘@lﬁ% o lgﬂ%glgghbﬁg@ficﬁr% £ B8 Q01 1 %ﬁ@’agr ng

anot her enbodi ment a subt an nit ui d cont ai ner cor
to the pr ersemh ta nherpneﬂete'ﬁrnm:mi namnber b&ﬁdr@pl@t@ﬁ&dm@ ﬁlﬁls&mead&rmﬁgl

1050. The vent | 1192r extends fromthe top 1060
oo 4 Rae e e ot B s o AL ERT R Lt BT & Vb kel hRTORnE Fdce.

There is engeaeb%meearw@déemaee@&é%{ﬂeq }Ué%d"’%\ie t e et 5@911&@13&
1192r and the filter 37. Mbreover, a gap is provided between the wave

preventi n@,O\ﬁ/arnpummggr Oan@hﬁheusﬂ:dekwahht agj deEﬁCtSothhelskdenvl/al I 1050. No
capillary for cep i nk, ari.ses bet t he wave p ev Pg waII
0

1192r and the acf:uafg'rmO%% the SEROr S e AR me‘ﬁ‘g%&aﬁelf’l? S

Because argaprdsngr@peﬂadlbﬁtmam Hdith \6&VEhEr €¥ea | A6 e Isuclhl%etaaﬂet he
si de wal | 5l‘lt:_)acent to the side wall 1050, the level of the ink surface
around t hBURRPEHaPBrtheaiplatsmyd sshazpefol Yo th%\F’é?CQﬁthl}ﬁe hegd 5aRFRCe of

the ot her cpeg 0N, 3d Ner-f1 @'Iﬂﬁ{be%llof?’éggpfe@g%g@@é Iﬂag Lot R8s,

actuator 106 detects the I nk end status detecting t |nk surface at
t he nount whgchosst nounbédt e et uatlorcartifidge, detects the ink end and

that the actuator 106 mounted on the subtank unit 33 detects the
ink end.

While the recording apparatus is operating, a drive signal
is supplied to the actuator 106 at a period which is set in advance.

Fig. 20 is a cross sectional view of another embodiment of
a subtank unit 33 of the liquid container according to the present
invention. The actuator 106 is mounted on the side wall 1050.
The wave preventing wall 1192r extends from the top wall 1060,
which is located upside of the ink surface, downward to the ink
surface. There is a gap between the lower end 192a of the wave
preventing wall 1192r and the filter 37. Moreover, a gap is
provided between the wave preventing wall 1192r and the side wall
adjacent to the side wall 1050. No capillary force, which holds
ink, arises between the wave preventing wall 1192r and the
actuator 106 as similar to the embodiment shown in Fig. 19.

Because a gap is provided between the wave preventing wall
1192r and the side wall adjacent to the side wall 1050, the level
of the ink surface around the actuator 106 is always equal to the

level of the ink surface of the other region of the container 34.



Fig. 21 is a cross sectional view of further another enbodinent of a
subtank unit 33 of the liquid container according to the present

i nvention. The actuator 106 is nounted 4Qn the side wall 1050. The wave
preventing wall 1192s extends fromthe top wal I 1060 until t |.ter 37
No capillary force, which holds ink, arises between the wave @@Bn@

wal | 1192s and the actuator 106 as sinilar to the enbodi nent shomn in Flg

19. Furt 2 9 i i ded e Phev i ng Iy 1925
and the Qlﬂ{d&oé adﬁggeﬁ%&{%@f% %IB 54%85%% méfe%@?e t\é@I ev%
“the ink ScﬂHtfétClﬁlmg atedi ke vadtrat ot th@ﬁnomxstahg\@psmqm:l of anliehaecttmtedarof

the ink surface of the other region of the container 34. Fig. 22 and Fig.
23 shows H%etail and equivalent circuit of an actuator 106, which is an

enbodi ment of g, pi ﬂoqlsecgrbgosgevge%ecl%atlhevﬁ#ss@t fh et Ofinodiher
actuator explained herein 1is used at least for the nethod which detects

the |i quienbadimsmptifon sildtarsc unithes lafguhd ldentia prentipynegat @@ctwn@l@g

h t d | 1) th t.uat f
e hod & AP BEERTEE REVETRIR OnGRmIt it ot hORSL s HOLRS o6 Fa i BT ai ner

by det ecty4mn Qtod(ﬁast‘hbhﬁaﬁl%gﬁﬁ@véﬂtﬁﬁ@uﬁl ¢ 1impedaneendyy rdeheehengop he
resonant frequency fromresidual vibration. Fi 22 (A) is an enlar ed

pl an vi ewdkl {6 Gasntdtotheo6ilFpy. 322 (W) caphdwery BOBCerowbishcae
t he actu t 1 I n he Eft or
106. Fi gal %?lsgﬁ I?e%%ve%g) ?%m%ﬁg\%sgggé‘V%ngﬁvgs o i%l %L g%l‘?% o] h%jl%

act uat or a]dlfilatli-&ﬁmmé fsgslmJZBaJ(@oatﬁde FérgooPinerid) §1ﬁ@m iheragt urt or 106
and around the actyator 106, and the equival ent ci r(i_lwt of the actuyuator

106 when an i nK U FhFIM%Ry PnIdtRel § REO(YéFlFFil RRfeesr & DYVE) PERYCRT 49 23

(F) showsszthe peidalon 4QE éﬂéeak}v‘awdati?%céﬁﬁ:u%borthlso%lcfé‘%éilﬁ :@@IS'{!) val ent
37 0 7 APR 2004 Circuit of the actuaior 106 when there is no ink in the ink

cartri dgethepafersg udthsy 1e08 1l A¢l bdesink Fasd aslecapgourg thevipbeapkay 106

ig always equal to the level of the ink surface of the other region
of the container 34.

Fig. 22 and Fig. 23 shows a detail and equivalent circuit
of an actuator 106, which is an embodiment of the piezoelectric
device of the present invention. The actuator explained herein
is used at 1least for the method which detects the liquid
consumption status in the liquid container by detecting a change
in acoustic impedance. Esgpecially, the actuator is used for the
method which detects the liquid consumption status in the liqguid
container by detecting at least the change in acoustic impedance
by detecting the resonant frequency fromresidual vibration. Fig.
22 (A) is an enlarged plan view of the actuator 106. Fig. 22(B)
shows a B-B cross-section of the actuator 106. Fig. 22(C) shows
a C-C cross-gection of the actuator 106. Fig. 23(A) and Fig. 23
(B} shows an equivalent circuit of the actuator 106. Each of Fig.
23(C) and Fig. 23 (D) shows the actuator 106 and around the actuator
106, and the equivalent circuit of the actuator 106 when an ink
is filled in the ink cartridge. Fig. 23(E) and Fig. 23 (F) shows

the actuator 106 and around the actuator 106, and the equivalent



plate 176, a piezoelectric |ayer 160, an upper electrode 164 and a |ower

el ectrode 166, an upper electrode termnal 168, a |ower electrode term nal
170, and a supplenmentary el ectrode 172.. _The base plate 178 has a circul ar
shape opening 161 on approxi mately it$’center. The vibrati ng plate 176 is
provi ded on one of the face, which is called as "right side" BﬂaABRI?@% ng,
of the base plate 178 such as to cover the opening 161. The piezoelectric

| ayer 160.is.dispasedyan 4d i Of ce.of .t Vi {ng. ..pl ate
176. The ﬁppggigl gctro%e fggjb;tr?? t%eél%%}? %#%%%rg eBEGQ%kséLE{d\%Hc%:gltng
"pi ezoel ectrrtridger 160 from both sides. The upper electrode term nal 168

connects to the upper el ectrode 164 1é<§| ectrically, The | ower e|ectrode

termnal 170 cohfec?SEEatehel0f otirl %%t‘?‘o]ﬂ%sﬂfi@%ﬁr%c”?ca?lV?b%"elng

suppl emenpagye el A8l HOHee zdEZ ek rdksS 1291 VeR N1t her WPRRY: Q1L £9de, 4 64
and the upper electrode term nal 168 and connect's both of the upper

el ectrodea lévenarmd adteradspercéel eot noper tereninaldd 6@ rnEacl 468t he lower

pi ezoel ectric | ayer,_ 160 el ectrode 164 nd the | qwer ctrode 166
s a Gl r ERPAFE AR (5 SR T L PROO AR SRS A A ar  pEA% f on
of the pipzeelKdrd a 7sange 463 rdN@rUBREpe SHEELAPAR 1164, apProkhfal OWRT

el ectrode 166 forma piezoelectric elenment. The vibrating plate 176 1s

formed oniffReceRlht- siThe ofihnedingupflace af6t he baswipedt enigBetof cover the
openi ng 1§$%Fgﬁqf&£ iy ca}]ﬁ%d Sl QH@%&?&&Q"E iﬁqorftdlci%“&fngtl,g%f‘c’)]f:f;f%aﬁé&9

pl ate 176, ces the opening and t'he “opéni ng he on the
surface platbdelbassughaie tly&ovire thacepehitie 16ase phateidZ@eWatithid s
opposite fide of the piezoelectric.elenent, called as "back side" in

fol | owi ngiaYeT f8leS Wit Passe PR fiidhtedhtacder e syg Lot & yibigbing

construct gd,gdciy d hatrtHh@ppa¥ £Yed 82089 AL MR hbfeide 188t Dode ARE 2004
The vibrating plate 176 i 5 nmounted on the base plate 178 such that the

| i qui d doeanawichddie Pdetzioe Leicgbrt.cslagevfl @hérowbeie sifdashe Thaserpiat e
178 even Eieépz?ocliéq%iegrm%?ltaeirSlé.é"sc!:ggmtaggsc%\éi teﬁae16121'pper electrode 164
electrically. The lower electrode terminal 170 connects to the
lower electrode 166 electrically. The supplementary electrode
172 is disposed between the upper electrode 164 and the upper
electrode terminal 168 and connects both of the upper electrode
164 and the wupper electrode terminal 168. Each of the
piezoelectric layer 160, upper electrode 164, and the lower
electrcde 166 has a circular portion as its main portion. Each
of the circular portion of the piezoelectric layer 160, the upper
electrode 164, and the lower electrode 166 form a piezoelectric
element.
The vibrating plate 176 is formed on the right side of the
surface of the base plate 178 to cover the opening 161. The cavity
162 is formed by the portion of the vibrating plate 176, which
faces the opening 161, and the opening 161 of the on the surface
of the base plate 178. The face of the base plate 178 which is
opposite side of the piezoelectric element, called as "back side"
in following, is faced with the liquid container side. The cavity

162 is constructed such that the cavity 162 contacts with liquid.



The | ower electrode 166 is |ocated on the right side of the wvibrating
plate 176, that is, opposite side against the liquid container. The | ower

el ectrode 166 is provided on the vibraang plate 176 such that the center
of the circular portion of the lower electrode 166, which is g7Ebm o004
portion of the |lower electrode 166, and the center of the opening 161
substantially matches. The area of the circular portion of the | ower

el ectroderfb§ihsasehglidl e 19%8L & sfodiain b 1Y 8asefpldee apenkienh ke The
pi ezoel ectric | ayer 60 is forned on the right side of the surface of the

"l ower elBw Addeiticéosachot hetak e tbet rigbt site oif sheasupbaceodt &4e the
center of the _qpeni 161 substanti.al |y tch. The area pf _th i.rcul ar
portion oqastehéﬂﬁi &ngae%ﬁepclfa T ]fé{'}yjidggggfartsolﬁgldgn%ﬁ e‘fa\fﬁta}rﬁ ]t%g ar ea
of the opening ikl1andr| &1 et rédan dehesar®dated onheheiridhiarsiger 6£ahef the
| ower el ectrode 166. The upper electrode 164 is forned on the right side of

the surfadrasiinh@lgitezddibecthpé FayePPRBo1sacH Ehadgaiesederlisfuig he

circul ar j ; whi i 'e%gﬁ! L : and. L be, ;i 5ent&lg of
t he openicﬁog{%%{ésru'bsﬁl%t%%f’%pérrla C .O%éGErleg)b%;Otﬁ%d c?lr%u?arl pOI‘t]i n of
t he upperpledtecti vedaictbdhas tei ckatbe firahéerirddlan phetapsabtheHewsnr cul ar
portion of. the opening 161 and the  piezoelectric layer 1?0 and | arger than

the area DfIHEOE e8I 41 Porfi DMGH PEEC T MSE Bl ciBEETTHE S r €,
the main noythonof hsr mrﬁzeﬁéﬁf%?ﬁgsﬂ BYBE 4801 a DB s tHMCT UBetBr e

sandwi ched by the main portion o upper electrode 164 and the nain
portion aif tthe ktéwenlekeptrodeneaththd rlomer gliecsirgelef 466 ardsphcke diade

f , d t t i ti f _the pi legtric |
o f ot LTV e, Bt g R P ok S SReaRLEe P o it ki B Eeona e hsm,,
portion, MU Cis i SodnedBbA RBE! rdRydf Lanh of the puereekedtr ithd dysreri6O,

the upper 39 0 7 APR 2004 el ectrode 164, and the | ower electrode 166, forns
the pi eI 166crvrt thathéhgcFEBESF 2D6thAC BRPLRhaPEbYRR, 20 he

el ectric g| ool Gopkachs ¥hiditde o4 MG RANS MMN.N The area of
the circular portion of the piezoelectric layer 160 is set to be
smaller than the area of the opening 161 and larger than the area
of the circular portion of the lower electrode 166.

The upper electrode 164 is formed on the right side of the
surface of the piezoelectric layer 160 such that the center of
the circular portion, which is a piezoelectric layer 160, and the
center of the opening 161 substantially match. The area of the
circular portion of the upper electrode 164 is set to be smaller
than the area of the circular portion of the opening 161 and the
piezoelectric layer 160 and larger than the area of the circular
portion of the lower electrode 166.

Therefore, the main portion of the piezoelectric layer 160
has a structure to be sandwiched by the main portion of the upper
electrode 164 and the main portion of the lower electrode each
from right side face and back side face, and thus the main portion
of the piezoelectric layer 160 can effectively drive and deform
the piezoelectric layer 160. The circular portion, which is a

main portion of each of the piezoelectric layer 160, the upper



the circular portion of the upper electrode 164, circular portion of the
pi ezoel ectric layer 160, the circular portion of the |lower electrode, and
t he opening 161, the opening 161 has t | argest area. By this structure,
the vibrating region which actually viBrates within the vibrating plate is
determined by the opening 161. Furthernore, each of the circul arARRo2®% on
of the upper electrode 164 and the circular portion of the piezoelectric

layer  16Q138d:-bg CipgYl aknROr than Sbuhe Loverrshecttede hes.agml bas

area than the area of the opening 161, T e vibrating plate becones easily
'vi brate. Wiehprlehericreldémenpain itdre efttiheokol®s. S=eetpddenkdbabaodet he
circul ar rtion of ,the upper el ectrode 164 .which connect othe,, .

o1 206 ecLAPCEF ST o REet (TR AGES CHEE P WEAFSpare B oGF - Mot Pber

el ectrodeth86:1 Scisldt bek-ti BNt e GhpeHlcdle RHE0DE Hf dﬂeﬁuamegoet%ﬁr ode
164. Therefore, the <circular portion of the |lower el ectrode 166 determ nes

the porti oA thhipdlezgenecsires tagedpilddbelbetdixcwlidreprriilon of tihe lower

pi ezoel ectric, | ayer_160.. The center, qf e circul ar. portion.of_the

P eroel ooy PEcrPRYer e nd <iins elac HBE b SRIRS A A A R oBet A BFREF  ode
166, whi alrebor ngy hehps egoeheetirés eheneibratihst 8adiah! ¥haBhCActal g

center of the opening 161. Mreover, the center of the circular shape
openi ng 18iPraRpEHYHetEr Fhfe¥iPratirerRttR) iSceet ormbRetey tHishPRERABTIpI at e
176, is preyi degd praxi | ent; f #ﬂﬁi r 6
Therefore,gthe CE%FE%P@?ﬁghGQéFg?gﬁiﬁéﬁg@%ﬁ%%ﬁjnb tigﬁggﬁagt%%glsgpﬁgtches
to the cerflectobdehsaendative ciGEulaBepausion loE e pigorddlartofid heyer

pi ezoel ectric el enent .and .the vihrating section of the vjbratin ate 176
ave a of MO SO E e PR L ettt P EHE e basy peeFLEE
symet ri cakeghidn tBe@UL6r0fh PGl 01, 1L vABrQt Ind AW0hBemayse

the vibrating section is symetrical about a center of the actuator 106,
t he excit &8FdaYofviti@tmnec¥iship il ariisAulatc mAddiow A§ ttdrq héower

asymetri 81%@&!&8&@&6C§de§h8r(ﬁ%1%qc portion of the upper electrode 164

which connects to the piezoelectric layer 160 electrically, the
circular portion of the lower electrode 166 is smaller than the
circular portion of the upper electrode 164. Therefore, the
circular portion of the lower electrode 166 determines the portion
which generates the piezoelectric effect within the piezoelectric
layer 160.

The center of the circular portion of the piezoelectric
layer 160, the upper electrode 164, and the lower electrode 166,
which form the piezoelectric element, substantially match to the
center of the opening 161. Moreover, the center of the circular
shape opening 161, which determines the vibrating section of the
vibrating plate 176, is provided on the approximately center of
the actuator 106. Therefore, the center of the vibrating section
of the actuator 106 matches to the center of the actuator 106.
Because the main portion of the piezoelectric element and the
vibrating section of the vibrating plate 176 have a circular shape,
the vibrating section of the actuator 106 is symmetrical about

a center of the actuator 106.



Therefore, the accuracy of detecting the resonant frequency increases.

Furt hernore, because the vibrating section is symretric about the center
of the actuator 106, the actuator 106 ,i.s easy to manufacture, and thus the
unevenness of the shape for each of the piezoelectric elenent can be
decreased. Therefore, the unevenness of the resonant frequendy’fAPR dkh of
the piezoelectric elenent 174 decreases. Furthernore, because the

vibrating sectigq. %Hei%fe?c%e&%%@%%ontf@s hRERL: BE 158U cdbter

difficult to be influenced nevenness of the fixing during the
“bondi ng prbddssacthatorsiOf hehe bratitagiseorf ahe snnboadedryoviteatiqui d

cont ai ner unifor$1%..TherefoEe, t he actua%&r 106 i s easX%to assenbhf to
the |iqui FTERE @Y "FulPhbrRoPEY™BEEAASe THE VM BFatiHy S RTOF YT he
Vi brati ngrhdtat @rd 76£HaS ad ctirhey! Hf SHdPEerifg tRVER JRFRAAN £ F&deondPr

exanple, the primary resonant ndbde dom nates on the resonant node of the

resi dual imdreasen. of Huwtlpmuwes ecbeiceusgy efhd 60 ibmed ineusSeER&0Bi nigh e
k t t de, T f ok k i
peak apbeays AL NG ceopantcapde. el ore..Lbe ppak ¢ Andl g gl af can

be distin cl'éarly "so tha esonan r equency can

det ect ed. i Fyddieraonenuf het @es Uraay tofus the wed-eatiness ff the sRapsafdr
frequency can be further increased by enlarge the area of the vibrating

section dtatheicirheuParzentpetrifRbeneRf: sl be196ckeeande tHee Wit ence
of the ampld t ude.ab.the spunter E‘Lg&ﬁgﬂﬁvtff@ageg&ﬁ;; gﬁg thefli bkergnee of

the anplitude of the resonant frequency occurre ether the liquid
exi sts i nsiemrdlectriquied aenttailrvar decceeases.. Therdhsphace retcgeserdied by

the vibratj f th i brati late 176 is | than t di spl t
gener at ed' Y5+t 1S FRSHFORAGH TP HE U1 AEPF7 9B BER LAPBro06 Hhs

two layefs @tfficdunrte ddate i sneansidddtigg dhe tiit-Rasedd ale dHS hawimyg 41 0
7 APR 2004 a small conpliance which neans it is difficult to be displaced

by the vidtakndrthakendag imsionsssg plhat 196 Hagi ngprathrgeseeohprikhce
whi ch megns, dds | 0805 t 910519 SPLACLALY 118 AURhdE ONTherefore, the
actuator 106 is easy to assemble to the liquid container.
Furthermore, because the vibrating section of the vibrating
plate 176 has a circular shapée, the lower resonant mede, for
example, the primary resonant mode dominates on the resonant mode
of the residual vibration of the piezoelectric layer 160, and thus
the single peak appears on the resonant mode. Therefore, the peak
and the noise can be distinguished clearly so that the resonant
frequency can be clearly detected. Furthermore, the accuracy of
the detection of the resonant fregquency can be further increased
by enlarge the area of the vibrating section of the circular shape
vibrating plate 176 because the difference of the amplitude of
the counter electromotive force and the difference of the
amplitude of the resonant frequency occurred by whether the liquid
exists inside the liguid container increase.
The displacement generated by the wvibration of the
vibrating plate 176 is larger than the displacement generated by
the vibration of the base plate 178. The actuator 106 has a two

layers structure that is constituted by the base plate 178 having



By this two |layers structure, the actuator 106 can be reliably fixed to
the liquid container by the base plate 178 and at the sane tine the

di spl acenent of the vibrating plate 176 by the vibration can be increased.
Therefore, the difference of the anpllﬁhde of the counter electronotive
force and the difference of the anplitude of the resonant fribgudiicg0s
depended on whether the liquid exists inside the |iquid container

| NCT €aSES nglihéiémpig&nggc‘%f&ﬂ lﬁ%aﬁé‘eltd C&1e9 ‘Zfltt e & S@E%B&
frequency i NnCréases urt hernoreé, ecause € conp I'ance o e Vi ratlng
plate 176byi sheardératthiergt termatioonBrdthiny/ ifiade on7 dehaedsgsasdatyat the
accuracy of the detectjon of the resonant frequency i ncreases. . The node of
the vi br aCPBRLAPNERAHGBEBRS FF61F GEatYekC &F TheP138 T Pidrie SEPFAEIRRYI t y

162, that Bg8th§EOE'QQ { e pRrgi p, of e ewe;uea%éo@l 1 0BG APRES rshﬁgm de

termi nal formed on"the rig s surface of the vibrating
pl ate 176fti@eldetel eheéritaliy coonnectedy ctltéu—baqmeﬂaejeeameodadlad theough
t he supplenentar el.ectrode 172. The Lo ctrode t m nal ;% IS

formed on®fRE Y %5ht dil%? 13FRneht fgket tF at 2276588 be

el ectri cakflnsrseaae%eel be tllﬂ%rle%%rd el @ﬁéfeéeré66th§ee§y§erghee HPP@he
el ectrode 164 is forned on the right side of the piezoelectric |ayer 160,

there is emﬂﬂﬂﬁeden@é ﬁhﬁ(ﬂﬂmﬂtawhaﬂ69§r0@qnavetEDI¢@3@nﬂnﬁﬂe dhéf@hecﬂﬁess
of {he bl sgoeheclphe,Layerod o0, Ak L d eknsse ol lind e shaecode

166 bet ween ppe St 6de “termrnal -~ 168.
It is di thecmciumeﬁmlsitstimel@l@ftfhereﬂqelﬂra:diﬁmhleqnmcbeabhe,meethus
el ectrode 164, and even it is possible to fill the difference in depth by

the upper tBREITHHREYIBE thnEeEeRReRr - e EREERaNRe IRPENCLIBEFPBEES 164
and the URRREnELROLEOIBLEERTL RN \fnbErORS a'%'&e‘*%l%rét#\%f%%@%é@v&hat

t he upper electrode 164 w [T "be cut erefore, this di nent uses
t he suppleﬁehaayq,eﬂE£at@¢euatZOasoé1Suppubuﬁmgonméﬁbeeasescﬂmméeﬂsthhe
upper eleCtrngc%Géfagget£Eté%%§%nngughe 12sonant frequency increases.
The node of the vibration of the actuator 106 locates on the
periphery of the cavity 162, that is, around the margin of the
opening 1lél.

The upper electrode terminal 168 is formed on the right side
of the surface of the vibrating plate 176 to be electrically
connected to the upper electrode 164 through the supplementary
electrode 172. The lower electrode terminal 170 is formed on the
right side of the surface of the vibrating plate 176 to be
electrically connected to the lower electrode 166. Because the
upper electrode 164 is formed on the right side of the
piezoelectric layer 160, there is a difference in depth that is
equal to the sum of the thickness of the piezoelectric layer 160
and the thickness of the lower electrode 166 between the upper
electrode 164 and the upper electrode terminal 168. It is
difficult to £ill this difference in depth only by the upper
electrode 164, and even it is possible to £ill the difference in

depth by the upper electrode 164, the connection between the upper

electrode 164 and the upper electrode terminal 168 becomes weak



term nal 168. By this supplenentary electrode 172, both of the

pi ezoel ectric layer 160 and the upper el ectrode 164 are supported by the
suppl ementary el ectrode 172, and thus Ee upper el ectrode 164 can have
desired mechanical strength, and also tfhe upper electrode 157 gl iphe
upper electrode termnal 168 can be firmy connected. The piezoelectric

el ement and the vibrating section which faces to the piezoelectric el enent

W thin the, %mﬁ:a{hé'qlpﬁ]ea} 81%3@::088”?%46%}1&% bB& W BFat| n@héﬁg%% W 1
actually vibrates iIn e actuator 106. Noreover, it is preferable to form
"the act uatnisodibdHt msemsetheodyutyyl émentary cgeidierodehd iiepbea sumpardsichg n t he

actuator 106. By fornmng the actuator 106 as one body, the actuator, 106
becones o LR PR Rl CDERBEF ©LerE Ty L4 aR3 GimPRBES G g ode

I ncreases; i el 433 NIl hen 8 r& g Tedind 18, Ra%e t dlg @ 7278poThadf ithe Dy

i ncreasing the strength of the base plate "178, only the vibrating section
of the amiegaslekinrid bageeslé@add tie upperi eheot hede tfedharkesupdsnEiag

section qf e actuator_ 106 0€es no inrates. .Furthernore, t.he eyention
of “the vitr KheoRPBFERFRt Sor R frRan En e AR HBPEE TR he
actuat or 16l0GLaMPDR: agbseved R¥chhgieasi BErkhgrhl r andt kileh the hageml ate
178 and at the sane tinme formng the actuator 106 as thinner and  smaller

as possi fledmPdorfitngne Hd & iUpPer Ageptapde Iveresndhilfferanake fosgilyl e, 1t
IS prefegﬁg{qagptyse | ead zirconate titanate (PZT) , lead |anthanum
zirconate titanate (PLZT), or piezoelectric nenbrane wthout using |ead as
a material for THeeppeevetkettiiccel ayent 161 thet viibrpeehegr abteidn wisiech

zirconia or alumna as a material of the hase plate 178. Furthernore, it
is pref oA F8 P%&ﬁ@g?ﬁ&ttéepaqfl%e%&é%l&t"ehﬂwsljfmtlal% aFPal 7 of

vi brati ng:platie kb e hd3viBrédc ARR 20041 Jh e RIAk ce¥ah 135 veBkdesi 1 Qe

copper, platina, alum num and “nickel having a electrical conductivity can
be used fasttudte®r ridtéer | ¥prepveke uppte RBrete¥dolke 1652, fete thmerctdlad@y ode

166, the 106 in one body by firing together the member included in the

actuator 106. By forming the actuator 106 as one body, the
actuator 106 becomes easy to be handled. Further, the vibration
characteristic increases by increasing the strength of the base
plate 178. That is, by increasing the strength of the base plate
178, only the vibrating section of the actuator 106 vibrates, and
the portion other than the vibrating section of the actuator 106
doesg not vibrates. Furthermore, the prevention of the vibration
of the portion other than the vibrating section of the actuator
106 can be achieved by increasing the strength of the base plate
178 and at the same time forming the actuator 106 as thinner and
smaller as possible and forming the vibrating plate 176 as thinner
as possible.

It is preferable to use lead zirconate titanate (PZT), lead
lanthanum zirconate titanate (PLZT), or piezoelectric membrane
without using lead as a material for the piezoelectric layer 160.
It is preferable to use zirconia or alumina as a material of the
base plate 178. Furthermore, it is preferable to use same

material as base plate 178 for a material of vibrating plate 176.



upper electrode termnal 168, and the |lower electrode termnal 170. The
actuator 106 constructed as expl ai ned above can be applied to the
cont ai ner which contains liquid. For ex |l e, the actuator 106 can be
nounted on an ink cartridge used for the ink jet recording a@gagﬁ§%®& an
ink tank, or a container which contains washing liquid to wash th
recordi ng head. The actuator 106 shown in the Fig. 22 and Fig. 23 |s

i gﬁktmgtgiegﬁéﬁrg% £O%hh' coﬁ%gined |nS| %nt%ﬂ%ﬁﬁ gﬁTéQﬁ& the
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is remaiAda@@.only in the cavity 162 and air exits on outS|de the cavity

162. The actuatgr 106 detects .at st_the diff st
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di fferenceppniadotstthe topesdanse wHike eshtal s 11406 canrdeteedmpidecnbet her
the liquid is sufficiently filled in the liquid container or liquidis
consuned ﬁﬁrtéattﬁanlaﬁ e%@%éenfnﬁéateﬂewan Fgvt Berkbidget heedctamatde 106 can
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det ect theoatadsisi washpedandguat aonadshnthanreapedangeheaﬁaracter|stlc or
an admttance characteristic i s neasured, To neasure _the inpedance

characteristic SPCtMEWRRE LAFcEAYn g7t Api 042 &iCer 23tig mopgred
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applies a constant voltage on the nedium and nheasure a current flow

t hr ough tﬁgvn§U|g@&mqﬂm(gﬂnﬁ?quwglth the liquid contained inside the

liquid container. Whenthe liquidcontainer is filledwithliquid
sufficiently, the inside and outside of the cavity 162 is filled
with liquid. On the other hand, if the liquid inside liquid
container consumed and the liquid level decreased under the
mounting position of the actuator, there are conditions that
ligquid does not exit inside the cavity 162 or that liquid is
remained only in the cavity 162 and air exits on outside the cavity
162. The actuator 106 detects at least the difference in the
acoustic impedance occurred by this change in condition. By this
detection of the difference in acoustic impedance, the actuator
106 can detects the whether the liquid is sufficiently filled in
the liquid container or liquid is consumed more than predetermined
level. Furthermore, the actuator 106 can detects the type of the
liguid inside the liquid container.

The principle of the detection of the liquid level by the
actuator will be explained.

To detect the acoustic impedance of a medium, an impedance
characteristic or an admittance characteristic is measured. To

measure the impedance characteristic or the admittance



frequency. The transmission circuit provides a constant current to the
medi um and neasures a voltage applied on the nediumw th changing a
frequency. The change in current value and the voltage value neasured at
the transm ssion circuit shows the chaﬁge in acoustic inped .
Furthernore, the change in a frequency fm which is a frequ@zﬁp\ﬁn@qkthe
current value or the voltage value becones maxi nrumor mninmum also shows
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force changes, changes. Therefore, the frequency of the vibrating section
of the act"lRfH < Corresponds to the frequency of the counter el ectronotive

force. Here, thQgnd28RRAMNlHSALRRGH JEAAS, the éé@&é‘@@fké&f‘é@té%s\/ﬂlﬂf ating

section 45 APR 2004 of the actuator and the nedium which contacts to the
vi brat i ng:hasmﬂ ilon ther aconsticetupadincondi thenlifoidbraingt hlee rasuremt
frequency fly in hgh\éla%/eeégﬁ%()b%@éqr{leedncy. The piezoelectric element, for
example, can be used in a case of using the method of detecting
the resonant frequency by measuring the counter electromotive
force generated by the residual vibration, which is remained in
the vibrating section after the vibration of the vibrating section
of the actuator, as a method of using the change in the acoustic
impedance of the liquid. The piezoelectric element is element
which generates the counter electromotive force by residual
vibration remained in the vibrating section of the actuator. The
magnitude of the counter electromotive force changes with the
amplitude of the vibrating section of the actuator. Therefore,
the larger the amplitude of the vibrating section of the actuator,
the easier to detect the resonant frequency. Moreover, depends
on the frequency of the residual vibration at the wvibrating
section of the actuator, the period, on which the magnitude of
the counter electromotive force changes, changes. Therefore,
the frequency of the vibrating section of the actuator corresponds

to the frequency of the counter electromotive force. Here, the

resonant frequency means the frequency when the vibrating section



by neasuring the counter el ectronotive force when the vibrating section
and the nediumare in resonant condition is Fourier transforned. Because
the vibration of the actuator is not a displacenent for only one
direction, but the vibration involves 4Phe deformation such %g»q§hl tion
and extension, the vibration has various kinds of frequency inct Udi"hg the
resonant frequency fs. Therefore, the resonant frequency fs is judged by

Fourier transform ng the veform of the .counter el ectronptive force when
the. pi 6208t i HE CHAL A antE RS LT PROERECPetOnEnt VAR 1%bn and

‘then specifyt ngnt heraost domddmtdmg daeauengy, conmponents. The frequency fm
is a frequency when the adnmittance of the nediumis naximum or t he

i npedance is mT @akaithehe maposwat treausnglfier éhe Vavaieons okisvimad

frequency, fs with.little valu because of the _dielectric . {

rechan capY msde kst bbB E8uEer RS RIS thatier EhPh rhEaP Rt 1
substitutsepcion BREORABt meldieguenty Decadseniht needsition figy mRitrMmng the
resonant frequency fs fromthe frequency fmwhich is actually neasured.
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vibration at the vibrating section of the actuator. 46 0 7 APR 2004 The
vi br at i ngtrags borning tbeavr et orm odethe coupserioeaitaiot tondoircgteren he

cavity 16z,Lhat L felermned by, L he gpening 165, W.this, the, Lbrating

pl ate 176. h ?qu|d s surficlen Py tlFed i the |IQUId3C0n al ner,

l'iquid iscdhdletonhnahlie tbaw tdpecifying the most dominating frequency
components.

' The frequency fm is a frequency when the admittance of the
medium is maximum or the impedance is minimum. The frequency fm
is different from the resonant frequency fs with little wvalue
because of the dielectric loss and the mechanical loss. However,
the frequency fm is generally used as substitution for resonant
frequency because it needs time for deriving the resonant
frequency fs from the frequency fm which is actually measured.
By inputting output of the actuator 106 to the transmission
circuit, the actuator 106 can at least detect the acoustic
impedance.

It is proved by the experiment that there is almost no
differences with the resonant frequency obtained by the method,
which measures the freguency fm by measuring the impedance
characteristic and admittance characteristic of the medium, and
the method, which measures the resconant frequency fs by measuring
the counter electromotive force generated by the residual

vibration at the vibrating section of the actuator.



162, and the vibrating region contacts with liquid inside the Iliquid
container. Wen |liquid does not exists in the liquid container
sufficiently, the vibrating region contacts with the Iliquid which is
remained in the cavity inside the Iiqui®® container, or the Qi7baAR®iona
regi on does not contacts with the liquid but contacts with the gas or
vacuum The cavity 162 is provided on the actuator 106 of the present

i nvention, and jt can be .designed th the |i UId | |de the  l.i
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Depends on the mounting position and mounting angle of the
actuator 106 on the liquid container, there is a case in which
the 1iquid attaches to the vibrating region of the actuator even
the ligquid level in the liquid container is lower than the mounting
positionof the actuator. Whenthe actuator detects the existence
of the liquid only from the existence of the liquid on the vibrating
region, the liquid attached to the vibrating region of the
actuator prevents the accurate detection of the existence of the
liquid. For example, If the ligquid level is lower than the
mounting position of the actuator, and the drop of the liquid
attaches to the vibrating region by the waving of the liquid caused
by the shaking of the liquid container caused by the movement of
the carriage, the actuator 106 will misjudges that there is enough
ligquid in the liquid container. In this way, the malfunction can
be prevented by using the actuator having cavity.

Furthermore, as shown in Fig. 23 (E), the case when the
liquid does not exit in the liquid container and the liquid of

the liquid container remains in the cavity 162 of the actuator



container. If the liquid exist around the cavity 162, and the anmount of
the liquidis larger than this threshold value, it is judged that there is
ink inthe liquid container. For exanple, when the actuator 106 is nounted
on the side wall of the liquid contairfet, it is judged that thu@Rgﬁmpo
ink inthe liquid container when the liquid level inside the liqu
container is lower than the nounting position of the actuator 106, and it

i s judged at  there is ink insi the |iguid container n the liquid
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the actuator 106 can judge that there is no ink in the liguid

container even if the ink in the cavity is dried and disappeared.

Furthermore, the actuator 106 can judge that there is no ink in

the liquid container even if the ink attaches to the cavity again

by shaking of the carriage after the ink in the cavity disappears

because the amount of the ink attaches to the cavity again does

not exceed the threshold wvalue.

The operation and the principle of detecting the liquid

condition of the liquid container from the resonant frequency of

the medium and the vibrating section of the actuator 106 obtained

by measuring the counter electromotive force will be explained

reference to Fig. 22 and Fig. 23. A voltage is applied on each

of the upper electrode 164 and the lower electrode 166 through

the upper electrode terminal 168 and the lower electrode terminal

170. The electric field is generated on the portion of the

piezoelectric layer 160 where the piezoelectric layer 160 is

sandwiched by the upper electrode 164 and the lower electrode 166.
By this electric field, the piezoelectric layer 160 deforms. By



of the actuator 106. The residual vibration is a free oscillation of the

vi brating section of the actuator 106 and the nmedium Therefore, the
resonant condition between the V|brat|ng section and the nmedium can be
easily obtai ned by applying the voltagé of a pulse wave or a rget %&ﬁr
wave on the piezoelectric |ayer 160. Because the residual V|brat|on

vi brates the vibrating section of the actuator 106, the residual vibration
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in the cavity in the present enbodinment . Fig. 23(A) and Fig. 23(B) shows
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the actuator 106, the residual vibration also deforms the
piezoelectric layer 160. Therefore, the piezoelectric layer 160
generates the counter electromotive force. This c¢ounter
electromotive force is detected through the upper electrode 164,
the lower electrode 166, the upper electrode terminal 168, and
the lower electrode terminal 170. Because the resonant frequency
can be specified by this detected counter electromotive force,
the liquid consumption status in the ligquid container can be
detected.

Generally, the resonant frequency fs can be expressed as
following.

fgs = 1/ (2% * (M*Cact) */? (1)
where M denotes the sum of an inertance of the vibrating section
Mact and an additional inertance M'; Cact denotes a compliance
of the vibrating sectiomn.

Fig. 22(C) shows a cross section of the actuator 106 when
the ink does not exist in the cavity in the present embodiment.
Fig. 23(A) and Fig. 23(B) shows the equivalent circuit of the
vibrating section of the actuator 106 and the cavity 162 when the

ink does not exist in the cavity.



Mact = Mpzt + Melectrodel + Melectrode2 + Mvib (2) Here, Mzt is obtained
by dividing the product of the thickness of the piezoelectric layer 160 in
the vibrating section and the density of the piezoelectric |ayer 160 by
the area of the piezoelectric layer 168¢. Melectrodel is obtaignedpRyongs
dividing the product of the thickness of the upper electrode 164 1n the

vi brating section and the density of the upper electrode 164 by the area

of the upper el ectrode 164. | ectraode2 i s.0obt.ained.b dividin h
product of the TRFcKR&ESs bf gﬁgaPEﬁgr%@fe@ﬁ?&génQng“¥onﬁéuﬁkbggiiﬁ%e
‘section apditRBedensit YeRE thed.0uel elestiodeandbGy Bhasatea off the
| oner el ectrode 166. M/ib is obtained by dividing the product of the
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vi brati ngagegb?owdhgt hg akezeoel ectric |ayer 160, the upper el ectrode 164,
the lower electrode 166, and vibrating plate 176 have a rel ationship as
shown above, th¥agiffelBREet aiphgceBeREbf +tHelaresode2t heMViBrati n§?) regi on

is prefer b LCro i e .Lhe_cC { e m t he
thickness?ggghgwg%g %%gﬂg%ggkggE&ﬁgbglgpﬁ?h€$$$%%%%$?%3h;g%%iBﬁgeﬁg%%%ver
it is prebérahéeidmbeldre por tliagrer atleint hiae ¢iteradi gy lserctpornt kod théch i s
a main portion of eac of the giezoelegﬁric Iaggr 160,. t he upper eLectrode
164, and SRBSiFBwWE eFRet PAGEOEEECTE LN riopt 8Os &Y heeci £X&€5n Ye Fhfor ed
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the each of the vibrating region of the upper electrode 164, the |ower
el ectr odepté8uctheipitdrmetbicknessapédr BE OupPpAPRe2604rede, 1&fd ihethe
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t he upper tRkesteadaE 164, upperlamert rexieatrodeMdbéct thdepi £z eddtediredcblayer
160, and Ei?\erigiigéaélilggproe:{u%[teo%7t§he thickness of the lower electrode 166
in the vibrating section and the density of the lower electrode
166 by the area of the lower electrode 166. Mvib is obtained by
dividing the product of the thickness of the vibrating plate 176
in the vibrating section and the density of the vibrating plate
176 by the area of the vibrating region of the vibrating plate
176. However each of the size of the area of the vibrating region
of the piezoelectric layer 160, the upper electrode 164, the lower
electrode 166, and vibrating plate 176 have a relationship as
shown above, the difference among each of the area of the vibrating
region is prefer to be microscopic to enable the calculation of
the Mact from the thickness, density, and area as whole of the
vibrating section. Moreover, it is preferable that the portion
other than the circular portion which is a main portion of each
of the piezoelectric layer 160, the upper electrode 164, and the
lower electrode 166 is microscopic so that it can be ignored
compared to the main portion. Therefore, Mact is sum of the

inertance of the each of the vibrating region of the upper

electrode 164, the lower electrode 166, the pilezoelectric layer



Fig. 23 (A , Fig. 23 (B) , Fig. 23 (D , and Fig. 23 (F) show the

equi valent circuit of the vibrating section of the actuator 106 and the
cavity 162. In these equivalent circuits, Cact shows a conpliance of the
vi brating section of the actuator 106.5€ach of the Cpzt, é%ﬁﬁﬁ

Cel ectrode2, and Cvib shows the conpliance of the V|brat|ng se Yof the
pi ezoel ectric |ayer 160 the upper el ectrode 164, the | ower el ectrode 166,
and the V|brat|n

q} Cg can_he s gomm as uat i on.
st o1fpr cont v vikEat S Bhaks Pl pee LBg Beias Of 14 LRRBVEY £ o
- the equai;henc&@ 1886cé act e A3 akdd J¥e Le¥PpE8sE€En ASrid by28heB)

The conpliance ct shows the vol une which can accept the nediumby the

def or mat eeshgehéhat etbbyt i he regiidrcat itdie vppehe lqstesxis 866n thre LOWPE area

o e YARLALLAER L Ol Ra0L0SE RES 1o RED!LAACE PGl sh0tR! e

actuatorplgﬁem@e' the liquidis sufficiently filled inthe liquid
contai ner, and_ the periphery of the V|brat|gg regi on of the actuat or 106

is filled wtﬁlﬂhe’zaiiw FigFhe3 BheF ishodd (Ph. mRd P:le (%5* (Ehgto™ kbe
maxi mm &ﬁw‘?x}% gfcongttéff’é}le 'rx{g%r%%%gné’eg@l&ﬂ ﬁ&{é ébr thatidd h‘é'se”“y

filled in ai ner phery of ating regio
of the aehdathe d@@ltﬁ ¥dd ] edimthhsth miﬂwldmtThEramhas Gant.memmmpaessed

as Mmax = (n*p/ (2*k3))*(2*(2*k*a) 3/ (3*7C )) (4) where_a denotes
the radi GQ‘“BFlPHGevPEré??nlleEEHBﬂ S%Ctaje%% %é %Eh %féfﬁﬁ%ry 0t 1 h&3fBdi um
and k depet 65,4 hepwave duerroddie, SteleétABRe2200M @0Edt bONsKds apBki es
when t he V|brat|ng région of the actuator 106 is circular shape _having the

radi us ofotpliamhe afdiheondbratingtzeneian whehe Pﬁ@zaﬁdﬁﬁﬁﬂyﬁtﬁaveﬁhe
rmse o B LBk 00, BEELLAN S ATEr R it SRk, W el the
vibrating plate 176. Cact can be shown as following equation.

1/Cact = (1/Cpzt) + {(1/Celectrodel) +{(1/Celectrode2) +
(1/Cvib) (3)

From the equation (2) and (3), Fig. 23 (A) can be expressed
as Fig. 23(B).

The compliance Cact shows the volume which can accept the
medium by the deformation generated by the application of the
pressure on the unit area of the vibrating section. Inother words,
the compliance Cact shows the easiness to be deformed.

Fig. 23 (C) shows the cross section of the actuator 106 when
the liquid is sufficiently filled in the liquid container, and
the periphery of the vibrating region of the actuator 106 is filled
with the liguid. The M'max shown in Fig. 23 (C) shows the maximum
value of the additional inertance when the liquid is sufficiently
filled in the liquid container, and the periphery of the vibrating
region of the actuator 106 is filled with the liquid. The M'max

can be expressed as
M'max = (m*p/(2*K’))* (2% (2*k*a)’/(3*xn))/(n*a®)? (4)
where a denotes the radius of the vibrating section; p denotes

the density of the medium; and k denotes the wave number. The



As shown in equation (4), the M max can changes significantly by the
radius of the vibrating section "a" and the density of the mediump. The
wave nunmber k can be expressed by foll ng equation. k = 2* n *fact/c (5)
where fact denotes the resonant frequency of the V|brat|ng JbZ tARBN 200hen
the Iiquid does not contact wwth the vibrating section; and c¢ denotes the
speed of the sound propagate through the medium Fig. 23([» shows an

equi val enlghEsBht (2f &ﬁﬁlYéQr@Sé@&héaﬁﬂbﬁtﬁi trléegl%ﬁlt !é%t ehelQ6:andotkhe
cavity 162 as in the case of Fig. 23 (C) when the iquid is sufficiently
filled i nltolﬁelslwtdll@nrﬂfaapmﬂlavam@ the padiphery 'baf" t h&hei bddtitmgnaggi on
of the actua

section oﬁnFﬁ%aQEFugto?h%hél ﬁééghéEEXcﬁﬁgi(%bQFﬁgsﬁ'85|E%80 §§ﬁgggggross

consuned, sapdibhef & drciisdd Hirdual Qyngy the: vichkati 88 U@ i HHgch
actuator 106, and the |liquid remains in the cavity 162 of the actuator

106. The @ﬁ@étsonropnﬁ shewsibnatpagi AeAtinBrt ance M nmax deternmined by
such as the ink_de r e lLiquid nt gi, i il th t he
liquid. On the‘ﬁgt hglr%{'{and% &ﬁgg%gg &h?n t%%gllguﬁgﬁcoﬁ Iéi nefﬁg{l
consuned sapdifiqahdlexbgttetk atdtnd cbf\e:he bridtrbAgngesétohonf"dhandct Hat or
106 becones gas or vacuumw th the liquid renaining inthe cavity 162, the
M can bederpit¥sed abefwmbtldwinng equati on. =p *t/S (6) where t denot es
t he thickness o%hthe nedl related to the |Q$%{ % 13 S denot es Ehe area
§13P

of the vibratin YFIQﬂ Eﬁék SeP AT SPRIRSS B Y6 AgUFEdPBn i s
circul ar shape payi hg chAPP 2004(§)rad|us of "a" , the S can be shown
as S =1t *a2 . Therefore, the additional inertance M follows the

equati on ghprefferct dendtasitthe rsscsmﬁrﬁt Cireqleyiclidf eHeiwiHater drigedt ion
container,. and th Bery the vibratin re ion of the actuator _106
is filled"RFPHER 1%1(513 aesm%t SRR HL EPn N 10D ISCGRE OFteand

equation (63eMBE8s the speed of the sound propagate through the medium.
| Fig. 23 (D} shows an equivalent circuit of the vibrating
section of the actuator 106 and the cavity 162 as in the case of
Fig. 23(C) when the liquid is sufficiently filled in the liquid
container, and the periphery of the wvibrating region of the

actuator 106 is filled with the liguid.

Fig. 23 (E) shows the cross section of the actuator 106 when
the liquid in the liquid container is consumed, and there is no
liguid around the vibrating region of the actuator 106, and the
liquid remains in the cavity 162 of the actuator 106. The equation
(4) shows the maximum inertance M'max determined by such as the
ink density p when the liquid container is filled with the liguid.
On the other hand, if the liquid in the liquid container is consumed
and liguid existed around the vibrating section of the actuator
106 becomes gas or vacuum with the liquid remaining in the cavity
162, the M' can be expressed as following equation.

M' = p*t/S (6)
where t denotes the thickness of the medium related to the
vibration; S denotes the area of the vibrating region of the

actuator 106. If this vibrating region is circular shape having



the liquid in the liquid container is consuned, and there is no liquid
exits around the vibrating region of the actuator 106, and the liquid is
remained in the cavity 162. Here, as sg wn in Fig. 23 (E) , let the
additional inertance M , when the ligdid in the liquid conBdi hrr 2b0%
consuned, and there is no liquid exits around the vibrating region of the
actuator 106, and the liquid is remained in the cavity 162, as Mcav to

di stinguish with the additjonal inertance M ,_ Which is, the di {4 onal
i ner t ance® e thé pef phéb? %lfcatrhzjevisg‘?gpi ﬁgsge—ginpna ‘of %Pﬁéega %ét%}lrlgl%
is filledaditbsdher ifithndd g 23{ FQwSNOWS e8la@eYhY 8h PRfhG EBUI Lighid he
vibrating section of the actuator 106 and the cavity 162 in the case of

Fig. 23(5 safdidiatilygtidled imehki idwideansphsrT), sardAdenpar LRRREY t her e

is no liqupid .around the vibratin ion of _the uat oL . ,
liquid renhi Hei I}?%t%i?‘isjl%%oé%t eaggtu& or ?5}56}%%%%%8?%?%%%%% ers
rel ated tpidheast atHesaqfithenaedingitadice Mersl ywelt Hhegediom ( )awdeh he

thi ckness of the nmediumt _in equation (6) ., Wwen the liquidis |

suf fi ci enthy Fidquidl im tihige lipuadi aoebai aeheks ameuynefli Rrébrtgces1fi 2P t he
vibratin kon, . ! : LU g .S, fofel chemtly
HEShoRRk Uk Ciies ﬁg{dﬁ:lc%a%gﬁ gﬁm%?f"%ﬁé%?&ﬁ%ﬁ‘letpr%eﬂrr{éﬁﬁe%:’%‘?maéti%lié)asxii ‘%“3‘,@ or
t he gas othyaCidmridons acésaihéd ihethe beatity B&Ztion of the actuator 106.

If let the additional inertance during,the process f. the shifti from
the M max of FilfTe8 PPyt He ﬁ\ﬁﬂra?gdﬁpﬁ g‘?t b%&? eé?ilmﬁlaﬁhénﬁﬁ%%e_
around thg: agiaaf Phe 10611 SANSMETEA qubaCalsE i ddye 1 BNt 6kagasd Ofaridenhargi um t
changes according to the containing™ status of the liquid in the liquid

cont ai neris tie ladyitd ol t SR PUnARRObraganganesinnval ehangesuabag
r esonant % quency. ,al so. changes.__ Ther re,..th .St e 8% #hg Ligyidin
the |iqui 6§bn?’%ﬁ?n%}}e s‘lcla uJbcg%dgetreec aélgjequ%lpggfaf ?af’ﬁl'e: rggghan reauency.
Here, if &pétithgFish @stEhoMe aaditgonaB {Mremteesyngakhewkiidht isntfié) to
express the njcav, the equation (7% can be obtai ned by substituting the
additional inertance when the periphery of the vibrating region
of the actuator 106 is filled with the liguid.
Fig. 23(F) shows an equivalent circuit of the vibrating
section of the actuator 106 and the cavity 162 in the case of Fig.
23 (E) when the liquid in the liquid container is consumed, and
there is no liquid around the vibrating region of the actuator
106, and the 1iquid remains in the cavity 162 of the actuator 106.

Here, the parameters related to the status of the medium
are density of the medium p and the thickness of the medium t
in equation (6). When the liquid is sufficiently filled in the
liquid container, the liquid contacts with the vibrating section
of the actuator 106. When the liquid is insufficiently filled
in the liquid container, the liquid is remained in the cavity,
or the gas or vacuum contacts with the vibrating section of the
actuator 106. If let the additional inertance during the process
of the shifting from the M'max of Fig. 23 (C} to the M'var of Fig.
23 (E) when the 1liquid around the actuator 106 is consumed, because
the thickness of the medium t changes according to the containing

status of the liguid in the liquid container, the additional



t hi ckness of the cavity "d" into the "t" in the equation (6). Mcav =
p*d/S (7) Moreover, if the mediumare different types of liquid with each
ot her, the additional inertance M cha% es and resonant frequen%y Es al so
changes because the density p is different according to the dP7 aPRoom of
the conposition. Therefore, the types of the liquid can be detected by
specifying the resonant frequency fs. Mreover, when only one of the ink

or air cophag W L pecy | ngh§erLion FRELEN LU 1 s 08nadids L he
i nk and a%? %énﬁot e¥%st?¥%H§%%bt%%§, %%e %ﬁ§feréﬂce #ﬁ'hﬂscan %@gd%tected
by cal cul @hengithe, eghatéexisiel)ce .4 1(iAuiids ia ghaphiahidhcshoasnehe

rel ati onship between the ink quantity inside the ink tank_and thg iesonant

f r equency “aPLHIERHRE Gk PE P Tt X ithicat PRGNEBEL T HRAVHRTY: tifdSradd t9F the

ink will pe explaidpedndsn %‘19@@%? 2fa henki i dgulbeo¥erdy ¢al exgxtss shows
the resonant frequency fs, and the horizontal axis shows the ink quantity.
When t he thk mbopositheorduatdionst@ht cantlhe oldsomeawt bir eybenépuinogebles

accordin 0 the decreasing of t i nk_quant i Wien ink is_ sufficjentl
fTiTed 1 aehhekiReScaEt GRReravaig p‘?%klﬁi%gfgﬁ?eﬁié"érh%n ¢ hedVT bt R¢ r‘@ Fegi o
of the actuatoerggv ~t hegyaxi mum addi ¢jyonal inertance M max becones the
val ue shown in the equation (4) . Wien the ink is consuned, and there is
no ink around Mbeegvdratihgheagediumfatdeidderanar tiPbs anditined wkth
remains in the cavity 162, the additional inertance Mvar is. cal cul ated by

the equat FBR"(8f sasg&h@n_aﬂﬁétﬂﬁpé&nég?r&m% MreditiiIes BeLabSEORRRE "t -
used 10 1 BEaquaLiop (Qisbfﬁféggggg' BEERSON Rl L1 £LR £ORY. ADEIRAbUM

related to e vibration, ocess “during wh i 8 consuned

gr adual | yagasrhenget €cired dhy fheentagot hend dorgrfi®rion.0 Fhere2dreB)hef the
cavity 162 of the actuator 106 as small as ossible, that is, formng the
t hi cknesst¥Pegnef pelde biatid ran bes deteGtecde ?Pﬁﬁilﬁ]tiépga‘éhﬁo%%F‘BPén% refer

to Fig. Zgré@ﬁncy'—ieé.e’ Moreover, when only one of the ink or air contacts
with the vibrating section of the actuator 106, and the ink and
air is not existing together, the difference in M' can be detected
by calculating the equation (4).

Fig. 24 (A7) is a graph which shows the relationship between
the ink quantity inside the ink tank and the resonant frequency
fs of the ink and the vibrating section. Here, the case for the
ink will be explained as an example of the liquid. The vertical
axis shows the resonant frequency fs, and the horizontal axis
shows the ink quantity. When the ink composition is constant,
the resonant frequency increases according to the decreasing of
the ink quantity.

When ink is sufficiently filled in the ink container, and
ink is filled around the vibrating region of the actuator 106,
the maximum additional inertance M'max becomes the value shown
in the equation (4). When the ink is consumed, and there is no
ink around the vibrating region of the actuator 106, and the ink
remains in the cavity 162, the additional inertance M'var is
calculated by the equation (6} based on the thickness of the medium

t. Because the "t" used in the equation (6) is the thickness of



let the t-ink as the thickness of the ink involved with the vibration, and
t-ink-max as the t-ink when the additional inertance is M max. For

exanpl e, the actuator 106 is nounted o the bottom of the ink cartridge
horizontally to the surface of the inmk If ink is consumed, :@n}dAEB?ﬂb nk

| evel beconmes |ower than the height t-ink-max fromthe actuator "th

M var gradually changes according to the equation (6) , and the resonant

frequency ..l s.g1 duahly ohAnaas. 9980Ldiad 10l b eaal hans bdduni eref or e

until th evel 'S W eraneof eactuato

" gradual | &Ln@tﬂ@@bnbhﬂed@ﬁfwtEﬁlbesﬁateete&:lluyt hermbneg thtey"@'nl aegeror
| engt hen t he vi bratl ng section of the actuator 106 and_arran ﬁﬁ
S fe)

act uat or tP0Bigt oty(B) I &fgthmi s8vifyree? idn thtnactyatpey LHe &%
changes %%%% dhR9 tRathes, CPAPAEnQT thoK ) EMBhe M tdF ivHe GRRSUMLIERN1 78

Ther ef or e aét Gafor 106 can defect the process while the ink is
gr adual | pscontiimitent Fothdxaepl @s pdesifdteudtefet 08 Fignmht@d onHere si de

wal | of the ink cartridge perpendicularly tqg the ink surface. .\Wen, the ink
e ConsubBl &HE (Al cvBF PBACKEESPo nd R ni | HG P EURBnUSEE RS
act uat or v&%@at%ﬁausaencﬁ he _adgi_tiagnals i ReEt anceM wHesr eases adwith ohhe
decreasing of the ink level, the resonant frequency fs gradually increases

accordi ngnem‘ttaheeeqﬁueﬁ mmt( 1)F0"rhexemple, thmlagdaiatios FLﬁﬁ J-fé\i@?uritsedd\PPhl n

t he rang t rad f th cavity 162 f g% t he
act uat or% b?EEO ?yn%ée et eiﬁln r:%:Zoonrgstualel on s@etgus e curve X

in Fig. Eﬁ(eﬁs)nlshom ihﬁ I€kahisomshi, pahe tieeink tikerd INbeguaesi Igweannhanned
inside of the ink tank and the resonant frequency fs of theglp-’nté arig t he

vi br at i n§hsebeight ek neaxs s gy tmaﬁégﬂtﬁ?Fb?%?r Mg &4ivGT &t uat or
106 is fg?lgg egtgéé%&ﬂ%é){;& @ﬁg%qlgtl.ld?pgS tarkfRnBe-diGieL St 3R glidalcyt he

resonant frequency the 1nk and vib flng section gradual I'y changes
Wi th thefdegredsellpfchduegesﬂaccpmrdmrtg/ tlonshdeemtlwk tlank. Thergdoael,, the
case When E; éuflrg]grle%r%q gasnwgghggttﬁg range of "t", the actuator 106
can gradually detect the ink consumption status.
Furthermore, by enlarge or lengthen the vibrating section
of the actuator 106 and arrange the actuator 106 along a lengthwise
direction, the "S8" in the equation (6} changes according to the
change of ink level with ink consumption. Therefore, the actuator
106 can detect the process while the ink is gradually consumed.
For example, the actuator 106 is mounted on the side wall of the
ink cartridge perpendicularly to the ink surface. When the ink
is consumed and the ink level reaches to the vibrating region of
the actuator 106, because the additional inertance M' decreases
with the decreasing of the ink level, the resonant frequency fs
gradually increases according to the equation (1} . Therefore,
unless the ink level is within the range of the radius 2a of the
cavity 162 (refer to Fig. 23(C)), the actuator 106 can gradually
detect the ink consumption status.
The curve X in Fig. 24 (A) shows the relationship between

the ink quantity contained inside of the ink tank and the resonant

frequency fs of the ink and the vibrating section when the



process of the gradual consunption of the ink is the case when the liquid
and gas having different density with each other are existed together and
al so involved with vibration. According to the gradual consunption of the
ink, the liquid decreases with increa 5%9 of the gas in the ium
involved with the vibration around the vibrating region of tﬂﬁ ab PR 20mr
106. For exanple, the case when the actuator 106 is nounted on the ink

cartridge,;oriaontally to-the Lok surtacs: ;and ainicl smllay thag.the

t -i nk- max, e nmedi'um T nvol ved wi

i ncl udes bet hofd .t e icak Baduidwergasnd Ttheretbeere sbgahol f uthoye dgabicon
(8) can be obtained if let the area of the vibrating region_ of the
act uat or T08 bk sngnyilexdl LaG seré iongraRdyhbhy (hangdd vibhdihe daereante is

bel ow M Ln.the, e ' (4 agditiopa ss of the ink and the gas.
Moo M abF Sy %E‘kﬁ%%?"%??ﬂ -l)éis?%{% gﬂ% 1R Laﬁ-ﬁi'nkls (8) where Mnax is
an inertance of IandatailM ke i Sasd whet ttanc ecafuatar 1106, cpal dekeca dassity
of an air; pink is_a density of an ink; t-air is the thickness of the air
i nvol ved RFPREEReCYi bRat Hpdua rﬁPQQ?WﬂF¥%Pt%é1¥H?d%ﬁ%§§ &€t Raseprhen

i nvol ved %tah_liaﬁiaiQﬂ@tdﬁq-hadiﬂ§é§§fé@§ﬂtt@@néﬁﬁ%%ﬂh e sreynged on
the ink cartridge approximately~horizontally to the ink surface, the t-air

i ncr easeseandtedetegepiedendeates wivdi b wilhbrebiseabion he Agordimy the

d he _i;nk-w_t hi di ' ith th i brati ; d
the vt br af g FBIGA BPRPHBPRGPIGrEr (E06L e P RabF BORaRoPAEFTRRCEHE
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above changes of the t-air and the t-ink. Therefore, the ink quantity

remai ned RESPEE the VARraBipg 7region ool timiesiuatinr 106 coRstnprrBRle,
a1 ), 5B, DR REh e U, MUY (T nlRepos b, s berteoily o
conpare hortihendendiyt yoothe henk isguifthesn, tehrat tt-henkdamsistypldert heaai thean
be i gnor eg'-ink-max, the medium invelved with the vibration of the actuator
106 includes both of the ink and the gas. Therefore, the following
equation (8) canbe obtained if let the area of the vibrating region
of the actuator 106 as S and express the status when the additional
inertance is below M'max in the equation (4) by additional mass
of the ink and the gas.

M' = M'air + M'ink = pair * t-air/S +pink * t-ink/8 (8)
where M'max is an inertance of an air; M'ink is an inertance of
an ink; pair is a density of an air; pink is a density of an
ink; t-air is the thickness of the air involved with the vibration;
and t-ink is the thickness of the ink involved with the vibration.
In case when the actuator 106 is mounted on the ink cartridge
approximately horizontally to the ink surface, the t-air
increases and the t-ink decreases with the increase of the gas
and the decrease of the ink within the medium involved with the
vibration around the vibrating region of the actuator 106. The
additional inertance M' gradually decreases, and the resonant

frequency gradually increases by above changes of the t-air and

the t-ink. Therefore, the ink guantity remained inside the ink



When the actuator 106 is provided on the ink cartridge substantially
perpendi cular to the ink surface, the status can be expressed as the
equi val ent circuit, not shown in the figure, on which the region, where
the medi uminvolved with the vibration®®f the actuator 106 hs?igFH@&jy,
and the region, where the nedium involved with the vibration oﬁ
actuator 106 is gas, can be expressed as parallel circuit. I f let the
area of the region wher the medium.involved with the vjbration of e
act uat or TH i €T ke o SQD§PWR¥lSquW§ﬁg#%¥Eﬁ%% F Fk%%%ﬁﬁéhlmﬂége t he

“medi um | esh Wihh ddienddratioprot Hehaeagtiugt 6F 406 15ggas batyuss
Sair, the Tollow ng equation (9) can be obtained. 1/M = 1/Mair + 1/Mink
= Sai r/ (pafi rehe taggunpti orsithigt EhienkensitynRf by Fhe egualPpdh TYPRER be
appl i ed en.the ink.i.s _not,he A i f r 6 he
case V\/ne\r,g]cf R:éjei nlssltﬁ’epg- Elhﬁ {ngu%gv% ;cF lg% %e ?an?%etf %guggllgna}?h%ag
equati on He')igddedand (9). In the case when the thickness of the base
plate 178 is thick, that is, the depth of the cavity 162 is deep and d is
conparatively "Wasehe @%Eu@ﬁ@ékﬁ8§sléfpﬁﬁ€1ﬁ€@|9ﬁtth%m;%%x?a6$r? % he
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vi brating, ¢ ejc0n-phat B8 B84 Uat Qhk &Oly, ARIEhE, réfEok Uit re itheFngdidd (A)
shows the rel ationship between 57 0 fYAPR 2004 the ink quantity in the ink

tank and ireoressbreiith frteueidsptiion off the pickbationg L6ciBodaRhefainee

vi brating section.is snhalj L S ., Y. thalnthe
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to the only as Sink, and let the area of the region where the medium
involved with the vibration of the actuator 106 is gas only as

Sair, the following eguation (9) can be obtained.
1/M' = 1/M'air + 1/M'ink = Sair/(pair * t-air) +

Sink/{(pink * t-ink) (9)

The equation (9) can be applied when the ink is not held
in the cavity of the actuator 106. The case when the ink is held
in the cavity can be calculated using the equation (7), (8}, and
(9) .

In the case when the thickness of the base plate 178 is thick,
that is, the depth of the cavity 162 is deep and d is comparatively
close to the thickness of the medium t-ink-max, or in the case
when using actuator having a very small vibrating region compared
to height of the liguid container, the actuator does not detect
the process of the gradual decrease of the ink but actually detects
whether the ink level is higher or lower than the mounting position
of the actuator. In other words, the actuator detects the
existence of the ink at the vibrating region of the actuator. For

example, the curve Y in Fig. 24 (A} shows the relationship between



status before and after the ink level in the ink tank passes the nounting
position of the actuator. By this changes of the resonant frequency fs, it
can be detected whether the ink quantit remained in the ink tank is nore
than the predeterm ned quantity. The hod of usi ng the actuggo&Eé for
detecting the existence of the liquid is nore accurate than the t*hod

which cal culates the quantity of ink consunption by the software because

the actuator 106 detects. the istence af the . .nk irectd i ng
W ththe FEuREE RaPRREENorE, EXReliBrrmllt dutthg i ~ oo ds st RRbates e
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exi st ence thef rbhhgel butlasgs of ideneubyittihe 9| nghichaciamatespditls tichéehrunber
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the met ho&#tadiiigbeephratBd eser W6r 18Kct #Y%t i%6h “&ffd! PENPHERAT T *6F t he
exi st encen%gmtg??lgl LG 3 Jhepel At dd¥&iaddAUi dpGORLISNEIM LR PEOE the

manuf act ur e I"ow price. Furthernore, the sound generated by the
act uat or Ie&octanitnfredreenpertat, dn cei be Hetactesdtwire 1igsr tae bek qudnsddyby

tting the vibrating f of the pi lectric | 60 out. . of th
udli 0 r eqoBRAFeaF gt 108 Ceilo % THES iBiok: FoR o T et ULaed BBy of

the ink and therhesaraMod & fenofadheat sk angd Ebe dicbeating thection
of the curve Y shown in Fig: 24 (A) . Ink is used as an_exanple of |iquid..
As shown ieipitgncedeB) thghéAquaR dense¥y gurate) thaw 24y metdashy®d cht he
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electrode to detects the existence of the ink by conductivity is
influenced by the mounting position to the liquid container and
the ink type, but the method using the actuator 106 to detects
the existence of the liquid does not influenced by the mounting
position to the liquid container and the ink type. Moreover,
because both of the oscillation and detection of the existence
of the liguid can be done by the single actuator 106, the number
of the sensor mounted on the liquid container can be reduced
compare to the method using separate sensor for oscillation and
the detection of the existence of the liquid. Therefore, the
liguid container can be manufactured at a lowprice. Furthermore,
the sound generated by the actuator 106 during the operation of
the actuator 106 can be reduced by setting the vibrating frequency
of the piezoelectric layer 160 out of the audic frequency.

Fig. 24 (B) shows the relationship between the density of

the ink and the resonant frequency fs of the ink and the vibrating

section of the curve Y shown in Fig. 24(A). Ink is used as an

example of liquid. As shown in Fig. 24 (B), when ink density



during the re-filling of the ink to the ink tank. Therefore, the actuator
106 can distinguish the ink tank which contains the different type of the
i nk. The condition when the actuator 106 can accurately detects the status
of the liquid will be explained in detafl in fol | ow ng. The C@se '

assuned that the size and the shape of the cavity is designed soAkﬁan't he
liquid can be remained in the cavity 162 of the actuator 106 even when the

liquid inside the liguid container__is enmty.._Th r n ect
the stat ujsn%lfe%eesfligﬁied TR e EREST T g Ui i%%%%g?%% é’ée%u%ﬁ‘%%hea?%vity
16 2 i f thegaciaorindOeced detechiséde stratdthedf vwdiedd ) qthel whesnidie
liquid is filled in the cavity 162. The resonant frequency fs is_a

functi on Bfequrngnést are i Mermpn: washtlahR EYRERsCh tdniek -t nEh¢HeF P Efce of
the vibratin ection. jac eﬁ_dé{%'!' lsdnectance M £ rhdie
addi ti onal¥ i ﬁ%? %%%%8W%h;r§%§%{el ati wL%\é’s Ip ]\EI\%'t hEtEhg state’us&_!gl;L l%he
liquid. Tineeweksh tHionalnk /e taaddd€ freing degeanti hysobeanvini kedl togeichease of
a mass of the vibrating section by the effect of the  nedium existed around

the vi br YRS G gt~ T hl biperohof iR 18R © dehf tivhafa®fertance M is the

amount of i ncr e Ui f Webrahi BYsseabLeBnWRhehihR task eased
by the vibration o &I%I? Vi rzatcftﬁlgattsdgﬁtli on t hat \s/i I’tlE.I;a| Iy abso%bs t he

medi um Theied crentadhen tie d Cherest | @yperof hdre tihekM nmax in the equation

(4), all the iumwhi.ch is virtual lLy _absorb is the liqui Lped in
the cavity 16%&9@&%&9%ﬂBegtt;ﬁ@\é\HfgﬁortﬁSejG eE\A R glféglg'ré%'g%lﬁ@ he
Mmax is s@Rewklll dhenst at ysidhatll bhedd Uit ont@d el ] iis followdhd.

l'i quid. The resonant frequency 59 0 7 APR 2004 f s does not change because
the M doBke msechgngesinedhiBakddee simfepBfiotlee sharaiudtsr 26t ¥ahfot

detect thecSialae O +1AE LhaUl fhuld ddiP del Ahd 08" A Nafe Jdilie @bt

hand, if f%e%{l cav i's sna iger Than The M max 1n the equation (4), the

medi um whiled aics vaitictrund & \eehs ahkedths 1iquid inside the ligquid container
is empty.' The actuator 106 can detect the status of the liquid
even when the l1iquid is not filled in the cavity 162 if the actuator
106 can detect the status of the liquid when the liquid is filled
in the cavity 162.

The resonant frequency fs is a function of the inertance
M. The inertance M is a sum of the inertance of the vibrating
section Mact and the additicnal inertance M'. Here, the
additional inertance M' has the relationship with the status of
the 1iquid. The additicnal inertanceM' is a quantity of avirtual
increase of a mass of the vibrating section by the effect of the
medium existed around the vibrating section. 1In other words, the
additional inertance M' is the amount of increase of the mass of
the vibrating section which is increased by the vibration of the
vibrating section that virtually absorbs the medium.
Therefore, when the M'cav is larger than the M'max in the

equation (4), all the medium which is virtually absorbed is the
liquid remained in the cavity 162. Therefore, the status when
the M'cav is larger than the M'max is same with the status that

the liquid container is £ill with liguid. The resonant frequency



the liquid remained in the cavity 162 and the gas or vacuumin the liquid
container. In this case, because the M changes, which is different with
the case when the liquid is filled in the liquid container, the resonant
frequency fs changes. Therefore, the afuator 106 can det ect tp? E ﬁ%us of
the liquid in the liquid container. The condition whether the a F 106
can accurately detect the status of the liquid is that the M cav is
smal l er t Ng d id. s cavi.ty of
the  act uatorobfontt TR i B bR o3 L TR e3R8 W e
> M cav, ahewkifehret, h@h@@btﬁ&h@brlﬂﬁs eanna¢ ik od e yhd&itﬁfﬂus biieclsd atgaiaf the
l'iquid, does not depend on the shape of the cavity 162. Here, the M cav
is the mad® &bet Ad Aiguic@NEAIPRE -vol une which s substantially equal to
the vol ume of {Rg caui byndPhathensl erg w EDG condidinn, uCRieAR. dgkect
the status of the |qU| accurdtely, can bé expresse e con |t|on of
t he vol ungnothet bgquaavohy (462 ﬁmewmédmumrwhnﬂﬂiﬂarﬂﬁnmaaliywbbamrbédr1s
exanpl e, %f et the radius of t gen|qg 161 of _the circular sha

cavity 162€ad ayidangrapBenitk %s B thel adtd U2 958 <F var fLHe

fol | ow ng tingentahid ¥op@B iherobt fh Red s éésér%e%alase tHe fn &?ar(g}@s) B¥ich
expandi ng the inequality (10) , the fol Iomﬁng condition can be obtai ned.
a/d > 3* is/@ltﬂqyentr mumquaaawwtl@tx)tlaﬂndlmlﬂ B¢ divdleiddinriihe Wagnithe
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area, theactehabironshi pahesveest t fige dith@inss ot afhd e ead iy steh 1as;uadvm dth
and a length of the cavity and the depth can be derived. Therefore, if the
act uat or ¥OBtR&&SThe cavity 162 which has

The condition whether the actuator 106 can accurately
detect the status of the liquid is that the M'cav is smaller than
the M'max when the liquid is remained in the cavity 162 of the
actuator 106, and the liquid container is empty. The condition
M'max > M'cav, on which the actuator 106 can accurately detect
the status of the liquid, does not depend on the shape of the cavity
162.

Here, the M'cav is the mass of the liquid of the volume which
is substantially equal to the volume of the cavity 162. Therefore,
the condition, which can detect the status of the liquid
accurately, can be expressed as the condition of the volume of
the cavity 162 from the inequality M'max > M'cav. For example,
if let the radius of the opening 161 of the circular shaped cavity
162 as "a" and the thickness of the cavity 162 as "d", then the
following inequality can be obtained.

M'max > p*d/mna’ (10)

By expanding the inequality (10), the following condition can be
obtained.

a/d > 3*n /8 (11)

The inequality (10} and (11) are valid only when the shape of the

cavity 162 is circular. By using the equation when the M'max is



the radius of the opening 161 "a" and the depth of the cavity "d" that
satisfy the condition shown in inequality (11) , the actuator 106 can
detect the liquid status without mal function even when the liquid
container is enpty and the liquid is réfained in the cavity QEEZ Because
the additional inertance influences the acoustic inpedance c rAfR 0k st c,
it can be said that the nethod of neasuring the counter el ectronotive
force generated |n actuator 106 by residual vibration rreasures at | east

the chang®fofcitailake Gist iRBTHISHRACE HF aF&dr 8, Hish PPt e
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h F t t. th
phenomenon. oy ‘??é?n@k% '?ﬁ@??%gﬂgl E?xfieirﬁ'lé &Y ndgg%gég 1?@ éﬂ.‘ié\:%c €

status of the |re13k cont al ne I nsi ein can be
det ect ed iwgigahridee G/hahi‘ﬁtle)ﬂ‘llsﬁﬂl@ ’>1APRaﬂO(B:é araauhdchae vhber ateltrhg)dse:c&| on

of the actuator, which is generated the vibration enerat ed t.he
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acoustic impedance.

Furthermore, according to the present embodiment, the
actuator 106 generates the vibration, and the actuator 106 itself
measures the counter electromotive force in actuator 106 which
is generated by the residual vibration remained after the
vibration of the actuator 106. However, it is not necessary for
the vibrating section of the actuator 106 to provide the vibration
to the liquid by the vibration of the actuator 106 itself which
is generated by the driving voltage. Even the vibrating section
itself does not oscillates, the piezoelectric layer 160 deflects
and deforms by vibrates together with the liquid, which contacts
with the vibrating section with some range. This residual
vibration generates the counter electromotive force voltage in
the piezoelectric layer 160 and transfer this counter
electromotive force voltage to the upper electrode 164 and the
lower electrode 166. The status of the liquid can be detected
using this phenomenon. For example, in case of the ink jet
recording apparatus, the status of the ink tank or the ink

contained inside the ink tank can be detected using the vibration



vi bration of the actuator 106 and the neasuring nethod of the residual

vi bration. The change of the ink level at the level of the nounting
position of the actuator 106 in the ink cartridge can be detected by the
change in the frequency or the anplitudd of the residual vibration

remai ned after the oscillation of the actuator 106. In Fig. 23(#R amd Fig.
25(B), the vertical axis shows the voltage of the counter el ectronotive

force generateg % e residual V|bra%|on of the act gh 106, and the
ori zonta i at or
hor i pToyRAsth T3l 19 FECtRPTY RE YRS AR DM 189t Mer ALEY

1106, the B’?V'é‘fmer%BEaEE@naQ%QQaEéQHB& QEeW@cYﬁk&é@&ﬁ?ﬁ%@i@ﬁ ofiStRAOWN
in Fig. 25 (A) and Fig. . Then, the analog signal is converted to a
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signal. In detail, after the actuator 106 oscill ates e nunber of the

times wheReshduahavoratimal Jgote sbrpss ohdhn dals dEHPAeE ther dp¥Rdect
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signal is sét e anal og signal ~ becones fourth counts to
t he e|ghthaﬁdb@tdetéﬂtbdrhytdn@eCdathglnfthmtﬂreqnﬂﬁcyWUr the asnghitbudeunts
is neasured by predeterm ned clock pul se. 25 (A) shows the waveform

when the PhkER@ERSi@ahdration seppiged tﬁ%g%&mr?g% atiion of the
actuator 106,,Fh9. 188. (B shpwsdhe wavekqum waqn)t hepinkeleyeh: i gxbgl ow

the level of the nmounting p05|t|on of the actuator 106. Conparing the Fig.
25 (A GZSDOWSAEFEZG@Mtaﬂd ¢igﬂu2@cpaﬁer'EﬂectmwmoaﬁvehéOch gegefra¥eduri ng
the fourt

e LOUT By SR L8 15, L QUL BOUORS A3 LANAPS e DSl R, hof e P10
from theak@urshowo®WHs tiind.hepei méh:é:@itﬁl.ﬁ&l nslkfhétfﬁreraif tBy sstuagtor
106, the waveform of the analog signal of the voltage generates
as shown in Fig. 25(A) and Fig. 25(B). Then, the analog signal
is converted to a digital numerical value corresponding to the
frequency of the signal.

In the example sown in Fig. 25(A) and Fig. 25(B), the
existence of the ink is detected by measuring the time during the
generation of the four numbers of pulses from the fourth pulse
to the eighth pulse of the analog signal.

In detail, after the actuator 106 oscillates, the number
of the times when the analog signal get across the predetermined
reference voltage form the low voltage side to the high voltage
side. The digital signal is set to be highwhile the analeg signal
beccmes fourth counts to the eighth counts, and the time during
fourth counts to the eighth counts is measured by predetermined
clock pulse.

Fig. 25{(A) shows the waveform when the ink level is above
the level of the mounting position of the actuator 106. Fig. 25 (B)
shows the waveform when the ink level is below the level of the

mounting position of the actuator 106. Comparing the Fig. 25(A)



this difference of the time, the consunption status of the ink can be
detected. The reason to count the analog signal fromthe fourth counts is
to start the neasurenent of the tinme after the vibration of the actuator
106 becones stable. It is only one of %€he exanpl e of startin@7tj§h 0
measurenent fromfourth counts, but neasurenent can be started fro%?the
desired counts. The signals fromthe fourth counts to the eighth counts are

detected, and.th i fromthe fourth.co t ei i
roasur od B TAE it e HEARE P B0 Thip | R hottil E Rt Gunt S
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smal |, the resonant requency can be detected by detecting the tinme from
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anpl i tude rom-t ourth™ counts’'to the

twel fth cpaddsré&mdnbecgetiest etatedetasth the desitedl cowmhbsation
accurately. Furthernore, as other enbodi nents, the wave nunber of the

vol tage wavef orfheBighe lcofineBrtha EebrbRUTPWRES GreBRAR9IY 1t KEUES 507" APR
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act uat or oscil "at’es, e digrtal signal is set to be hig during the

pr edet er M sedapearieddyy ahd predauarremedf ¢l dek puies .whBy thilkenaasivgmengnal

's get aCt‘[ Ogi‘etsgga%q:egxgég&glgggarneggro%@g?.ned. The clock pulse is prefer
to be a pulse having a same clock with the clock for controlling
such as the semiconductor memory device which is mounted on the
ink cartridge. It does not necessary to measure the time until
the eighth counts, but the time until the desired counts can be
measured. In Fig. 25, the time from the fourth counts to the
eighth counts is measured, however, the time during the different
interval of the counts also can be detected according to the
circuit configuration which detects the frequency.

For example, when the ink quality is stable and ‘the
fluctuation of the amplitude of the peak is small, the resonant
frequency can be detected by detecting the time from the fourth
counts to the sixth counts to increase the speed of detection.
Moreover, when the ink guality is unstable and the fluctuation
of the amplitude of the pulse is large, the time from the fourth
counts to the twelfth counts can be detected to detect the residual
vibration accurately.

Furthermore, as other embodiments, the wave number of the

voltage waveform of the counter electromotive force during the



voltage fromthe | ow voltage side to the high voltage side is counted. By
nmeasuring the count nunber, the existence of the ink can be detected.
Furthernore, it can be known by conparing Fig. 25 (A) with Fig. 25(B), the
anplitude of the waveform of the countér electronptive forceniﬁAﬁhﬁhﬁgent
when the ink is filled in the ink cartridge and when the ink is not
existed in the ink cartridge. Therefore, the ink consunption status in the

ink cartrid an .be . detected by .nmeasuring,the anplitude.of.the veform
of the  CBURPEFCEMSBERORBEIVE ToN B AU calehPaPPRG heot Slontntor
frequency ¢ hWbx & sPESH fiogabby¥iliatesXam aiqathef £1GMEE 10kkags beShigh

bet ween the peak point of the waveform of the counter electronotive force
of the Fi duripg(ti)e pr¢dererpéaiedppeniodf et hoguBiiahPrsf thidd i@esnYRen

osci || at osnoar™ifg fighthh +ask Swosk W TSl T AR CF A BERee o

Then, if thertwavekeom ehe 16 ¢olbhee elaet tomphéveifhreelygeyeasidssishe
reference voltage, it can be judged that there is no.ink in tPe i nk

cartri dgeCoMptefihe RAVERGURIGH ERE GBI BRMBPECt MBI FE SPGRcRE F&6s1 Wbt get
across the_refgergpeg.yalhtage, it can be judged that there is ink in the

i nk cartrigge. F?g. SE shows the manufacturing nethod of the actuator 106.
A plurality of Fhethetmatey sitl(fn freuknnunbey scompartieng d5iay .o25t(Ae wiEtly. 26,

are forned. as one, body.  The aciuator 106 shown in _Fiqg. 7 i,s manuf act ured
by cuttin§iBhe ot (R ?/H?eofa%% h'é‘f‘g‘? f%&t%i Bvﬁweif?rﬂbr ﬂéd §h¢ oﬁ8u8€ﬁ§7 as

shown in Bhgct2BmollivBagBret {Heapetepd®f wHAD tHd itrke ie@agh 10kdt he the
pi ezoel ectric elenents of the each of the plurality of the actuator 106,

whi ch is fiokmartinidarabpdoyhe tberimpps poaxastsdovnthea mlgcazbridge.
Ly ciher RHEREEckES, SEEUREICIRAON, AhEID 4 PR G R TR agL R by
106. By f bendegeatefdl byahebpuefinthehactmplotudé6ofntbrewbwdypra pfutheity
of aCtuat%Bunter electromotive force without calculating the resonant
frequency. More specifically, for example, a reference voltage
is set between the peak point of the waveform of the counter
electromotive force of the Fig. 25(A) and the peak point of the
waveform of the counter electromotive force of the Fig. 25(B).
Then, after the actuator 106 oscillates, set the digital signal
to be high at the predetermined time. Then, if the waveform of
the counter electromotive force get across the reference voltage,
it can be judged that there is no ink in the ink cartridge. If
the waveform of the counter electromotive force does not get
across the reference voltage, it can be judged that there is ink
in the ink cartridge.
Fig. 26 shows the manufacturing method of the actuator 106.
A plurality of the actuators 106, four numbers in the case of the
Fig. 26, are formed as one body. The actuator 106 shown in Fig.
27 is manufactured by cutting the plurality of actuator 106, which
is formed in one body as shown in Fig. 26, at each of the actuator

106. If the each of the piezoelectric elements of the each of

the plurality of the actuator 106, which is formed in one body



106 can be manufactured effectively at the sane tinme, and also the

handl i ng during the transportati on becones easy. The actuator 106 has a
thin plate or a vibrating plate 176, a base plate 178, an el astic wave
generating device or piezoelectric el éfent 174, a term nal f gy g nenber
or an upper electrode termnal 168, and a term nal formng rrengé‘? otk

| oner electrode termnal 170. The piezoelectric elenment 174 includes a

pi ezoelectric vibrating plate or a piezoelectric, |ayer, 16
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case of Fig. 26, orned on the vibrating plate 176. The ower el ectrode
166 is far mbesen pheteoplsdf coe efladtdovi brati ngenpraténg76deThee or

i lectric | 160.is f the .t f f_the |
01 ot r o e R 6 SADER Vel Lbt FoaE T84S ST R RIPThE™ 8 WhFace of

the pi ezegl@airdde kayahinh001sdheandiRPeerpl 861 rBsienef Mdtlerl 68 arkbidie
| ower el ectrode termnal 170 are forned on the end portion of the upper

el ect rodee B4 ity thaménad ¥7APR Do lcsmel cattador sdemess. 1 ThelAGmdGfunber s

oo opmok RoeteRss o ySed IRTSIALAL V.Y IR B3ET, 2y ie 6 41 o

106. Theiggeoughkdaiagel i&a i anfoantdwern thectacéeolicthe Tiaseridbwertteinky 8

whi ch fac:i_) Satvg tlr'}Gt Jhg Pcirerr%eocflo%cg:aiactgé %rlrl?:r}tac%ggf Jl?ee l}ar]sreOlﬁl) gtbaOllga, and
the lower electrode 166 is formed on the top surface of the
vibrating plate 176. The piezoelectric layer 160 is formed on
the top surface of the lower electrode 166, and the upper electrode
164 is formed on the top surface of the piezoelectric layer 160.
Therefore, the main portion of the piezoelectric layer 160 is
formed by sandwiching the main portion of the piezoelectric layer
160 by the main portion of the upper electrode 164 and the main
portion of the lower electrode 166 from top side and from bottom
side.

A plurality of the piezoelectric element 174, four numbers
in the case of Fig. 26, is formed on the vibrating plate 176. The
lower electrode 166 is formed on the top surface of the vibrating
plate 176. The piezoelectric layer 160 is formed on the top
surface of the lower electrode 166, and the upper electrode 164
is formed on the top surface of the piezoelectric layer 160. The

upper electrode terminal 168 and the lower electrode terminal 170

are formed on the end portion of the upper electrode 164 and the



178a is sealed by the vibrating plate 176. The vibrating plate 176 is
formed by the material which has electric insulating characteristic such
as alum na and zirconi um oxi de and al so_ possible to be deforned

el astically. The piezoel ectric el enent 65174 i's formed on the \) Prapin mas
plate 176 to face with the through hole 178a. The |ower electrode 166 is
formed on the surface of the vibrating plate 176 so as to be extended to

th di Li left di j in_Fi f h i t
i ough nePect 19bectiRat Fhdr arBnerlae Bikere phr Rkl SR TREELA A (he

'pi ezoel echigk@ d@y£ratddly 3 anctonbecgxhesfiathd acthatepposst eepatateelyon of
the I ower electrode 166, which is right direction in Fig. fromthe

28,
region of the tPougy ABPES B78EOSEBRCEEONtHe 2 RAFr o8| Eet PEG¥3EE N Yl 168
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of suppl enmentary ectrod the Tower electrode 1 espectively.
The | owerwhitedacedewti ehmiiapiéZfelethribhelamart @7éct rbue thdeugh hole

electrically, .and the upper electrode termnal_168 contacts, with 1he upper
el ectrodeli%ﬂ Heﬁ%]ieé%hwtgﬁrﬁh]@ﬁa’fh’ég tenetftar y 181 BLPFBEE"I 182D

del i ver a;skgnal metween hendi RZeekesir hiehemant andihe onbsigdeinf the

actuator 106. The upper €lectrode termnal 168 and the |ower el ectrode
termi nal dH@rhaseniheighsubhgler alhamineheandiezdhtoofunhexgidezcuikcalse

el ement which,is the su f_th i ght the.el ectrodes and th
o1 ozo6l echr Rt K Betoghef e thhi acti PIG HEt R 0F © RE™SRE uat or
106 shown7i n &ifgrmél ofritled vidrbRiayghl hok e B1@a facé aridtbe ehocesh
sheet 940 bY perforating the green sheet 940 by a press or |aser
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pr ocessi ngelhE7 & eerFhshderegiol peebres 1he badormed €™M BaftEf266 ©f 7 APR
2004 the bygning o igﬁegﬁat%@n@%%eé]s shest AL ds-d erBd byt he-o8t e5h al

such as ceram c nat , a green sheet 941 is lamnated on the
surface olefhedireenishedt Bi). ZEhe fgreemhsheegiosl ofetbaeshrohghvibiati ng

plate 176, alier e BuLOLng, pepcsas., 1S e8P lEek 2 kol HR0LRY (e
piezoelectric layer 160 so as to be extended to the opposite
direction of the lower electrode 166, which is right direction
in Fig. 28, from the region of the through hole 178a. Each of
the upper electrode terminal 168 and the lower electrode terminal
170 is formed on the surface of the each of supplementary electrode
172 and the lower electrode 166, respectively. The lower
electrode terminal 170 with the lower electrode 166 electrically,
and the upper electrode terminal 168 contacts with the upper
electrode 164 electrically through the supplementary electrode
172 to deliver a signal between the piezoelectric element and the
outside of the actuator 106. The upper electrode terminal 168
and the lower electrode terminal 170 has a height higher than the
height of the piezoelectric element which is the sum of the height
of the electrodes and the piezocelectric layer.

Fig. 29 shows the manufacturing method of the actuator 106
shown in Fig. 26. First, a through hole 940a is formed on a green
sheet 940 by perforating the green sheet 940 by a press or laser

processing. The green sheet 940 becomes the base plate 178 after



a conductive |layer 942, the piezoelectric |layer 160, and a conductive

| ayer 944 is fornmed on the surface of the green sheet 941 sequentially by
t he net hod such as printing. The conductive |ayer 942 becones the | ower

el ectrode 166, and the conductive |ayeP®944 becones the upper 8ITeAPRE¥ 164
after the burning process. Next, the green sheet 940, the green sheet 941,
the conductive |ayer 942, the piezoelectric |layer 160, and the conductive
| ayer 944 .are dried_and burne The spager vi ded
on”the ordbnBunBLE sHEGY o Tre e BEEERCHTore frt sy ciEh RS pe
“term nal gh&h andckhaniewaatekealr odehet erarigialenl #beke be1hi ghbamiremred he

pi ezoel ectric elenent. The spacer nenber 947 and 948 is forrre&a%/ rinting
t he same amEBrisHTiade Aftthe green el 9620 oM 9FESHSBRET AHMRETFET he

green sh ) 94 Vi LA S0 SHASET gL 94 and-848, the
gquantity O © t‘ﬁl;bltré-lele% ;:Flrﬁolf@mG u%%te?ﬁetf eé(;t r odlg tgr?ngﬁgP 168 and@l{ he | ower
el ect r odesHeaxtbaali slfOrmafiibght he mateotilad swtlabs carcdreium eddded. TrroOVer,

because the thickness of the u‘£ er electrode_ ternmin 168 ??g t he J owner
el ect r ode® t EPHINGF 1490 L8AFThe?dedubBl, PLEROSISSEF 18 ¥ e 108 ni 468

and the l%u@éj‘;\&t hede ! 1l DAl ForkdQs CANLhE SCEEE & Y thid Bt-ednt nder a
stable height. It a cdnnection part 9441, which is connected with the
conduct i vit1 speredtd aldydby Hihes petdrodrenphra9pr iatd raug Ihe ¢OReRECI¥E t he

same ti when e .conductive layer 9 i,s_for t r e
term nar%laééelé d‘p?t S TRt l'é?eecﬁ%/%%l% %A%Ercn% rn%f?e ﬁg ’caglrllr(?d g@%a%?ﬁ%§§%{r‘?r%d and
firmy fixgger Fonal bcohBs wpperugl@ct Deecréds mMioal akg@rarnchd Heutwivwy

el ectrode termnal 170 are formed on 67 0 7 APR 2004 the end region of the
conduct i VP[RR 942 and the conductive layer 944. During the form ng of

t he upper el ect t 1 68 t I o) r igqnal , the
upper el ect rodeﬁ%gg:(ra’n‘i ﬁgg @66 angﬂtg%é I%&éroﬁ%cgﬁ%&g{tgg?ﬁgﬁa{gé% 0 %}rzéé)

for med t cdehwonnect ddyewi t922t,hetpé epdelzeellect riiay ekavidd0 &F8ct Einghl tye

conductive layer 944 are dried and burned. The spacer member 947

and 948 are provided on the green sheet 941 to raising the height
of the upper electrode terminal 168 and the lower electrode
terminal 170 to be higher than the piezoelectric element. The
spacer member 947 and 948 is formed by printing the same material
with the green sheet 940 and 941 or by laminating the green sheet
on the green sheet 941. By this spacer member 947 and 948, the
guantity of the material of the upper electrode terminal 168 and
the lower electrode terminal 170, which is a noble metal, can be
reduced. Moreover, because the thickness of the upper electrode
terminal 168 and the lower electrode terminal 170 can be reduced,
the upper electrode terminal 168 and the lower electrode terminal
170 can be accurately printed to be a stable height.

If a connection part 944', which is connected with the
conductive layer 944, and the spacer member 947 and 948 are formed
at the same time when the conductive layer 942 is formed, the upper
electrode terminal 168 and the lower electrode terminal 170 can
be easily formed and firmly fixed. Finally, the upper electrode

terminal 168 and the lower electrode terminal 170 are formed on



Fig. 30 shows the further other enbodi ment of the ink cartridge of the
present invention. In the ink cartridge shown in Fig. 30, ink absorbing
menber 74 is provided in the container 1 to face to the through hole l1c,
which is provided inside the containe7, as a wave pr eVG”BWﬂPWBL&- The
actuator 70 is fixed to the bottomof the container 1 to face to the

t hrough hole 1c. the ink absorbing nmenber 74 prevents the wave or bubbl es

of ink inside the ink cartridge to . enter into_the thrgggﬂBQPLe lf' The
i nk absor bRFIFERBEEOR IRy EBS cpPEVERi¥ e IRy StavaZandhEBs| tivie Le¥ehove

close tO bhe AGUALQL FR #BENEHLACH the LBBeRCAHALOFoJY t SHHE K 18B5QhH)

ng
menber 74 1s designed such that“the hole “dianeter of the porous part 74b
around t hehenkosepptlepored® tHermigral 11610 .t lrdne bppelotéedtamBeertevhinakb

por ous pa 74 round the ctuator 70. ernore, t i.nk absor pi ng
Tonber 74 P8 e PORAE SRk ST RETRABRL L1 SFBrGE Y RS BUSCPERL 74b
around th@ithnkn8UBREY¥oBQEEL 2itS1eya)| esot baacthecsapy !l ary force in a
degree which holds ink. Thereby, 1f the ink absorbing menber 74 exposes

fromink by coRganm R§ @hawsk tihesifderther cohharnembedipgrti ofi He nknk

i ont ¢ oCTRELERRC e RarEes FRVRPFLble Al YL FRECEabdeotnbed, °"

consunmed up,Fidie ok iaksabborigi mE westbeli4 7absarpsotided itk thenabnedinart he
through hole 1c by the capillary force. Therefore, ink_ is _drained fromthe
concave par$°ofaehet® Hriidirnsite hode ticer ¥hdrCd, 16ePRO¥eEReIREEAGURNE

vi brationcgiit L DReraCt Ual Qlys Pfé{}gﬁﬁiﬂl&j dde1 | Nkerend 8Lt ys. 76 he Eigkgg of
the ink end can Be further refiably defected. 68 0 7 APR 2094 Therefore,

the i nk absdrip dpttemberf Theceonpaitectl tiefaaet vattdre Thricugh hbhdéewhee of
[k 2nd a5 shponbe el Herb IR ol oD A0 iRk BubS ORIV
further oiheidentiosliimntaetribgel thk iddy i@ the through hole 1c. The
ink absorbing member thereby prevents the wave or bubbles of ink
to move close to the actuator 70 and attach to the actuator 70.

The ink absorbing member 74 is designed such that the hole
diameter of the porous part 74b around the ink supply port 2 is
smaller than the hole diameter of the porous part 74a around the
actuator 70. Furthermore, the ink absorbing member 74 is designed
such that the capillary force of the porous part 74b around the
ink supply port 2 is smaller than the capillary force in a degree
which holds ink.

Thereby, if the ink absorbing member 74 exposes from ink
by consuming of ink inside the container 1, ink in the ink absorbing
member 74 flows out from the ink absorbing member 74 by its own
weight to the ink supply port 2. If all the ink inside the
container 1 consumed up, the ink absorbing member 74 absorbs the
ink remained in the through hole 1c by the capillary force.
Therefore, ink is drained from the concave part of the through
hole 1c. Therefore, because the residual wvibration of the
actuator 70 changes at the ink end status, the timing of the ink

end can be further reliably detected.



of the present invention. Fig. 31 (A) is a cross sectional view of the
bottom part of the ink cartridge of the present enbodinment. The ink
cartridge of the present enbodi ment has a through hole 1c on the bottom
face la of the container 1, which cont& ns ink. The bottom ﬁrt ogqﬂé he
through hole 1c is closed by the actuator 650 and forns anq) quﬁ ng
part. The ink absorbing nenber 78 1is provided around the inside the

through hole 1¢ . which is pravided .inside t ai,per roung t he
t hrough hol e 1§“h§§e§°\ﬁae\/epthper elvrg%t?%sgoﬂ%ﬂg o0 R pkal b%%g)t%g(r%bgr 78 has

“a i nk absithidt®r Menhesm tée wWvebfi Snpred dedoidisssitbd et hnougmaioled 1c
and the ink absorbing nenber 78b which is provided around the through hole
1c. Fig. i Y@ t3rewsha had@niliced c AFPT o¥ec Ghen 2eFIRE A& aF%‘“&r inksEEhd ¢ he

t hr ough I W Fi g e Fig. 31 (C) shows a plan view of
t he actua e&%%&ﬁ%%\mﬁ% t%cg:cl)luaghjorﬁélog'lc shown in Fig. 31 (B) . The
actuator 650 haFsiga vibadwngupthte dtthandmaodpinented£dthe tnklamEmidg® which

is fixed to the vibrating plate 72. The vi ?rati ng plate 72 can be .
el ast i cal9fy t&ef BFREELANHIVSOL LAR - 1 d5liTt At D) ﬁstﬁecg‘?%%e?ﬁc et t he

shape of &E‘@heﬁ%ﬁér?ﬂ g%gfci &f ehenent cféé\%ﬁﬂéﬁb@f tHopgbsbat erdfodimndng and

narrow rectangu both ends o ich is circular shape. . Fig. 32
shows ot lgre émbpodiamentidgle tife thhr pughehol emiedinent dags dftimeuals ples) |

B) , an C the left hand._.sid f the. fi,qure., sh t - at
tare o ShoknR ot b RIS a3nOh ke FERCalite 1 SURIER JonBd b0
figure S*’ﬂi’@bb"&%o&}:ﬁéﬂ’é dhathd RkroghsShe®aEl et ichoske birohghadiolatdic. | n
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t he enbodi nent of 31, the side face of the through hole -1c is forned
as the veériq emd 69r@s7apPRYROBOREIT PALY -Fi ‘g"hGBQHFAQb,SOFFéngi‘E%%‘?%’&eF"Bld of
the thro [ iRy VEL T | r L 9n and-opensr W ideqa
expandi né@g@?kgdégﬁ%uﬁ @ﬁ%elgls&f&egﬁ% Egg,tméhsﬁ%%ed porti onrll%e alnd if are
formed amdike sihdecbateaiakrt heahdrammgmddbe throligh siodgpéd pora ivave f,

which is rreqvve!ndteiq'lgaul?%X?[ .t hTehg ti%'?cpggsggﬂﬂg rz]ma!rr(?tjez.i S?B%aclise & 1ﬁ’.folcnalst.e'.hoerbing
member 78a which is provided inside the through hole lc and the
ink absorbing member 78b which is provided around the through hole
lc.

Fig. 31(B) shows a detailed cross section of the actuator
650 and the through hole 1c shown in Fig. 31(A) . Fig. 31(C) shows
a plan view of the actuator 650 and the through hole ic shown in
Fig. 31(B). The actuator 650 has a vibrating plate 72 and a
piezoelectric element 73 which is fixed to the vibrating plate
72, The vibrating plate 72 can be elastically deformed and is
ink resistant. In the present embodiment, the shape of the
piezoelectric element 73 and the through hole ic is long and narrow
rectangular, and both ends of which is circular shape.

Fig. 32 shows other embodiment of the through hole 1c. 1In
each of Fig. 32(a), (B}, and (C), the left hand side of the figure
shows the status that there is no ink K in the through hole l1c,
and the right hand side of the figure shows the status that ink
K is remained in the through hole ic. In the embodiment of Fig.

31, the side face of the through hole 1c is formed as the vertical



stepped portion le. In Fig. 32(C), the through hole Ic has a groove 1lg
that extends to the direction in which ink is easily discharged, that is,
the direction to a ink supply port 2. A wave preventing wall, not shown in
the figure, is provided in the contai® 1 such that the vvavegprgpldﬁ W,}ng
wal | faces to the actuator 650. According to the shape of the th 2 hol e
lc shown in Fig. 32 (A to (O, the quantity of ink Kin the ink storing
part can

be. reduced. Therefore, because the Mcav c be | l,er .t han the
N mmx explaEheq 1 iy, S34%nqthe 5L Fadf 18 BF ot Por i dran 36 Hoof
‘the actuatoanfel #h {BecibH® QfrbbeibAKafAdosbakUsithaBxPendifdity the
different with the vibration characteristic when enough quantity of ink K

for printpugsiderenti iid i 32 .conshepeed noraken tyrianthd fi Akeeharvseat us
can be reljably detected. Fig. A d«(B) is sl Vi .the. furt her
ot her engggit}h%ﬁtl%loef %?ﬁg %J{tt%lft gg&"%&?@%@ﬁ é)c's h?%g Sgpé&)al?‘%&gfa 9%1??1(1%%, Cross

section o{hibe idslpreatildeddgbovenihisebppadasdueion 1670iefwidde térbotdhaent

shown in Fig. 33(A) is nounted. In the present enbodi nent, the_ actuator 670
conpri sesSHEEBAEaperpaPh £6rni By BiGe 3£(%)te 'gae A QP B 0kE et riiéSefenment

82. The c r ' ' e ihacesof Lhe
concave pgr%g?%r%?n%hg%a%%t%{@% e@gotqgéyt&tlﬁg%{ﬁgc ngglugjfhéhjc lglg gtsc ?ng,yand
pi ezoel eciil schaegedpnth82 ks, nbhat dtreatite vvheriskdsupplyhpoface. of the

concave part form ng base plate . The bottom portion of the concav
part 81 oper at e’ "4/ SPYFEFAELAG "oﬁows?'rﬂ"‘i? %ﬂt,;?'teoﬁ(’:ak}ﬁepdﬁpr?%?%ﬁg

base pl at ¢,80he IA6HELPREY ihﬁuaﬂhﬂigﬂ'E%eT@%b%nF&%v%&%i WHalOF2648 t§
determ ned by the periphery of the concave part 70 0 7 APR 2004 81.

Furt her notbe afpbuateuatbP-670 has the sinmilar structure with the structure

of the actuator,l h i nEi o) i.ch se_p .78 d the
vi brating pl at eAigcgr?%S%éné: ea%h%ﬁge Qb%S?%%%é@?&r%% ? ﬁeék?réa‘ﬁ?} g.ICFSQi' ng
process depilpAp tdbe(Manuilaetaitamd tanofi hkkcrrin itdge iedn sherriedupedt aad t he

cost for ggnrugc?féeuéi n%‘haeg'efore because the M'cav can be smaller than the
M'max explained in Fig. 22 and Fig. 23, the vibration
characteristic of the actuator 650 at the time of the ink end status
can be greatly different with the vibration characteristic when
enough quantity of ink K for printing is remained in the container
1, and thus the ink end status can be reliably detected.

Fig. 33(A) and (B) is a slant view of the further other
embodiment of the actuator. Fig. 33(B) shows a part of a side
cross section of the ink cartridge, on which an actuator 670 of
the embodiment shown in Fig. 33{A) is mounted. 1In the presént
embodiment, the actuator 670 comprises a concave part forming base
plate 80 and a piezoelectric element 82. The concave part 81 is
formed on the one side of the face of the concave part forming
base plate 80 by the technique such as etching, and piezoelectric
element 82 is mounted on the other side of the face of the concave
part forming base plate 80. The bottom portion of the concave
part 81 operates as a vibrating region within the concave part
forming base plate 80. Therefore, the vibrating region of the

actuator 670 is determined by the periphery of the concave part



ink cartridge also can be reduced. The actuator 670 has a size which can
be enbedded into the through hole 1c provided on the container 1. By this
enbeddi ng process, the concave part 81 can operates as the cavity. The
actuator 106 shown in Fig.22 can be f@Pnmed to be enbedded izH throu?h
hol e 1c as actuator 670 shown in Fig. 33. Mirreover, the wav ﬁﬂﬁﬁbﬂw ng
wal | 1192u is provided nearby the concave part 81 in the container | such
that the wave preventing wall 1192u faces to the actuator 670. F

.34
shows a shhnt Fprdhesmotite bRASCTIMAH MRt tPﬁe’S“&J&%EGFPC’FH&%‘gﬁ%t or
1860 has pagking & Hieeaut sdea Ofr W oRRSR Phatsy W chConsthiuhes the

act uat or , or the throug c of a nmounting plate 72. Caul ki ng
hol es 77 lpase fdraed10p atdeleutibirat $ngfpldtee dtéuasof 068l dEhengdvedy or 660

is fixed to the container 1 through the caul ki ng hale 77 t h_caul ki ng.
Fur t her nOFRETRAGTE | 1t EHEAPRELERYT LRB RHARSHS ChRa MGPRBE aRT not

shown in H&ea‘aixg&yjﬁge%c%rpgepgggiéésé, nead Bhe (RR PGk REndBastahihadnt he

wave preventing wa aces tot actuator 670 as shown in Fig. 33 (B) .
| f the waimk preavenitdgsy adedd cambe sadwnedn tTee faqqmedod € Hohgsof aidesh or

a materi al ich ass thr 1 nk ch,_as porous-mater| : %
prevent i ng |car2:§ﬁe ﬁ‘é‘&ﬁ%ﬁ%{;&ﬁr{f %gﬁanglEoglﬁht E’glﬁeﬁlgpﬁg#yléggtﬁg %%%ki ng
76. 1f  thenmeMeeprieventd Agivadibd dd e prees , Wbhe heqassvé paougbli okn  t he

actuator 660 can detects ink. In this case, the wave preventing wal] 1192u
i s nount ePFRENR akhearavitye tBearsuatgn A0Enehathuh §l 9% 7F §8N0Re

body. . Becalifed 5 BLOGRREALA ML Ko, lie pHRYeL BEAY ellduid Akl o0dnbhi 1k

cartridge 1's abbrevia manuf acturi ng process is
reduced, andithe3ByclMotdédeenndheossvefpravemifiag walhdgl 1920 iiskpravidédge

duced. Figs. 35A, 35B and 35C show pl ' f the.through hole i
accor di ng RN FOBRBAH RERT. S hol'S RN CPBEBABET vhI ST s CH9¥AY °35D

and 35C, the,phanes shape piosheribeough b eadeusByrheroof arbitrary shapes
such as circular, Tectangular, and triangle )

Fig. 34 shows a slant view of the other embodiment of the
actuator. The actuator 660 has packing 76 on the outside of the
base plate, which constitutes the actuator 660, or the through
hole lc of a mounting plate 72. Caulking holes 77 are formed on
the outskirts of the actuator 660. The actuator 660 is fixed to
the container 1 through the caulking hole 77 with caulking.

Furthermore, alsc in the present embodiment, the wave
preventing wall, not shown in the figure, can be provided nearby
the packing 76 such that the wave preventing wall faces to the
actuator 670 as shown in Fig. 33(B). If the wave preventingwall,
not shown in the figure, is form of a mesh or a material which
pass through ink such as porous material, the wave preventing wall
can be previously mounted on the periphery of the packing 76. If
the wave preventing wall is the member which pass through ink,
the actuator 660 can detects ink. In this case, the wave
preventing wall 1192u is mounted on the ink cartridge together

with the actuator 670 as one body. Because the process of mounting

the wave preventing wall on the ink cartridge is abbreviate, the



shape as long as the elastic wave generating device is capable of being
nmounted thereto. Fig. 36 shows a slant view of the configuration that forns
the actuator 106 in one body as a nounting nodul e 100. The nodule 100 is
mount ed on the predetermnined position oflthe container 1 {f PR pook
cartridge. The nodule 100 is constituted to detect the ink consunption
status in the container 1 by detecting at |east the change of acoustic

i npedance of the ink qugid. The nodul e . 100 _of the Rresent e odinen% has
a liquid PERELRREPTABERTAGES PrefbEFIEE 8T R AT FHGENE1EEL §5P5to8rt o

the containgl rhcthReng! LAY dnkORL AL BEHHOYRLI PgieaRer 101 has a structure
whi ch nounts a cyllngrlcal part 116 tﬁat contains the actuator 106 which

oscill ates by tRegdrid¥shg XRynad d6Caslvaselrount ew820f titee phavuadf hehech is
substantially rectangul ar. Because the nopdule 100 is constructed so_that
the act uatbrRot TR TI bRERS AT LS ToRr AR ot A ORE 2P Eatt o BeStnan
the modul 653003658 sBandsd, ahd R ankk shepet bEdgge tiHeowa Rl 1X0Maganebe
protected from outside contact. The top side of the edge of the

cylindricaf pabitiasyishanemiseicddasseirmalar heregtanticdal aper triepdéan he
easily fit.into_the hol ich is. for Nt I ridge. F 7
shows an eS>1<151 gdgg g?ré %? %,\JF:% ér;toéﬁ}lec 1 S \Fﬁr}%ﬁﬁé g.%%tget ggs ERQF%g

st ruct ur eo8f behagm@uheed00heFheonodul e 100 includes a |iquid container
nount i ng nenber 101 nade froma_ resin and a piezoelectric deyice _nounting

menber 105 whi cAifas3® Shosted dhanbiti ey @dnkhe el 1oumst 198 Hdy £BKBS t he

modul e 10Qphas-@uat &84 oW I € cHWBoAP &L A4hoRCi MR TREuiE61 0 &N Ehd Wb, 188.
Preferably, 72 0 7 APR 2004 the plate 110 is nade froma nmaterial which is

difficultlpe be mowustedwhtis predekesmiordspashtéss f Itdye cPmeadpeni hg 114
mount 102 CGTRA O Br RERTABG (T ABSTRaUM 0 cihERTAES RS ER G S SAC101
so that thekCybhBdihbeabnpstdtdd bimithet Benbasaefouly ddiZzqamd eitt deasthe
| ead wire 104a and 104b. The concave part o
the change of acoustic impedance of the ink ligquid. The medule
100 of the present embodiment has a liquid container mounting
member 101 for mounting the actuator 106 to the container 1. The
liquid container mounting member 101 has a structure which mounts
a cylindrical part 116 that contains the actuator 106 which
oscillates by the driving signal on a base mount 102, the plan
of which is substantially rectangular. Because the module 100
is constructed so that the actuator 106 of the module 100 can not
be contact from outside when the module 100 is mounted on the ink
cartridge, the actuator 106 can be protected fromoutside contact.
The top side of the edge of the cylindrical part 116 is chamfered
so that the cylindrical part 116 can be easily fit into the hole
which is formed in the ink cartridge.
Fig. 37 shows an exploded view of the module 100 shown in
Fig. 36 to show the structure of the module 100. The module 100
includes a liquid container mounting member 101 made from a resin
and a piezoelectric device mounting member 105 which has a plate
110 and a concave part 113. Furthermore, the module 100 has a

lead wire 104a and 104b, actuator 106, anda £ilm108. Preferably,



113 is fornmed on the central part of the cylindrical part 116 and the base

nmount 102 so that the cylindrical part 116 and the base nount 102 can

contain the actuator 106, the film 108, and the plate 110. The actuator

106 is connected to the plate 110 throudgh the film 108, anﬁ ﬁ Rﬁ@@be 110
tl g

and the actuator 106 are fixed to the |[|iquid container

101. Therefore, the lead wire 104a and 104b, the actuator 106, the film
108 and the plate 110 are nmounted on the | i quid, container tin nmenber
101 as ord*€ BidBLe Bdch it "eHe &gl & rateoig! WA G04bS 1 TERET @1 G T iRA ng

“signal to.piezqeliecld ik Jiayels % CaWRliAg W %ﬂlb{}e UPRET o5k RLh 093?4 @and the

| oner el ectrode 166 of the actuator 106, and al sO transfer the si gnal of
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The actuator 106 oscillates te sed on th vi.ng_si gnal,
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force by the residual vibration: By detecting the vibrating period of the
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such as polyolef in and bonded to the actuator 106 and the plate 110 by
heat seal®HIt BY2IeARIFRGLRAR Cho REEREFOTOR GnbleHe 3t P& \RFFrP]tE‘Heeﬂ | m
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The lead wire 104, the actuator 106, the film 108, and the flate 110 can

be are mounted on the ligquid container mounting member 101 as one
body. Fach of the lead wire 104a and 104b transfer a driving
signal to piezoelectric layer by coupling with the upper electrode
and the lower electrode 166 of the actuator 106, and also transfer
the signal of resonant frequency detected by the actuator 106 to
recording apparatus. The actuator 106 oscillates temporally
based on the driving signal transferred from the lead wire 104a
and 104b. The actuator 106 vibrates residually after the
oscillation and generates a counter electromotive force by the
residual vibration. By detecting the vibrating period of the
waveform of the counter electromotive force, the resonant
frequency; corresponding to the consumption status of the liquid
in the liquid container can be detected. The film 108 bonds the
actuator 106 and the plate 110 to seal the actuator 106. The film
108 is preferably formed by such as polyoclefin and bonded to the
actuator 106 and the plate 110 by heat sealing. By bonding the
actuator 106 and the plate 110 with the film 108 face with face,
the unevenness of the bonding on location decreases, and thus the

portion other than the wvibrating plate does not vibrate.



attached to and renoved fromthe base nount 102. Each of the base nount
102, the lead wire 104, the actuator 106, the film 108, and the plate 110
is arranged symmetric with respect to the central axis of t he nodul e 100.
Furt hernore, each of the centers of th&3 base nount 102, 3 act uat or 106,
the film 108, and the plate 110 is arranged substantlally n' ARR Bt r al
axis of the nodule 100. The opening 114 of the base mpunt 102 is forned
such that the area of the opening 114 is larger than the area qf the

vi br at i ngTheegfere ofthehehanggaebrtheosesPREntnEBRGEEIRY Sefrrs enfRFer on

Lhe cent ehofhihgecRtaLe &&&ghfé@ é@e%iféggaﬂﬂglé%apﬁ of the actuator

106 faces own in e cavity 162 is forned on
t he actuator 10Bhe mﬂmtmoojfs tchecleaughapel eandl tBeavpen ey Cad bf 62

forms ink storing part. The thickness_of A the_plate 110 is prefera #
smal | er tRaRS dTotRdt 0201 St ¥ daghY L hBAE1 §32 SRR dudls RECPREPACHS of

the resid appl Gsormidie 1P Bt QhghDr L4HHUON hole14dd sy
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the cavityedfig 0f2 ! @ catiyatpirel @04 , THEe RRIHRIRIY 106, t Hige ShidRe 106f, éﬂitﬂ?
cross-section of the t hrough hol e 112 can be tapered shape of stepped

shape. Thehaoelldies 10O iis avuAngadopyTRet5ideritlyFespachsey éhﬁofﬁe%’éa
cont ai ner Ji éﬁ%‘ ¢t ahoh'ﬂ tfé@‘lg'%d}f’ééleeﬂn?cﬁcé a&8%h {a(f? éﬂ’@d eQ% gk ¢

cont ai ner e |n 1S consumne thein aroun e actuator 106
i s exhausbede rﬁdnmtr amnaﬁhekébtma?cquRozoDéhérﬁqmmoy odnd héleapﬂaateoIlG_OG '

greatly changes. change qf k Ievel an_thus det ected ig.38
shows thel§l%ﬁﬁaQﬁ 4%9 tdeH ﬁ'gﬁb agnhe Oﬁéﬁﬁﬂ od h 106!
pi ezoel ectric deyb é@ﬂ@ NG EETReE ﬂQéelrﬁoﬁ@i mesh i@n rohedd guie €nat ai ner
nmounti ng nenber 101 in the modul e 400 of the present embodi ment. The

cylindri cahepmeta 403hewbpenintmd 14 is larger than the area of the v1brat1ng
region of the actuator 106. The through hole 112 is formed on

the center of the plate 110 where the vibrating section of the
actuator 106 faces. As shown in Fig. 22 and Fig. 23, the cavity
162 is formed on the actuator 106, and both of the through hole
112 and the cavity 162 forms ink storing part. The thickness of
the plate 110 is preferably smaller than diameter of the through
hole 112 to reduce the influence of the residual ink. For example,
the depth of the through hole 112 is preferably smaller than one
third of the diameter of the through hole 112. The shape of the
through hole 112 is substantially true circle and symmetric with
respect to the central axis of the module 100. Furthermore, the
area of the through hole 112 is larger than the area of opening
of the cavity 162 of the actuator 106. The periphery of the shape
of the cross-section of the through hole 112 can be tapered shape
of stepped shape. The module 100 is mounted on the side, top,
or bottom of the container 1 such that the through hole 112 faces
to the inside of the container 1. When the ink is consumed, and

the ink around the actuator 106 is exhausted, the resonant



cylindrical shape, is fornmed on the base nount 102, which has a square
shaped plan, the edges of which are rounded, in the [iquid container
nount i ng nenber 401. Furthernore, the i ezoel ectric appar at us nounti ng
menber 405 includes a board shaped el enent 405, which is sel 7yprompi he
cylindrical part 403, and a concave part 413. The actuator 106 is arranged
on the concave part 413 provided on the side face of the board shaped

el enent 406 The to nd o the b ed el enent 406 is _cha ed in
pr edet er FETERERT 8§g "se'betaﬁz’ﬁ‘laﬂ:ﬁe %@g p ghatdfent T Ek‘gs?gton% S nto

~hole forneg 1 dihedhic1RAS thd dEe shem . rmuntr ng the actuator 106 to ink
cartridge. Fig. 39 shows an expl oded view of the nodule 400 shown in Fig.

38 to show t he Fsfgr.Gd@ aheweftherlelﬁDdUVeeM@‘(f the atthemsabrd ineod sshbwig n

Fig. 36, nmodul e 400 inc des a ui d _cont.ai ner un renher. £01
and a prggg%ﬂé%trﬁged%%?ﬁge ohttn ‘ﬁ% EeFDqﬂﬁ§ngTW5mggau%ggghntarnefﬁ
nmount i ng JERRer1 48di fasod fiei has eoRitiing #BAbardl b heircy¥hiengoiicae a0 tof403,
and the piezoel ectric device nounting nenber 405 has the board shaped
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wre 40 SETAL |Im ccor ing to the present
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provi ded on the board shaped elenment 406 is fornmed in rectangul ar__shape.
The | ead C\H“Fé““@@%&‘%‘ﬁd%’@ﬂﬂ'empﬁe 408 vat BB e fﬁr}r%Pwoge;?d?tt% pl ate

410 can a?)% sl %@uﬁglﬁﬁ%eﬁr@@v@QS firemyaRe dPaserAHipdelehash afs,75 0 7
APR 2004 e actuator 1067 the film408, and the plate 410 is arranged
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the central axis _of the_opening 414.

the board shaped element 406 is chamfered in predetermined angle

so that the board shaped element is easy to fit into hole formed

on the ink cartridge when mounting the actuator 106 to ink

cartridge.

Fig. 39 shows an exploded view of the module 400 shown in
Fig. 38 to show the structure of the module 400. As the module
100 shown in Fig. 36, the module 400 includes a liquid container
mounting member 401 and a piezoelectric device mounting member
405. The liquid container mounting member 401 has the base mount
402 and the cylindrical part 403, and the piezoelectric device
mounting member 405 has the board shaped element 406 and the
concave part 413. The actuator 106 is connected to the plate 410
and fixed to the concave part 413. The module 400 has a lead wire
4043 and 404b, actuator 106, and a film 408.

According to the present embodiment, the plate 410 is
rectangular shape, and the opening 414 provided on the board
shaped element 406 is formed in rectangular shape. The lead wire
404a and 404b, the actuator 106, the film 408, and the plate 410

can be attached to and removed from the base mount 402. Each of



The through hole 412 provided on the center of the plate 410 is forned
such that the area of the through hole 412 is |arger than the area of the
opening of the cavity 162 of the actuator 106. The cavity 162 of the
actuator 106 and the through hole 412 “gether forms ink st opiyng R [@ The
thi ckness of the plate 410 is preferably smaller than diameter o? t

t hrough hole 412. For exanple, the thickness of the plate 410 is smaller
than one third of the dianeter of the through hole 412. The shape of _the
through kKBPe2gEatershBss ahbfafiint#0@. crrdl BhanalaemelPi eSwrERaR88Pect

to the ce@ipakedXikSyofnthes l-e, 40Q. ape; of Cf =5 i of
t he peri phgﬁny o? th‘g t]ﬁrou olte 112 ggﬁgﬁgﬂ tap%rwé{&r%hégeg%?estaggpgg
shape. Theempdufiécdl@rcairdet muntedhegpl amebhoptoimgf4tdercbaflaonpasd such

t hat the rou hol e 41 is arranged insjde of the container, 1. Because
the act uabOFoLg8 TP SEFEfged’ MHSIE el hnt dHemeE e (TR (56 S8Euat or
106 extepdatbRstbe Mek tialatdy adlsi,0Rnet Be1geidd NG dHe phiaeng10f 15t he

ink end can be easily changed by changing the height of thé nounting
posi ti on efrangedcsubsbantidalin emehomeaitral Bxdy ofhthgi agenhaghéight of

t he base nount 2. Fig. 40 sho he furiher other enbodi ment,of th

modul 6. At hel AEGETET RFBan i ey LA o & B, GETE S50 T oF PRI BL45

i ncl udes aibifwifdreed ahdetHEUBhe GréRBFethd§ Chrthithhbas £ baselasgent 502
and a cylindrical part 503. Furthernore, the nodule 500 further has a | ead

wire 504athAB 5D2L2TreRtehtidie RELIDG qinthsogavasy A6RI afetBe0acthatSBeni ng
514 is fo d Q0 e , i .S nelud in
the i qui (EiBgén?%%%%@%%gézACEERt%%oipﬁﬁﬁg?hﬁgﬁsné%}etfﬂgoﬁkds%}% IE%tllét ﬁgz base
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106 is fixgdmplel NEndicddeanesk o€ tIRYHEALBDANY iiRsHBIDEE B ohlr eHORAt he

pl ate 510. Therefore, the | ead wre 504a and 504b,
of the diameter of the through hole 412. The shape of the through
hole 412 is substantially true circle and symmetric with respect
to the central axis of the module 400. The shape of the
cross-section of the periphery of the through hole 112 can be
tapered shape or stepped shape. The module 400 can be mounted
on the bottom of the container 1 such that the through hole 412
is arranged inside of the container 1. Because the actuator 106
is arranged inside the container 1 such that the actuator 106
extends in the vertical direction, the setting of the timing of
the ink end can be easily changed by changing the height of the
mounting position of the actuator 106 in the container 1 by
changing the height of the base mount 402.

Fig. 40 shows the further other embocdiment of the module.

As the module 100 shown in Fig. 36, the module 500 of Fig. 40
includes a liquid container mounting member 501 which has a base
mount 502 and a cylindrical part 503. Furthermore, the module
500 further has a lead wire 504a and 504b, actuator 106, a film
508, and a plate 510. The opening 514 ig formed on the center

of the base mount 502, which is included in the ligquid container



the actuator 106, the film50B, and the plate 510 are nounted on the
l'iquid container nmounting nenber 501 as one body. The cylindrical part

503, the top face of which is slanted in vertical direction, is formed on
the base nount which has a square shaped® plan and the edges Oof ARRi BB ar e
rounded. The actuator 106 is arranged on the concave part 513 which is
provided on the top surface of the cylindrical part 503 that is slanted in
verti cal i o} D d t i | ant ]

act uat or "GPRETRUTRmIOE S6P, RAC cRar PASTRELE Tt L A B A R
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nodul e 100_is nmounted on the container 1 so that the nodul e 100 Benetrates
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direction.

The top end of the module 500 is slanted, and the actuator
106 is mounted 6n this slanted surface. Therefore, if the module
500 is mounted on the bottom or the side of the container 1, the
actuator 106 slants in the vertical direction of the container
1. The glanting angle of the top end of the module 500 is
substantially between 30 degree and 60 degree with considering
the detecting performance.

The module 500 is mounted on the bottom or the side of the
container 1 so that the actuator 106 can be arranged inside the
container 1. When the module 500 is mounted on the side of the
container 1, the actuator 106 is mounted on the container 1 such
that the actuator 106 faces the upside, downside, ox side of the
container 1 with slanting. When the module 500 is mounted on the
bottom of the container 1, the actuator 106 is preferable to be
mounted on the container 1 such that the actuator 106 faces to
the ink supply port side of the container 1 with slanting.

Fig. 41 shows a cross-sectional view around the bottom of

the container 1 when the module 100 shown in Fig. 36 is mounted



36 so that the nodule 100 can be sealed by the Oring. By inserting the
top end of the nodule 100 inside the container 1, ink in the container 1
contacts with the actuator 106 through_the through hole 112 of the plate
110. Because the resonant frequency of “‘he residual vibrationgqfsphegs
actuator 106 is different depends on whether the circunference of the
vi brating section of the actuator 106 is liquid or gas, the ink
consunption status .can be _detgected ., usi he modul e .100., Furt her nore
only the Toddle LI EHEY B mOUREPUIE LIS don RGP BN G det Gots T
‘exi stencel gdo ithiat thet meiele L1 Fedekea4@@ shewhghncii G id#8waldyt ecd0
shown in Fig. 40, or the nodule 700A and 700B s%own in Fig. 42, and a nold
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360 and El : Y
be mounted on the container 1 and detect the existence of ink,
but also the module 400 shown in Fig. 38, module 500 shown in Fig.
40, or the module 700A and 700B shown in Fig. 42, and a mold
structure 600 can be mounted on the container 1 and detect the
existence of the ink.

Fig. 42(A) shows the cross section of the ink container
when mounting module 700B on the container 1. The present
embodiment uses a module 700B as an example of a mounting structure.
The module 700B is mounted on the container 1 such that the liquid
container mounting member 360 protrude intc the inside of the A
through hole 370 is formed in the mounting plate 350, and the
through hole 370 faces to the vibrating section of the actuator
106. Furthermore, a hole 382 is formed on the bottom wall of the
module 700B, and a piezoelectric device mounting member 363 is
formed. The actuator 106 is arranged to close the one of the face
of the hole 382. Therefore, ink contacts with the vibrating plate
176 through the hole 382 of the piezoelectric device mounting

member 363 and the through hole 370 of the mounting plate 350.



the container 1. The sealing structure 372 can be fornmed by the plastic
mat eri al such as synthetic resin or Oring. In Fig. 42 (A) , the nodule
700B and the container 1 is separate body, however, the piezoelectric
devi ce nmounti ng nmenber can be constituf@d by a part of the co%qiw 2ﬂmas
shown in Fig. 42(B). The nodul e 700B shown in Fig. 42 does not need {0
enbed the leadwire into the nodule as shown in Fig. 36 to Fig. 40.

Ther ef or he f i n rocess hecopes _si I . a t he
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plate 350 are contact with ink inside of the container 1 in the enbodi nent

of Fig. 42gsA)ic mTherémbeidimgs sinthetdcaresiodordi-aing. | dadfFif r 62182a,

104b, 40443, 404 5 an 4 shown.in_Fig._ 3 i i

modul e bl CAlm AP SA% RESERABEF ot Srphhath hod?. Hayee,
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exchange of the actuator 106 becomes possible so that the recycling of the

act uat or @GRl K HeromenpvEeehlle.aFiow(B) Bhows?4 R cross section of
the ink containgy, %ﬁﬂe@%g'g}% fiﬂaﬁf’é.]@ﬁd%st Rgt ot @ieEmbedAhe

protecting nenber i's nounted on the container 1 separately with the

act uat or 16 whrehetionkhe arcidulegss showhe reRbgdidfene Filgowko i n THegefore,
the forming process becomes simple. Also, the exchange of the
module 700B becomes possible so that the recycling of the module
700B also becomes possible.

There is possibility that the actuator 106 malfunctions by
the contact of the ink which is dropped from a top face or a side
face of the container 1 with the actuator 106, the ink of which
is attached to the top face or the side face of the container 1
when the ink cartridge is shaken. However, because the liquid
container mounting member 360 of the module 700B protrudes into
the inside of the container 1, the actuator 106 does not
malfunction by the ink dropped from the top face or the side face
cof the container 1.

Furthermore, the module 700B is mounted on the container
1 so that only part of the vibrating plate 176 and the mounting
plate 350 are contact with ink inside of the container 1 in the
embodiment of Fig. 42(A). The embedding of the electrode of the

" lead wire 104a, 104b, 404a, 404b, 504a, and 504 shown in Fig. 36
to Fig. 40 into the module becomes unnecessary for the embodiment

shown in Fig. 42(A). Therefore, the forming process becomes



42(B). Therefore, the protecting nenber 361 and the actuator 106 is not
one body as a nodule, and the protecting nenber 361 thus can protect the
actuator 106 not to be contact by the user. A hole 380 which is provide on
the front face of the actuator 106 is % ranged on the side WAIARE snhe
container 1. The actuator 106 includes the piezoelectric |ayer 160, the
upper electrode 164, the |lower electrode 166, the vibrating plate 176, and

the nountin | ate. 350. ,The vibratin | ate, 176i s ned on the nounting
't o 3561 RAE £ HEL S Qni i PEEABRE TR SFEHREToh s RS CrTBePr G H &t o
'176. The pihezRgt atld rechd8hglEP tife LREIRERN1b B 18P Heremedf pobBebl ever
el ectrode 166, and the uiper el ectrode 164 is forned on the top face of

t he pi ezoel ect r Fégl ag@(Bleshawrerdiocgcashsantilemodt the éhkt gentainer

pi ezoel ectric |aver .160 _ i.s f.or y i ching. in,p ' t he
pi ezoel ect't't nﬁ%gl?é_‘rl 60'3Cbt>}latthoey§gqé; %%r |%Mn8§?ggﬁ%&gpggr %I g%{)kgggg%%4 and
the | owemegbegt nede ilb6mblioped opnantebidraminbie rtédpdttarelporvion, thehi ch

is a main portion of each of the piezoelectric gg%Fr,160, t he upper

el ect r odeagbratandl @hen bher ik cantadeaessl Fha gpbedipeasoehedt fitt Féfenent .

The piezo%b?%?(iCT?&?%@Q%ei5t£8rg§9t88ti§§em¥ﬁﬂé§tEﬁgeghétEhé?gcta Bor

vibrating region o pi ezoel ectric el&nment and t vibrating plate 176
consti t ut esetiBenotvidneabbdy e atmadylen andi che tthe tacttuiatgponehbér @i luahys
vibrates. A through hole 370 is provided on the nounti pl.at e 350.

Fur t her moF8R BPREFEC380% SCFBRRBE ORC et st AP ReiIgIct Y Colt AR 17 80 o
7 APR 2004,Thes gh0fgi ch ks GRS ol ERet heoMt brask ner Pt ckiBicdrhnoggh
the hole 380 of the container 1 and the through hole 370 of the nounting

pl at e 350isTherhoged3gn bhet Aédeovadl ek tYhadontmingr dugh Thel 8c82eter the
ount 10 R SR PIRLISIC T OBt B0 PR welfiegste ey (he
can be preheci®e:f elacthede 166, the vibrating plate 176, and the mounting
plate 350. The vibratingplate 176is formed on the mounting plate
350, and the lower electrode 166 is formed on the vibrating plate
176. The piezoelectric layer 160 is formed on the top face of
the lower electrode 166, and the upper electrode 164 is formed
on the top face of the piezoelectric layer 160.
Therefore, the main portion of the piezoelectric layer 160
is formed by sandwiching the main portion of the piezoelectric
layer 160 by the main portion of the upper electrode 164 and the
lower electrode 166 from top and bottom. The circular portion,
which is a main portion of each of the piezoelectric layer 160,
the upper electrode 164, and the lower electrode 166, forms a
piezoelectric element. The piezoelectric element is formed on
the wvibrating plate 176. The vibrating region of the
piezoelectric element and the vibrating plate 176 constitutes the
vibrating section, on which the actuator 106 actuary vibrates.
A through hole 370 is provided on the mounting plate 350.

Furthermore, a hole 380 is formed on the side wall of the container

1.



out side contact. The base plate 178 shown in Fig. 22 can be used instead
of the nmounting plate 350 in the enbodi nent shown in Fig. 42 (A and (B).
Fig. 42(C) shows an enbodi nent that conprises a nold structure 600 which
i ncludes the actuator 106. In the pres@ft enbodi ment, a nojg gpguggure 600
is used as one exanple of the nopunting structure. The nol d structure 600
has the actuator 106 and a m)l d menber 364. The actuator 106 and the nold

menber 364 are.fo d in on he o nber 364 IS for d

plastic mat er?ra“ e{TFcEC?Fea’s %Ple(l %‘lg FeRbRF 1584 F ggtl ud%%ga

- lead wire-3&4 6@ H) tiHeS hbel g&o Jmﬂ@benﬁeﬁheﬁ: Bﬁélndl S:Hepltﬂi&@u@@l hbhat3the
nol d menber 364 has two | egs extended fromthe actuator 106. The end of

the two I@@dﬂ’tﬁ nchin il Psise B 5964 Eh@ h@iﬁe@lsolhfatgﬁa%n’eﬁ“l%‘eﬁl re to
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into the gﬁtslrlde_q ®drd he container 1, and the vibrating section of the
actuator 106 contacts with ink inside the container 1. The u%g%r el ectrode
164, the pi ezodfBRIVRE | HRFAUBD, LaRdeEhEatBler 08| d&t RIRE 86

act uat Orl};é'%?% %&84%0 te‘i‘:dzsélizl,og"ﬁﬂz{lé gMaEB‘E f@é@aﬁ’i‘éﬂ@ﬁ{rgﬁe"cteﬁ?%&}ﬁﬁtﬁé‘e

nol d str wn in oes not nee e sealing structure
372 bet wesrt g Imlnﬂtalmrrbe'ffhéﬁzﬂamqblattbel@ér&@wreanlmghem gzl hg wiednk
fromthe contai can be , redyced

. r.eoy use t mol d_siructure
500 has. TSR]k PE R S ELOEE 20 60 LaGeeTrot L Bt ARET LBt 190
out si de aofy e His O(g) APR 2004 container 1, the nmold structure 600 can
pr ot ect the act uator 106 fromthe outside contact. There is possibility
that the actuatfhg. 198 (Ghl fsleetsi o3rs bytbpﬁemeeht gdatof CORBTE ARSWH cHO1 4

dr opped fr%,&t%%o%d(cﬁ%ﬁ*lc\% 2198 AehO Eﬂ%t%‘?c”&%' ”erxﬁ Wi h;#] Sent,

act uat or 1S attace to th face or e sid
face of dilediondred net nibM@nﬁjaﬁurrd( coar tisi dgedi asshakeexa@ﬂ:aueé tlhe
mol d msnb|11ec3run3t614ng0fsttrrt11%tr1r1?:|ed S'F[‘lrlgcr;[lglr S?:?:‘?_l tru?:ter gggshalisn tt%et Q%tiugiszlog’elOG
and a mold member 364. The actuator 106 and the mold member 364
are formed in one body. The mold member 364 is formed by a plastic
material such as silicon resin. The mold member 364 includes a
lead wire 362 in its inside. The mold member 364 is formed so
that the mold member 364 has two legs extended from the actuator
106. The end of the two legs of the mold member 364 are formed
in a shape of hemisphere to liquid tightly fix the mold member
364 with container 1. The mold member 364 is mounted on the
container 1 such that the actuator 106 protrudes into the inside
of the container 1, and the vibrating section of the actuator 106
contacts with ink inside the container 1. The upper electrode
164, the piezoelectric layer 160, and the lower electrode 166 of
the actuator 106 are protected from ink by the mold member 364.
Because the mold structure 600 shown in Fig. 42 does not
need the sealing structure 372 between the mold member 364 and
the container 1, the leaking of ink from the container 1 can be
reduced. Moreover, because the mold structure 600 has a form that

the mold structure 600 does not protrude from the outside of the



of the container 1, the actuator 106 does not mal function by the ink
dropped fromthe top face or the side face of the container 1. Fig. 43
shows an enbodi ment of an ink cartridge and an ink jet recording apparatus
whi ch uses the actuator 106 shown in Fi8d. 22. A plurality o@ 1\/\2}5 2004
cartridges 180 is mounted on the ink jet recording apparatu B DP1as a
plurality of ink introducing nmnenbers 182 and a hol der 184 each
corresponding to the each of ink cartridge 180, respectivel \t/ Each.  of the
pl ur al i t yceRtanrerchr ttheuged d18or et es FOUFPRarENt Sty F&€ BFLHAKCT bYC

exanpl e, fggaggﬁ?eht§9h8n35ﬁté : %ﬁ%r@QEQ%k%%i%Qgitﬁh@HQtQEkﬁééﬁuﬁéofeaSt

acoustic inpedance, 1S nounted on the each of bottom'of the plurality of
i nk cartriodgendBPundheoneddihle qoanedct yobithenknkrwhidle lismkroapedi fhyem180

can be detected_by nounting.the actyator 106 an the ink,cartridge 180.
Fur t her noPetOPhBaGRVET pf eVERT i 1Rf ) ,t%ﬁotcogg&kﬁleirn t léhf %ﬁr%?&il%%or

provi ded i Qgi deyd hend Bk oy dK 1498 d80hsa e thatLépeacsrye Mo vedel Ngcual |
faces to the actuator 106. Fig. 44 shows a detail around the head nenber of

the ink pétthecontiangeappavkansheThek iask Yritdaee s erehaeeappBeaeusehtiBe an
i nk i ntroduci,n nber 18 a _hglder 184, a_head npl : zl e
pl at e 188.moixd I 5 §§46?f2589ﬂ°gd1§%r,u%‘%% 6?@@%%%%?(%?%3%?% %&%Egé t he
nozzl e pl afer 8% onkhe idiK 11, Nt hedueti g S Mve doé82ndiasn=lfiaidt isupplyythel e
181 and an ink introducing inlet 183. The air, supply hal e 181 supplies air
to the i nknkadrepage Awon @y Fop APRE2OD5EHRST K fafis ﬁuépﬁchﬂFgEH%B
i nt roduceg ink fromthe ink cartridge 180. The ink cartridge 180 has an

u

air introducing inlet 185 and an ink supply port 187. The air introducing
inlet 185 intrpdgces? ahows am thbodimestuppf yarhohe ¢8ttvidgderichian ink

g ETeL A S BB ROCh BT L LS LAt B

air from ghe ik, 00UeiIdT0 i ARMOLFL 2Bdgé® LdE ilshtounted on the ink jet
recording apparatus which has a plurality of ink introducing
members 182 and a holder 184 each corresponding to the each of
ink cartridge 180, respectively. Each of the plurality of ink
cartridges 180 contains different types of ink, for example,
different color of ink. The actuator 106, which detects at least
acoustic impedance, is mounted on the each of bottom of the
plurality of ink cartridge 180. The residual quantity of ink in
the ink cartridge 180 can be detected by mounting the actuator
106 on the ink cartridge 180.

Furthermore, the wave preventing wall, not shown in the
figure, is provided inside the ink cartridge 180 such that the
wave preventing wall faces to the actuator 106.

Fig. 44 shows a detail around the head member of the ink
jet recording apparatus. The ink jet recording apparatus has an
ink introducing member 182, a holder 184, a head plate 186, and
anozzle plate 188. A plurality of nozzle 190, which jet out ink,
is formed on the nozzle plate 188. The ink introducing member
182 has an air supply hole 181 and an ink intrcducing inlet 183.
The air supply hole 181 supplies air to the ink cartridge 180.



cartridge 180, the ink cartridge 180 accel erates the supply of ink from
the ink cartridge 180 to the ink introducing nmenber 182. Furthernore, the
wave preventing wall, not shown in the__figure, is provided inside the ink
cartridge 180 such that the wave prevBfting wall faces to thd AdPRatieh
106. Fig. 45 shows other enbodi nent of the ink cartridge 180 shown in Fig.
44. The actuator 106 is nounted on the bottom face 194a, which is forned

to be sl ed; [ p Vvent] djJyection, t i rtridge J80A,showy in
t he Fig.%QE?A&#QAﬁﬁgégﬁg#gggat?%%Qemé%P i§§§€$@§0%$oéﬁ'eg96n tﬁé po??%ion
“wher e hasdie-iggdeser m Ties i nked gt r fdopnl 8hendrobhan f doerofluthegiimsliate t he
container 194 and also faces to the actuator 106, 1 nside the cantainer 194
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contal ”erlrg&%gaéﬁéc%?gﬁ' &d’flﬁzfn}egﬁim@;uﬁﬁgyk e hhe dEaiHaggk ofnd igusaty be

i nproved. I's formed between the actuator
106 and treenbsavel g2 eveaitd ngnkedtpdl® ZworThes gapubelwesn inkhgowdhe ink

preventing wal] 1192v. and t actuator ,106 .does not. hold .ink capillary
force. ﬁﬂd¥9ﬁﬂﬂeﬁﬁkﬁtlg§3ig rgh?eaniﬁﬁ%ﬁﬁgﬂgﬁqg ﬁgngﬁiégﬁ'nsﬁﬁé t he
Conta'neﬁn%%%d@ki&@?dﬁ%VE&9m1%ﬂ@ Ehﬁr@ntt@dﬁ@&ﬁgbhémb&rtb@@ gdheclaetivyat or

106 mal functions by detecting gas or an air bubble caused by the shock of

the i nk wartrigge pdvi dibsg inkecoateigaevedPi ageaberatas e isHEREN ©far ound
the actuator_106 .can he prev. th th | f t s t uat or
106 can bléltkp%eréln'f%%.1rg%cgrgriagg%0%€l t?hgﬁ%clt@%tg%rtr 81%1&6?@ ﬁ%@%ﬁ lcsgjr;'t ridge
180B shown in FugtheAmdiB), ithdmunieerervdrita i) daaMal Inaf shvevrs uipplthepor t

of the container 194. The actuator 106 can be npunted on t eéggde 1 or
bot t om f dGEWE t HE BERVATS 1194 der thRelnkt GAFBF1986 i%on%‘éﬁt}"t‘ Addihy the

i Nk supplas ROty AT e WAVE QUM HhaValde kAW, 6. provi ded nearby the
i nk supply port 187 inside the container 194 such that the wave preventing
wal | 1192W f ac®9a.0 45hestastuattdrer embodiment of the ink cartridge 180
shown in Fig. 44. The actuator 106 is mounted on the bottom face
194a, which is formed to be slanted in vertical direction, of the
ink cartridge 180A shown in the Fig. 45(A). A wave preventing
wall 1192v is provided on the position where has the predetermined
height from the bottom face of the inside the container 194 and
also faces to the actuator 106 inside the container 194 of the
ink cartridge 180. Because the actuator 106 is mounted on the
container 194 slanted in vertical direction, the drainage of ink
can be improved.

A gap, which is filled with ink, is formed between the
actuator 106 and the wave preventing wall 1192v. The gap between
the wave preventing wall 1192v and the actuator 106 does not hold
ink by capillary force. When the container 194 is rolled, ink
wave is generated inside the container 194 by the waving, and there
is.possibility that the actuator 106 malfunctions by detecting
gas or an air bubble caused by the shock of the ink wave. By
providing the wave preventing wall 1192v, ink wave around the
actuator 106 can be prevented so that the malfunction of the

actuator 106 can be prevented.



106. The wave preventing wall 1192w is forned in L-shape to effectively
prevent the wave of ink. Mreover, the actuator 106 is preferably nounted
on the center of the width direction of the container 194. Because ink is
supplied to the outside through the ifR supply port 187, ink0angpretmat or
106 reliably contacts wuntil the timng of the ink near end by providing
the actuator 106 nearby the ink supply port 187. Therefore, the actuator

106 can reliab det ect the the ink_n ar Furt he

provi di ng the a%ﬁ%a?%? U3 - n]ea%L b‘if] WI]({ C?L’fﬁpl ‘r?‘%?ﬁﬁo {Igle)[fjt?n
posi tion gt (Bheiachidain@edlh tthd heid€ ORABT! ¢ b@ntlhél Rup@l vt heoarad atgeeon
the ink container becones reliable during the nounting of the ink
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will be hurt or a_sealing structure such as 0O-rin ed so t hat
the ink w‘—ﬁIPJé‘eVJr%%@eféFal%W pheveRK BHPRLXIRRET of8 7g %tﬁﬁh%oﬁlﬂ
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t he i nk cont al ner ng the unting of the ink container on the
carriage. 1Ther eTbeewatrheprp@‘enttmgl wg 1of lﬂﬁémctmatmﬂ@&@ehrﬁh@& etdabl e

by arrangi t he ctuat or rby_the ink, sup ort Furth

act uat or gg%CEéhegg Q{ﬁ‘f‘?@?%\y’a ép ﬁ%ﬁ % VeRoUHtT A uﬁ‘e %%’Jgt or
106 at thegGerd@sr M1 heth@tihoﬂlﬂ}ﬁs:beealeot ftfheCQmH&hn@iré&éhoﬂ bf814h@ 7
APR 2004 is because the waving is the smallest when the ink container rolls

al ong an aghtaipps tBft erBeFauin cink §SC§HPPfli|eﬁn§OOFhﬁh€u\§ﬁé|fiﬁ threaghi on,
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further the'in car Fig A) shows a
Cross sectmamlot:hantimkngacbf rtlogei k8 eEar and Eygpré§i@Bhgshbesaateabss
section whi ch enl ar q:}@( glildelwalolrt %%gb or}‘?hgge Cr)llr<ec rtr |ac<i: %ajﬁ8001890wn
in Fig. 46faneaxly pply p
can reliably detect the timing of the ink near end.
Furthermore, by providing the actuator 106 nearby the ink
supply port 187, the setting position of the actuator 106 to the
connection point on the carriage on the ink container becomes
reliable during the mounting of the ink container on the cartridge
holder of the carriage. It is because the reliability of coupling
between the ink supply port with the ink supply needle is most
important during the coupling of the ink container and the
carriage. 1If there is even a small gap, the tip of the ink supply
needle will be hurt or a sealing structure such as O-ring will
be damaged so that the ink will be leaked. To prevent this kind
of problems, the ink jet printer usually has a special structure
that can accurately positioning the ink container during the
mounting of the ink container on the carriage. Therefore, the
positioning of the actuator 106 becomes reliable by arranging the
actuator nearby the ink supply port. Furthermore, the actuatoer

106 can be further reliably positioned by mounting the actuator

106at the center of the width direction of the container 194. It



shows perspective view fromthe front of the side wall 194b of the ink
cartridge 180C. The sem conductor nenory device 7 and the actuator 106 are
formed on the same circuit board 610 in the ink cartridge 180C. As shown
in Fig. 46(A), the wave preventing waPft 1192x is provi ded i”ﬁi?dﬁpf?lgﬁ‘m
contai ner 194 such that the wave preventing wall 1192x faces to't

actuator 700. As shown in Fig. 46 (B) and (C) , the sem conductor nenory

device 7 . . _upper_,si de he.circuit. I the
act uat or ﬁ%gggéﬂggr%hggﬁngh% Itg\fegm%ﬁd%é%fﬂ kﬁeﬁegféénﬁr@g% g‘%? %gerrm%rlyé‘
“devi ce 7 glvridensand s, CitheUicknbear df6#RichA diféefient-1ype &F riing wildkh s
mounted on the side wall 194b such that the different-type Oring 614
sur r ound$linasd iger.ugusingdaie Ropnhiagialytbe ddurRNAgIpELtCBIFS o kdTed on

t he side wall sq_gﬁpg i i [ it ] Cont.a 194.
By coupling théﬁ%é?rlégit oa?&ggﬁsgvél?ﬁggt ﬁgﬁgggﬁnt@%#nﬁf é%b%lgﬁls?l ng t edéeé
caul ki ng y®ar.t 816 .and (pusdhdigs taherodef fereidn tofpanlinkngabtdidoe tIBD@, rcui t

board 610, the vibratin regi on of the actuator 106 can contacts wi.t.h ink,
and at tRE%SENE- "f‘?ﬂ%’, S?Wi’é"sl %s‘?%%isef:ﬁé%‘ﬁh&%?ﬁfﬂofg”eg?% tg”&a?ééef"fa&rﬁ

outside afgsd R LK i6R L4988 1 8bM BRLAn6iZ RLS.TRENRY. onvide 46 (C)
sem conduct or nenory device 7 and around the seniconductor nenory device
7. The t=onisnalerébzdtiassivdew figogi ghal fbenheeh the séde condlict Wb mdnory

device 7 _and.outside t.he i j-et recording apparatus. The .sem canductor
rorory (bcdtY Eantd Hnaeon: oty o SRR S dTerarY raSErbE VR o
be rew i tdiRNagdGAtas EEPRGMG f35nlddl cAPEhE Ond3eGausel t aseims g onthy aftay
menory device 7 and the actuator 106 are fornmed on the sanme circuit board

610, the YWSuRBFRYIPPECERLC: cdiF BEOWINI BHE®E att6dAd -t FRE WRY P RFHEUHITY t he
sem condyghar 11@?@@’@38\4&8%71&&%& Eggfr%%@%ﬁ{eg'qg4O§u-r:HQ:_Ham(tﬁ@rvH\}éjge

180C. Mbreover, the rki ng process e manufacturing of the 1nk
cartri dgertdedtiang wvadl idot Eagesftd hbeiatcwsray 760ge 1BOGHswwm ibdig.

sinplifi %%'(Bﬁugﬁge(éso,r %’het ng%ggéggEg:r:in? oCrOfEe%fictehg :jLsm%ormed on the
upper gide of the circuit board 610, and the actuator 106 is formed
on the lower side of the semiconductor memory device 7 on the same
circuit board 610. A different-type O-ring 614 is mounted on the
side wall 194b such that the different-type O-ring 614 surrounds
the actuator 106. A plurality of caulking part 616 is formed on
the sgside wall 194b to couple the circuit board 610 with the
container 194. By coupling the circuit board 610 with the
container 194 using the caulking part 616 and pushing the
different-type O-ring 614 to the circuit board 610, the vibrating
region of the actuator 106 can contacts with ink, and at the same
time, the inside of the ink cartridge is sealed from outside of
the ink cartridge.

A terminals 612 are formed on the semiconductor memory
device 7 and around the semiconductor memory device 7. The
terminal 612 transfer the signal between the semiconductor memory
device 7 and outside the ink jet recording apparatus. The
semiconductor memory device 7 can be constituted by the

semiconductor memory which can be rewritten such as EEPROM.



cartridge 180C can be reduced because the nunbers of the parts can be
reduced. The actuator 106 detects the ink consunption status inside the
contai ner 194. The sem conductor mnenory device 7 stores the information of
i nk such as residual quantity of ink deét®ected by the actuator (].;702 That
is, the sem conductor nmenory device 7 stores the information Pel PR o
the characteristic paraneter such as the characteristic of ink and the ink
cartridge used for_  the actuator 106 -whén detecting the ink consunption
status. TRECAYER ébﬁdﬁ@%ﬁwﬁé%wrda@m%@f PHFERR cusing §th@r 8§tHREOresBhant
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time. Moreover, the resonant Trequency whén the ink inside the container

194 is fekirtstidges160Ceatddsthe usecanl beg smrtdrce duvd g rithvd dEen dBAE apiing

of the container 12 Bec ekbt he unevenness tthe det ect |ton gﬁ? thek

resi dual %ﬁaﬁt‘“ﬂ?% #efnk %]ﬁt e tohpensat & asctéjrrl oSt P&s SRENED
frequency cehenithe uebcl BshdBe  REQEORH BbdRiudd4 Hes ﬂ‘dﬂlﬂer§kﬁt theOpaeBd
status in the sem conductor nenory device 7 previously and readi ng out the

data of tKenr BsomgALCRAequency at the ink jet recording apparatus side, it

can be acour al erycBhed,JeéF i oe00d det ealind hﬁlaéo@&%ﬂ%@%g 3 ARl eOf

ink i s decrease reference va urt er
enbodi nenthef coheainkr cdaa4ri dpe Sé[ﬁﬂCOffdillQCt@i( eIyl dgerla;&OE ss:h:ows ltheFi g.

47 (A) noynts a actuat 606 ich is.,l.ong in vertica retlon the
si de wal | 1?5@5“‘81’:10%8%&%‘&? afgFestA g‘éaBFéB}én?% n]d‘

provided thashdeuklkerCankai Nehat94s$uUehet Baﬁlabﬁdmu@rpﬁ@mw agviekl 71192x
stores the information related to the characteristic parameter
such as the characteristic of ink and the ink cartridge used for
the actuator 106 when detecting the ink consumption status. The
gsemiconductor memory device 7 previously stores the resonant
frequency of when ink inside the container 194 is full, that is,
when ink is filled in the container 194 sufficiently, or when ink
in the container 194 is end, that is, ink in the container 194
is consumed, as one of the characteristic parameter. The resonant
frequency when the ink inside the container 194 is full status
or end status can be stored when the ink container is mounted on
the ink jet recording apparatus for the first time. Moreover,
the resonant frequency when the ink inside the container 194 is
full status or end status can be stored during the manufacturing
of the container 1%4. Because the unevenness of the detectiocn
of the residual quantity of ink can be compensated by storing the
resonant frequency when the ink inside the container 194 is full
status or end status in the semiconductor memory device 7
previously and reading out the data of the resonant frequency at

the ink jet recording apparatus side, it can be accurately



faces to the whole of the vibrating region of the actuator 106. The change
of the residual quantity of ink inside the container 194 can be detected
continuously by the actuator 606 which is long in vertical direction. The
| ength of the actuator 606 is preferaBfy |onger than the hal f 0of APRe) Ik

hei ght of the side wall 194b. In Fig. 47(A), the actuator 606 has the

|l ength fromthe substantially fromthe top end to the bottom end of the

ide wal | 194b. Therefore, th ting,wall 1192x al so h
length  SIRSAGHAT &7 (RGMTERETEGD BHANES PELbbLEonT eRe BT THS T de el |

- 194bD. Byg@gggéyngJJyhg@ve preventing wall 1192x, the wave preventing
wal | 1192x prevents the wave of ink around the actuator 606 and prevents

t he nal ef acti oFigf. #Reslastuduothed6otirr erbodment efdhiakmratantdsry wal |
1192x prevents

act uat or ‘606. T he?"lﬁ %ﬂ%ﬁ%@&ggﬁ%thgig@g gg (gg(%]&nr}%uﬁteagét?aé&t e

pluralitysqd waGLwat 8r odd6i PR ceildaiyakt i 84bn afhd ke ceonbailnes4b kE and
conprises a wave preventing wall 1192x on the face of the pIuraIia¥(§f
e

act uat or £iso@ ot iark 194t r THgewaBORPFaYERRENT CoRpt i 5232% hesS RV

ti | ,1192x. which .is | j ti ' i id
ParT CToap e shedEpar el 13,500 nilhy LRE iR dEE O wakang S0 st de
cont ai nerfgk% tA gap whbth of stHa WHed-am iy indlgiion bdr thd detweeor t hEs .

actuator 106 and the wave preventing wall 1192x, Mre very t he gap between
the wave Thit ehemgenginale qe9d%uahdIya Hof ¢t drk168SREE & %n%?fg'%ﬂ %t ance

such that, § he gan. 4aes ARk Bohd: hikubYy EAPLLL Aot e s o ¥han dihes8ifolly 7 APR

2004 container 194 is rolled, ink wave 1S generated inside the contalner
194 by t hi;m weerhgcadndlitdesrtadrs poThebillsngch haf the actwateor $£06 1s

"k wave YA A 1art Q5 & T GACTERE Ssbwh G HCEDC 55 Th) =20y BBy i ng

the wave prgyventtnngival b7¥492xthenkctwayerasoaniashehacl emgon fAH6m care be

prevented so that the nmalfunction of the actuator 106 can. be, revefged.

The wave Substantially from the top end to the bottom end of the side wa
194b. Therefore, the wave preventing wall 1192x also has a length
substantially from the top end to the bottom end of the side wall
194b. By providing the wave preventing wall 1192x, the wave
preventing wall 1192x prevents the wave of ink around the actuater
606 and prevents the malefactionof the actuator 606. Furthermore,
the wave preventing wall 1192x prevents the bubble generated by
the waving of ink to enter to the actuator 606.

The ink cartridge 180F shown in Fig. 47(B) mounts a

plurality of actuators 106 on the side wall 194b of the container
194 and comprises a wave preventing wall 1192x on the face of the
plurality of actuators 606. The ink cartridge 180F further
comprises the wave preventing wall 1192x, which is long in
vertical direction, along the side wall 194b with predetermined
gap with the side wall 194b inside the container 194. A gap which
is filled with ink is formed between the actuator 106 and the wave
preventing wall 1192x. Moreover, the gap between the wave
preventing wall 1192x and the actuator 106 has a enough distance

such that the gap does not hold ink by capillary force. When the



preventing wall 1192x al so prevents the air bubble generated by the waving
of ink to enter to the actuator 106. Fig. 4 8 shows further other

enbodi ment of the ink cartridge 180. The ink cartridge 180G shomm in Fig.
48(A) has a top wall 1080 and a bottorf®al | 1090, each of whipghap %%cated
on the upside and downside of the ink surface inside the contalner
plurality of wave preventing walls 212a are extended fromthe top wall
1080 downward to the bottomwall 1090. Because, each of of . t he

partiti onCRECRINSTY LH fRe MklSs f 2Lk Wvﬁhel%oﬁﬁgieﬁéﬂ:e\gﬁwsﬁa e qthe
predeter mc%%@a%er §Be Botigm tpé’vin%f dhe &Egﬁ@ll%%o%%‘ibﬂqw@h%t epeWith

each other. The ink cartfidge 180G has a plurality of containing chanbers
213 di vi da@ttblyatbhrelfé@mlaldhncplloml by debkcpangigapprvat ks rAaubbtheabsetom

part of t ural ity of the containi cha 3 CO icates.wWith

each oth gﬁ ]ﬁégthﬁdﬁﬂf¥aH§unt %ﬁW#ﬂ%g‘EPd%h rﬁﬁ%gfﬁﬂﬁhﬁgﬁ % aces
to the | mirﬁPE??' Ya P} , 18/ priia AGURhAr wiP8 pievéh BNeedvalon 19Wast, anhikal |y
center of the Top face 194¢ of the cont ai ning chanber 213 of the container

194. The waanaxﬂumﬁetbanwmhuaﬁyrc#@mbéﬁnzhﬁ|Eréveahg@d%9xﬁh@%a$h@he
vol une of _t cant.ai ni chanber t he | t 1 i e
g%tuﬁlgt 1\981 oqg t]:rle t %(ég%oﬁ 9[)6 erﬂs'g%é’m%’% IZ \?vavé

| ar gest, une 0 alnlng “Eha gradual I'y “decr eases

as the dipsearae ihgownlbell akx Y prevehti8Thenst pasasbl® ddredateet byar t
of the ink cartridge 180G, Therefore, the containing chanber 213 becones
wi der t owdh@s WRVERE RE AE¥UECoRNE6E EBURPENGCERAECSt 10Re 88 0 | APR 2004

contai ni ng Cha”’?‘igszé—é” S Wi Eut-Ple S Wk Qx%éd%ﬁ@m%'&et% ihe cagertidigel ng

chanber 213. Becalise Ink is drained fromthe I nk supply port 187, an air
enters framot.heThérinkhtoaducidyge i180& sh8wn nnang c@&é@hFQESfa(ﬁﬂp:W@ll

contaL 1 19 ety Z33.0h . Do RURLY o PO TSl d ekl Rkl 1o
ink in thengoRINYite GRMes 243 w-edcei snsD8é BRAr cbathiaelnk supplhy
port 187 is consuned, and during the ink |evel of the contalnlnthhanber
213 whi Chglgr,@@gfcynggﬁvave preventing walls 212a are extended from the top
wall 1080 downward to the bottomwall 1090. Because each of lower
end of the partition wails 212 and the bottom face of the container
194 has a predetermined gap, the bottom part of the container 194
communicates with each other. The ink cartridge 180G has a
plurality of containing chambers 213 divided by the each of
plurality of partition walls 212. The bottom part of the
plurality of the containing chambers 213 communicates with each
other. The actuator 106 is mounted on the side wall 1070 which
faces to the ink supply port 187. The actuator 106 is arranged
on substantially center of the top face 194c of the containing
chamber 213 of the container 194. The volume of the containing
chamber 213 is arranged such that the volume of the containing
chamber 213 of the ink supply port 187 is the largest, and the
volume of the containing éhamber 213 gradually decreases as the
distance from the ink supply port 187 increases to the inner part

of the ink cartridge 180G. Therefore, the containing chamber 213

becomes wider towards from the actuator 106 mounting side of the



to the ink supply port 187 decreases, the other containing chanber 213 are
filled wth ink. When the ink in the containing chanber 213 which is nost
near to the ink supply port 187 is consuned totally, air entgrs to the
cont ai ni ng chanber 213 which is second88by counted fromthe i ﬁ*@ﬂ%ﬁm@ port
187, then the ink in the second containing chanber 213 is beginning to be
consuned so that the 1ink |level of the second containing chanber 213 begin

to decrease., At.this tine, | is filled in. t C i ng.hg r 3
whi che ' oogaeathnd SoaiRs AT 1S e S DT Rr R E TR e BE e
-187. I n thbstavyindg khawbeépnsumed fromthe containing chanber 213 which is

most near to the ink supply port 187 to the containing chanber 213 which
is far from t heBsgaRuUSRIpHNYy Ipodraigred frerdene ABKsABRRIEbBYEL bBéaud’dt he

actuator 106 i anged t ; [, er q213:Lhat i Lhogr nost
From the The STATy YRR 0% ABTRRTNER 108%cR o der bR b n SRR
Fur t her nofeom the quntaalding ehawdee plevehttilny wl lsudlIapoan t8Vesideel y

prevent the waves of ink. The ink cartridge 180H sho jn.Fig. 48 has a
Pop wal | L9686 GoRi e bt STATRFF 210000 BRaen® RAECIP ShPt o ot THe
upsi de aféi?(gp"%rdpex%fmﬁtllé‘? tHEl %H]Efﬂ?ecﬂé%o@ﬁati@ﬁr%o&h%hﬁ%ﬁ: 394 which

plurality of wave preventing walls 212b are extended fromthe to wal |

1080 and i#endmt trevamald the9dnkl sepphy adort THSt 6 sacengapedhetnd ed T hed
partition wal] 212b, which extends .fromthe bott 89,0 APR 2004 I
1050, | anoiitE 1K phatre 104 e (R Rg: SUBMPETo 2l FP3Eo S ha S r de
wal |, notshewni hig ik SeF-€ 1 8l7088¢ £6k 98 Wittichot Kk £ @@riteri rdfndgt dkawbat-ai ner
194. Therefore, the level of ink surface in each _containing chanber 213 is

equal . FW?ihermroidllavongthnenipl uftian Fhef Lkvi shey ERPEAG ARSI Ch2TDBT t he
L BLSETALRLIR Lo oD LD, e R R OBVED 8 ) 1620mpe e
cont ai nertd®4dl tyn aier entipkedd ithei dornt 4 ighnd chamtar 20 Bghitlgh lsnsegasvdt he
nave pr evg)gt(:ioql%t\g/%l Jlfrgnllth'ie ink supply port 187, then the ink in the second
containing chamber 213 is beginning to be consumed so that the
ink level of the second containing chamber 213 begin to decrease.
At this time, ink is filled in the containing chamber 213 which
is third or more than third by counted from the ink supply port
187. 1In this way, ink is consumed from the containing chamber
213 which is most near to the ink supply port 187 to the containing
chamber 213 which is far from the ink supply port 187 in order.
As shown above, because the actuator 106 is arranged on the
containing chamber 213 that is farthermost from the ink supply
port 187, the actuator 106 can detect the ink end. Furthermore,
the plurality of wave preventing walls 212a can effectively
prevent the waves of ink.
The ink cartridge 180H shown in Fig. 48(B) has a top wall
1080 and a bottomwall 1090, each of which is located on the upside
and downside of the ink surface inside the container 154. A
plurality of wave preventing walls 212b are extended from the top
wall 1080 and the bottom wall 1090 alternately. There are gap

between the partition wall 212b, which extends from the bottom



which is nearest to the actuator 106 anong the plurality of wave
preventing wall 212b extends fromthe top wall 1080, gas enters to the
cont ai ni ng chanber 213 which is neares% to the actuator 106 when the |eve
of ink surface inside the container ’reaches to the | ower 8nd 28R 1ine
wave preventing wall 212b which is nearest to the actuator 106. Therefore,
the level of ink surface for detecting the ink end is determ ned by the
position 1 n a

Verti cal it boryeh Rl SR ELur A BT eote Sl BV it o
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supply port 187. A buffer 214 is formed on the top wa 080 of the

cont ai ni ngldehafbeechigh. ofhéhputbatangri 94 @@mcémecmmnlaﬂnkiqwxiepts
the bubb K he AN rt id he KL

APR 20A c%?% d%gogg%ﬁéfgiﬁéﬁﬁ#actur%3%% th e%SY C&Fb?l%% f%g¥9|s
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is formed as a concave fart whi ch aoverhangs fromthe_ side wall 194h of the
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213b, the negatlve pressure generating nenber 1100 and the buffer 214 can
prevent 1%& wingnf tnetlieore lobftirk gorfaterinliglestbh eonteiret il9d rerchedk end
by the atégg&kpgowf buQP on the actuator 106. Fgﬁﬁgernnr

er en the wave preventing wall whiclhiis nearest
to the actuator 106. Therefore, the level of ink surface for
detecting the ink end is determined by the position of the lower
end 212f to the level of ink surface along a vertical direction
In the ink cartridge 1801 shown in Fig. 48 (C), the actuator
106 is mounted on the side wall 1070 around the boundary of the
side wall 1070 and the top wall 1080. The ink cartridge 1801
includes at least two containing chambers of containing chamber
213a and containing chamber 213b which are partitioned by the wave
preventing wall 212c. Among two containing chambers, a negative
pressure generating member 1100 which generates a negative
pressure is provided on the supply port side containing chamber
213a which is relatively near to the ink supply port 187. Among
two containing chambers, the actuator 106 is provided on the inner
side containing chamber 213b which is relatively far from the ink
supply port 187.
Abuffer 214 is formed on the top wall 1080 of the containing
chamber 213b. The buffer 214 is a concave part which accepts the

bubble which enters into the ink cartridge 180I when the ink



the ink quantity which can be consuned after detecting the ink end can be
changed by changi ng the capacity of containing chanber 213b and the |length
of the wave preventing wall 212c. In tg% ink cartridge 180J shown ina§$g.
48 (D) , a plurality of wave preventing walls 212d are extended 4fif

side wall 1070 and the side wall 1110 of the container 194 alternately.
Furt hernore, each of one end 212dd of each of the wave preventing wall

212d is stopedi dguarght Be RS ELOhiréAlorS WhbACEHe '\@ﬂ]@%\é‘?crt’rld%egﬁgoﬂfsa
degree whi ch can pass through ink, is provided between the €ach of wave
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1070 whi dthe dgds qU@nttJthQf Mhhcsl'upphybpoconaﬁﬁiedEafhenfdatpd:tmagl tlye ofnkave
preventi wal | ds fromt first sjde || 1120a_an e second
D Ge el 15 588 pEAT AR By bR STrrtheY b 698t aad PRE PR f ace
where thei3k Suppibe Pasdgth8 of ScHy %xfieg)rea}érﬁflﬂ%]ivy@iib/Qlﬂ/. the plurality

of wave preventlng wal | 212e which extends from e side wall_ 1120a and
the 1120b, the JacThgt drk 1B i 5idFe dSOveRgwn pip & 4 8H(Pdm BHel Wkaklof i nk

and the gﬁ‘@ﬁl@&'ﬂb@nﬁﬂf‘g RuBRIeS: 2 S RUDR £5888 From the side wall 1070

and the side wall 1110 of the container 194 alternately.
Furthermore, each of one end 212dd of each of the wave preventing
wall 212d is sloped toward the upside of ink surface. Moreover,
A gap, in a degree which can pass through ink, is provided between
the each of wave preventing walls 212d and the side wall, not shown
in the figure, which intervene between the side wall 1070 of the
container 194 and the side wall 1110. Therefore, ink does not
remain on the wave preventing wall 212d. A plurality of actuators
106 are mounted on the side wall 1070 which extends substantially
vertically to ink surface among the wall of container 194. A
plurality of actuators 106 is mounted on the different height to
the ink surface with each other. Thereby the actuator 106 can
detect the ink consumption status step by step. In the present
embodiment, the buffer 214 is provided around the side wall 1070
of the actuator 106 mounting side among the top wall 1080.
Fig. 49 shows a plan cross sectional view of the further
ancther embodiment of the ink cartridge according to the present

invention. In the ink cartridge 180K of the present embodiment,



Fig. 50 shows a plan cross sectional view of the further another

enbodi nent of the ink cartridge according to the present invention. In the
ink cartridge 180L of the present enbodi nent, the actuator 106 is nounted
on the side wall 1070 which faces to td9® ink supply port 187. gFh ?P
preventing wall 212g includes a bending part 800, at |east a par

end of the wave preventing wall of which is bent toward the side wall 1070
where the actuator 106 is nmounted. A capillary force does not work between

t he wave tmeea@ﬁpahgrmhw I8 meuatec pe Het wetdsy wadd. 1RUPt Wetdbriacef §ap,
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2004 of tHe iswbpegsseddge 220A, ink can flows into the i nk supply port 230
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flows into the ink supply port 230 through the top face_of the ink
cartridge t220Ank supply port 187. The wave preventing wall 212g includes

a bending part 800, at least a part of the end of the wave preventing
wall of which is bent toward the side wall 1070 where the actuator
106 is mounted. A capillary force does not work between the wave
preventing wall 212g and the actuator 106. Furthermore, a gap,
on which a capillary force works, is provided between the bending
part 800 and the side wall 1070. Therefore, the entering of the
bubbles between the actuator 106 and the wave preventing wall 212g
can be prevented. The ink level around the actuator 106 is equal
to the other ink level in the ink cartridge 180L. The;efore, the
actuator 106 can accurately detect the ink consumption status
inside the ink cartridge 180L.

Fig. 51 shows other embodiment of the ink cartridge using
the actuator 106. The ink cartridge 220A shown in Fig. 51(A) has
a first wave preventing wall 222 provided such that it extends
from the top wall 1081, which locates upside of the ink surface,
downward to the ink surface among the wall of the ink cartridge
220A. Because there ig a predetermined gap between the lower end

of the first wave preventing wall 222 and the bottom wall 1091



A ventilation side ink chanber 225a is fornmed on the inner part of the
first wave preventing wall 222, seen fromthe ink supply port 230, by the
first wave preventing wall 222. On the other hand, a detectiogn side jnk
chamber 225b is fornmed on the front s¢gle of the second wave BriedBRtdig
wal | 224, seen fromthe ink supply port 230, by the second wave preventing
wal | 224. The volune of the ventilation side ink chanber 225a is | arger
than the volunme of the detection side ink chanber 225b. A detection side
smal | i ngrchpathiatk 23#tirs dger prdabyi gkt eendf hgwa igam tivkei thk suppgederste the
-capillary phenonenon, between the first vvav reve tin Il 222 and the
second wa¥® pheveahi e RattonfaceThE i didrd FHEtFﬁ 9ien§%¥1\g é%t W atn%li

si de ink I'l-o0t eds t 8o the d@&@l‘a}ttﬁé}tstﬁé sRbind Rkvehanber
227 by tﬁ%%ngjg{elvl%éiér}fggrwcagﬂof% eflsdet%ctl on side small ink chanber 227.
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225a i s is nounted on the side
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is, the side wal 1071 of the detection. side ink chanb 225b, of. tnrgaer i nk
suppl y port 238 ¥pabllahécBcFiae ol G82ABEECt S R NE | r‘ﬂifmeéjoﬁgu T i'dn"%t at us
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at the tifmng close to t end can be detected stably b
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chanber 223 otfh%htel FeRgniowdekepretenshhghwa Dk 22s| ds@éngfmotitlye ink
supply port 230, by the second wave preventing wall 224. The
volume of the ventilation side ink chamber 225a is larger than
the volume of the detection side ink chamber 225b. A detection
side small ink chamber 227 is formed by providing a gap, which
can generate the capillary phenomenon, between the first wave
preventing wall 222 and the second wave preventing wall 224.
Therefore, the ink in the ventilation side ink chamber 225a is
collected to the detection side small ink chamber 227 by the
capillary force of the detection side small ink chamber 227.
Therefore, the detection side small ink chamber 227 can prevent
that the air or air bubble enters into the detection side ink
chamber 225b. Furthermore, the ink level in the detection gide
ink chamber 225b can decrease steadily and gradually. Because
the ventilation side ink chamber 225a is formed af more inner part
of the detection side ink chamber 225b, seen from the ink supply
port 230, the ink in the detection side ink chamber 225b is consumed

after the ink in the ventilation side ink chamber 225a is consumed .



as an ink end can be freely set. Because ink is supplied fromthe
ventilation side ink chanber 225a to the detection side ink chanber 225b
by the detection side small ink chanber 227, the actuator 106 does not

i nfluenced by the waving of ink caused t.he wavi ng of the §fikareraldki dge
220A, and actuator 106 can thus reliably neasure the ink residual
quantity. Furthernore, because the detection side small ink chanber 227
hol ds ink, the detection side small ink chanber 227 can prevent ink to

flow backward &ﬁg%é@&aﬁi&wfé&%%aﬁﬂé& Shamrker1225ka00 tbe1 venthéation
a.
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air into the FRRI I3 f?ﬁﬁﬁ%u§@8§.lﬁ%éﬁ:?ﬁ§K% eé&f&éﬁéggggg %@%S%EPPEQQ

mai ntai n heg cBLepsUAEt &Bskdes thlel i riky aasurt idge 220Admmaiestiffl en 8he(Q7
APR 2004 Fig. 51(C) and (D) shows a detailed cross-section of the %§Eck
val ve 2282iTiee whkek Vil Ve 208 tRonASFRCEIGD 5t a CRARFE 232°8hi ch

i ncludes f f | L4 0BET K ARKR HROH G RAdht W Jbsiamambegat es
air betmegﬁﬁgﬁgfﬁg%ghdegg?g?g%l%# t he in% cartridge szﬁﬂ?gn%ﬁbvided on

the ink caHer kdgealdd Buglort hlte shde walhdl0g1283 theedetert el f4igfydrE32a.
The airhole 233 is gpened and closed, by the fl.a . -yval ve
208 antne CrREDer Sreh. 355t AReaS A At Pt R 0 Ens 30 A1) RiGEEAES Ve
pressure ify the; bk eREhhi M8 220 e xeeedspédeuds d35uL e sofprilhiee cihewk theal ve

228 by the decrease of ink inside the ink cartridge 220A . and taus.t e air
out si de t hentik agdony isdgte 2Dk | shambesddedsd it &% neeFRrktLart Fidhe *

The check yalve 228 show i) HGeid) side small ink chamber 227, the

actuator 106 does not influenced by the waving of ink caused by
the waving of the ink cartridge 220A, and actuator 106 can thus
reliably measure the ink residual guantity. Furthermore,
because the detection side small ink chamber 227 holds ink, the
detection side small ink chamber 227 can prevent ink to flow
packward from the detection side ink chamber 225b to the
ventilation side ink chamber 225a.

A check valve 228 is provided on the top face of the ink
cartridge 220A. The leaking of ink outside of the ink cartridge
220Acausedbythewavingoftheinkcartridge220Acanbeprevenhai
by the check valve 228. Furthermore, the evaporation of ink from
the ink cartridge 220A can be prevented by providing the check
valve 228 on the top face of the ink cartridge 220A. If ink in
the ink cartridge 220A is consumed, and negative pressure ingide
the ink cartridge 220A exceeds the pressure of the check wvalve
228, the check valve 228 opens and introduces air into the ink
cartridge 220A. Then the check valve 228 closes tO maintain the

pressure inside the ink cartridge 220A to be stable.



has a val ve 232 fornmed by rubber and a spring 235. If the negative

pressure inside the ink cartridge 220 exceeds the pressure of the check
val ve 228, the valve 232 presses and opens the spring 235 to introduce the
outside air into the ink cartridge 224and then closes to miay Hpp fpd he
negative pressure inside the ink cartridge 220 to be stable. The ink
cartridge 220B shown in Fig. 51(B) has a porous nenber 242 in the
ventilation side ink chanber 225a instead of providing the check val ve 228
on the ink cartigdgel 22DAand Ehlovehovs: Fidgeta51Ed) cxbise -pectdsomeibehe242

- holds the ink inside the ink cartridge 2203 and al so prev q%%'iﬁﬁ tg be
| eaked oGhsFHevetvethed i nilheacheCdg¥a2¥622 a8 r $ gt ne 'ng t hE™i Ak

cartri dge.agggP%g fugicﬁ%rbﬁl@de%r B35nSECII QN abrHEEWyOFuBBe £ThOM HBRhODE an
ink cartridge tor use wth a single color, for exanple, the black ink as
an enbodisentwiof ch lerdugiicd teena af fert veeooidbadetand patsgdesehtthendekt i on.

An ink cartridge shown in Fiqg. .52 is based. on_.the ne d_t hat s the
posi t i on<8F LTREIR {ef o %PFggédS% O%ﬁl?l@x?‘g{{ecfﬁretrojquel %gigdsﬁl%gita—%%aﬁﬁ%qui d
cont ai neg ;by8et 8681 ks tPsABaN afigeQUENCY hYieneashsl g3 he coprhed

el ectronotive force generated by the residual vibration remained ig?the

vi br at i ngngsc0oreAPRy2004 $derigen 2afeng The abevk WehYPoRél RBERSA™Nfhe
act uat or 1984k o3 efﬁl%zé NRIDANEOLOL 508 BREULAGENEAE hldhcdebect s

l'i quid. € ehbodi nen own in Frg. 52 conprises a
cont ai nepréswhireh € eRtaims chirgui dgK 2midekaetddedet ppe sahte bE3che kbeaked

upside of the liquid surface of ink K _an ink s ly .port 2 i uppl i es
liqui d KVedvsi dast e Hmagtaase odnigkt aa%ilie tli%g W#O Eﬁr&éﬁlé\é@sggﬁéf
consunpt Lan S ak Ysd E§ird§ut§£'§déq}.21tea&flﬁrce§-rtr a5kl 1 stimarddddan iwsbl 193a

whi ch partitrons at [east two In chanmber such that ink Kin both of the
i nk chanbie ¢ak canhundgat220wi tiheeablecht Hal vEnd? 8eshown cdgntFaighe® 11D At

o e VRIS o AR BRyThdo T STRE e o
act uat or pressure inside the ink cartridge 220 exceeds the pressure of the
check valve 228, the valve 232 presses and opens the spring 235
to introduce the outside air into the ink cartridge 220 and then
closes to maintain the negative pressure inside the ink cartridge
220 to be stable.

The ink cartridge 220B shown in Fig. 51(B) has a porous
member 242 in the ventilation side ink chamber 225a instead of
providing the check valve 228 on the ink cartridge 220A as shown
in Fig. 51(A). The porous member 242 holds the ink inside the
ink cartridge 220B and also prevents ink to be leaked outside of
the ink cartridge 220B during the waving of the ink cartridge 220B.

Fig. 52 is a cross sectional view of an embodiment of an
ink cartridge for use with a single color, for example, the black
ink as an embodiment of the liguid container according to the

' present invention. An ink cartridge shown in Fig. 52 is based
on the method that detects the position of the liquid surface or
an existence of liquid inside a liquid container by detecting a
resonant freguency by measuring the counter electromotive force

generated by the residual vibration remained in the vibrating



106 is nounted on the top wall 1030 of the ink chanber 123b. The airhole
233 is provided on the top wall 1030 of the ventilation side ink chanber
123a which ventilates with atnosphere. The check val ve 228 shown in Fig.
56 can be used for airhole 233. Howeveg, the formof the airhgle 233 is
not limted to the check valve 228 shown in Fig. 56. If ink &7iAPR&W&uned
and the container 1 inside becones extrenely negative pressure, air is
introduced to the ventilation side ink chanber 123a from the outside of

the contaidieridn Bmdhe tdid heloRe2ddntandetheeaholol erhe 3B turioPridientss t he
-pressure inside the container 1 to be  negative. Th ref£re W t.h th%1
Consunpt i eFEBIE G RNAREREENGROL the 1 HIVHY FEIF ot PRk JeRtFHadieh S de ink
chamber 3a throu .t il e aRdct Beckgveh ®ig! igidh fage of
ink K deéﬁ3%§52?(¥%§jﬁa |?FOEB%aFﬁ§%8§a 's oupled with the té?ﬂaall 1030
| qui d- ti ghidntaiHer ef whech exertdihes lhkuis Eorslnedludes Ropswail |36 in
the detection side ink chanber 123b in %he c%ptakngr 1iu ti] _the Q?%?l of
liquid suldereedunsidekof dadihdd dt ABTFBRBCT éhd TodHh 167 PHBP part i on
wal | 193 el td16, QNSHARE KOBurdduancas asfcsbgetevel afadivpidk
surface g% ?ﬂhgﬁksggggﬁgﬁgto he Ioﬁbr end 193aa of the partition wall
193a, gaslefteris:i dethet 8611k ToARRIPOGHIdEEBEUE oS AR thek CERRABEEL 123b.

Ut ot SR K 4B BT 1o vt L Rb ek LR LSSt Bl SN e act Ut o
106 changegamb&PBUIHKtKat 0 i ROSPBOLE. ol herel ak eshanties 1a chnat ommdbe zam
detect that the status inside the ink cartridge s in ink,end status.
Thus, it WithkedoekhesridsigBabhe ¢GRS \M%}tchePéGefrW%fln%h‘éhmﬁi’%{ﬁ d
e el L B B RS et st it
1010, whi ghmespreds sibshantdtadyingestdealnk tbanheriidsur fliceactndtehe
Cont ai nor L46uhenmasrEet; A The trRivahl taR0ne sHrd ik ne it Betheen «he
side wall 1010 §Ad airhole 233 is provided on the top wall 1030 of the
ventilation side ink chamber 123a which ventilates with
atmosphere. The check valve 228 shown in Fig. 56 can be used for
airhole 233. However, the form of the airhole 233 is not limited
to the check valve 228 shown in Fig. 56. If ink K is consumed
and the container 1 inside becomes extremely negative pressure,
air is introduced to the ventilation side ink chamber 123a from
the outside of the container 1 by the airhole 233, and the airhole
233 thus prevents the pressure inside the container 1 to be
negative. Therefore, with the consumption of ink advanced, air
igs introduced to the ventilation side ink chamber 123a through
the airhole 233, and the level of liquid surface of ink Kdecreases.
The partition wall 193a is coupled with the top wall 1030
liquid-tightly. Therefore, even the ink is consumed, ink K is
filled in the detection side ink chambexr 123b in the container
1 until the level of liquid surface of ink K reaches to the lower
end 193aa of the partition wall 193a. When the ink consumption
advances and the level of liquid surface of ink K reaches to the

lower end 193aa of the partition wall 193a, gas enters to the



the partition wall 193a and the height of the lower end 193aa in the
direction vertical to the ink surface. The volune of the detection side ink
chanber 123b is preferably half or smaller than half of the volune of the
ventilation side ink chanber 123a. A ca&pillary force such as tP éﬁwngnk K
does not work on the detection side ink chanber 123b. The actuaz g can
be used as a neans of nerely detecting the vibration w thout vibrating
itself. Mreover, the detailed configuration of the airhole will be

descri bedeitrcEign 56deAlpackianper i@ ¥ an@haerekyvehdobyk 6k &8 PRA d8d in

“the ink uppl ort 2. Referring to Fi.g.,.5 t he cki i i ngaged
with t het?lﬁﬁggﬁﬁgﬁoﬁe%ﬂ ® %‘ﬁkccor%?ﬁjn'rcz}%:%r?g%\%oyﬁ ggge%%;%f%gl e;é(‘illp%%% gi g a
fluid-tightemannghd The Wadvembesysbed satsnsd aid Yactntht il astd clanges

contacted agai nst the packing ri n% 4 by way of a spring _5. V\heE]@t he i nk
suppl y néedinein? K §oj #yeqaritere he Wighed B6dythe 4 Yateds 4 5py2R KE etk
supply needle 32 s t [ P tihat; ik 4 sicde Jshe

cont ai neﬁt%fti E%seuﬁg ?@8 ?8g?§§ ?@%oﬁlfngéﬁﬁ]gg%g%ﬁila tlhe i nk Sutpp| y port 2
and the imkassuppl Ysnegsl owsd: erd 1@ avpper daakkmodhet hieicontavekrofl theher e

is mounted a 97 0 7 APR 2D sem conductor. nenpry_neans 7 which stores data
on ink i Adiadéc perfaRR adiks Bde ber at i &1 nguﬁgﬂ?F?‘PBE'V\g{kﬁ? VR3S 1 the

cont ai net, ¢l he @éié}%ip%_ Qﬁl@%}?érﬁfé:bmtzbeiy\@étr&nmnédlby Ve GRLdth
caused by % e vibration of ink cartridge generated by such as the scanning
oper at i oibvettweiengt hles ipte meilAgl i Oc edsi.chThehentlesb$sant dahbhBvettHaRlt he
actuator 106, may detect m stakenly that. there i gh i ! h

cont ai neC1t1f %ﬁ‘é Y 25tFraEh s&f’% Raﬁ’gtlatcjt%%twgrﬁlggggby 1 égi‘(emf/a@?%’getoe i nk
even if ther gubsichicht kemadBeNE n8f dbnkhéncofiea isont Riviesn Ketdarteioverchet here
is also a danger that the actuator 106 may detect ms akenllt]x t hat trgiere IS
no ink i finkhensusBhebeasehch¥sth® YhetAckekyesn 106 if3thet Gk 4

filled i %htehSarEQEEghnﬁéli'lSBa and the height of the lower end 193aa in
the direction vertical to the ink surface.

The volume of the detection side ink chamber 123b is
preferably half or smaller than half of the volume of the
ventilation side ink chamber 123a. A capillary force such as to
hold ink K does not work on the detection side ink chamber 123Db.

The actuator 106 can be used as a means of merely detecting
the vibration without vibrating itself. Moreover, the detailed
configuration of the airhole will be described in Fig. 56.

A packing ring 4 and a valve body 6 are provided in the ink
supply port 2. Referring to Fig. 54, the packing ring 4 is engaged
with the ink supply needle 32 communicating with a recording head
31, in a fluid-tight manner. The valve body 6 is constantly and
elastically contacted against the packing ring 4 by way of a spring
5. When the ink supply needle 32 is inserted, the valve body 6
is pressed by the ink supply needle 32 so as to open an ink passage,
so that ink inside the container 1 is supplied to the recording
head 31 via the ink supply port 2 and the ink supply needle 32.

On an upper wall of the container 1, there 1is mounted a



However, according to the enbodinent of the liquid cont ai ner of the
present enbodi nent, the partition wall prevents the waving of ink around
t he piezoelectric device even when the ink cartridge vibrates by such as

the scanning operation during the prighing process. By prev
wavi ng of ink around the piezoelectric device, the partitioﬁf&dﬂﬁzﬁgga

prevents the generation of the bubbles. Furthernore, even the bubbl es
generate in the ventilation side ink chanber, the partition wall separates

the ventilatiop,shdckMentiambernand dh-rdetestisonabhden ik iokadberhe
-air-tight%y anﬁn?iqu?d-tightly. Therefore, the partition wall prevents the
bubbl es t tnkowerttrbdgeto the actuator 106 and contact with the actuator

106. There is no_limtation_of the.si.ze, ihC S.;sNaRe, coht &xhdEILLY,
and nat eri al fo?ftHggﬁﬁrfﬁtF8npﬁ5?ﬁil$ﬁe3%?&r§2%t éj§5|ze of the partition

wal | can RgLpRde ﬁg%agéVg%ﬂéﬂéﬁé&”bfﬁthﬁﬂwdwmng ofhénkhi whmebsisf caheed
partition wall can be nmade relatively thicker or thinner. Furthernore, the
shape of biehsavibrabhonaifl inasassrisge I tet PR RIheS BerPeraBridt ne
shape, size and.thickness . .of rfiti al | i sn changed iaceoadhgert o
the shape®BFTf é°§885?uﬁﬁﬁj§békq%ﬁﬁ%'aP%P? Sgé ﬁﬂrthernnre,lihe par?ition
wal | can bgafBgge fadnatdie 1bardayaierdcd misthkexilyl ehanttdrgrzs isrepoeginyl e,

material such as plastic, tefron | an,. pql ypr.opyl en or, n used
for the papki inokhGafPntekReErhbtly b %e”ﬂ‘af"‘t%ittaic&ﬁs\y/\élol Ehe %acggzt?’fa“orlnetg he
air-ti gh}vggrtﬂlé %\d]%ﬁé gl ; ARt SFdrali prbheRedoed inall epassunthodugik gas the

e t

l'iquid. over, € container and the partition wall are nade from sanme
materi al senthahetrhe.cofirEaweT anbierkeis Y49 € SANUAF| thah B¢ PEFHBE N one

body. The_manufacturin rocess -of .t [ riridge; gan; ghenabyubel
reduced. REP§. ™53 | 9?%%&4%?(ﬁ%ﬁﬂ%ﬁﬂ%ﬁgﬁﬁ€$%%9fﬁiI%gr%ridée mhichu St or es
plural typesa ehenks tveewedubtem ans eweai dé ther éok, isadddieidngnt 6han -

embodi ment. Fig. 53 is a perspective view from the side of the top wall
1038 whi clrongalioeat éd upsi de of the liquid

However, according to the embodiment of the liqu_id
container of the present embodiment, the partition wall prevents
the waving of ink around the piezoelectric device even when the
ink cartridge vibrates by such as the scanning operation during
the printing process. By preventing the waving of ink around the
piezocelectric device, the partition wall 183a prevents the
generation of the bubbles. Furthermore, even the bubbles
generate in the ventilation side ink chamber, the partition wall
separates the ventilation side ink chamber and the detection side
ink chamber air-tightly and liqui&—tightly. Therefore, the
partition wall prevents the bubbles to move close to the actuator
106 and contact with the actuator 106.

There is no limitation of the size, thickness, shape,
flexibility, and material for the partitionwall. Therefore, the
size of the partitionwall canbe made relatively larger or smaller.
The thickness of the partition wall can be made relat ively thicker
or thinner. Furthermore, the shape of the partition wall can be
square or rectangular. Preferably the shape, size and thickness

of the partition wall is changed according to the shape of the



surface of ink K anong the wall of the container 8. A container 8 is
divided into three ink chanbers 9, 10 and 11. Ink supply ports 12, 13 and
14 are formed for the respective ink chanbers. On a top wall 1038 of the
respective ink chanbers 9, 10 and 11, gg he respective actuatom97£§R&%@5and
17 are nounted on the container 8 so that the actuators 15, 16, an can
contact with the ink which is housed in each ink chanbers via the through
hol e, not shown in the figure, provided on the container 8. Partition
wall's, nef éé]?%iéi?et herd g Enots, phevpdedieaoh wdll rsirdbeahadd & rionk
-container 9,10 and 11 as simlar to, the ink cartridge shawn in Fi.%.l 52.
The part ithieohawdl metprawilded fhesabheoratkizhanfis SXREMYE o MFLEE

separat es,_t he i C S , q,F;qu:, j VeptpAlhenbs hied nk
chanber gﬁggd%ggggf%ﬁkgiggggﬁ%’éﬁgﬂég?gégig. g%qisea Cross sgbtjonal Vi ew
showi ng @@reahedbaenit Hbn walibj orPyedietradfl t,hehienkajret tienowal hgl aFEacat us
suitable for the ink cartridge show .in Fig. 52 and,Fig. .53, rriage 30
capabl e f&P" EBEpRHEAEIBHEI ALt Qﬁagiﬁéhﬁwﬁ%tefﬁé wa%ﬁgogo?ﬁééygggﬁglng
paper is LRReG Wi Wt anko+ibde 83 £ nehkber 4 hee f @6 dhagpdieadichl is
providedt?%%%@?b€%¥k%g%gqgf t he subté%k unit 33. Moreover, 99 0 7. APR 2004

the ink saipl preeedde F2oivs spmevindedrialagoi Batk arhe i et #oeX iy Hisce

si de of the suhtank it 33..1n_Fig. .54, the in arthid 4ihdi 9.
52 and FRGT3314% .Ci%mg9eﬁ,rﬁﬁg ik & grgfﬁﬁée Hgﬁ%aﬁﬂ}n otﬁef'#fgures
al so can hedesed o tWigR thek i ietSURR)e dRaf trl2refbyt e comhadentr 1 is inserted
through the ink supply needle 32 of the subtapk unit 33, the, al%ﬁH_Qﬁdy 6
recedes agai nstFiche 53phieng BerspechaVeakl pkOhaslia gl Ca¥ ot it The” i nk
inside the container .l flows iate,the ihk.chamen =3¢ cilsstaaeradere the
i nk chanﬁ%??é%;§;§¥3%é%w@¥$hb?ng? a’ neggtive pressuf@ is applied to a
nozzl e openicy@icfy teaneenbddngenheadFBi- & ds nopekEpechéveetdedi figPhead
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pressure dn-dhe dewigkr gamdiq e (heXi Feche container 8. A container
8 is divided into three ink chambers 9, 10 and 11. Ink supply
ports 12, 13 and 14 are formed for the respective ink chambers.
On a top wall 1038 of the respective ink chambers 9, 10 and 11,
the respective actuators 15, 16 and 17 are mounted on the container
8 so that the actuators 15, 16, and 17 can contact with the ink
which is housed in each ink chambers via the through hole, not
shown in the figure, provided on the container 8. Partitionwalls,
not shown in the figure, is provided each of inside of the ink
container 9,10 and 11 as similar to. the ink cartridge shown in
Fig. 52. The partition walls provided in each of ink chambers
9,10, and 11 separates the each ink chambers 9, 10, and 11 into
ventilation side ink chamber and detection side ink chamber.
Fig. 54 is a cross sectional view showing an embodiment of
a major part of the ink-jet recording apparatus suitable for the
ink cartridge shown in Fig. 52 and Fig. 53. A carriage 30 capable
of reciprocating in the direction of the width of the recording
paper is equipped with a subtank unit 33, while the recording head

31 is provided in a lower face of the subtank unit 33. Moreover,



val ve 36 decreases. Then, the flexible valve 36 is positioned away from a
val ve body 38 so as to becone opened. When the flexible valve 36 is
opened, the ink in the ink chanmber 34 flows into the recording head 31
through the ink passage 3 5. Acconpani gd by the ink which hag#hLp y nto
the recording head 31, the ink in the "Container 1 flows into the subtank
unit 33 via the ink supply needle 32. Fig. 55 is a cross sectional view of
an anot her enbodi nent of an ink cartridge as an enbodi ment of the liquid

cont ai ner . Laccor di,pg140ndHg1 Presento MM 98- ah LA chik réagkrhe@e: Digt he
present enbodinent, "a’top wall 1039, which |ocates upside of the liquid

surface ofatakside if shepsdbtankhenit §di.d SurFexe o, ithie 1rk qaetBEdIRt ors
106 are mounted opn.the to | | 39 such that  the_actuat.o
cont acts ﬁﬁ?ﬁnﬁﬁkg%ﬂréﬁﬁﬁ%¥% 19 hroughe s - | tOBFETTFded on &h%gf%%ﬁ%%?l

1039. Thegpahhi {H 0P ML F1836e8XhE8EScah e tideatop wal | 103 9 downward to
the ink surf ace. Furthernbre, the present enbodi nent has a second

partition wal | Wesu ik dink expeidspPron? tle thsp oRAItaiTe3s i AsiaecThed
detection gl deah e On Qufo APR.2038 £hapbeh. 123R AnduagRalt ehdl hory

det ecti on*8F 48} anber B | €ast in tection side snall ink
chanbers #dd3as angbdd@smgsiedt titad dprkiroBsedoi Rhbat Anofinkhpadstgetisn

side small ink _chanber 1123a and 1123b can conmuni cate egch, t her., Each of
two act uAPBERSd BUSkC I d nEOERS 142 RBAMAEF 2dRethk TLEYSWHITC 1689t CRABRST of

the detecgjon i ﬁ%@g W hapberg Lha3Beand411233k;11085R€Ch YAkY. a The
vol une ofg%hezéégfi atf%nlg¥:e I nk éhanber f23a V\/nichl is close to th% i nk

suppl y ponegati-selmregerunehais apel ved moea ofozallrechdenéopi oh tdiedeerakdenanber
123b which is relatively fac_from_the ink su port, 2. F , the -
vol ume ofEFﬁa HetADAC fitde éﬁﬁl¥e?ﬂﬁéﬁﬂ%§ﬁgﬁi¥’ a’t %?chwﬁépg%ggégto t he
i nk suppl ¥npottcoRdifgl 8paehtiBanikhge¥obufgdof the detection side snal

i nk chanmber 1123b which is relatively far fromthe jnk supplﬁ pﬁrt ﬁ
within the det@eenophsi ki hk eonsad imbheTreceorsies rrd Alt f¥ the

recording operation, a pressure in the downstream of the flexible
valve 36 decreases. Then, the flexible valve 36 is positioned
away froma valve body 38 so as to become opened. When the flexible
valve 36 is opened, the ink in the ink chamber 34 flows into the
recording head 31 through the ink passage 35. Accompanied by the
ink which has flowed into the recording head 31, the ink in the
container 1 flows into the subtank unit 33 via the ink supply needle
32.

Fig. 55 is a cross sectional view of an another embodiment
of an ink cartridge as an embodiment of the liquid container
according to the present invention. In an ink cartridge of the
present embodiment, a top wall 1039, which locates upside of the
liguid surface of ink K, is sloped to the ligquid surface of ink
K. The actuators 106 are mounted on the top wall 1039 such that
the actuator 106 can contacts with ink through the through hole
lc provided on the top wall 1039. The partitionwall 193¢ extends
from the top wall 1039 downward to the ink surface. Furthermore,
the present embodiment has a second partition wall 193d which

extends from the top wall 10398 inside the detection side ink



ventilation side ink chanber 123a is consuned at first. Wth consunption
of ink advanced, the level of ink surface in the wventilation side ink
chanber 123a decreases. On the other hand, because the partition wal |
193cc and the top wall 1039 is coupled I|qU|d tightly or air- thy
detection side ink chamber 123b is fi4%%d with ink until the Iev d@
surface reaches to the lower end 193cc of the partition wall 193c. hbxt,

if the ink surface in the ventilation side ink chanmber 123a reaches to the

!s?r‘g’lelr .eﬂd 1%%%er J:fﬁfzgnﬁa E!rQEe}é’a{Belgérgecti&Lf & flyd NG dehieahlon 1side

e I ANl n e consuned because ink in the
det ect i omts] destsAmkb ttﬁﬂ:kdéhéﬁfh&bn s’mcﬂaaamfanmvmmuhamerhamﬂa auqipﬂ)z 3port 2.

Wth consunption of _ink advanced, the | evel of ink surface |g
det ect i oFUSidehatrank hauged haRsh a1 538 RGP S16R I bih fﬂﬁgm?r

because t p t I 9 39 i pLed dyQqui d-
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"ok surf e Of  HECHEEAER GG dEMeldl | VK EREHGE 2iAse PR cﬁelge‘%ﬁd t he
| ower enqe%% @qlggl%he partition wall 193d, ink in the detection 'side

a

smal | ink chanber 23b is beginning to be consuned because ink in the
detection si deTQmaVblumR @ﬁdritfewm@@tﬁdrbmdéumkochﬁ@b?ﬁkl%ftﬁpp*{fycﬁbrt 2.

Ther ef or e, e _ac 6 C Qﬂﬁqﬂiﬁ
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of detecting an |n e actuators 106a and 106b increases with the

advance @fis rllarg@msuhwn |tdm¢ vaheneicdy ehe deg eitdpuentge gfmall ink Chamber
1123b which is relatively far from the ink supply port 2 within
the detection side ink chamber 123b. Therefore, ink in the
ventilation side ink chamber 123a is consumed at first. With
consumption of ink advanced, the level of ink surface in the
ventilation side ink chamber 123a decreases. On the other hand,
because the partition wall 193cc and the top wall 1039 1is coupled
ligquid-tightly or air-tightly, the detection side ink chamber
123b is filled with ink until the level of ink surface reaches
to the lower end 193cc of the partition wall 183c.

Next, if the ink surface in the ventilation side ink chamber
123a reaches to the lower end 193cc of the partition wall 193¢,
ink in the detection side small ink chamber 1123a is beginning
to be consumed because ink in the detection side small ink chamber
1123a flows out to the ink supply port 2. With consumption of
ink advanced, the level of ink surface in the detection side small
ink chamber 1123a decreases. On the other hand, because the
partition wall 193dd and the top wall 103% is coupled liquid-
tightly or air-tightly, the detection side small ink chamber 1123b

jg filled with ink until the level of ink surface reaches to the



detection of ink increases with the decreasing of residual quantity of
i nk. The container of the ink cartridge shown in Fig. 55 has one second
partition wall. As other enbodi nent, the container can have a plurality of

partition walls so that the detection side ink chanber 123b ig.s }Q@rﬂhed
into three or over detection side sm i nk chanbers. A plura i’tg f

second partition walls separates the detection side ink chanmber 123b into
two or over detection side small ink chanbers. Each of the volunmes of the

of the defggtiQn 518838 nb Parehanker sall23aanrbealay| ed thedduatl y
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detecting an ink by the actuators 106a and 106b increases with
the advance of ink consumption. Therefore, the frequency of
detection of ink increases with the decreasing of residual
quantity of ink.

The container of the ink cartridge shown in Fig. 55 has one
second partition wall. As other embodiment, the container can
have a plurality of partition walls so that the detection side
ink chamber 123b is separated into three or over detection side
small ink chambers. 2 plurality of second partition walls
separates the detection side ink chamber 123b intc two or over
detection side small ink chambers. Each of the volumes of the
of the detection side small ink chambers 1123b can be varied
gradually from the one side of the side wall to the other side
of side wall which faces each other. Preferably, as shown in Fig.
55, each of the volume of the detection side small ink chambers
decreases gradually from the detection side small ink chamber,
which is relatively near to the ink supply port 2, to the detection

side small ink chamber, which is relatively far from the ink supply



in the upper side of boundary between the top wall 1039 and the partition
wal | 193c or the upper side of boundary between the top wall 1039 and the
side wall 1030. Therefore, the bubble G does not attaches to the actuator
106. Fig. 5 6 shows further other enbpgpnment of the ink cartrigjgehpl;ﬁ?dnpg
the actuator 10 6. The ink cartridge 2 2 OA shown in Fig. 5 6 (A as a
first partition wall 222 provided such that it extends downward fromthe
top face of the ink cartridge 220A. Because there is a predeterm ned space
bet ween pheelowerhen] he e ukitiost 10 panhi dévecualthepoandstdfegbaduai f ace
~of the ink cartridge 220A, ink can f lows into _the ink supply port 230
through thasboptsanfoicenkoK tReIfAKERES %P}‘dﬁgrﬁﬁéa.geA second partition

wal | 224 is fopne chy 1SECORALRAT tdit | PReWalk 224armd endarepwar d
fromthe bott%cr)nr gér%ybf bte%g‘hlstn etcartri dlcjle 22 QA o?n the nore ink supply
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224, 1 he BB BECHM G T LR 05 o os o eSot ror 3y de P k
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det ect i onnsirgesssamithi shec fesrensing PL restedady PPN GG ta 1§4p,

whi ch-can generat api r pEeNnQiL 5 bekweeiurithel f hestbpardtd i on
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ventil at ipartdicden wkliheober s2@bahesacoideet ddqo itSh_@OH@F@_@tIF%ﬁFbléitdE smal |
A R O T R T
bubbl e tq . enLaEei0t PriHa KlelREIRAON side ink chamber 123b when the ink
inside the ventilation side ink chamber 123a does not reach to
the lower end 193cc of the partition wall 193¢, the bubble G stays
in the upper side of boundary between the top wall 1039 and the
partition wall 193c or the upper side of boundary between the top
wall 1039 and the side wall 1030. Therefore, the bubble G does
not attaches to the actuator 106.
Fig. 56 shows further other embodiment of the ink cartridge ’
using the actuator 106. The ink cartridge 220A shown in Fig. 56 (A) v
has a first partition wall 222 provided such that it extends
downward from the top face of the ink cartridge 220A. Because
there is a predetermined space between the lower end of the first
partition wall 222 and the bottom face of the ink cartridge 220A,
ink can flows into the ink supply port 230 through the bottom face
of the ink cartridge 220A. A second partition wall 224 is formed
esuch that the second partition wall 224 extends upward from the
bottom face of the ink cartridge 220A on the more ink supply port
230 side of the first partition wall 222. Because there is a

predetermined space between the upper end of the second partition



side ink chanber 225b. Furthernore, the ink level in the detection side
i nk chanber 225b can decrease steadily and gradually. Because the
ventilation side ink chanber 225a is forned at nore inner part of the
detection side ink chamber 225b, seend4yomthe ink supply portg 23@p ﬁﬁ;
ink in the detection side ink chanber 225b is consuned after the 1nk™Tn
the ventilation side ink chanber 225a is consuned. Because ink is supplied
fromthe ventilation side ink chanber 225a to the detection side ink

chanber 225p, by 4t hag det ecld pacsitet Raulk caktehdneer20R7 irfheancilietsor 106
-does not |n%luenced by the rolling of ink caused by the roll'qg}of.Hpe i nk
cartri dgeig@6Ac-haninhcEuapdy DPOBtcaR 0t khgopah hbey HRRad R t S

resi dual quanti%%. %ﬁéﬁhernnre, because the detection side snall ink
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consunptiSﬁagggfﬂgz?%§¥%§&Fﬁégpgggggﬁygg§s?%g ?%%ﬁchanber 5350, The
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ventilation side ink chamber 225a is collected to the detection
side small ink chamber 227 by the capillary force of the detection
side small ink chamber 227. The first partition wall 222 can
prevent that the gas or air bubble to enter into the detection
side ink chamber 225b. Furthermore, the ink 1level in the
detection side ink chamber 225b can decrease steadily and
gradually. Because the ventilation gide ink chamber 225a is
formed at more inner part of the detection side ink chamber 225b,
seen from the ink supply port 230, the ink in the detection.side
ink chamber 225b is consumed aftexr the ink in the ventilation side
ink chamber 225a is consumed.

Because ink is supplied from the ventilation side ink
chamber 225a to the detection side ink chamber 225b by the
detection side small ink chamber 227, the actuator 106 does not
influenced by the rolling of ink caused by the rolling of the ink
cartridge 220A, and actuator 106 can thus reliably measure the
ink residual guantity. Furthermore, because the detection side

small ink chamber 227 holds ink, the detection side small ink



the check valve 228, the check val ve 228 opens and introduces air into the
ink cartridge 220A. Then the check valve 228 closes to accelerate the

drai nage of ink fromthe ink cartridge 220A. Fig. 57 shows further another
enbodi ment of the ink cartridge using,jhe actuator 106. An ink cartridge
180A shown in Fig. 57 has a partition wall 212a which extengs; dp rd
from the top face 194c of the ink container 194. The container 1 IS
separated into a ventilation side ink chanber 213a and a detection side

i nk Cha”@ﬁgnéé?_‘b%?ﬁ’ Zéléél—gp%f idd 9picveb | £ 2dR@haciBREAlSEd ek gadedt2an of

~the partrtion wa and the bottom wall la of the container 194 have a
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214a, thQFtFEtéOE‘oﬁéggelﬁlér?ﬁ?nél?e%c%:%% [ ngﬁ%gégllr&uagugb@%e tv\llnil‘{g:})h enters to
the ink garthbdgenilS9Aissddreedhenihhenchppendldarl Bk deft edredietedtlivon

side ink chanber 213b. In Fig. 57, the huffer 214a.is L e S _a.cqncave
part ovebWamguophasdther st ERROY obf Gt s igle t‘?‘?gl ]1:6’4{ %ﬂ‘f’e%e%gf.% J%%e
buffer 214 e LEbubbl e which enters into the detection side
ink chaff g? g%%bekgg%ggeﬁpébﬁhen the ink is filled in the detection side

i nk chanmber 21&baifFhelbuti®ri@praiadkby pheveapswaht 1oLbmesh &t ach
of the ACPEAFSRIR0R2Ph: QURERtoTTH IhReoR Y ar SRgye by P St TReR hg o ai 1
bubbl e t g;tRe1acChYat OrTHO6.c ol bET HBkeoubyiad) tisé i gk tdeertuol dgre 28102 he
detection side ink chanber 213b by changing the Iengﬁgagnxgh%_égggé'on
wal | 212gaused by the rolling of thé ink cartridge 220 P
by the check valve 228. Furthermore, the evaporation of ink from
the airhole 233 of the ink cartridge 220A can be prevented by
providing the check valve 228 on the top face of the ink cartridge
220A. If ink in the ink cartridge 220A is consumed, and negative
pressure inside the ink cartridge 220A exceeds the pressure of
the check valve 228, the check valve 228 opens and introduces air
into the ink cartridge 220A. Then the check valve 228 closes to
accelerate the drainage of ink from the ink cartridge 220A.

Fig. 57 shows further another embodiment of the ink
cartridge using the actuator 106. An ink cartridge 180A shown
in Fig. 57 has a partition wall 212a which extends downward from
the top face 1%4c of the ink container 194. The container 194
is separated into a ventilation side ink chamber 213a and a
detection side ink chamber 213b by the partition wall 212a.
Because lower end 212aa of the partition wall 212a and the bottom
wall 1a of the container 194 have a predetermined space, the
ventilation side ink chamber 213a and the detection side ink

chamber 213b communicates with each other. The actuator 106 is

mounted on the top wall 194c of the detection side ink chamber



or changing the width between the partition wall 212a and the side wall
194b, the predeterm ned ink quantity renmained after the detection of the

i nk end can be changed. Fig. 58 shows further another enbodi nent of the ink
cartridge 180. An ink cartridge 180B shpwn in Fig. 58 has a partition wall
212b which is formed in L-shape. The partition wall 212f ext &ntéPRriBth a
top wall 194c. A |lower end 212bb of the partition wall 212b is | onger than
the lower end 212aa of the partition wall 212a in the enbodi nent shown in

Fig. 57 J{?{S ef ahg, o dse F ShedetBct hen\antd | Ak icornsiede 1 TH i shamdidre:213a
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caused by theattaching o ubble to the actuator 106 can be _further
prevent edfrBur t her bopewadlgapaics ofr shiedednbetinesn 19¢he ThoePUBhBT 22588 and

the bottomwall la of fh tainer,194. A capil , iigR ¢aR hold
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enbodi ment of the ink

side ink chamber 213b. The buffer 214a thereby prevents the
bubbles to attach to the actuator 106. Therefore, the buffer 214b
prevents the malfunction of the actuator 106 to detect the ink
end wrongly by the attaching of air bubble to the actuator 106.
Furthermore, by adjusting the volume of the detection side ink
chamber 213b by changing the length of the partition wall 212a
or changing the width between the partition wall 212a and the side
wall 194b, the predetermined ink quantity remained after the
detection of the ink end can be changed.

Fig. 58 shows further another embodiment of the ink
cartridge 180. An ink cartridge 180B shown in Fig. 58 has a
partition wall 212b which is formed in L-shape. The partition
wall 212f extends from a top wall 194c. A lower end 212bb of the
partition wall 212b is longer than the lower end 212aa of the
part;_ition wall 212a in the embodiment shown in Fig. 57. Therefore,
gas existed in the ventilation side ink chamber 213a is difficult
to enter into the detection side ink chamber 213b. Therefore,
the malfunction of the actuator 106 to detects the ink end wrongly
caused by the attaching of bubble to the actuator 106 can be further

prevented. Furthermore, a gap is provided between the lower end



cartridge 180. An ink cartridge 180D shown in Fig. 60 has a first

partition wall 212d whi ch extends downward fromthe top face 194c of the
ink container 194. Furthernore, a second wall extends from the first
partition wall 212d toward the side m?BI 194b substantially parallel to
the ink surface. The container 194 is geparated into a ventig atipgnoms de

i nk chanber 213a and a detection side ink chanber 213b by the first
partition wall 212d. Furthernore, the second partition wall 212e separates

the detectjon si i nk,champer into g f. eetd She-th Harchamger
- 213c and2%2b§d§ﬁéq§5ig8F%8W Wit ?%k %hgﬁggplg%gdféﬁ?gép i's provided
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a part of top wall %%ﬂcshgw%orfﬂf% fehoelde Mbsdimatepbs tiiee bubhl e.
nd parti

ne end of the $édco ion wal | 212e, which extends fromthe
partiti opawakhd3é2d soawand tihé sisdenimlde I9MS; shawndsn Ekgi | SPohRe @

posi tion where just under the buffer 214b. There A e fqest
partiti opamsilipnovaht A YKD&t et PR otfowatﬁf{)gglg f%}tcoéﬁfea#%]'r stT|hes

det ection si.qe,L,pk 050 2h3Gndd M8 DHubbl RaBDtEIsCi NtThd kie stetreet | on
si de inkggﬁg%géfg2¥§2§g?st%kenly? t he bubblg is introduced to t eé§%§ition
e.

whi ch i s bettsieenndére tdigle baflerl 2taobythteliBEcsAECARBFL LA WAM
Therefore, the. bubble i aught by _t far Th F@ret, h
nalfunctP@ﬁt15F°Ph@%£;lé;%§ ?ﬁf?xs QggQ?E R R

0 detects the ink end wongly by the
at t achi ngy i oubhl €hd adrite 1aativat et dE0Bnk Whaibérs 2pBev i dedi FR1ewkt d&tond

Fur  her _SmbeoinERbBHF RS oh- Phe 1 di LTULFPATISE 250" An THHE SAFFT i Do 160E
2128 of | Ag LUy 1T e PR e R BB AT d Fram Lhe top
face 194mrobetther-tik poavahned . 198ur Ohersont aiengaP j@ppg%@ﬁé&%‘&een

the lower end 212cc and the bottom wall la of the container 194.

A capillary force, which can hold ink, does not work on the gap

provided between the lower end 212cc of the partition wall 212c

and the side wall 194Db.

Fig. 60 shows further another embodiment of the ink
cartridge 180. An ink cartridge 180D shown in Fig. 60 has a first
partition wall 212d which extends downward from the top face 194c
of the ink container 194. Furthermore, a second wall extends from
the first partition wall 212d toward the side wall 194b
substantially parallel to the ink surface. The container 194 is
separated into a ventilation side ink chamber 213a and a detection
gide ink chamber 213b by the £first partition wall 212d.
Furthermore, the second partition wall 212e separates the
detection side ink chamber into a first detection side ink chamber
213c and a second detection side ink chamber 213d. A gap 1is
provided between the bottom wall la and the first partition wall

212d. Furthermore, a gap is provided between the side wall 194b

and the one end 212ee of the second partitionwall 212e. A concave



into a ventilation side ink chanber 213a and a detection side ink chanber
213b by the partition wall 212a. A gap is provided between the bottom wall
la and the partition wall 212a. Furthernore', a concave part is provided
on a part of top wall 194c to forma byffer 214b which accepts %he bubbl e.
A tapered face 1040 is provided between the buffer 214b and tHe'ARR&D0br
106. Therefore, first, the partition wall 212a prevents the entering of
bubbl e into the detection side ink chanmber 213b. If the bubble enters into

the detectiop side jakchapben, 2130 gbgtakenhyact be hebble bug fdirr 2Tady
caught bybP%g %%ggéi ;%ﬁ% or I?ntroduce% to the buffer 214b al ong the
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of bubble to the actuator 106, which 1s pro

detection side ink chamber 213d, can be further prevented.

Fig. 61 shows further another embodiment of the ink
cartridge 180. An ink cartridge 180E shown in Fig. 61 has a
partition wall 212a as same as the partition wall 212a of Fig.
57. The partition wall 212a extends downward from the top face
i94c of the ink container 194. The container 194 is separated
into a ventilation side ink chamber 213a and a detection side ink
chamber 213b by the partitionwall 212a. Agap is provided between
the bottom wall la and the partition wall 212a. Furthermore, a
concave part is provided on a part of top wall 194c to forma buffer
214b which accepts the bubble. A tapered face 1040 is provided
between the buffer 214b and the actuator 106.

Therefore, first, the partition wall 212a prevents the
entering of bubble into the detection side ink chamber 213b. If
the bubble enters into the detection side ink chamber 213b
mistakenly, the bubble is directly caught by the buffer 21l4a or
introduced to the buffer 214b along the tapered face 1040.
Therefore, the malfunction of the actuator 106 to detects the ink

end wrongly by the attaching of bubble to the actuator 106 can



i nside the detection side ink chanber 213b. The concave part of the top
wal | 194c works as a buffer 214c which accepts bubble. Fig. 64 shows
further other enbodinent of the ink cartridge 180. The ink cartridge 1801
shown in Fig. 64 has a plurality of pagtition walls 212h, 212i g 28k 2ppsand
212k, each of which extends downward fromthe top face 194c of the iInk
container 194. The partition wall 212h is first partition wall, and the
partition walls 212i, 212j, and 212k are the second partition walls.

Because gachuefnbewsieeBHdscdl2hihe XRipe 21Pjgize axid the2lrisereséR PBf the
-partition walls 212h, 212i, 212j, and 212k and the bottom wall la of the
cont ai nepthes Bakétxapye8BERENPAEAS4EH,; the bottom part of the container
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cartridge 180. An ink cartridge 180G shown in Fig. 63 has a
partition wall 212 extends downward from the top face 194cC. The
container 194 is separated into a ventilation side ink chamber
713a and a detection side ink chamber 213b by the partition wall
212g. Uneven part is provided on the top wall 194c, and two
actuators 106 are mounted on the protruding part which protrudes
inside the detection side ink chamber 213Db. The concave part of
the top wall 194c works as a buffer 214c which accepts bubble.

Fig. 64 shows further other embodiment of the ink cartridge
180. The ink cartridge 180I shown in Fig. 64 has a plurality of
partition walls 212h, 212i, 2127, and 212k, each of which extends
downward from the top face 194c of the ink container 194. The
partition wall 212h is first partition wall, and the partition
walls 212i, 2123, and 212k are the second partition walls.
Because each of lower ends 212hh, 212ii, 21237, and 212kk of each
of the partition walls 212h, 212i, 2123, and 212k and the bottom
wall la of the container 194 have a predetermined gap, the bottom
part of the container 194 communicates with each other. The ink

cartridge 1801 has a ventilation side ink chamber 213a and a



Because gas is introduced fromthe airhole 233, ink is consuned fromthe
ventil ation side ink chanber 213a of the ink supply port 187 side to the
detection side ink chanmber 213k. For exanple, the ink in the ventilation
side ink chanber 213a which is neares{péo the ink supply port 187 is
consumed, and during the ink level of the ventilation side inl tH&ROAP}
213a decreases, the other detection side small ink chanbers are filled
with ink. When the ink level in the ventilation side ink chanber 213a

reaches %pugggitgwgf(iguécllamhsgaetdmajaaﬁhkibhamhatt 2012, 238, edteis into
the detection side small ink chanmber 213h, and then t?e ink.hn the1
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locates ink supply port 187 side is the largest. Moreover, the
volume of the ink chamber gradually decreases as the distance from
the ink supply port 187 increases. Therefore, the volume of the
detection side small ink chamber 213k which is farthest from the
ink supply port 187 is the smallest among the volume of the ink
chambers.

Because gas is introduced from the airhole 233, ink is
consumed from the ventilation side ink chamber 213a of the ink
supply port 187 side to the detection side ink chamber 213k. For
example, the ink in the ventilation side ink chamber 213a which
is nearest to the ink supply port 187 is consumed, and during the
ink level of the ventilation side ink chamber 213a decreases, the
other detection side small ink chambers are filled with ink. When
the ink level in the ventilation side ink chamber 213a reaches
to the lower end 212hh of the partition wall 212h, air enters into
the detection side small ink chamber 213h, and then the ink in
the detection side small ink chamber 213h is beginning to be
congsumed. At this time, ink is filled in the detection side small

ink chamber 2131, 2137, and 213k. Furthermore, if the ink level



sem conductor nenory device 7 and the actuator 106 are forned on the sane
circuit board 610 in the ink cartridge 180J. A different-type Oring 614 is
nounted on the side wall 194b such that the different-type O-ring 614
surrounds the actuator 106. A pl uralit¥ of caul king part 616 is forned on
the side wall 194b to couple the cirddt board 610 with thel ¢okitRalibr 194.
By coupling the circuit board 610 with the container 194 using the

caul king part 616 and pushing the different-type Oring 614 to the circuit

board 610, the vibratjng region t he t ] i nk,
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port 187, to the detection side small ink chamber 213k gradually.
Therefore, the time interval of detecting the decrease of the ink
guantity gradually decreases. Therefore, the frequency of the
ink quantity detection can be increased as the ink end is drawing
near.

Fig. 65 shows further other embodiment of the ink cartridge
180. Fig. 65 shows a cross section of an ink cartridge 180J. The
semiconductor memory device 7 and the actuator 106 are formed on
the same circuit board 610 in the ink cartridge 180J.

A different-type O-ring 614 is mounted on the side wall 194b
such that the different-type O-ring 614 surrounds the actuator
106. A plurality of caulking part 616 is formed on the side wall
194b to couple the circuit board 610 with the container 124. By
coupling the circuit board 610 with the container 194 using the
caulking part 616 and pushing the different-type O-ring 614 to
the circuit board 610, the vibrating region of the actuator 106
can contacts with ink, and at the same time, the inside of the
ink cartridge is sealed from outside of the ink cartridge.

A terminals 612 are formed on the semiconductor memory

device 7 and around the semiconductor memory device 7. The



stores the information related to the characteristic paraneter such as the
characteristic of ink and the ink cartridge used for the actuator 106 when
detecting the ink consunption status. The sem conductor nenory device 7
previously stores the resonant frequency of when ink inside the container
194 is full, that is, when ink is fil} in the container 1943 7 APR 2004
sufficiently, or when ink in the container 194 is end, that is, ink in the
container 194 is consuned, as one of the characteristic paranmeter. The
resonant frequency when the ink inside the container 194 is full status

or end status can be stored when the ink container is mounted on the ink
jet recording apparatus for the first time. Mreover, the resonantThe
frequency when the ink inside the container 194 is 112 0t7t%%R %?04tﬁgll
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the top wall 194c downward to the ink surface. The partitionwall
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212J prevents the waving of ink or bubbling. The partition wall
212J thereby prevents the malfunction of the actuator 106.
The actuator 106 detects the ink consumption status inside
the container 194. The semiconductor memory device 7 stores the
information of ink such as residual quantity of ink detected by
the actuator 106. That is, the semiconductor memory device 7
stores the information related to the characteristic parameter
such as the characteristic of ink and the ink cartridge used for
the actuator 106 when detecting the ink consumption status. The
semiconductor memory device 7 previously stores the resonant
frequency of.when ink inside the container 194 is full, that is,
when ink is filled in the container 194 sufficiently, or when ink
in the container 194 is end, that is, ink in the container 194
is consumed, as one of the characteristic parameter. The resonant
frequency when the ink inside the container 194 is full status
or end status can be stored when the ink container is mounted on
the ink jet recording apparatus for the first time. Moreover,

the resonant frequency when the ink inside the container 194 is



212qg increases fromthe side near to the airhole 233 in order. Therefore,
each of the gap between the | ower ends 212mm 212nn, 212pp, and 212qq and
the bottomwall la narrows in the order of 212m 212n, 212p, and 212q,
sequentially. Furthernore, the ink car tll‘zl dge 180K has a ventilation side

i nk chanber 213a and a plurality of dét'éction side small ink & HanPR 200813 m
213n, 213p, and 213q separated by the each of plurality of partition walls
212m 212n, 212p and 212q. The bottom part of the ventilation side ink
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the other detection side snall ink chanbers are filled wth ink. Wen the
ink | evelT% e?%c?/eﬂ?jrlll%ti on side ink chanber 213a reaches to the lower

end 212nm of t hejpardd shenswaldcizk2or heai emlserd Brent pfothhd WeFREEFOAISI de

Il ink chanmber 213 d. then the ink i.n the d ' i i nk
zggnbelr nznéqanai §ehrq)égiknmﬁag‘grtiégsg{]%%§%ﬁfg‘ﬁ? Il/r’-](t tFll%i'sg% ﬁgnéeé %Pﬁ?u?%l? @1 25' |n n

the detection side snmalbqbak shawbern -2138na2l8ny, eagh2dBahidtupkhendsr e,

if the i fk°Teve m%he getectlon side small ink .
downward from the top face 194cC of the ink container 194. The
partitionwall 212mis the first partitionwall, and the partition
walls 212n, 212p, and 212qg are the second partition walls.
Because each of lower ends 212mm, 212nn, 212pp, and 212qgq of the
partition walls 212m, 2121, 212p, and 212q, respectively, and the
bottom wall of the container 194 has a predetermined gap, the
bottom part of the container 194 communicates with each other.
Moreover, the length of the partition walls 212m, 212n, 212p, and
212g increases from the side near to the airhole 233 in order.
Therefore, each of the gap between the lower ends 212mm, 212nn,
212pp, and 212gg and the bottom wall la narrows in the order of
212m, 212n, 212p, and 212q, sequentially.

Furthermore, the ink cartridge 180K has a ventilation side
ink chamber 213a and a plurality of detection side small ink
chamber 213m, 213n, 213p, and 2139 separated by the each of
plurality of partition walls 212m, 212n, 212p and 2124q. The
bottom part of the ventilation gide ink chamber 213a and a
plurality of the detection side small ink chambers 213m, 213n,
213p, and 2139 communicates with each other. BEach of the
actuators 106m, 106n, 106p, and 106g is mounted on the top face



chanber 213m reaches to the lower end 212nn of the partition wall 212n,
air enters into the detection side small ink chanber 213n, and then the
ink in the detection side small ink chanber 213n is beginning to be
consuned. In this way, ink is sequenti@gldy consuned fromthe ventilation
side ink chanber 213a to the detection side snmall ink chanbef 72ABg. 2004
Because the gap between the each of the |lower ends and the bottomwall |a
narrows gradually in the order fromthe |lower ends 212nm 212nn, 212pp,
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with ink. When the ink level in the ventilation side ink chamber
213a reaches to the lower end 212mm of the partition wall 212m,
air enters into the detection side small ink chamber 213m, and
then the ink in the detection side small ink chamber 213m is
beginning to be consumed. At this time, ink is filled in the
detection side small ink chamber 213n, 213p, and 2134.
Furthermore, if the ink level in the detection side small ink
chamber 213m reaches to the lower end 212nn of the partition wall
212n, air enters into the detection side small ink charnberl 213n,
and then the ink in the detection side small ink chamber 213n is
beginning to be consumed. In this way, ink is sequentially
consumed from the ventilation side ink chamber 213a to the
detection side small ink chamber 2134g.

Because the gap between the each of the lower ends and the
bottom wall la narrows gradually in the order from the lower ends
212mm, 212nn, 212pp, and 212q9q, ink is consumed in the order from
the ventilation side ink chamber 213a, detection side small ink
chamber 212m, 212n, 212p, and 2124, sequentially. Therefore, the

gas is difficult to enter mistakenly into the ink chambers in the



of the ink cartridge and an ink jet recording apparatus which uses the
actuator 106. In the present enbodinent, the ink cartridge 180A shown in
Fig. 57 is used. However, the ink cartridge in any of the ink cartridge
shown in Fig. 58 to Fig. 64 also can %f used. Furthernore, the ink
cartridge of the other formalso can be used. A plurality ofQiTnkPR 2004
cartridges 180A is nounted on the ink jet recording apparatus which has a
plurality of ink introducing nenbers 182 and a hol der 184 each

correspondi ng t h fond Calhy L 498180, v aspECIAy @inperisathtof the
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212m, 212n, 212p, and 212g with each other can be egqual, and the
interval between the partition.wall 212g and the side wall 194b
of the container 1 can be equal. In this case, the capacity of
each of the detection side small ink chambers 213m, 213n, 213p,
and 213q can be adjusted by adjusting the length of the partition
walls 212m, 212n, 212p, and 212qg.

Fig. 67 shows an embodiment around a recording head of part
of the ink cartridge and an ink jet recording apparatus which uses
the actuator 106. In the present embodiment, the ink cartridge
180A shown in Fig. 57 is used. However, the ink cartridge in any
of the ink cartridge shown in Fig. 58 to Fig. 64 also can be used.
Furthermore, the ink cartridge of the other form also can be used.
A plurality of ink cartridges 180A is mounted on the ink jet
recording apparatus which has a plurality of ink introducing
members 182 and a holder 184 each corresponding to the each of
ink cartridge 180, respectively. Each of the plurality of ink
cartridges 180A contains different types of ink, for example,
different color of ink. The actuator 106, which detects at least

acoustic impedance, is mounted on the each of top wall of the



185 introduces air fromthe air supply hole 181 of the ink introducing
menber 182. The ink supply port 187 supplies ink to the ink introducing
inlet 183 of the ink introducing nmenber 182. By introducing air fromthe

i nk i ntroducing nenber 182 to the ink %?rtridge 180, the ink cartridge 180
accel erates the supply of ink from the3 nk cartridge 180A g0 hhp Jomk

i ntroduci ng nmenber 182. The hol der 184 communi cates ink, which is supplied
fromthe ink cartridge 180A through the ink introducing nenber 182, to the

head plate 186, Ink js supplied_t e kN ardd+dioei onl 80A
-t hrough tmEu¥%%1W%P&dHﬁﬁFﬁgEﬁé gﬁg%gg a2§%§F§2 afgggoto therrecording
medi um f rom NozZ £ arkNptBi $avaytot kendik opevat kool diegplappad &yust pet or ns
the printing on the recording nmedium 116 0 7P2PR 2] ﬁ%g..?%lég ﬁkﬁ&i S
sect i onal carewi dge a6 0dnboBhemies ieuadnIuaRk BALE 1 HHE T OF° d8E Wt H & 5T ngl e
color, for_exanple, t bl ack , . ephod) Leet the ldrguilte chiit ai ner
accordingl§ F%E %ﬁr eeﬁ%tfﬁbéjtﬂgﬂgﬁiﬁﬂ?ngﬁgaﬁgggdge shown in Fig. 69 is
based onchberMBEAOrEG hatrhdepaetittibe pakl t2 ot grepents §licdWalipdcddr  an

existence of liquid inside a liquid container by detecting a resonant
f r equencybbhbhbagupf ngkhe counter electronotive force generated by the

resi dual vibratj r inad i D dde Vi biabiddg cheetkb@nmanbeg biiethboiek
ment i oned nethogggThiggituator 106]is used for an enbodjnent of the liquid

censor thgtrdeteetsihbgapparatie .i nkncdher RIFSSHTE 1P rentPSholh i n

Fig. 69 conprises a cqontainer 1 i.ch taln Lqui Afg- | aldeskt op
wal | 1030carbEategd d5HPdee W he i &gi'd%r%césg i n(lglo:% an i %suppl y
port 2 V\/egghrgagel i Sahi O Octe Oltiis i dlardrhieigeondaiwrerinl Fign &6t tat BRI 106
whi ch detects 1 nk consunption status inside the contEingr 1 tﬁﬂgoﬁh%%rSt
partiti onéwahlsd 3@ whiwtepar FUEHEFTRrS, 58 1o CPAK T TORENDEEUS at
ink Kin hoth of the_ink_ ch er -gmm@gy (-8 rdWinlsh agaeha@tlze haisnande

t he cont ai- &M T.Sﬂtcﬁgaé ?%%gfngﬁ%ﬂéhbers i%%lude aECe%??Iation si de i nk
chamber 133& whtebdoeimynieabervigh & moddear e84nde thraddtiats 1¢6 sPB8 i nk

chanber 1%319622{15 p%(gtt%aggg . 10}1?}_3- %rggl:irt].tyegf %%ztzli% iQ@, which jet out ink,
is formed on the nozzle plate 188. The ink introducing member
182 has an air supply hole 181 and an ink introducing inlet 183.
The air supply hole 181 supplies air to the ink cartridge 180.
The ink introducing inlet 183 introduces ink from the ink
cartridge 180A. The ink cartridge 180A has an air introducing
inlet 185 and an ink supply port 187. The air introducing inlet
185 introduces air from the air supply hole 181 of the ink
introducing member 182. The ink supply port 187 supplies ink to
the ink introducing inlet 183 of the ink introducing member 182.
By introducing air from the ink introducing member 182 to the ink
cartridge 180, the ink cartridge 180 accelerates the supply of
ink from the ink cartridge 180A to the ink introducing member 182.
The holder 184 communicates ink, which is supplied from the ink
cartridge180Athroughtheinkintroducingnemberlsz,txathehead
plate 186. Ink is supplied to the head from the ink cartridge
180A through the ink introducing member 182 and discharged to the
recording medium from nozzle. In this way, the ink jet recording

apparatus performs the printing on the recording medium.



wal | 1030 of the ink chanber 123b, and a porous menber 1000 is provided in
the detection side ink chanber 123b as a buffer nenber. A coarse buffer
material such as filter can be used instead of the porous nmenber 1000. The

airhole 2c is provided on the top wal 030 of the wventilatio i oK
chanmber 123a which ventilates with abr]réspher e. The check valyv ﬁ‘gﬁsérq@m

in Fig. 85 can be used for airhole 2c. However, the formof the airhole 2c
is not l[imted to the check val ve 228 shown in Fig. 85. If ink Kis
consuned and the cogtain Ldec fsgLPasesy ¥ lad erpidiosieedd ant he
-ventilation sidéJ mggcﬁa (15% é?r%mt e outside of the 117 0 7 APR 2004
cont ai ner nk byrtbhedgeriet es%wlahda shegiker ol er 2 athagappéeentde Rlifek

pressure inside the container 1 to be n ive. Therefo

consunpt ilo¥ ofsSi ak eEReRERINt £F Fhej ‘%D%C%C?:Ptta“}eff Crceoﬁd]}/ﬂa% rtoén% de ink
chanmber 123a thr £ rRal CoapPdifbe shevel iwfridouwd sutdfasesl of

i nk K de(?rreeac'sélrs?: %n%g‘r%tl tl%ﬁ g/%glc% 3al|és] c%upl ed with the tog&r_twall 1030

and si de gpakhe methshovmmt dethets therposition dh ity LyauFHefeF b€ “Teven
the ink is consumed, ink Kis. suffj a t depber
1000 and &t Iewééﬁeﬁctehéfd%%‘é‘&ﬁlo’rp%}%‘:e ;Lk%gﬁ%ngggggiggﬁ Bﬁ c%%gé(g%%tlal ner 1
until ¢ he-dexelo ol ek Sy fResof gl hekovanchese Lecthamboiee. &M-al93aa
of the partition wal

t he 1 nk consunpt advances,, a dlthe
level of dempuiatesurthadheofresiduad redgmisi R ik Torid 8 ORHE e

partition waII 193a S enters t eteehiban strde iekusbapbeos 123b.
The ink KBSt t?é?:ijrt%/ T abgsrgugnegn%%glreﬁlooo in the detection side ink

chanber 123 trlagr aiayerﬁbd>@mﬁemtoﬂ thh]alqukds:qmdqr phet detgrBst hBIuikdi um
exi sted around the actuator 106 cha fr nk to sphe fore,
the actudfle irde C@a‘?Flb"é?ﬂifttOft h&RE H&%%% s hﬁg'fld?én ﬁ%anEQc%(?T ?Tg‘géfl sin

ink end stal “%alﬁéf 1 éqﬁ Al?aiﬁé'\@rlqeﬁta £93a@ iiree detes ndopewahilchod @vel
of thellqw ace of Kto be a ink end. Furthermgre, t evolurre of
t he located upside of the liquid surface of ink K, an in supply por

2 which supplies liquid K outside the container 1, an actuator
106 which detects ink consumption status inside the container 1,
and a first partition wall 193a which partitions at least two ink
chamber such that ink K in both of the ink chamber can communicate
with each other inside the container 1. |

At least two ink chambers include a ventilation side ink
chamber 123a which communicate with atmosphere and the detecting
side ink chamber 123b. The actuator 106 is mounted on the top
wall 1030 of the ink chamber 123b, and a porous member 1000 is
provided in the detection side ink chamber 123b as a buffer member.
A coarse buffer material such as filter can be used instead of
the porous member 1000.

The airhole 2¢ is provided on the top wall 1030 of the
ventilation side ink chamber 123a which ventilates with
atmosphere. The check valve 228 shown in Fig. 85 can be used for
airhole 2c. However, the form of the airhole 2c is not limited
to the check valve 228 shown in Fig. 85. If ink K is consumed
and the container 1 inside decreases, air is introduced to the

ventilation sgide ink chamber 123a from the outside of the



detection side ink chanber 132b is determ ned by the position of partition
wall 193a to the top wall 1030. Therefore, the ink quantity renains inside
the container 1 when detecting the ink end can be set by the position of
the partition wall 193a to the top mq}H 1030 and the height 8% t he | ower
end 193aa in the direction vertical to]the ink surface. Here, "t WePRIYS of
using an on-carriage type ink jet recording apparatus, the ink cartridge
of which is nove together wth recording head during the scanning process
w |l be considered. f e | parddd icoR Wakhol83acithideordraianer 1
or if no SHY %ﬁeﬂn 5&}5 Qiéfﬁﬁg%? éphfﬁﬁiéﬁihe act uat or 106,q%ubbles may
118 0 7 APR: 2% dherggenetideedhbycdhiea et rg tof DenREIRE €A - | Thenpfé¥ Dy t he

vibration of ink cartridge generated by such as_the s LE D o]y

during t helphithe r@rﬁ%&gslsorb&fa&é% taﬂé!%iﬂﬁﬁ%ca?%ﬂ h%el%@u‘g‘?%g% ﬁ“re%é)w th

recor di ng, lgagh , Thef SUeE i Auianges at tatoidie crack Ushol e 106 mmy et ect
a

m st akenl y ere is enough ink in the container 1 if the ink attaches
to the acleagdroflObidyid heuriveve ngf ofnk nk @&e¥rdFeShere is little amount of

ink in th tai 1.. M herg | t
ink in the contal ngqr 33531{ Pef%;ﬁ{ th? erg éguﬁni&ﬁ Reer +Hhala i hey @eg uat or

106 may det ect i'S no i T the bubble attaches to

the actuaggy <108 w¥en hbttdumknithd fidedej nithedeonghiher 1Thebweves .,
according to the enbodi nent of the liquid cantai.ner sent

| . ! , of hhe Br nte
embodi menevenheheainti tisogonalmegr evBht % 1% R LAY PRECEFPEINA"t HE
pi ezoel ectric device even nen 08y lnk,card rdAgRidy atiee byksysambert he
scanni ng BPEPREI BR T ing ~ the printing process. By preventing the waving
of ink areung ihehdiceaeakeetr ioutell dde ferepart i ki@ dvedyr £EFSa ofr 98Nt s

the generation of the bubbles. Furthernor even.the hubp| gengrake in -
the venti Katgarhes §8 ik 1oMsfberd ]tgr?é‘%ggt'ﬁef Bﬁrgéf:tlignsepar gts'ags? t h@ﬁéﬁ
ventilatigp.sige ddHerRARRET a8REnkRe  dgheciioneskdeot i Niqehhmertace of

Therefore, the partition wall prevents the bubbles to nove clqﬁglggathe.
act uat or 188 Enceachemdo whehlewer £ disgaa of the partition wa .

gas enters to the detection side ink chamber 123b. The ink k
absorbed by the porous member 1000 in the detection side ink
chamber 123b thereby flows out to the ink supply port 2, and the
medium existed around the actuator 106 changes from ink to
atmosphere. Therefore, the actuator 106 can detect that the
status inside the ink cartridge is in ink end status. Thus, it
ig the lower end 193aa to determine which level of the ligquid
surface of ink K to be a ink end. Furthermdre, the volume of the
detection side ink chamber 132b is determined by the p_osition of
partition wall 193a to the top wall 1030. Therefore, the ink
quantity remains inside the container 1 when detecting the ink
end can be set by the position of the partition wall 193a to the
top wall 1030 and the height of the lower end 193aa in the direction
vertical to the ink surface.

Here, the case of using an on-carriage type ink jJjet
recording apparatus, the ink cartridge of which is move together
with recording head during the scanning process will be considered.
If there is no partition wall 123a in the container 1, or if no

buffer material is provide around the actuator 106, bubbles may



. 106. Moreover, the porous nenber 1000 is provided on the detection side
i nk chanber 123b to intervene between the actuator 106 and the ventilation
side ink chanber 123a. Therefore, even if the bubbles generated in the

ventilation side ink chanber 123a entggs into the detection ﬁkﬂﬁﬁiﬁg*
chanber 123b m stakenly, the porous nenber 1000 prevents the to
nove close to the actuator 106 and contact with the actuator 106.

Furt hernore, because the porous nmenber 1000 is provided in the detection

si de inky @faé‘%@ggz_ﬂk{é(wbﬂ-‘ihg%ﬁ hek(efecdh an ciuted bk lehanbsrti2sh does
- not wave e vibration of the actuator 119 0 7 APR 2004 106.rT@§53fore,
the act uatforinkDGacanridge asneraiedstapl §udet 28t EDE nECPHRTBBNSETBEI on st at us

in the container 1. The vol une e [ [ | fkrehagher mbz3k i s
preferabﬂyrﬁggfQﬂesﬁﬁﬂWEﬁHthﬁ8ﬁg%P 8%%%ﬁggvg?ﬁi€gg% t he sgﬁtilation si de

i nk chanbep 1233 The fetesding lseate. i mhechatbere 193b dandey MIAF [F4€ a
width in a gégree not to arise a gggillary force such as 1o olidd nlg K.
The act ualctualed 486 beyudeleds Bifeahenty HedklY et 68t iFg € vibration

w thout vibrating. tself._There.] O LEfl L at b aomofadhatsdz e 04 hiyckiess,
shape, &MY Fré%dlﬁa g%ié ﬁf%r the partition wall of the ink

cart ri dgeg,afi d'6r amogi-emnt ietde sl 1oui ke eonuak dr iakday BRAFIV-2 1T

present enbodinent. Therefore, the size of ¢ Fidi dr 1N made
further llarg¥prepveial FBRTEThE ¢ ?8kﬂé§§n%?rtqgﬂ?6%%%i%qkﬁgﬂmiﬂ caﬁgﬁé nmade

further thicker qr thipRer cnaEWRdes iy ao the ishape bibbhe parachestaal |
can be square or  rectangular. Furthernore, the partition wall_ ca e made

from theHearattmitent alocoevienesiEbEbemansr 8l F1Ebrd dardie, ot E f such

as plastic, tefron, nylon, pol.ypropyle or T icanchecrseghe f oridiel
L T on vl | Bkl o B BEOPYLE e B oBSeghe

rtion wa is made fromthe air-tight
or |iqui dsd i indmier int priigdhtdesbordtepassthe partition wall prevents

the waving of ink around the piezoelectric device even when the
ink cartridge vibrates by such as the scanning operation during
the printing process. By preventing the waving of ink around the
piezoelectric device, the partition wall 193a prevents the
generation of the bubbles. Furthermore, even the bubbles
generate in the ventilation side ink chamber, the partition wall
separates the ventilation side ink chamber and the detection side
ink chamber. Therefore, the partition wall prevents the bubbles
to move close to the actuator 106 and contact with the actuator
-106.

Moreover, the porous member 1000 is provided on the
detection side ink chamber 123b to intervene between the actuator
106 and the ventilation side ink chamber 123a. Therefore, even
if the bubbles generated in the ventilation side ink chamber 123a
enters into the detection side ink chamber 123b mistakenly, the
porous member 1000 prevents the bubbles to move close to the
actuator 106 and contact with the actuator 106.

Furthermore, because the porous member 1000 is provided in
the detection side ink chamber 123b, ink inside the detect ion side

ink chamber 123b does not wave by the vibration of the actuator



t hrough gas or liquid. Mreover, the container and the partition wall are
made from sane naterial so that the container and the partition wall can
be formed in one body. The nmanufacturing process of the ink cartridge can
thereby be reduced. Mreover, there is;po limtation of the size,

eri

t hi ckness, shape, flexibility, and meterial for the porous MefB&R BPh t he
ink cartridge of the enbodinent of the |iquid container according to the
present enbodi nent. Therefore, the size of the porous nenber can be nade

further |agger I ¢hingot il C5Pass ehnt B8 POK DY indTeRBBlLycasatr bet made
-further tﬁ?‘gkerﬂ%‘?é%%\eﬁ'egzhgéﬁ her nor e, th(z,\1 120 O 17WAPR 2004 shape of the

por ous negher igRNcbasoupt tonr st@ctangul Bhe pantpirveepl ped. Mreover, there
is no limtation of the sha f the_hole _included jn r er.
Therefore, for 'E}R%rrb’loé,umtehéffen ft QSEeSFé%lursel&]oer Jcré%i F}lg%ggo?%?%?ﬂ?he
por ous ngsfer%hf}h nac! gesmbhecholnaf Baber ioFal tishapelucan dfe the

i ncreased by reducing the size of the hole. On the other ha]‘% %he

negati ve pesssliationrsickpink ahpmberde 3 - t FherBrRt HRMBare EheTReF udes
the hole _of spherical.shape, can. be. decr enl anLgidng ot hepsh 28+-pf the
hol e. Pr ef*@?’?bﬁ%‘#?ﬁ%bb%r EESS arr"érlwgiég jlrg%bd%?%%%dgx?r om a t1exible matrgri al
such as spgpge. sifbhea¥eko hblhsipkekerable to set the dianmeter of hole of

t he porous nenber to predeterm ned dianeter so that %h%gp rOﬁé g\ég{ier can
absorb ink fronThecastegtor aP6r eande PEeFi g5 A FEARF ¢ o REG=F i PHe

act uat or 6, .and_intro LNk Lok suppkysport, referring to Fig. 1.
The porou%g B (%%a&fééb ggegﬁgkeﬁ%%g?lﬁen? shown in Fig. 69 has a shape of
rectangul ar par @hkekepispeth Theitparous pénitdre 1006, | Bhifkness nshRes:

detection side_ink chanber 123b such_that,the I er 4100 fi:lks
fromthe péerpRélydr t a(%at'if'értlc?rti 168° %']C—)mt k& r%gtt?' (lg% Wa I%éwﬁlﬂghlihisf
located below, kgl Ak S kagedihenther ivhe dakiuiiddgent &iperidamprding 4cand a

val ve body 6 are"provided in the ink , .
the present embodiment. Therefore, thesize of the partitionwall
can be made further larger or smaller. The thickness of the
partition wall can be made further thicker or thinner.
Furthermore, the shape of the partition wall can be square or
rectangular. Furthermore, the partition wall can be made from
the hard material or flexible material. For example, material
such as plastic, tefron, nylon, polypropylene, or PET can be used
for the partition wall. Preferably, the partition wall is made
from the air-tight or liquid-tight material which does not pass
through gas or liquid. Moreover, the container and the partition
wall are made from same material so that the container and the
partition wall can be formed in one body. The manufacturing
process of the ink cartridge can thereby be reduced.
Moreover, there is no limitation of the gsize, thickness,
shape, flexibility, and material for the porous member of the ink
cartridge of the embodiment of the liquid container according to
the present embodiment. Therefore, the size of the porous member
can be made further larger or smaller. The thickness of the porous

member can be made further thicker or thinner. Furthermore, the



supply port 2. Referring to Fig. 70, the packing ring 4 is engaged wth
the ink supply needle 32 communicating with a recording head 31, in a
fluid-tight manner. The valve body 6 is constantly and elastically
contacted against the packing ring 4 bysway of a spring 5. Wen the ink
supply needie 32 is inserted, the valve body 6 is pressed by & hePiRnkiok
supply needle 32 so as to open an ink passage, so that ink inside the
container 1 is supplied to the recording head 31 via the ink supply port 2

and the ink suppky needl ;%% Mamapruppsh Wl @fbidecgontacnengtlathere
- 1's nmount ggagglﬁko t%API%ED OOATO’ sem conductor nenory neans 7 which stores
data on pakalldeldeipke. ink cartridge. Fig. 71 is a cross sectional view of

a further another enbodient of an.i.nk. cartridge i hofk the
liquid contai W@Fe%’é&d}:ﬂgr‘?olstﬁ’éj&rlglslgr?t%lioﬁlvggt}:@%%nﬁél n’% ggﬁl ridge of
the pr es‘?L'ﬁ%lﬁﬁgﬁdii’}?EEh@aéoﬁoﬁme\é@bbrlO3Q:hé&f§f@Tel,OCI'acheseu@mp]:ie, thet he

r

liquid surface of ink K The actuators_ 106 are nounted on the tﬁgl.vx/ﬁll
1030 suchethativiehprastuacorr £861idaarvoferee LWt PPRRUSE HY t H81EHr ough

hole Ic provided on the to Ll .1030, first QR Wl h-e 592G ngxt ends
from t he 1GHYRES tl}%%ﬁqﬁoﬁﬁ\fg’?’ﬁ £iE 8§t%léa?%ﬁ1k § ar?gggclrFSr t h\égyngf e, t r?g
present emRodi BRNG £hgBe BhoBECODA phetbthen mahd, 1980 negadh wex PERESUEICOm t he

top wall 1030 inside the detection side ink ch&glbe 1239 &QQ D3 ates t he
det ect i owrstapil ARTEhEPERe Of28BeAOF B MM + Yo SACTRATE S TS ik
chanber s 1230800, 114308 Uelnl Batad e iU 8¢ L LSS g ahd Bezded Bticon

| chanber

si de smal] 3a and 1123b can conmunicate each ot her,. The
act uat or hQ@ .i sprefeireBlen thre pbopusweehbanI® 08F isdrtiofrefed ddtddtiién si de

Tenber 105 S SHTOE FOTHET 100G pridy LR b BARh of (T (Rl de of
the det egh;iQn 3, desSABLL of Hihe paiber héABarand phelaatectineh diate tsml |
i nk chanber 1123b. Because gas Is introduced fromthe airhole ]t2e8rriin is
so that the porous member can absorb ink from a cavity, re
to Fig. 19, which is formed in the actuator 106, and introduce
ink to ink supply port, referring to Fig. 1.

The porous member 1000 of the embodiment shown in Fig. 69
has a shape of rectangular parallelepiped. The porous member 1000
is filled in the detection side ink chamber 123b such that the
porous member 1100 £ills from the periphery of the actuator 106
to the bottom wall la which is located below the ink surface in
the ink cartridge.

A packing ring 4 and a valve body € are provided in the ink
supply port 2. Referringto Fig. 70, the packing ring 4 is engaged
with the ink supply needle 32 communicating with a recording head
31, in a fluid-tight manner. The valve body 6 is constantly and
elastically contacted against the packing ring 4 by way of a spring
5. When the ink supply needle 32 is inserted, the valve body 6
is pressed by the ink supply needle 32 s0 as to Open an ink passage,
so that ink inside the container 1 is supplied to the recording
head 31 via the ink supply port 2 and the ink supply needle 32.

On an upper wall of the container 1, there is mounted a



consuned fromthe ventilation side i nk chanber 123a, which is near to the
airhole 128, to the detection side small ink chanmber 1123b, which is far
fromthe airhole 128. Therefore, during ink in the ventilation side ink

chanmber 123a which is nearest to the %;]hole 128 is consuned, the
detection side ink chanber 123b is fill%d with ink. Wen tHe’iARR PBkel in
the ventilation side ink chanber 123a reaches to the | ower end 193cc of
the partition wall 193c, air enters into the detection side small ink

chanber 1123a, and. ihen 0K eteetbanasi desmakl ihakdshanper
1123a is %%ﬁ??ﬁné&$¥é5§%m%£§ﬁhggﬁgn%gnﬁégéonsuned. At this time, ink is
filled iniphe-ageteeyeon side snmall ink chanber 1123b. Furthernore, if the

ink level in the detection side snmall .i nk_chanber 112 e he

| ower end 193ddFi8- t At s&cBndTBEFt PEFEAORALI Vf@é’d,oéiar Séun{tgr?e'(s%p fnré%ﬁ%e

det ection %ggiﬁﬁﬁé'ok C +th128h aBdahhembbhenknk of nchdel itpistt i on
T'Y Ak Chamber 2 i i

si de snal is beginning to be consuned. |In this way, ink
i s sequentbathinepnstmediingid hbe peatehatiorentdn i nRchRFRTUBEEE 0 t he

detection side small ink' cha r 1123b. B each pf s 106
i s nount edf & PESEHPE \ﬁﬁhOdlfﬁg“gelbafs ggccorP Vc“)'??gfllgﬁg)e’t g@tbfgr}ots({égg%g&nﬁaﬁ@% nk

chanbers 13233 apgdy,1423brride Gctiuat ac.s 166 eaapudebest 10headecreaseedf the
ink quanfity step %y step. Furthernore, the volune_of the dgte%tiont-side
i nk chanben 128l dpswairal 1 @30 ek Ehat vdluretortorel 08T SOPGACTS HaF nk

chamber 213a. Furt hﬁrzgﬁégt}la%‘?r}%ﬁﬁ'@"%@ & Lhe dpledk ehe shgewsMel Losak

chanber 11B5at8hQY%9 ecreases from the detection side smal
i Nk chanbgre ik4A38awhi € lohSval8ar 93 © ebdtendai fhoh 6he28or vad Al R 8eYRBATS de

smal | ink chanber 1123b, which_ is far fromthe airhole . o1 rg, the
tinme inteE@afhsf inkeFREERAR- t rFél%é’c,erré%sree'ofthtené’rieﬁl?ngugﬁ“%’{%t%%mg?gdg‘%?l y

nor cased S8 R P B R, B e bowe U ther . anot her

enbodi nentinsfideh&henkietection sidégink éhamégr 123b and separates Eﬁe
detection side ink chamber 123b at least into two detection side
small ink chambers 1123a and 1123b such that ink housed in both
of the detection side small ink chamber 1123a and 1123b can
communicate each other. The actuator 106 is mounted on the top
wall 1030 of each of the detection side small ink chambers 1123a
and 1123b, respectively.

Furthermore, a porous member 1002 and a porous member 1003
are provided to each of the inside of the detection side small
ink chamber 1123a and the detection side small ink chamber 1123b.

Because gas is introduced from the airhole 128, ink is
consumed from the ventilation side ink chamber 123a, which is near
to the airhole 128, to the detection side small ink chamber 1123Db,
which is far from the airhole 128. Therefore, during ink in the
ventilation side ink chamber 123a which is nearest to the airhole
128 is consumed, the detection side ink chamber 123b is filled
with ink. When the ink level in the ventilation side ink chamber
123a reaches to the lower end 193cc of the partition wall 193c,
air enters into the detection side small ink chamber 1123a, and

then the ink in the detection side small ink chamber 1123a is



cartridge using the actuator 106. An ink cartridge 180A shown in Fig. 72
has a partition wall 212a which extends downward from the top face 194c of
the ink container 194. The container 194 is separated into a ventilation
side ink chanber 213a and a detectio i de ink chanmber 213b e
partition wall 212a. Because | ower e£%§212aa of the partitiggyﬁﬁﬁlﬂgﬁz
and the bottom wall la of the container 194 have a predeterm ned space,
the wventilation side ink chanber 213a and the detection side ink chanber

2130 coMIuBISRIES Lb! PeoRch-ahna! - AR d ARk 2004 Aibubd BleaRihetha005a

- 1S provi e comuni cating port between the ventilation_side
i nk chanbete2d 3ananiis healdet aktdlmmissdd Li2db .c hBrbbhezngbe , ALE iYhSe i DK| ke

material, which includes many hol es on .it.s surface, e o ,buf fer
merber 16864 iP the BRFErl rﬁ'b‘éére s it CRSTEET gg??%gr%%r%?‘?fs to

Fur t her : | I HeABe DENAY RS IR @E1 1 Thesef arie; entkes
ventila??%% %é%ﬁ?rgﬁﬁigﬁggggggnga andntgé detection side ink ¢ anbe% 123b
conmuni cahes e heatdweri drhsodghendiel bokf ehareaberl23D05a4 B]é%’éﬁgbe £

buf fer nenber 1005a is made, fro or Qus teri tk | pates al  pass
t hrough #BsCRREGLRELPD SRR IR EEE SO LD erl?“?%rl?bgrs Q%%{Srgﬁlh%ds i qui d
by the cgg}ﬁlg{ﬁgm, foncenithgabuf {6k Menbegubacoakiyaktohisghed Twemeftdee, the
buffer nenber 1050a can suppress bubbles to passin ,throuah éhg%gq}&gr
menber 1080&ilFhdeon ¢hée Hufk @haﬁb%érzﬁ%ﬁgat}é%ﬁeﬁﬁégmsf & ®Bubbles;
which is ggﬁgratﬁqgh% the ventilation side ink chanber 213a, to enter

i

inside tf F&c side i nk chanmber 213b and attach to the actuator 106.
The actuator 186chSisenesdtiedothe ke therors 1046 dcmotnsgdien shet pep wall

ventilation side i nk chanber. 213a .and the detection Ssi i 213b.
The vol ud838f of heagbt @Ethlmh dGtEEHLTR &R ﬁbﬁ?‘afglﬁrﬁoki%stl‘%ﬁ%ﬁ%rﬂt%agn )”{tﬂr‘ﬁe
vol ume of ,bhe vend | abiof sider bpkoghanbecr2kin dherspbamorokhphdnk

i nk chanber

det ecti onSi 213b is smaller than the half ofc{QF vol une of
t he vent iguahitdnysetepilmk stleanbeFurthermore, the volume of the detectiocn

side ink chamber 123b is smaller than the volume of the ventilation
aide ink chamber 213a. Furthermore, the volume of the detection
side small ink chamber 1123a and 1123b gradually decreases from
the detection side small ink chamber 1123a which is near to the
airhole 128 to the detection side small ink chamber 1123b, which
is far from the airhole 128. Therefore, the time interval of
detecting the decrease of the ink quantity gradually decreases.
The freguency of the ink guantity detection can thereby be
increased as the ink end is drawing near.

Fig. 72 shows further another embodiment of the ink
cartridge using the actuator 106. An ink cartridge 180A shown
in Fig. 72 has a partition wall 212a which extends downward from
the top face 194c of the ink container 194. The container 154
is separated into a ventiiation side ink chamber 213a and a
detection side ink chamber 213b by the partition wall 212a.
Because lower end 212aa of the partition wall 212a and the bottom
wall 1la of the container 194 have a predetermined space, the
ventilation side ink chamber 213a and the detection side ink

chamber 213b communicates with each other.



213a in the ink cartridge of according to the present enbodinent . A buffer
214a, that is a concave part for accepting the air bubble which enters to
the ink cartridge 180A is formed on the top wall 194c of the detection
side ink chanber 213b. In Fig. 72, Q& buffer 214a is forned as a concave
part overhang upward fromthe top wal *194c of the contai ner 0 TOAPR THs
buffer 214a accepts the air bubble which enters into the detection side

i nk chanber 213b m stakenly when the ink is filled in the detection side

LDk chanber 2130 FREDiIHEr- 1342, LRSKERY; REE YO fodbenladoringr et ARD4

‘bubbl es to att ere ore, the buffer 214b prevents

the mal f upgti opeeliebhe tafd Uadnt i TH6i dro dedlecti rkhechabeenldeongdy e t he
attaching of air bubble to the actuator 106.

rt th k
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changing the, | en it Lopryall Zh2d E%&Wﬁmﬁefebym@:hlmgl ng
the width %% %e%%%ﬂgﬁé %2§F|$?on m% [T 212a and Fhe side wall 194b, the

predet ermpsga iiEk enantiuff aremeemesr atlleseshet ket coMTERicRtERE | PRIlend can
be changed. The ink cartrld e 180B shown n Fi 7 Ll.s nber
1005b in F%etH%¥@€¥?oﬁj§?He Ak 2 IQFh %eﬁke%ar?¥$ Qﬁéﬁ bA
shown i n E ﬂé;%@?rs&la% Hﬁmaﬂ&oﬁtzme éhaltedeldwa&elctrheldet £oki on
side ink c 5 omthe top wall 194c to the bottomwall 194a. The

por ous neahembéﬂOSthcmmmmmsi®w¢¢ﬁtQﬂﬁheﬁﬁh@ﬁt@hrP@Gh ther BUfSer BERRSY hat
t he actuator 106 nalfunctl the i e i exths
det ecti onl8P3@- i nRSERYffer" E?f%b %ﬁéé?nagogg RS ride fgﬁﬁ noor w

cartridge fall down or when
the detecphparshlle tHK ﬁ@ﬁf@ﬁrmaﬂ;ablamve_mstmcikhmndgmogﬁh vand 1Lhguid.
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ﬁi r into %h§ﬁ<%c‘é}?é AL £1Q6. méwéz.hﬁée%és $8gause t henpeeouse, rt&[éf)bnff@@Sb

ol ds ink €' porous nemnber 5b can prevent the actuator 106t

”a|fUﬂCtlmamhérdeoecal¢qpiduppnﬂeaabdbbﬂgpugoa@ass1ng through the bulfer
member 1050a. Thus, the buffer member 1050a can prevents the
bubbles, which is generated in the ventilation side ink chamber
213a, to enter inside the detection side ink chamber 213b and
attach to the actuator 106.

The actuator 106 is mounted on the top wall 194c of each
of the ventilation side ink chamber 213a and the detection side
ink chamber 213b. The volume of the detection side ink chamber
513b is smaller than the volume of the ventilation side ink chamber
513a. The volume of the detection side ink chamber 213b is smaller
than the half of the volume of the ventilation side ink chamber
213a in the ink cartridge of according to the present embodiment.

A buffer 214a, that is a concave part for accepting the air
bubble which enters to the ink cartridge 180A is formed on the
top wall 194c of the detection side ink chamber 213b. 1In Fig.
72, the buffer 214a is formed as a concave part overhang upward
from the top wall 194c of the container 194. The buffer 214a
accepts the air bubble which enters into the detection side ink
chamber 213b mistakenly when the ink is filled in the detection
side ink chamber 213b. The buffer 214a thereby prevents the



i nk exist status which is caused by attaching of the ink on the actuator
106 when the ink container rolls. The ink quantity which can be consuned
after the detection of the ink end can be changed by adjusting the vol une
of the detection side ink chanber 213b_ by changi ng the w dth between the
side wall 194b and the partition walf2%12a. Furthermore, thd [ &P® 206 ink
surface on which the actuator 106 detects the ink end can be changed by
adjusting the height of the | ower end 212aa of the partition wall 212a

fromthe | sur face. 5 7 APR 4. Fig. ’aehg%ﬂﬁﬁ phdge
. 180C, thEubgiﬁﬁst%ﬁﬁéFﬁgﬁo tc:)Rﬁiac tﬁas%%%o%\séituitﬁée y two kinds of porous
menbers 10056280t 400R41 £ Ha¥i gn ao fli fHeramntudiole Idicarmst eetwicthtbachnbt her .

The porous nenber 1005c is |ocated closer to the actuyator 10 h t he
porous mBARberonobsdy THe Rt diiagePér 25F ]?‘h}éb{;%rtb%st%?er%&”a%ﬁ’ Sgﬂfss'

| ar ger tganggggpgglse ng}%%gfé%]ogdﬁ &\% gﬁ&gaﬁe@mié@%@é abteateapilbbar y

force of “th as snmall hole dianeter, is larger
than thegeapickkardef Dilceraf chhebparimrsyerdidyechan@dby, thni kendids afatge hol e
di ameter. Therefore, the ink, which once flows from Q rexher
1005¢ t opekéipérouLabidea 10888t hegprsendtY gﬁga(\%\/grggpjt%tq’kl%ee pOr OUS
menber 10Qac 1 63Bk! 424 ¥HEOs £ Wriks 184 bt heng preds tremiercd 005d.
Thereforgggt%%ﬁgﬁgfgﬂyé%en%ers 1005¢c and 1005d prevents the attachi %% of
ink to th& gobnatoy #66abyedhef vewitie dretiemtlaaﬁUOtfhéhsbyn}ﬁree’\‘FLrﬂas“ e

mal function of the actuator 106 to detect the ink end status as ink exist
st at us. ‘Fll?émﬁ@ﬂous menber 1005c can be fornmed by the material which has a
lower af finityrh@rihi e tidge 1dws ahbivniyFifor7d Eqlild soporties memigTal

whi ch forms the porous nmenmber 1005d. Fig. 75 sho 0Ss_.secti an
i nk cart niogge 180mhediesections ﬁ%@ﬁérnlﬁf-‘%éﬁ“bgﬁb’o%ﬁm %E}F e qaﬁlg%gacﬁeri dge

180 usin ctuat or. 106, R 1 1 L6 ni@dMdes sibnskdei Thed iitleide
cont ai neaBO%QﬁgogPel%&g%ﬁ dﬁ'on%g%ep%%%tom side of the side wall 194b of
the dete¢id aatetdeonnki dbanbechatbbr Ihdb gorcoushaerde waldodf4Gnte e

bottom wall 194a. The porous member 1005b contacts with the
actuator 106. There is a case that the actuator 106 malfunctions
by the entering of the air inside the detection side ink chamber
213b when the ink cartridge fall down or when the detection side
ink chamber 213b moves back and forth with the carriage. If the
porous member 1005b is provided on the detection side ink chamber
213b, the porous member 1005b captures air to prevent entering
of air into the actuator 106. Furthermore, because the porous
member 1005b holds ink, the porous member 1005b can prevent the
actuator 106 to malfunction as detecting the ink end status as
ink exist status which is caused by attaching of the ink on the
actuator 106 when the ink container rolls. The ink quantity which
can be consumed after the detection of the ink end can be changed
by adjusting the volume of the detection side ink chamber 213b
by changing the width betwe.en the side wall 194b and the partition
wall 212a. Furthermore, the level of ink surface on which the
actuator 106 detects the ink end can be changed by adjusting the
height of the lower end 212aa of the partition wall 212a from the

ink surface.



is provided inside the detection side ink chanmber 213b is gradually
conpressed by the ribs 1100 such that the area of the cross section on the
hori zontal plane of the porous nenber 1005b gradually decreases downwar ds
along the vertical direction. Therefolké&p the hole di ameter of gpggwﬁus
menber 1005b decreases gradually in the direction dowward to th

surface. Because the hole dianeter of the |ower part of the porous nenber
1005b reduced by the ribs 1100, the ink, which once flows into the | ower
part of the por Biig - méAbBROWD 8D 1ieSanbE 1 EPBWE BAS Kk viehel RIF AUfe Mepbiedeof26 0
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t he porous nenber présent e nment prevents 1 nk
to the achuatiayg 10Giffkirenti hioTeudiathetrrt e thopawhl lotht84c, Thy pheowavi ng
of ink. Therefore, the nalfunctign of the actuator 106 to detect the ink

end st at uBSHSSEREO Ok ki SFakeddeseate b pretent el 104 fhand ReAPOLRYSFi g.
76 (B) showsnbyrfResganofher, STbadi /it s tﬁ% i KA tlch@@s 480BG is

actuator 106. Fig. 76(A) is a cross sectional view along the [ongitudinal
di recti onlafrgari nkavachei Hgée d8afctEr gof 7G{B)pohnys Wi ar A xbet Fbral
view of the i.n

E sh Fig. 76 (A.. At 10 i
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narrows downward al ong the vertical direction bé the taper 1110.
Ther ef or e L0PRE p@hb@b erge0ashe idi agmisiress @ eg’ﬁé@ﬁﬁlrl‘yh‘b;ﬂﬂlﬁe“’hﬂ-&ber
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t he por ous ma ecreases OWI"IWaI’ verti cal
d|rect|ondthenetofeowl@wekwamdetofthbepb@bas dembetenoosctbecpuseusheenber

1005b graduall becones smaller than the u r side of t e di ter
of the pof8RdineryeroaedslyThEAt &S RpErId %Eﬁﬂég Ib?aﬁgfe

the | over ,pakhis FHEmBB%sIO?é@Q'é a[f?dr‘wo5%109§Eveﬁégceﬂebé/tw@ﬁ§£%f 150t ot he
ink, which once flows into | ower part of the porous 1005b
the actuator 106 by the waving of ink and thereby prevents the

malfunction of the actuator 106 to detect the ink end status as
ink exist status. The porous member 1005c can be formed by the
material which has a lower affinity for liquid than the affinity
for liquid of the material which forms the porous member 10054.

Fig. 75 shows a cross section of an ink cartridge 180D which
is further other embodiment of the ink cartridge 180 using
actuator 106. Ribs 1100, which protrudes inside the ink container
194, are provided on the bottom side of the side wall 194b of the
detection side ink chamber 213b. The porous member 1005b which
is provided inside the detection side ink chamber 213b is
gradually compressed by the ribs 1100 such that the area of the
cross section on the horizontal plane of the porous member 1005b
gradually decreases downwards along the vertical direction.
Therefore, the hole diameter of the porous membexr 1005b decreases
gradually in the direction downward to the ink surface. Because
the hole diameter of the lower part of the porous member 1005b
reduced by the ribs 1100, the ink, which once flows into the lower

part of the porous member 1005b does not flowbackward to the upside



does not flow backward to the upside of the porous nenber 1005b by the
capillary force. Furthernore, the porous nenber 1005b of the present

enbodi ment prevents ink to attach to the actuator 106, which is nounted on
the top wall 194c, by the waving of igk,. Therefore, the nalfwzctioggﬁf t he
actuator 106 to detect the ink end status as the ink exist statff be
prevented. Fig. 77 shows further another enbodi nent of the ink cartridge
usi ng actuator 106. An ink cartridge 18CF shown in Fig. 77 has a partition

val | 2126, iMoo 5L QRehdOUBRdnlie chitk cayiiaaey. £42de 0 FLARRGDL o

- por ous neEMbEr eils in the detection side_ink chanber 213h. The
partiti o haplporaliac mexibendd 00EbME thop madsengiembahinerf SEHEE Bt n the

side wall 194b of the ink cartridge 180C .and. th rtal L0 2)20
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Co”press‘%{b&f a%ﬁ/altl Du kiR oRakhikt i orhewdfoRd 2ctiseiohal haict en avbatled the
cross section o the horizontal plane of the porous nenber 1005qﬁ§{adually
decr easesdmuarat downso diet itetdfoiek anshvetasiugeasfthihd PofB1SHi et of

t he porous nber 1005e gradual |y becones smaller than the upper side of

t he hol e Hrarmt & Of° T He” por ous nenber 1005e by the partition wall 212c.
Because the holmg i 2eBRhera0d Hike hows) sipané fafrtifesr poobbsrrenbedinglse is
reduced by the partition wall 212c, the ink, which ongg &gomg ér%%?ége'
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of the poroys. I 0 t YTl B i hemmeLrt t or ous
menber ?.Cﬁﬁ)ce 1an¢at‘%lhng§ewlaolo§'?g p}é% l%%ﬁé%dl:ﬁﬂdi?éé@ oWt ham tthé&geor ou

e present” enbo nt prevents ink to attach to the
act uat or ﬂg&g,VWFﬁ@_issmBMnEhdwenHHﬁadnq3$w$$cu9qn§1bylﬁweoﬁmﬁh?mﬁ%# i nk.

Therefore, the mal function of . the ac r 106,__to _detect. .t {5
status asareidge HHWL sePHPuIn dard bé%a(gﬁéve%t%%}?ef/br e]gcf/téLrs, ngggggieg%éd in
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detection side ink chamber 213b. Therefoneka&Qﬁ<§%L&%Q?EH%@>§933891?¥ t he

attachi neofb. The width of the detection si
narrows downward along the vertical direction by the taper 1110.
Therefore, the porous member 1005b is compressed gradually by the
taper 1110 such that the area of the cross section on the horizontal
plane of the porous member 1005b gradually decreases downwards
along the vertical direction. Therefore, lower side of the hole
diameter of the porous member 1005b gradually becomes smaller than
the upper side of the hole diameter of the porous member 1005Db
by the taper 1110. Because the hole diameter of the lower part
of the porous member 1005b reduced by the taper 1110, the ink,
which once flows into the lower part of the porous member 1005b
does not flow backward to the upside of the porous member 1005b
by the capillary force. Furthermore, the porous member 1005b of
the present embodiment prevents ink to attach to the actuator 106,
which is mounted on the top wall 194c, by the waving of ink.
Therefore, the malfunction of the actuator 106 to detect the ink
end status as the ink exist status can be prevented.

Fig. 77 shows further another embodiment of the ink

cartridge using actuator 106. An ink cartridge 180F shown in Fig.

77 has a partitionwall 212¢ which is sloped toward the ink surface.



bubbl e to the actuator 106 can be further prevented. Furthernore, a gap is
provi ded between the | ower end 212cc and the bottomwall 2a of the ink
cartridge 180F. A capillary force, which can hold ink, does not work on
the gap provided between the |ower end 2l12cc and the side wall %94b. Fi g.
78 shows further another enbodi ment of the ink cartridge usi ngﬂ HER 2004
actuator 106. An ink cartridge 1806 showmn in Fig. 78 has a partition wall
212b which is formed in L--shape. The partition wall 212b extends from a

t [l 194c¢, 1 Y4 ] hel kta I
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| oner end_p12bh . rard dheysidewall h@diuallher abhorewst heovwwlde dbemeide. of
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of the popgus HEMbesntkO05b1kher efy orer gasesis stepbby st®ESdogradraliy t he
ink surface. Therefore, the ink, = which once floivs into. Qe kog\gé ﬁgig of
t he porouseneabers1boBprdddeyngacer| oW eaekWerd tSWthe upsi Ge of ~the porous

menber 10Q5f t ' 1 olpsiet Yo A4 1 v e opekaiisa IMenh ehah005f
of the p ég@ﬁ?gg%%ﬁﬁ%@ééﬁ%\%ﬁ%gfilr?k teoé]]gttach 1{0 the actuator_106,
which is gBuntpgepnstifie topthalholl@4tianptah e ivdfienaolsnRenbefel 8PGFe,

t he mal function of the actuat 106 t 0. detect t ' t 18%ek-he
i nk exi st bé’tté?%EaEEﬁtExQnﬂ\‘a:]\al]egﬁ%‘a? I\%erceaouvéeer ‘?E?ﬁ‘g’ éogltl(%%gg%ﬁ%ﬁ%ﬁ is | onger
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shown in Fig. 72 to Fig. 77. Therefore, %astﬁélféwegrl %rtthgfvteiqnet blo@i:h%n

si de 212c¢, the ink, which once flows into o)
member 1005e does not flow backward to the upside of the porous
member 1005e by the capillary force. Furthermore, the porous
member 1005e of the present embodiment prevents ink to attach to
the actuator 106, which is mounted on the top wall 194c, by the
waving of ink. Therefore, the malfunction of the actuator 106
to detect the ink end status as the ink exist status can be
prevented.

Moreover, gas existed in the ventilation side ink chamber
213a is difficult to enter into the detection side ink chamber
213b. Therefore, the malfunction caused by the attaching of
bubble to the actuator 106 can be further prevented. Furthermore,
a gap is provided between the lower end 212cc and the bottom wall
2a of the ink cartridge 180F. A capillary force, which can hold
ink, does not work on the gap provided between the lower end 212ccC
and the side wall 194Db.

Fig. 78 shows further another embodiment of the ink
cartridge using the actuator 106. An ink cartridge 180G shown
in Fig. 78 has a partition wall 212b which is formed in L-shape.

The partition wall 212b extends from a top wall 194c. A lower



ink chanber 213a is difficult to enter into the detection side ink chanber
213b. Therefore, the nmal function of the actuator 106 to detects the ink
end wongly caused by the attaching of bubble to the actuator 10 6 can be

further prevented. Furthernore, a gapjsigs provided between ttw-,hgyygrzmnd
212bb and the bottomwall 2a. A capillary force, which can hold ink, does

not work on the gap provided between the | ower end 212bb and the bottom
wal | 2a. Fig. 79 shows further another enbodi ment of the ink cartringge
04

180. An infy ??ﬁggigﬂw@ Hyshewsni wa Fi @1 2790 ibakomgér rtstarl 280l qWaPR
-partition wa 12d whi ch extends downward froggﬁah%&tg%%rtf %ﬁg lgflr? i the
i Nk cont @1eera d84thEpatiet rer wad ls@dédadiidiie & om “t'he first”
partition wall _212d toward the _sj I AL o substant hat hy feddigint o
the ink sl £E19The’ cont &NEH"1 %ﬁlljé\@ jlZ:Oeé‘pfgr ated into a ventilation side

i nk chamygery 243 adhmb&etecibon  side i nk chanmber 213b by the first

partition wall 212d. Furthernore, the _second partition wal rates
the detectionBsimherdusk neraferl (4D AL L& &4 o sli)‘-jdre11 ign%%g%a er

213c and a seco tecli i.de, J hatlyeF e £d3d byAcHe L dveer pndva kb
bet ween t‘?\eér%%% ?Lgr%g\%alféfa%{hadﬁl&dlq%héed%gger ende 212dd?§? the first partition
val | 2120y Funkherdowel la gap. | Shpredpted threhabe s iEme Gt 18 PL9M° and

the one end 212ee of the second artition - N& Rafbet S
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t he bubblfoo%fpr dT0I§e PRIQUE iAREREE @0Bhel pofblibedemhst dée ¢ Hea$¢¥ st
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det ecti on” si i nk chanmber 213c. One end 212ee of thg See§8£l$ator
partiti ontwehlti2l perons cerderehdssE oidRER HOGRE RAAT LYo BC 2&Xrahds

until to the position where j,ust r r 4bouEh@in@icar ep06ht st
the first dar EPt'?l?ﬁip%Plusﬂ %?%@gggsaﬁ?ﬁggg%gﬁ@né of bubbl e into the

first detggtigemsideandtkeshsihate Ridus merbke BOBBIethsrePy FRFESRARS

detection side ink chanber 213c nistakenl he bubble. bsegked Ry the
porous nesbep HNYOSter FRWRWRFAOFR, tHT S egglheggf?g%t’he secgné

partiti Onwﬂ@:ﬁ once flows into the lower part of the porous member 1005f
does not flow backward to the upside of the porous member 1005f
by the capillary force. Furthermore, the porous member 1005f of
the present embodiment prevents ink to attach to the actuator 106,
which is mounted on the top wall 194c¢, by the waving of ink.
Therefore, the malfunction of the actuator 106 to detect the ink
end statugs as the ink exist status can be prevented.
Moreover, the bottom end 212bb is longer than the lower end
212aa of the partition wall 212a of the embodiments shown in Fig.
72 to Fig. 77. Therefore, gas existed in the ventilation side
ink chamber 213a is difficult to enter into the detection side
ink chamber 213b. Therefore, the malfunction of the actuator 106
to detects the ink end wrongly caused by the attaching of bubble
to the actuator 106 can be further prevented. Furthermore, a gap
is provided between the lower end 212bb and the bottom wall 2a.
A capillary force, which can hold ink, does not work on the gap
provided between the lower end 212bb and the bottom wall 2a.
Fig. 79 shows further another embodiment of the ink

cartridge 180. An ink cartridge 180H shown in Fig. 79 has a first



212e, the bubble is introduced to the position which is just under the
buf fer 214a by the second partition wall 212e. Therefore, the bubble is
caught by the buffer 214a. Therefore, the malfunction of the actuator 106

to detects the ink end wongly by thgoattaching of bubble togheAzp%c%ddgt or
106, which is provided in the second detection side ink chanber 3d, can

be further prevented. Fig. 80 shows further another enbodi nent of the ink
cartridge 180. An ink cartridge 1801 shown in Fig. 80 has a 130 0 7 APP
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-The partition wall 212a extends downward fromthe tog face §Q4§ q;c§he i nk
cont ai nerofl8he ifffecovhsanaerl o4 Fyr§BEaFared 2 PREBD ‘W%ﬁk?ﬁ troR ik i nk

chanber 213a and detectjon_side Jn hapher 313, by stibe paatitigumal
212a. A g%%eigﬂﬁF%ViagﬁE%E%a%en :¥%e563?tgg?ma¥l | a anglthe.partition val |
212a. A poSstsameIwETy pkeRah distprine desk susEdeet helhietcontiosmnesi 424 iyt
chanber 213b. Furthernore, a_concave, part i r,OVi on p. .t op
wal | 194csepardtrdniatoud vent21al LaR; %&Bépffshsapf?lheer gf’;g& ahd g C?%%ee%ldé ace
1040 is proyjded,be h fer, 2L4R apgdr-dihe pagituation 10811 Therriore,
first, th%l%%rﬁﬁ?ﬁo%ﬂégﬁﬁkzﬁggg%reQEnts t he entgﬁing of bubble into the
det ect | onpstegeitkrehaner 2438bnd| fpanthd imubbwalént2k2e | FEBaERESdet 2% i on
side ink chamber 213b mstakenly, . the bubble ] rb DRLOHS
menber 1088BeCt 1PN SHEHHBHICEFEREHEL? & h’é%&&%re%gﬁ 3 %?d‘?%gq{ggtl ectf&lbn

side ink ,¢hanben 213Rcohhe dathkha ons sdideecidy @rughir bylide bufdap 2d4a
or introduced to the buffer 214b al ong the tapered fﬁce 1040. ggsref re,
the mal f upcoibAedfbetecant tae drotiosn (e lde P 2% kBE ARYEENE M BNGET BY t he

Shape andtBr 26 67 (PRCBU T2 KA B0 25 her PRI TTary Shang and eize -
Mor eover , bth@eEACEORE Padéiwabh Vvedd RPeHen crive eadb3dreenPt SHBWRSFANE g.
79 can bepg;g\j{ngg \n(r)a?l{ gef\LZier];k gxacr'cgrrlci:g\geep]é% 1i(s)fp1t<p\aeided on a part of top
wall 194c to form a buffer 214a which accepts the bubble.
Furthermore, porous member 10051 is filled inside the first
detection side small ink chamber 213c. One end 212eeof the second
partition wall 212e, which extends toward the side wall 194b,
extends until to the position where just under the buffer 214b.
Therefore, first, the first partition wall 212d prevents
the entering of bubble into the first detection side ink chamber
513c. If the bubble ‘enters into the detection side ink chamber
213¢c mistakenly, the bubble is absorbed by the porous membexr 10051.
Furthermore, if the bubble reaches to the second partition wall
212e, the bubble is introduced to the position which is just under
the buffer 214a by the second partition wall 21Z2e. Therefore,
the bubble is caught by the buffer 21l4a. Therefore, the
malfunction of the actuator 106 to detects the ink end wrongly
by the attaching of bubble to the actuator 106, which is provided
in the second detection side ink chamber 213d, can be further
prevented.

Fig. 80 shows further another embodiment of the ink

cartridge 180. BAn ink cartridge 1801 shown in Fig. 80 has a



enbodi nent shown in Fig. 80 such that the second partition wall 212e
extends fromthe first partition wall 212a toward the side wall 214b in
the direction parallel to the ink surface. In this case, one end 212ee of
t he second partition wall 212e is ext ed to the position j é under the
taper face 1040. Fig. 82 shows further” another embodi nent of #ﬁ AP 2004
cartridge 180 using actuator 106. An ink cartridge 180K shown in Fig. 82
has a protruding part 214f, which protrudes inside the container 194, on a

part of the t 9%4¢4 T, At O 106,253 R oh AMAR12Q02ai sfnBlgted on
- the bottBﬁFBéE?o%%%% g?%?r%%i%ﬁpart 214f. A partiti onéglall 212f gxtends
downwar d7br onrkdied o tf iame wEA4c 2182 byEepds 2XAenyar iU dd S 6PPe48R%0f t he

position between the, actuator 106 d e LLd_ti lal 12128napRdtbat ween
the act uaPée OioBhanath‘éogF?ién%Iﬁ%%%ﬁ%&%ﬁ% &Pg} #%é 6eri pﬁery of the

act uat or ; 106, éqleﬁl;{:girl ded shyet hex bifsh@er2idsa dder daseaenbersidask is

provi ded“insi de etection side ink chanber 213b. B rovi din e

act uat or ch@@ber 21w pydthraigangipaen waldf212po0sih %Ri%?gg?‘aﬁ?lﬁ%% teitﬂ“ﬁteghe
actuator 106 on the i cartridge 180J Ler ahehrdEnwkeatiedr i ng
the ink @&QPPHBle‘é‘Bﬁ( lﬁﬁ.n%gggr%%gﬂmftuf g\{gﬁ’zlng?%gr enbodi nent of the ink
cartridgg o8 USi RG-AGIdRLt AmskGR. ohie idekecaritn dgelel oK SHGPCT] 7Py, 82

has a partition wall 212a extends downward fromthe_ to G.94khe
cont ai nerFukdhersiogEpas AV VR 8% LVERBLCYEAGH Ogiadga?:%kcpfctﬁ§%te)\g%§g13a and a

detection side ink, ¢ : dheRar kinkl sabpakl 24 Agppdiveveragrart is
providedtﬁhfpﬁgl?oBuggn?eéié%ggrgﬁh tmopgbtuators 106 are mount ed .on. t he
pr ot r udi ngyAnls pHdivalledr berudes thei deffar btlecap@rthe AFTHAE Thanber

213b. The concave part of _the top wall_194c¢ a bufferantAa-whi ch
accepts bubbl e.TlﬁafrE’cﬁr%?enDr%l,r%t'po%%sp%%%%oﬁgégli élgraoi}&if ded inside the

det ect | P”enséedr%tdg%fcﬂﬁgla@é 2435 1Ry dBE Q¥ dbngs tde irdcthatbes 308ben The

protrudi ng par 4f, detecting the ink Consunp“é)en ﬁlﬁt %%a%%t_cakﬂ'ﬁy can

be preveniled. bilhelauggersf into the detection si
mistakenly, the bubble is absorbed by the porous membex 1005b.
If the bubble reaches to the upper side of the detection side ink
chamber 213b, the bubble is directly caught by the buffer 214a
or introduced to the buffer 214b along the tapered face 1040.
Therefore, the malfunction of the actuator 106 to detects the ink
end wrongly by the attaching of bubble to the actuator 106 can
be further prevented. The shape and size of the buffer can be
other arbitrary shape and size.

Moreover, the second partition wall 212e in the embodiment
shown in Fig. 79 can be provided on the ink cartridge 180I of the
embodiment shown in Fig. 80 such that the second partition wall
212e extends from the first partition wall 212a toward the side
wall 214b in the direction parallel to the ink surface. In this
case, one end 212ee of the second partition wall 212e is extended
to the position just underx the taper face 1040.

Fig. 82 shows further another embodiment of the ink
cartridge 180 using actuator 106. An ink cartridge 180K shown
in Fig. 82 has a protruding part 214f, which protrudes inside the

container 194, on a part of the top wall 194c. The actuator 106



t he actuators 106 can be nore than three. Mreover, as shown in Fig. 81,
positioning for nounting the actuator 106 on the ink cartridge 180K
becones easi er when nmanufacturing the ink cartridge 180K The nunber of
uneven part and the nunber of the actyg#or 106 can be further increased.
Fig. 83 shows further other enbodi nent the ink cartridge §§ 28Ppisiong
actuator 106. The ink cartridge 180M shown in Fig. 83 has a plurality of
partition walls 212f, 212g, 212h, and 212i, each of which extends downward
fromthe top fac 94¢ t nk 1 1 Then
partition? ﬁampuﬁﬁﬁé S EF? EoﬁgPPI %%ﬁ ﬁélﬁﬁg é@%%F%gﬁh ??Fo%ﬁaélls 2129,

212h, andp212iitaks #helseeontxtaidd downwaalkl ﬁroBethasteoleaiﬂca)ﬂ%GWerAends
212f f , 212gg, 212hh, and 212ij of each of _t partition wa

212g, 212kbufdmy 22%%i igndudedset tform RAD 2f JF1g h%oﬁbﬁ%%?ng?é‘f@ﬁnhél\}% a

predet er m_n corg Al Eh@rbé% SQABIALEALESTW t h
each ot hef: % ggfgn carr{&%fc’ig(rag%g]l\ﬁlggs%g?lventl Iaatl on s?%e i nk chanbef 213a
and a pl url@lsl taydofe e teinld oﬁalblumlsnalirh&nﬂémnﬂeh% QQBiPhQHBgOfZEQﬁ and

213i ted by th h of plurali t [ f
212 nd 2EaRatOmaOBote orwpRPEAS BpFirarrPoehi HRE: ddt BBeCR EPBREm

i nk  chamerg2; 3y 2h3hgeaiik aégbcEQM@é’-tlelw\thﬁmBaﬁmmerBy Each
of the aggﬁaﬁg}%g éﬁé'l 69, 10%h and 106i is nounted on the to

194c of eaaoviflitke phar ah¢tyaodrt Hoedepact ton SPRRE TUHIY |Hﬂ¥tch§|1r6
213f, 213g, 213h, .and _213i eclivel t L e
1069, 106F°OsdkdondEs (ST F‘F’}iﬁ‘gégg the %s&l%%? a][(?é GRS PRechads

y center of the top face
194c of eaghhobet-bfickl BRaLErYwheh mmmmim tstnedarﬁnwarumldg@hé@ﬁérs

213f, 213g, 213h, and 213i, respectlvel . The | u of th n i on

si de ink chanbeﬁ52ﬂ3a82aﬁ@oﬂﬁma%%ﬁ%%%l °§£&§ EE ﬁ% @h% g

2139, 213 dgﬂe '180%%1 Q%haxoszle%@asq&l as hfaldix?ﬁ.tcﬁjh&?e..sfd‘mmhbm
|nc

ai rhol e 1 eases to e i nner de of the ink contai ner 194.
Therefore,in Fig. 82 has a partltlon wall 212a extends downward from the

top face 194c. The container 194 is separated into a ventilation
side ink chamber 213a and a detection side ink chamber 213b by
the partition wall 212g. Uneven part is provided on the top wall
194c, and two actuators 106 are mounted on the protruding part
which protrudes inside the detection side ink chamber 213b. The
concave part of the top wall 194c works as a buffer 214c which
accepts bubble. Furthermore, a porous member 1005b is provided
inside the detection side ink chamber 213b. By providing two
actuators 106 on the protruding part 214f%f, detecting the ink
consumption status mistakenly can be prevented. The number of
the actuators 106 can be more than three. Moreover, as shown in
Fig. 81, positioning for mounting the actuator 106 on the ink
cartridge 180K becomes easier when manufacturing the ink
cartridge 180K. The number of uneven part and the number of the
actuator 106 can be further increased.

Fig. 83 shows further other embodiment of the ink cartridge
180 using actuator 106. The ink cartridge 180M ghown in Fig. B3
has a plurality of partition walls 212f, 212g, 212h, and 212i,

each of which extends downward from the top face 194c of the ink



the vol une of the ink chanbers gradually decreases in the order fromthe
ventil ation side ink chanber 213a, the detection side snmall ink chanber
213f, 213g, 213h, and 213i. Therefore, the interval of the nounting
position of the actuator 106 is w der gn the airhole 128 side and becones
narrower as the distance from the ai r%ol e increases to tHe7iAprerHpi de of
the ink container 194. Furthernore, each of the porous nenbers 1005f |,
10059, 1005h and 1005i are filled in the each of the detection side snall

ink cha f 13 chi pt ther porinis wadd 0 7
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to the detection side.snall ink cha 1 ch, f o]
ai rhol e P2ELisdauerttafiy Beﬂ?élsﬁo?ang ﬁﬂ‘@?g erbc% B&eéf?gnefé%chg]ltzﬁglt t he

hol e di anees b0gr 82seschNot hendrsiers i f 1@mdie Parious, nerer 21005f an@005g,
1005h an 0 % The porous nenbers can be fornmed such that the affinity

for ink dacricased the thetbpdewallon2ehe fpoFbis GRMBRINAD05P 1085y, #1005h
and 1005i . Because is_introduged fro apehole, 128, 4 K. d.s 1@@nsuned
from t he RF&EASHEM 6%%2 gep |nkt%%a(r:ﬁ) mgtdt}?" hg aill’fr? Fol@ 158 side to the
det ecti on.cnfigilcHe cGhamres @4Sh. oEﬁérexam'ﬁbe inkt heaitnkidge t h@OMehes| & i on

side i nk chanmber 213a which is nearest to the airhole 128C?él§ae onscumad and

during t venitik atéwsl séfler Rak gBARPRAL 2 A2 TR 3 M Wifef Fécreises,
the ot her_ et eethons 21 de.RUBLL 4 1k chanber 513831 and1deh s Gturans B3I are

inthe ventilation side i nk chanber
213a reathesath dihglhoxkt teod p?éﬁtfitm'sn whelpR1afii 8A2aal 312 2nd 2421 -

enters into the detection S|de sma i nk_cha 213f t nk in
the det ediSRPNiteR BREY OFnR BﬁHﬁﬁiFtﬁl%F tfh'% bcg%l%%?h%na%@d%%nlsgﬁleﬂd The
ink | evelcﬂaaﬁél% Q%%Ctﬁm?&ﬂ%kﬁﬁahli 3 1K c@&&lmﬁrcaaﬂe%uu:hee&bly dftégam to

in

decrease. At this tine filled in the detection,sid
chanber s E2t30 o2 13le, agtgat2rsi 106F t hP8Swal06nkand %%E]heh?lrﬁq’ r@:%%n?brred

fromthethe top face 194c of each of the plurality of the detection side
smallinkchamberleBf,2139,213h,and213i,respectively. Each
of the actuators 106f, 106g, 106h, and 106i is arranged on
substantially center of the top face 194¢c of each of the plurality
of the detection side small ink chambers 213f, 213g, 213h, and
2131, respectively.

The volume of the ventilation side ink chamber 213a, and
the detection side small ink chamber 213f, 21349, 213h, and 213i
are gradually decreases as the distance from the airhole 128
increases to the inner side of the ink container 194. Therefore,
the volume of the ink chambers gradually decreases in the order
from the ventilation side ink chamber 213a, the detection side
small ink chamber 213f, 213g, 213h, and 213i. Therefore, the
interval of the mounting position of the actuator 106 is wider
on the airhole 128 side and becomes narrower as the distance from
the airhole increases to the inner side of the ink container 194.

Furthermore,eachcﬁftheporousnembers1005f,1005g,1005h
and 10051 are filled in the each of the detection side small ink

chambers 213f, 213g, 213h, and 213i. The each of the porous



ventilation side ink chanber 213a to the detection side small ink chanber
213i. Furthernore, the porous nenbers are designed such that the hole

di aneter increases in the order fromthe porous nenbers 1005f, 1005g,
1005h and 1005i. Therefore, ink is consgned in the order fromthe
detection side small ink chanber 213 f which is relatively n&arAPB Wbe
airhole 128 to the detection side small ink chanber 2131 which is far from
the airhole 128, sequentially. Mreover, the porous nenbers 1005f, 10059,
1005h andndk@5d pLevent iItoscy 18d0%h 7aABR X0 f how Hadd 94 ofFPRe the

"detection side small ink chanber 213f to th etectipn.si I ik
chamber Xgzechipn h@%ﬁe%%ltleh%d?%ﬂ??r%agwgf ¥ écgc%éa?lgﬁzn?86ft, 1069,

106h, and, 1061, d uphedh Omdie ttion wakk @40 ahkeanhmbbrt hie3i dethdott on
si de smal‘?fxlq}n lécﬁ'&%e?s 213f, 2135, 213h, and 2131 with interval.

Ther ef or ei s ther datarattires aliodiolel 06§, $0GAenhAAL1PE1 TRAPIRET MFHRETS
decrease of the ink guantit t tep.. . Furtk L thg vi9d Wwif the
i nk chanb®¥s %@%‘%ﬂf‘%&bﬁ#ﬁeﬁ%gﬁ% %agﬁtérdgﬁ?%agﬁgmer 213a to the

detect | fnfféﬂgh%r@&oﬁgknem@osz,lsﬂo @Adugbbi. ardhanefdr.e, TRROAIIHS
interval © I

etecting the decrease of the ink quanti}% graltfju(ill I% ases
decr easesmemiées efan e thrernadbguaticFhat £he phkiglant ¢y tettiTon can be
i ncreased, as.the ink end is._draw MeqgpLg, FEEth ehdtheoso] une
of the de%’é&ﬂeoﬁr@?ﬁﬁsf’%}:ﬁe é%%ggﬁgérc@rg%é changed by changj ng t he
length of the pesditié®ngamalilk aatirndnhedeffipoui ket ashdvaid N8 g 187 1% g.

84 shows further other enbodi ment .of the i.n artri 1 i at or
106, In t henpaRed&on Hag VBTN ISR -‘Fh‘g‘i’til&.ﬁc , %%%%33 ﬁg%@rggﬁ%%?, |

10069, 1006k and. 1006, ar feiovidledide itixe dhakbear tiizdge #88N=samble hat
each porous nenbers 1006f , 1006g, 1006h and 1006i cl oses the each of the

comuni catheniotih bhe tyent Meritidrsidn siehpRleEhakBRr 213 1% R H8T bct i on

\S/Ieﬁ'?i Fg?: lBﬂl gkﬂeé:{]rahné)leé 312281?:'55’ c%]ﬁ%%me%%sgndaﬁ\gr%@'th@qq{k afevicheof the
ventilation side ink chamber 213a decreases, the other detection
side small ink chambers 213f, 213g, 213h, and 2131 are filled with
ink. When the ink level in the ventilation side ink chamber 213a
reaches to the lower end 212ff of the partition wall 212f, air
enters into the detection side small ink chamber 213f, and then
the ink in the detection side small ink chamber 213f is beginning
to be consumed. The ink level in the detection side small ink
chamber 213f thereby begin to decrease. At this time, ink is
filled in the detection side small ink chambers 213g, 213h, and
2131. In this way, ink is sequentially consumed from the
ventilation side ink chamber 213a to the detection side small ink
chamber 2131i.

Furthermore, the porous members are designed such that the
holediameterincreasesintheorderfrmmtheporousnembers1005f,
1005g, 1005h and 1005i1. Therefore, ink is consumed in the corder
from the detection side small ink chamber 213f which is relatively
near to the airhole 128 to the detection side small ink chamber
213T which is far from the airhole 128, sequentially. Moreover,

the porous members 1005f, 10059, 1005h and 10051 prevent ink to



i nk chanber 213a, the detection side small ink chanbers 213f, 213g, 213h
and 213i conmmuni cates each other through the porous nenbers 1006f, 1006g,
1006h and 1006i . Therefore, the porous nmenbers prevent the bubble, which
is generated in the ink container 194,340 enter into the ventilation side
i nk chanber 213a, the detection side small ink chanbers 213f 0 DABE, 2084.3h,
and 2131. Therefore, even if the bubble generates in one of the detection
side ink chanbers, and one of the actuators 106f, 1069, 106h, and 1061 135

0 7 APR 2004, S8RCESohNEnd ke £8EL ShiataisidnisstzaRennk, chheberhet 3 fctadthe s
"106f, 106g, 106h, and 106i do not detect the ink end status m stakenly.
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0 through the hgtto el . 3a thecakocaribsdge1 @28A. 1desecand pagiition
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fromthe dhottastsat! t3® ofletheasak ofartthe dgak22M&ndH thesSHBP e YnkSE&RIppl y

ort 230 side of the first partition.wall.222. Becagu }
Br edet er rﬁ?@ﬂl%ﬁ%'b%é’ﬁi‘ﬁ@ gpeeﬁ&kogg?@eggcgﬁaﬁg%gi %?%ﬁ Tt 224

and the tapmalle 221 sfiet ek idHantRt bidgec 2208, detske tan didmsmadioinke ink
supply port 230 through the top wall 221 of the .ink Qartrldge 220A.

ventil aticmmiete 2aRBichgmdéna22Ba i sTherrEarfel dti%eltytMnedP £ VE e‘%ﬁrhole
233. On the other hand,, a_detectio i i : b/ S=fPEABES.

ol at vel P TS TI h E b ReTe 99 e il Hianed Ry ehaddnhy e the
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are forned. The detection, side snall _ink. chanber 227 is forned between the

first paFersairtheads 222 Hpg ¢hd SRR PAT 790N wal | 224. The

Furthermore, each of the volume of the detection side small
ink chamber can be changed by changing the length of the partition
wall as in the embodiment shown in Fig. 87.

Fig. 84 shows further other embodiment of the ink:cartridge
180 using actuator 106. In the ink cartridge 180N shown in Fig.
84, porous members 1006f, 1006g, 1006h and 1006i are provided in
theinkcmrtridgelBONsuchthateadhporousnembers1006f,10069,
1006h and 1006i closes the each of the communication port of the
ventilation side ink chamber 213a, the detection gide small ink
chambers 213f, 213g, 213h, and 2131i. Each of the ventilation side
inkchamber213a,thedetectionsidesmallinkchamberleBf,2139,
213h, and 2123i communicates each otherrthrough the porous members
1006f, 1006g, 1006h and 1006i. Therefore, the porous members
prevent the bubble, which is generated in the ink container 194,
to enter into the ventilation side ink chamber 213a, the detection
side small ink chambers 213f, 213g, 213h, and 213i. Therefore,
even if the bubble generates in one of the detection side ink

chambers, and one of the actuators 106f, 106g, 106h, and 1061



detection side small ink chanmber 22 7 is formed by providing a gap, which
can generate the capillary phenonenon, between the first partition wall
222 and the second partition wall 224. Therefore, the ink in the
ventilation side ink chanber 225a is gqklected to the detectjon side snal
i nk chamber 227 by the capillary forcé™ of the detection sidel $rfiR 20hk
chanber 227. Therefore, the detection side small ink chanber 227 can
prevent that the air bubble to enter into the detection side ink chanber

225b. 13% Q o % -APR. 2004 Ewist Bes fos ani dthadilks | evel ot Rethectdedsets a96Si.de i nk
"~ chanber §5b can decrease steadily and gradually. Mreover,, a Q(%r?gus
nmember 100%§,i 30php\artbd Obisideathdetaet dets diksFae § ikt ehdhTe B The
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chanber 2253 i8efo¢tRek6F 0wy . t ghehenRi dahol el RS 2240k shiondéndetd 08 >si de
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225b i's dewwswmed zeft paXHE 191k FALE he23 Rt PY &EFOnSYFle MRk *ohanter 225a i s

consuned.. Furt her nore, e. wavij of, £l {si do-t headet esbih on siddaissal |
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to attackantgtire ¥eldatsr i‘g%. tgﬁrgﬂEF%r‘%‘?‘li h:ga c%%ﬁ?%%ﬁ?%%c%%%#%e

por ous NMehe! %QQ%%n FPogk 63l thBamu Q@pﬁﬁgiﬁdﬁ y3 baresowsh the lmettent i on
in

si de snal chanmber 227. The porous nmenber 1005g thereb% pr%]\éf t.s 1nk
to flow badd Beomft hbeimksqmmwlc&ﬁ 22030 t B SRECVENPRTaEFORDSY | |

T Shor RS O PR et Aot e chbTm e it
t he porouys.drerberbd05g wln be obctleasedt chytebdgeeszphpn depspbdasiHenber
10050 A A1 TS St o5 B 999,00 ER2LoRateLEsSh L% Bhocarddida
there is a predetermined space between the upper end of the second
partition wall 224 and the top wall 221 of the ink cartridge 2204,
ink can flows into the ink supply port 230 through the top wall
221 of the ink cartridge 220A.

A ventilation side ink chamber 225a is formed relatively
near to the airhole 233. ©n the other hand, a detection side ink
chamber 225b is formed relatively far from the airhole 233. By
the second partition wall 224, the detection side ink chamber 225b
and a detection side small ink chamber 227 are formed. The
detection side small ink chamber 227 is formed between the first
partition wall 222 and the second partition wall 224. The
detection side small ink chamber 227 is formed by providing a gap,
which can generate the capillary phenomenon, between the first
partition wall 222 and the second partition wall 224. Therefore,
the ink in the ventilation side ink chamber 225a is collected to
the detection side small ink chamber 227 by the capillary force
of the detection side small ink chamber 227. Therefore, the

detection side small ink chamber 227 can prevent that the air

bubble to enter into the detection side ink chamber 225b.



220A. Moreover, a check valve 228 is provided on the airhole 233 for
preventing the | eaking of ink fromthe airhole 233. The |eaking of ink
outside the ink cartridge 220A caused by the rolling of the ink cartridge
220A can be prevented by the check val yg6228. Furthernore, tpe gpppgHati on
of ink fromthe airhole 233 of the ink cartridge 220A can be prevented by
provi ding the check valve 228 on the top face of the ink cartridge 220A

If ink in the ink cartridge 220A is .consumed, and negative pressure inside
the ink 130r@hérABRe200Ke darkt Ledge i220Accdeadtsi athe igeetskirahasbathé2eheck
val ve 228, the check valve 228 opens and.introduces air into the ink
cartri dge CaZRORCTERER FhEACHSYK 2 §&2 EgléVOSes to accel erate the drainage

of ink fromthey L idge, 2R0A ndies: Bo@igziel pebvidedevhetdastha
enbodi ment of aMFEES?% 'cghgg? mﬁlfnbe expl ai ned. The piezoel ectri c device,
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i s empty, anoun of the liquid,

| evel of tdeyd b gli ChadVPeS20f .t hgebhgse dlandentddbician shdefink qivagber
Several specific nmethods realizing for _detection of the state of thg'
liquid i ng2fe thefoimed dlesraiteebhe a1Thole1¢ 2% bRapi ohe gididned & e

consi dered. FEar .exanple, a h i S i edai b gNside drediumngnd
t he changémgﬂﬂiﬁgﬁ EBSFEan%?%%’ﬁﬁgéﬁf%ﬁ?§ gg%tg?ner are detected in such a
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capt ur ed. iykgircfe i-$, 280t et ; SRtk ishathi chkaciedhiange 226b asopséventepégance
is detecte y vibrating characteristics of a vibrating aobject. As
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the back pubble, which is entered from the ink supply port 230, to attach

to the actuator 106.

Furthermore, the capillary force of the porous member 1005g
is greater than the capillary force of the detection side small
ink chamber 227. The porous member 1005g thereby prevents ink
to flow back from the ink supply port 230 to the ventilation side
small ink chamber 225a. The capillary force of the porous member
10059 can be increased by adjusting the hole diameter. Moreover,
the capillary force of the porous member 1005g can be increased
by compressing the porous member 1005g.

Aairhole 233 is provided on the topwall of the ink cartridge
220A. Moreover, a check valve 228 is provided on the airhole 233
for preventing the leaking of ink from the airhole 233. The
leaking of ink outside the ink cartridge 220A caused by the rolling
of the ink cartridge 220A can be prevented by the check valve 228.
Furthermore, the evaporation of ink from the airhole 233 of the
ink cartridge 220A can be prevented by providing the check valve

228 on the top face of the ink cartridge 220A. If ink in the ink

cartridge 220A is consumed, and negative pressure inside the ink



el ectronotive force waveformis detected by neasuring the back

el ectronotive force which is caused by residual vibration which remains in
the vibrating portion, so as to detect the change of the acoustic

i npedance. As another method utilizing,the change of the acoustic

i npedance, the inpedance characteristi€ or adnittance charact®iisftR e0bf
the liquid is neasured by a neasuring apparatus such as an inpedance

anal yzer and a transm ssion circuit, so that the change of a current val ue

or a vol Lage vallieo g% Lhecddd thd ARRR0M dEhengeclbok heabs oo, eakue or

- vol tage VA& € Trequency - caused by the vibration given to the
liquid | sHRASYEede £78thEenprasenintevdodiesehir 1heo ddiqddy CRIGETA4H det ect

the liquid status inside the Ijqui tainer b b
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Fig. 86 %QOV;@]@ ng?%h%eqtrj}p@aqftﬁra ik ogartridge 180P. The sem conductor
menory devi cé and the actuator 106 are formed on. the sane_circuit. board

610 in the i nk Heawt,r dgee i86Pechricfdevier a3 pe enbpAgmerl P ddut 8¢ on
the side wall 194b. such that the differen : i 1 s the
act uat or CIFET Bl pl HSFFPy> bFe auljgkl—i‘enalﬁg?%i%%gflls d;éﬂg:e(s Srtt

ormed on the side wall
194b to cpupl& d he giredi tofboane 61guwiit Anshidecaent higeid 184ntBynexody i ng

the circuit board 610 with the container_194 using_the . caul ki.n t. 616
and pushiutg tiwindi vibrehstonypeemoreny- 6 T4 ataFﬁég%it?’@quq% rld%é%fes{ he
vi brating region of the,ac 10Bne G30GANE86E §1 Met i d Blptanchmdurithe
sane ti rrg",'hetetﬁ%eﬁ ﬁginet gpgt%%&&?%%%car?ri 3;612 is sealed fromoutside of  the
i nk cartrdflgehe AlLgupiinalievel2 cff ecHeor hisghigh t HePe@nPEofdiGet

device 7 and around the_sem,condugt or nmry .devj hee i 88 0hAaEoH612
transfer QQWP%ﬁﬂﬁﬂéFlﬁgtﬁé@ngﬁe s %?%B%ﬁJ%F%?qﬁé%§§§%°3§v?%% 7 an% out si de

the ink jgt d&e i 30 BARPeY L #f The 1569ieantdicioor heelngyidevdneamean be
consti tut edt y the sem conductor nenory which can be rewitten sJJ:uech %s
EEPROM  BeChimsing heilzent tom dpiee oPneRaviye dednreederand tHeE st or’ 106

method is considered in which the medium and the change of its
state inside the liguid container are detected in such a manner
that an elastic wave generating device generates an elastic wave
inside the liguid container, and then the reflected wave which
ig thus reflected by the 1liquid surface or a wall disposed counter
thereto ig captured. There is another method in which a change
of acoustic impedance is detected by vibrating characteristics
of a vibrating object. As a method utilizing the change of the
acoustic impedance, a vibrating portion of a piezoelectric device
or an actuator having a piezoelectric element therein is vibrated.
Thereafter, a resonant freqguency Or an amplitude of the back
electromotive force waveform is detected by measuring the back
electromotive force which is caused by residual vibration which
remains in the vibrating portion, so as to detect the change of
the acoustic impedance. As another method utilizing the change
of the acoustic impedance, the impedance characteristic or
admittance characteristic of the liquidis measured by a measuring
apparatus such as an impedance analyzer and a transmission circuit,

so that the change of a current value or a voltage value, or the



are formed on the same circuit board 610, the nounting process can be
finished at one tinme during nounting the sem conductor nenory device 7 and
the actuator 106 on the ink cartridge 180P. Moreover, the working process
during the manufacturing of the ink cafgridge 180C and the reCﬁcIin of
the ink cartridge 180P can be sinplified. Furthernmore, the méhUARE: WP4 ng
cost of the ink cartridge 180P can be reduced because the nunbers of the
parts can be reduced. 139 07 APR 2004 The actuator 106 detects the ink

consunpt i gRaSLRLAS thaséderehNe LM dirnesl Ik vEleeséue condhet brequesmry
device 7 storés the information of ink such_as resjdual quan it¥ i nk
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resonant skmeavedoy tuemendrey ideviaqesi’dend Hha estapiher 104 axe ffoprmest aius
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cont i u on the ink
j et recor &8y SaPBararGeifoPoend Fitfsi™ FRE. L r%%%%F?dg?hggﬁgéonant
frequency when hhe; #fikedisidgd bersaptai Nee MAhdesi ohdHe stideusalor 1ead
status can be stored during the manufacturing of the caontalne

r 194,
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can be co nsat ed by stori . r i LkMsi de
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the contai status or status in the senm conductor_nenory
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caulking part 616 and pushing the different-type O-ring 614 to
the circuit board 610, the vibrating region of the actuator 106
can contacts with ink, and at the same time, the ingide of the
ink cartridge is sealed from outside of the ink cartridge.

A terminals 612 are formed on the semiconductor memory
device 7 and around the semiconductor memory device 7. The
terminal 612 transfer the signal between the semiconductor memory
device 7 and outside the ink jet recording apparatus. The
semiconductor memory device 7 can be constituted by the
semiconductor memory which can be rewritten such as EEPROM.
Because the semiconductor memory device 7 and the actuator 106
are formed on the same circuit board 610, the mounting process
can be finished at one time during mounting the semiconductor
memory device 7 and the actuator 106 on the ink cartridge 180P.
Moreover, the working process during the manufacturing of the ink
cartridge 180C and the recycling of the ink cartridge 180P can
be simplified. Furthermore, the manufacturing cost of the ink
cartridge 180P can be reduced because the numbers of the parts

can be reduced.



reference value. Fig. 87 shows further other enbodi nent of the ink
cartridge 180. The ink cartridge 180Q shown in Fig. 87 has a plurality of
partition walls 212p, 212q, and 212r. The partition walls 212p, 212q, and

212r separates the ink container 194 into the ventilation side ink chanber
213a and the detection side small ink Chamber 213p, 213q, and 2XPR 2Whe
partition wall 212p is the first partition wall, and the partition walls

212q and 212r are 140 0 7 APR 2004 the second partition walls. Each of

porous member s T‘}x%O?Ptu&QQE’qLO6 an€ = L0A5F Larig e dRgLibnt diea as i nefi dehe
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di fferen ength. Moreover, the length of the partition walls Zlmzeocer212q,
and 212r dtoresasée infommasioar rebtefetpatl? (HEHHF RTINS BAF T And

212r. Therefore, geven the  inferval t aghcab-tt-hagpantédifar wal | s
212p, 21FPCHAS tg?ﬁ%?]éa%'f?Iflegteln(?,ofﬁgelw\e/%ﬁq%ni}?eos t he each of the detection
side smaljle hpkueharbess e detberent whé hirdachnsuhptioBeghabest héfli%engt h

of each of the partition walls_212p, 2129, ,and.212r incr e i e
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fromthe ‘air erefore, the actuator 106r can detect the i%k
exi st enceshematmkate ufidtledd ianong adns sdatarmi 8fssubbhcianbly - SHdvWE68rRhi ch

is nmounted on the each of .the .detecti [ sER|.! ; LNKn&hakhes indd 3ve 2134,
and 213r .1Fi%e SEERME T “End§d e ht%glragugg’ag?iécérd#ng head of part of

the ink cgthhddReanth8nk ¥ t16¢ chaeardiotd sappasatamse iy ch Tisesesepent
e AR b LA i T h thgnit:gljﬁ.n(é%r&ghdgg full status
frequency when the ink inside the c
or end status can be stored when the ink container is mounted on
the ink jet recording apparatus for the first time. Moreover,
the resonant frequency when the ink inside the container 194 is
full status or end status can be stored during the manufacturing
of the container 194. Because the unevenness of the detection
of the residual quantity of ink can be compensated by storing the
resonant frequency when the ink inside the container 194 is full
status or end status in the semiconductor memory device 7
previously and reading out the data of the resonant frequency at
the ink jet recording apparatus side, it can be accurately
detected that the residual gquantity of ink is decreased to the
reference value.
Fig. 87 shows further other embodiment of the ink cartridge
180. The ink cartridgé 1800 shown in Fig. 87 has a plurality of
partition walls 212p, 2124q, and 212r. The partition walls 212p,
212¢q, and 212r separates the ink container 194 into the
ventilation side ink chamber 213a and the detection side small
ink chamber 213p, 213qg, and 213r. The partition wall 212p is the

first partition wall, and the partition walls 212q and 212r are



180A shown in Fig. 72 is used. However, the ink cartridge in any of the
ink cartridge shown in Fig. 73 to Fig. 84 also can be used. Furthernore,
the ink cartridge of the other formalso can be used. A plurality of ink
cartridges 180A is nmounted on the ink %@% recordi ng apparatus _whi ch has a
plurality of ink introducing nenbers 182 and a hol der 184 ealH APR 2004
corresponding to the each of ink cartridge 180, respectively. Each of the
plurality of ink cartridges 180A contains different types of ink, for

exanpl ¢, 1l QL ARFL2000 SN, CRheh Of pblbys Hisibid 2005p] Ofb o5 ch
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is formed nozz i ntroduci ng nenber 182 has an
ai r suppl pfhehe pet jandrawailak21mp r cdusg ngnidnk 22 r 18Fherffeors r ey@pplyehol e

181 supplies air_to the ink cartridge . 180.  The ink intr [ inl 183
introduceénFﬁEVPFdH??%%e?ﬁﬁ“aEEF%%? dﬁ“ﬁ@@ﬁ?lfﬁgniﬂﬁiggr rldggqugAg s an
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Because the length of each of the partitionwalls 212p, 212q,
and 212r increases with the increase of the distance from the
airhole 128, gas is most difficult to enter into therdetection
side small ink chamber 213r which is farthest from the airhole
128. Therefore, the actuator 106r can detect the ink existence
most accurately among the actuators 106p, 106g, and 106r which
is mounted on the each of the detection side small ink chamber
213p, 213g, and 213r.

Fig. 88 shows an embodiment around a recording head of part
of the ink cartridge and an ink jet recording apparatus which uses
the actuator 106. In the present embodiment, the ink cartridge
180A shown in Fig. 72 ie used. However, the ink cartridge in any
of the ink cartridge shown in Fig. 73 to Fig. 84 also can be used.
Furthermore, the ink cartridge of the othexr form also can be used.
A plurality of ink cartridges 180A is mounted on the ink jet
recording apparatus which has a plurality of ink introducing
members 182 and a holder 184 each corresponding to the each of
ink cartridge 180, respectively. Each of the plurality of ink

cartridges 180A contains different types of ink, for example,



the ink introducing inlet 183 of the ink introducing nmenber 182. By
introducing air fromthe ink introducing nmenber 182 to the ink cartridge
180, the ink cartridge 180 accel erates the supply of ink fromthe ink
cartridge 180A to the ink introducing nber 182. The hol der 184

comuni cates ink, which is supplied fidm the ink cartri dge 18047t hrmugis
the ink introducing nenber 182, to the head plate 186. Ink is supplied to
the head fromthe ink cartridge 180A through the ink introduci ng nmenber
182 and dj.scharged to the. 142 0 P rdj irwady gmiezzl e. In
this vvay,%ljtf%érie%% f%?ore%fo% i 1ig @%ﬁ%ﬁ%&?ﬁ??ﬁﬁ*ﬂ?‘@&i nting on the
recor di ng, JRAUR iMi@d0td s it emat skt ae edcwad tap efdddiafer®ef an

ink cartridge for use with a single color, for exapple he a_gk_. ink. I'n
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comuni cat ed, Vi*®1 iits C%ﬁ ¥ r?erd?é%t%glt E?’PEE Fﬁ%l de the coﬁt ainer. |n order
that at ajet agecatdmchppheatnk.K [a ahsopiressed mbodiment atththelnf ne
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el astic wave ae.e[,’]c?rcaatull edl?s\/ég_e Al 4k jet recording apparatus has an

ink introducing member 182, a holder 184, a head plate 186, and
a nozzle plate 188. A plurality of nozzle 190, which jet out ink,
is formed on the nozzle plate 188. The ink introducing member
182 has an air supply hole 181 and an ink introducing inlet 183.
The air supply hole 181 supplies air to the ink cartridge 180.
The ink introducing inlet 183 introduces ink from the ink
cartridge 180A. The ink cartridge 180A has an air introducing
inlet 185 and an ink supply port 187. The air introducing inlet
185 introduces air from the air supply hole 181 of the ink
introducing member 182. The ink supply port 187 supplies ink to
the ink introducing inlet 183 of the ink introducing member 182.
By introducing air from the ink introducing member 182 to the ink
cartridge 180, the ink cartridge 180 accelerates the supply of
ink from the ink cartridge 180A to the ink introducing membexr 182.
The holder 184 communicates ink, which is supplied from the ink
cartridge 180A through the ink introducing member 182, to the head
plate 186. 1Ink is supplied to the head from the ink cartridge
180A through the ink introducing member 182 and discharged to the



A packing ring 4 and a valve body 6 are provided in the ink supply port 2.
Referring to Fig. 91, the packing ring 4 is engaged wth the ink supply
needl e 32 comunicating with a recording head 31, in a fluid-tight nmanner.
The valve body 6 is constantly and eljagtically contacted agai ngt éﬁ@Z%#
packing ring 4 by way of a spring 5. Wen the ink supply needle 32 7Ts
inserted, the valve body 6 is pressed by the ink supply needle 32 so as to
open an ink passage, so that ink inside the container 1 is supplied to the
r ecor di Ngrdddr&ifg MR iR04rbrathz31 evi aThhehiskayupphy ipdr jel wanPudiad nk
‘'supply needle 32. On an upper wal] of the cqntainer 1, thenf nounted a
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that the pgrorseEiher wa0sdrers dlnistahsanbs.i ks exhsdrs fior geherankngayer
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does not | e container 1. Therefore, ink does not remain in
t he porousnnafibenppl@Sfedyle b ot resioghit ngnePPahdl s 1ima t9f2 15kmPEPEF 1060

when the iisngrciaxrr]félgg J'.tnhg ggr%aaji.rglgxr‘ 11wi1:$Lci1qq&Psé.§1lﬁh%e%k?ndIl§ta@f Hitside
portion of a bottom face la of the container 1, the elastic wave
generating device 3 is mounted such that the elastic wave can be
communicated, via the container, to the ink inside the container.
In order that at a stage at which the ink K is almost used up,
i.e. at the time when the ink becomes an ink-end state, the transfer
of the elastic wave can change from the liquid to the gas, the
elastic wave generating device 3 is provided in a slightly upward
position from the ink supply port 2. Moreover, an elastic wave
receiving means may be separately provided instead, so that the
elastic wave generating device 3 is used as an elastic wave
generating device only.

A packing ring 4 and a valve body 6 are provided in the ink
supply port 2. Referringto Fig. 91, the packing ring 4 is engaged
with the ink supply needle 32 communicating with a recording head
31, in a fluid-tight manner. The valve body 6 is constantly and
elastically contacted against the packing ring 4 by way of a spring
5. When the ink supply needle 32 is inserted, the valve body 6
is pressed by the ink supply needle 32 so as to open an ink passage,

so that ink inside the container 1 is supplied to the recording



An airhole, not shown in the figure, is provided on the container 1. The
airhole is provided on the upper side of the 1ink surface to comunicate
with outside of container 1. Air is introduced inside the container 1 by
the airhole, and ink flows downward 5 ts own weight wth advance of ink
consunption. The residual ink thereby stays in the ink |ayeP 718BR.20Because
the porous nenber 1050 is provided inside the container 1, the elastic
wave generating device 3 can detect the ink quantity only when 144 0 7 APR

2004 the iy shalys EReneak d@bdNe Jot endnbil chbes itk dhiply theedink Ay er
‘is small. wever, ink does not Wwave by providing the porous nenber 1050
in the camt aenerugperTheréfioref the etetainemve. gaeFat ilfy BeVREed3 &an

detect the ink surface accuratel en. the j S Lpgi gdeside tn

cont ai nerseimrcéﬁ'tcﬁé"stqlbmfeﬁ@r%%?%%ndwp%f:&jt %Eggé?odégéﬁéﬁﬁéﬁﬁl%gso, and | nk
surface exiists;Mitiide the ink layer 1060. Mreover, the width of the gap
bet ween the porous nmenber 1050 and the elastic wave generatin wggvice 3is
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wave i nsiRie TRy icimcaither PeroTR Rt e, L 43k TSddls ENSa0R GeREF at i ng devi ce
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consunptiton status is near to the ink end status. Therefore, the parous
menber 103€: icontpriefer dblwperothtednheanbyridgecnades ctogs e gttt |

device 3 wthout limti e wdth.of qa wee PENDELS 1050
and eIast???Q£é%P%e?%?étggggg%vFggng}nﬂb% %&%ﬁ?ﬂﬁwg%ﬁﬁﬁﬁpﬁﬁﬁ%ﬁ% of 1Ak
gener at es,-hacawse e drdil echk bikbie @b ardes din inkeispdi biscuknbes
1050, the bubble does not stays around the elastic mavezgengratin tdevice
3. The p@ensraeaBeCundsohe kdasty cpyavefeierating device 3, the elastic

wave generating device 3 can accurately detect the ink consumption
status.

Furthermore, the hole diameter of porous member 1050 is set
such that the porous member 1050 does not absorbs ink existed in
the ink layer 1060 when the ink surface reaches to the ink layer
1060 by the consumption of ink inside the container 1. In other
words, the porous member 1050 is designed such that the capillary
force works in the porous member 1050 does not hold ink in the
container 1. Therefore, ink does not remain in the porous menber
1050 by its own weight and remains in the ink layer 1060 when the
ink inside the container 1 is in an ink near end status.

An airhole, not shown in the figure, is provided on the
container 1. The airhole is provided on the upper side of the
ink surface to communicate with outside of container 1. Air is
introduced inside the container 1 by the airhole, and ink flows
downward by its own weight with advance of ink consumption. The
residual ink thereby stays in the ink layer 1060. Because the
porousnemberlOSOispﬂovidedinsidethecmntainerlq the elastic

wave generating device 3 can detect the ink quantity only when



the elastic wave generating device 3 to detect the ink consunption status
m stakenly. Fig. 91 is a cross sectional view show ng an enbodi nent of a
maj or part of the ink-jet recording apparatus suitable for the ink
cartridge shown in Fig. 90. A carriage capabl e of reC|procat|ng in the
direction of the width of the recordln %aper i s equi pped wi O APBUBBlank
unit 33, while the recording head 31 is provided in a | ower face of the
subtank unit 33. Mreover, 145 0 7 APR 2004 the ink supply needle 32 is

provided [p an, gléa%art{é@g&%ﬁ@gr{tﬁengnkfml%gﬁ %1&$O§W@Qhk%$e§3

VWil e the récordirng apparatus s operating, rorve signal 1s supplied to
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cartridge. FurtMereover, atbgr%&éﬁhmm%éﬁﬁﬂ@@@ betyesr 488 PASPUE PREber
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detect thei:s small, the elastic wave generating device 3 can detect the ink
quantity only when the ink status is near to the ink end. However,
ink does not wave inside the container 1. Therefore, the elastic
wave generating device 3 can accurately detect the ink quaﬁtity
and existence of ink when the ink consumption status is near to
the ink end status. Therefore, the porous member 1050 is
preferably located nearby the elastic wave generating device 3
without limiting the width of gap between the porous member 1050
and elastic wave generating device 3. Moreover, even the bubble
of ink generates, because the bubble of ink is absorbed in the
porous member 1050, the bubble does not stays around the elastic
wave generating device 3. The porous member 1050 thereby prevents
the elastic wave generating device 3 to detect the ink consumption
status mistakenly.

Fig. 91 is a cross sectional view showing an embodiment of

a major partAof the ink-jet recording apparatus suitable for the
ink cartridge shown in Fig. 90. A carriage 30 capable of
reciprocating in the direction of the width of the recording paper
is equipped with a subtank unit 33, while the recording head 31

is provided in a lower face of the subtank unit 33. Moreover,



i nk consunption status. Fig. 92 is a detailed cross sectional view of a
subtank unit 33. The subtank unit 33 conprises the ink supply needle 32,
the ink chanmber 34, a flexible valve 36 and a filter 37. In the ink
chanmber 34, the ink is housed which igasupplied fromthe ink @afﬁﬁgq%ﬁ'via
i nk supply needle 32. The flexible valve 36 is so designed that

fl exible valve 36 is opened and cl osed by neans of the pressure difference
bet ween the ink chanber 34 and the ink 146 8 7 APR 2004 supply passage 35.

The subt affe YAKts 3R] needeNstriuchedvtibat in ke ink sapptidgaseagsizsy s
comuni cated wth the recording head 31 so that the ink can be supplied up
to the rdeordisigichadd e FREFEYG Mgio3Ri‘g. 91, when the ink supply port 2

of the container. (1 icﬁeipég%%%f}l%gﬁjggggthgeig%e%gtpilﬁgrn@e@fgvé%i@‘nd]he
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I nk chanber 34. At a stage where the ink chanber, (34,5 filled wihdyk, a
negati ve rEsELFRicE AppFtledt 894aRES 2| EOT SHEHIENY of 't Re“Fecor ding head 31
so as to fill.the r ding head Wi hgehlerathey epjt ahe t BRasetor diange
operatioﬁﬁ%skﬁé?forﬁggé 6%%% t he Ynk ig%consuned in the recordi ng head 31
by the reaorsithopisatéon3 asptessaferradt he §oRndt¥edyi dre Y& bl e
val ve 36 decreases. .Then, the flexible v . S itden dqom a
val ve body B HbLHE Q%tﬁ%%ﬁﬁe&ﬁe‘ﬁtgh Cg#ly%h%g]flle?(?%%e valeiﬁ\}:eOB is
opened, tde ik igkthe ink chanber 34 flows into the recording head 31
through the ink passage 35. Acconpanied by the ink which has fl into
the recording Msacdkerine thk slpshe Wit aﬂ%re{llzjfrll%vﬁge‘flh(feo :{ htg sub‘% ank
unit 33 via the ink supply ge 2. o AEHHdNGd e1the rekedisentisshown in
Fi g. 91zﬁﬁP§ﬁkP85§V Sﬁﬁg%eﬁé§?+§e§aJ% generatié% device 3 and the porous
menber 1080 e@d tngproné detlqai dosimithe sabuankcessary3 imidie) FIE Hetber

1050 i's provided nearby the gl gastig waue genor i p\isebs AdiPoe
simplified and the leakage of the liquid from a place in which
the electrodes are supposedly embedded can be avoided, thus
improving the reliability of the ink cartridge.

Furthermore, a porous member 1050 is provided inside the
container 1. By providing the porous member 1050 inside the
container 1, the porous member 1050 prevents the waving or
bubbling of ink ingide the container 1 when the ink cartridge moves
together with the recording head by the scanning operation during
the printing process. Because the bubble and wave of ink is
difficult to generate around the elastic wave generating device
3, the elastic wave generating device 3 can accurately detect the
ink consumption status.

Fig. 92 is a detailed cross sectional view of a subtank unit
33. The subtank unit 33 comprises the ink supply needle 32, the
ink 'chamber 34, a flexible valve 36 and a filter 37. In the ink
chamber 34, the ink is housed which is supplied from the ink
cartridge via ink supply needle 32. The flexible valve 36 is so
designed that the flexible valve 36 is opened and closed by means

of the pressure difference between the ink chamber 34 and the ink



is provided to forma ink |ayer 1060 between the elastic wave generating
device 3 and the porous nenber 1050. The el astic wave generating device 3
detects the ink quantity or existence of ink inside the subtank unit 33.
In case of the present enbodi nent, begggise the porous nmenber 1050 is
provided inside the subtank unit 33, if the width of the ink [0ay&PR 060
becones small, the elastic wave generating device 3 can detect the ink
gquantity only when the ink status is near to the 147 0 7 APR 2004 i nk end.
However, Likptpesasghguays. i nidehantontditne isbeocadsesttrhetpdrst
menber 1050 1s provided inside the subtank unit. 33. Therefor e elastic
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Fig. 91. Mreover, as shown in Fig. 91 and Fig. 9 the elastic ve
generatin@p@@@mgeogtéﬁﬁrﬁﬁ@rﬁéﬁﬁugeaﬁéﬁbép i@§6’£ﬂi1aF§%:EﬁQRﬁéﬁﬁﬁﬁaﬁggde

the subtapk wnit,33. . Therefare, (fhe, gLasti figWoneraensnat sngedeniaed3 and

t he porous nen%%r 16%% are prOV|§ed on both™of the ink cartridge shown in
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valve 36 decreases. Then, the flexible valve 36 is positioned
away froma valve body 38 so as to beconme opened. When the flexible
valve 36 is opened, the ink in the ink chamber 34 flows into the
recording head 31 through the ink passage 35. Accompanied by the
ink which has flowed into the recording head 31, the ink in the
container 1 flows into the subtank unit 33 via the ink supply needle
32.

According to the embodiment shown in Fig. 91 and Fig. 92,
the elastic wave generating device 3 and the porous member 1050
are provided also in the subtank unit33. The porous member 1050
is provided nearby the elastic wave generating device 3. A gap
is provided to form a ink layer 1060 between the elastic wave
generating device 3 and the porous member 1050.

The elastic wave generating device 3 detects the ink
quantity or existence of ink inside the subtank unit 33. In case
of the present embodiment, because the porous member 1050 is
provided inside the subtank unit 33, if the width of the ink layer
1060 becomes small, the elastic wave generating device 3 can

detect the ink quantity only when the ink status is near to the



t he subtank unit 33 shown in Fig. 92. According to the enbodi nent shown in
Fig. 93, if the ink absorbing nmenber 74 and 75 expose fromthe ink by
consunption of ink inside the container 1, ink contained in the ink
absorbing menber 74 and 75, which islaade froma porous mategivalpp bhgws
out by the own weight and is supplied to the recordi ng head 31. IR I'nk is
used up, the ink absorbing nenber 74 and 75 absorbs the ink remained in

t he through hole 1c, the ink is thereby drained 148 0 7 APR 2004 fromthe
concave paikend.t owdwenghnkdced rot Vaveaing e the CATRANSOh 26 AHTE
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to Fig. 94( 1 Miresver edrecshmet tB2 sbasthg wake HRAIaEaT PeVAGFeri &F is
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judge whether the printing process can be continued or not.

The elastic wave generating device 3 and the porous member
1050 are provided inside the container 1 of the ink cartridge in
the embodiment shown in Fig. 91. Moreover, as shown in Fig. 91
and Fig. 92, the elastic wave generating device 3 and the porous
member 1050 are also provided inside the subtank unit 33.
Therefore, the elastic wave generating device 3 and the porous
member 1050 are provided on both of the ink cartridge shown in
Fig. 91 and the subtank unit 33 shown in Fig. 92. However, the
elastic wave generating device 3 and the porous member 1050 can
be provided to only one of the ink cartridge shown in Fig. 91 or
the subtank unit 33 shown in Fig. 92.

According to the embodiment shown in Fig. 93, if the ink
absorbing member 74 and 75 expose from the ink by consumption of
ink inside the container 1, ink contained in the ink absorbing
member 74 and 75, which is made from a porous material, flows out
by the own weight and is supplied to the recording head 31. If

ink ig used up, the ink absorbing member 74 and 75 absorbs the

ink remained in the through hole 1lc, the ink is thereby drained



to be polarized in a capable of flexural-oscillation manner. Finally,
referring to Fig. 94 (V) , the base plate 20 is cut along each elenent. By
fixing the base plate 20 in a predeterm ned face of the container 1 by use
of adhesive or the like, the elastic e generating device 3 gaynApﬁ QM#Xed
on the predeterm ned face of the container and the ink cartridge 1's
conpleted which has a built-in function which detects the ink remaining
amount. 149 0 7 APR 2004 Fig. 95 shows anot her enbodi nent of the elastic
wave generdhi fige devheevd siownof ntie gthedaugh nhehe eabodirridowths n
"Fig. 94, the conductive material |ayer 21 is_use o ct
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Thus, by utilizing . the reflected ve_ whi ch changes based on the change of
t he nediuﬁﬁmﬁﬁPSGghnwﬁPEhtPFBuEPaE%?E Wave propagates, the state of the

medi um can be gbserved.(Ihn a 6ase) WeBER whGuFhaterdhd heetlais dof nshde
the liquid contaiher is to be.detected bﬁ this nethod, an ﬁ;gstic wgve
transmitt elasedei vevengehebat isgddewicexanpt: 1eta 1 explaPASEnPEh

referring_to,enpodi ts _shown _i-n_Fi.gs : vorniddJesdurldtf e ceramic.
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exanpl e, thehihqubt®rithesd (Tuj dicentsd nel, dhenducthzeshatsey i wdawer
prOpagatezthLQg béggmggqéﬁugfgg¥§gég'%%So%% g?&e is formed on the base
plate 20. Next, referringtoFig. 94 (II), a green sheet 22 serving
as piezoelectric material is placed on the conductive material
layer 21. Next, referring to Fig. 94 (III), the green sheet 22
is formed in a predetermined shape by a press processing or the
like and is made into the form of a vibrator, and ig air-dried.

Thereafter, the burning is performed on the green sheet 22 at a

burning temperature of, for example, 1200 °C. Next, referring
to Fig. 94 (1V), a conductive material layer 23 serving as other
electrode is formed on the surface of the green sheet 22 so as
to be polarized in a capable of flexural-oscillation manner.
Finally, referring to Fig. 94(V), the base plate 20 is cut along
each element. By fixing the base plate 20 ina predetermined face
of the container 1 by use of adhesive or the like, the elastic
wave generating device 3 can be fixed on the predetermined face
of the container and the ink cartridge is completed which has a

built-in function which detects the ink remaining amount.



surface of the liquid. Since a boundary is fornmed between the 1|iquid and
the gas on the liquid surface, the reflected wave is returned to the
transmitter-receiver. The transmitter-receiver receives the reflected
wave. A di stance between the liquid susface and a transmitter8drAPRGMAver
can be nmeasured based on an overall traveled tinme of the reflected wave,
or a danping factor 150 0 7 APR 2004 of the anplitudes of the elastic wave
generated by the transmtter and the reflected wave reflected on the

l'i quid surfacepignd s showsUtinittieng dritestimaiite ef attdeof elagti¢ qwRHSI nsi de
‘the liquid container can be detected.. The el astic. wave rati vi ce

3 may be9gseFagdng Sewdrce dnFhowR %HengaH?ﬁit?@rgﬁgbgfgg%ﬂsﬁ%%hggoﬁgthod

utilizing the refl agied waye: bas e tibhe &pange iof ukbe ag@dionmethiaagh
which thé elastic'wave propagates, or a separately provided receiver nay

be mount ed eldrefogica. ®8 tdhscothed dmde,in rthchemndiogsimentwdiOvydfeFafed by

the elastic wave generating device 3 ropagat i i i qui d,

the travé@dn§orPRETeNG ﬁ@rffgf'lﬁg@t @(]Jav\ﬁ{}g %ﬁ%garrrel %%pné(?h%h % %H#&uﬁh‘

surface tg a?f)ie\ﬁep@éiéi@n /i3St t feWaYEr generat hap tesekecBr vamaesrdegendi ng
t

on density o e ink liquid and the liquid Ilevel. Thus, jf the
conposi t ileryeaf compriisefl REdthe hareemvaiaaty 22ti nBY obhe HRECEHFEt &f e

whi ch occurred. i.n the ink |Jiquj i es endjng i@ tiflg
amount . FIRAYEGHES ttt‘?er"}lﬁkalésrmlﬂt}n salll{cc.lfa(Elb%ebée’ \c‘Ieteect'eg1 by det ec%%ng the tine
period dydwigawii ¢lant be dekastile wauatgénes atheagidemie ajehers ddathe

elastic wave and then the wave reflected fr mtci'ue N %k surface arrjyes at
the el astineffiigienierePRErsdodeticd &P oﬁ?ﬁr%ﬁ&e‘?ﬁ &S §86 2° wave Vi brat es
particles contyped:hp ik d ikyalBUuss aitfﬁ{ﬁe eESPavds WHiRth chh@mitadddes i nk
whi ch uses pignent as a coloring agent, the elastic wave contributes to
prevent preehpit aisonlofutideapdgaehtd as merdaum: keThey. p?lé%i‘fﬂ‘f?gleﬂ’i’é | astic
\(/:v:\r/'?r ?Sggﬁ{#‘%‘e’?&gsé? t req%%rf{[c@,nerpllopWHﬁ&e WRkeptibhe idHa
propagating velocity of the elastic wave change based on the
change of medium in question. On the other hand, the state and
characteristic of the reflected wave of the elastic wave change
according to the change of the medium. Thus, by utilizing the
reflected wave which changes based on the change of the medium
through which the elastic wave propagates, the state of the medium
can be observed. In a case where the state of the liquid inside
the liquid container is to be detected by this method, an elastic
wave transmitter-receiver will be used for example. Let us
explain this by referring to embodiments shown in Figs. 90 — 21.
First, the transmitter-receiver gives out the elastic wave to the
medium, for example, the ligquid or the liquid container. Then,
the elastic wave propagates through the medium and arrives at the
surface of the liquid. Since a boundary is formed between the
liguid and the gas on the liquid surface, the reflected wave is
returned to the transmitter-receiver. The transmitter-receiver
receives the reflected wave. A distance between the liquid
surface and a transmitter or receiver can be measured based on

an overall traveled time of the reflected wave, or a damping factoxr



(decreases to) an ink-end state and the elastic wave generating device 3
can no |longer receive the reflected wave, it is judged as an ink-near-end
and thus can give indication to replace the cartridge. Fig. 96 shows an
ink cartridge according to another enb®adi nent of the preseng7iﬂy§ ﬁfon.
Plural elastic wave 151 0 7 APR 200 generating device 41 - 44 are 3 3vided
on the side wall of the <container 1, spaced at a variable interval from
one another in the vertical direction. In the ink cartridge show in Fig.
96, whet bérttoy ampl ithéebmE theprlesdnitc dvenapmerag e tdicot TrREPLtts X e

el astic wave generatjng device 41 -44 can be t b er r oot
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st ep-by-ste nne L 97 and .Fi.g.,nP8ashawr-kpk . cartridges according to
still angfﬁggggﬁbggfggﬁFg §F§tgg prggent i nvention. In an enbodi ment

shown in Fig. 9Xs asselhbticabewe, genehat ehgsteiveves JENSHAREPY thea

bottom face |l a forned asl ope _i.n the vertical dir on. odi pent
shown in Fﬂ@?tgg,wéﬁeeﬁggFgétﬁ§9e gen&ra Fn8r§83§§%E8§6to?°§§BEEg%gg?gg
shape in yhegpvertigal diveacippime G Qredestlédédeanieconttyrofigtdretbet t om”
face of a side wall |b. According to the enbodi ments shown in.Figg 97 and
Fig. 98, iwhkehipaid suirfeige ep aseiy ol ENgenkaslht hY2ye s T BB e “68 1§

exposed fromthe Liguld:sur bacGentiieytsavaled di me Afid hod efeatiedivave

level. Thus, if the composition of ink is fixed, the traveling
time of the reflected wave which occurred in the ink liguid surface
varies depending on the ink amount. Therefore, the ink amount
can be detected by detecting the time period during which the
elastic wave generating device 3 generates the elastic wave and
then the wave reflected from the ink surface arrives at the elastic
wave generating device 3. Moreover, the elastic wave vibrates
particles contained in the ink. Thus, in a case of using
pigment-like ink which uses pigment as a coloring agent, the
elastic wave contributes to prevent precipitation of the pigment
or the like.

By providing the elastic wave generating device 3 in the
container 1, when the ink of the ink cartridge approaches
(decreases to) an ink-end state and the elastic wave generating
device 3 can no longer receive the reflected wave, it is judged
as an ink-near-end and thus can give indication to replace the
cartridge.

Fig. 96 shows an ink cartridge according to another

embodiment of the present invention. Plural elastic wave



and the acoustic inpedance of the elastic waves generated by the elastic
wave generating device 65 continuously change corresponding to the change
([err]hl, [err]h2)of the liquid surface. Thus, the process fromthe

i nk-near-end state to the ink-end sta%g of ink remai ni ng anount can be
accurately detected by detecting 152 % APB, 2044 the degree gf7 ghangg in
the traveled tinme of the reflected wave or the acoustic inpedance of the
el astic waves. Furthernore, a porous nenber 1050 is provided inside the

cont ai ne o Qus-peiper APS0-praventded ke wae Bgdandalbubbl thg of
1 nk insiag;iib‘ﬁ%pggﬁt a?ﬁe? 1. The porous nenber 1050 thereby prevents the

el astic wevieageser af | spadediae H5andtEe tiotegerdc fEohenEnR1Iek1ELente
m stakenly. In the enpodi ment shqown _in Fig. 97, ¢ : r 3850 is
pr ovi dedt%ﬁ YREL LoRt gﬁﬁcﬁl%‘ch%hgbet ﬁ%gs?%gp%r%@? %Cg'g?tlgfn@gg ace 1055 of

the por oysFBEBSSy HB0AS 398 ok bleehel e rahone o 1evhzoaiBstapenaiee
e

generati ng vice 65. A gap is provided between the botto facgs%ggé and

the el astilestavewgengeaansf idey fewics 4hndt4 62msPa IRk TR PYLY

Therefore, as _the enbodi ment sh in ElLg. when the ¢ fheSunfaeeci n the
cont aji nePT17?kd eeslr;?(olst%]ée %I\}\%\r@ceﬁgggfec?ﬁg%p Pous member 1050 and exi st s

Wi thin thavienkenkayeind088vitbestl astdc Waxe egenenati sypgosiccshatcahedet ect
the ink surface accurately. In the enbodi ment shown i.n Fi Qasvg (a ong.si de
ed in

face of fhauigoriavelretbeinkndf SHowh PATPhe PREFGFE TR° pF ot fhe

cont ai ner h i de faegehs pee allalt i® Jdie eeastrbt ingave
generati ﬁgekgisaf\%?gQBG%Evagga%&]E provi dedebet ween the one side face and the

si de wal elvdcelam tiheept esent J edpeditient theviah isnkmpty Wiieethe fPFE1he

cOnL e Sy d2P, REL USRI, 00 19551866 PLolf 1,80 qunpueRliagnd he

el astic g@l\é% geRer aki Ny prleyd e, 661degs inotasiaadenovdn thwer ofifeerd lgand, i f

:‘giéel ! 1?evteqeofcj(.)rr1]]£allir<]e%r 13-1 legggf%ﬁ%ee%nghghglgg igevsg\\?ee%etn%%a%Q%gS' de
device 44 and 43. Thus, provision of the plural elastic Wave
generating device 41 - 44 makes possible to detect the ink
remaining amount in a step-by-step manner.

Fig. 97 and Fig. 98 show ink cartridges according to still
another embodiments of the present invention. 1In an embodiment
shown in Fig. 97, an elastic wave generating device 65 is mounted
in a bottom face 1a formed aslope in the vertical direction. 1In
an embodiment shown in Fig. 98, an elastic wave generating device
66 of an elongated shape in the vertical direction is provided
in the vicinity of the bottom face of a side wall 1b.

According to the embodiments shown in Fig. 97 and Fig. 98,
whenpartoftheelasticwavegeneratingdevice65enx166isexposed
from the liquid surface, the traveled time of the reflected wave
and the acoustic impedance of the elastic waves generated by the
elastic wave generating device 65 continuously change
corresponding to the change (Ahl, Ah2)of the liquid surface.
Thus,theprocessfromthejxmrnear—endstatetxztheink-endstate

of ink remaining amount can be accurately detected by detecting



of the porous nenber and the side wall |b arises, the reflective wave of
the elastic wave generated by the el astic wave generating device 66
gradual |y changes. Therefore, the elastic wave generating device 66 can
detect the ink consunption status whenisd he ink surface exists_within the
region of the length A h2 of 153 0 7 APR 2004 the el astic wavl 7geffer@ti ng
device 66. The length of the elastic wave generating device 66 is not
limted. Though in the above enbodi nents a flexural oscillating type

pi ezoel ecthé caabisatad changsetinsthas:taveslgbrese phethacrebbecerd waye

cartridge size, a vertically vibrating typ iezoelectric vibrator may
al so be ueBdthe naepies aboENRARTH Sreth g:h%/fé%taﬁsci i"®VSHEve is transnitted

and received by.a. saug.elast GANE dRABM 1080 devhesvidadsinsldanaider
enbodi ment, the elastic wave generating device may be provided separately

as one fogotiseinart Lanshét pogousheenbeast L6 SRapeeyfiitst Fde MAVINGE ARA ng
the elastic wave, sp as .to.detect the ink remaiping t etbdr B Ehows
an ink caPPPPHb%gd%§d¥§?ﬁ§sﬁ eSEﬁF|03ﬂ%? %?rg%hbgggngﬁggg? TRe pr esent

i nvent i onthg#%?lpleé@é{ﬂé: tWaVe1 a genenavd1geteyriheengbaevhbh emarebeedro t he
bottomface la torned a slope in the vertical direction spaced at an

i nterval deeecpsovhdetnknexhetenpe anheralenirt hernore, a porous menber
1050 is provided inside.the contajner: 1.:A g [ QM enpitdhe
g%d:%%ﬁEbPﬁémgFas%ﬁbwﬁ 11‘1]' Flé. ap ﬁj&?&%\fcﬂ@mlé%\é@

porous nenber 1 i'C wave generating vi ce 65a, 65b, and
65¢c to fOKR pAdviddd liay ehelO6ft a Byeproudimghthet porolapersthehe060¢msi de

the container 1, the_ porous nenber 1050 _prevents t i ng.or bl i ng of

i nk insi déacrel@dntf fdte PARRES IR Fﬁklﬁagt}‘? é&&aﬁﬁxfﬁ %%&&t ﬁ%r%\%i ‘%’% t he

recordi “gtﬁsa&dﬁyrb%{%a%a@éﬁ@ga ok dchArkedys | NGy ghpei Pipratiite Pbetessn |
u

Therefore, the e of Tnk is difficult to generate around the elastic
wave genetati hgttemi fac65205%55nd tAml A5et ipueNer FBREX2evE8H PEVERE Hubbl e

o I K 9eNELAS8hs P3ANIG,11BBEOUSTREPPES 03 RBROERBokIfRUPBhEwA!
in Fig. 90, when the ink surface in the container 1 reaches to
the lower end of the porous member 1050 and exists within the ink
layer 1060, the elastic wave generating device 3 can detect the
ink surface accurately.

In the embodiment shown in Fig. 98, one side face of the
porous member, not shown in the figure, is provided in the
container 1 such that the one side face is parallel to the elastic
wave generating device 66. A gap is provided between the one side
face and the side wall la. In the present embodiment, when ink
is filled inside the container 1 and gap between the one side face
of the porous member and the side wall 1b, the reflective wave
of the elastic wave generated by the elastic wave generating
device 66 does not change. On the other hand, if ink ingide the
container 1 is consumed, and the gap between the one side face
of the porous member and the side wall 1b arises, the reflective
wave of the elastic wave generated by the elastic wave generating
device 66 gradually changes. Therefore, the elastic wave

generating device 66 can detect the ink consumption status when

the ink surface exists within the region of the length Ah2 of



bubbl e does not stay around the el astic wave generating device 65a, 65b,
and 65c. The el astic wave generating device 65a, 65b, and 65c can thereby
accurately detect the ink consunption.status. The width of the ink |ayer
1060 is not limted as the enbodiment t shown in Fig. 97. b4 fpp/oghiPR 2004
According to the present enbodinent, the arrival time (traveled tine) of
the reflected waves of the elastic waves to the respective elastic wave

gener at i r&gledéygggié%végenéﬁat%g déPi dd1§ ar.esPRE tiatRy U Bt t g eesittiicons of

the el astic wave generafing device 65a, 65b and 65c differs depending on

" whet her warvengenghatiimg idevarcesérit isn nidte ligdS&6lt-i ve positions of the
plural elastig,wav enerating deyi 6ha, 5 T - r or

not the ink i s%‘&oé@z‘n?n itﬁlet?'l O%%seggjc?@\rlnée%%u%?ei&&%%&qtfg%‘ﬁl g%% fs%’]%yfbpet he

el astic wAwe RarRRatidgideytee fSaisdibboaad thibeuppicbe tHetnetwehdy of
scanni ng each el astic generating neans (65a, 65b and 65c) and by detecting
t he travdihed aanmigige §d zeaf l9e MEat @dle YoV IDERE 188 sPE RAFE A1 A& 18 asti ¢

wave ge“%%tﬂa%%rdﬁxgcaelﬁ%%e @é&g. ang, @ﬁg-aﬂ@@smbbaﬁ bRk oF ePRL Ri1Rg; grDUNt
can be detéctedin st ep-by-sStep nmanner. For exanple, suppose that the
i qui d | exele isftdatenis tald anfaiate ibetdnbem &ivee ellasttiic wave gperseradiiingg
device 65b and 65c. Then, the a%ﬁﬁi . wave Eeneratin devi ce 65c detects
and j udg&Stisg- t BB Skl enghBey SRIE s oFAs 1@ S YERERTRT e vi ce

65a and 6Bk idet pel BOGIHAGRd eepachitkelyat hale EBe LBK i1 tRARSEMCInBY
overall evaluating these results; it beCones known that the liquid |eve

of ink |ités ehaastievehvbatvberthetreforasttelviry dhgerdratiisgwadEei o 650 and

65c. Figs. and Fi. .101 show cross _sections of the ink-jet recording
apparatu%chéggfﬁ&h&hﬁb P ITCTRSY S B8t ment of the present invention.
Fig. 100 shows raccr 99ssE6wti &N iofk tdaetiriigeebceogdidgngo stpphl atresttadrone.

Fig. 101 is a cross section of the ink-jet recordin% .
embodiment o©of the present invention. Plural elastic wave
generating device 65a, 65b and 65¢ on the bottom face la formed
aslope in the vertical direction spaced at an interval are
provided in the container 1.

Furthermore, a porous member 1050 is provided inside the
container 1. A gap is provided between the porous member 1050
and the elastic wave generating device 65a, 65b, and 65c to form
an ink layer 1060. By providing the porous member 1050 inside
the container 1, the porous member 1050 prevents the waving or
bubbling of ink inside the container 1 when the ink cartridge moves
together with the recording head by the scanning operation during
the printing process. Therefore, the bubble of ink is difficult
to generate around the elastic wave generating device 65z, 65D,
and 65c. Furthermore, even if the bubble of ink generates,
because the porous member 1050 absorbs the bubble of ink, the
bubble does not stay around the elastic wave generating device
65a, 65b, and 65c. The elastic wave generating device 65a, 65b,
and 65c can thereby accurately detect the ink consumption status.

The width of the ink layer 1060 is not limited as the

embodiment t shown in Fig. 97.



apparatus to which the ink cartridge 272 is nounted. A carriage 250
capabl e of reciprocating in the direction of the wwdth of the ink-jet
recordi ng paper includes a recording head 252 in a |lower face thereof. The
carriage 250 includes a subtank unit 3%G in an upper face of the recording
head 252. The subtank unit 256 155 0 7 APR 2004 has a sim | dt 7TsARRuéBbre to
that shown in Fig. 92. The subtank unit 256 has an ink supply needle 254
facing an ink cartridge 272 nounting side. In the carriage 250, there is
provi ded a cony@eowaiidg 268 tReapieseat sibodivent hetlhonaexipalt t258 s

"di sposed counter to a bottom portion of the ink c%%%rid e 272 and En an
ar ea wher &raneliark tdare)r icdgéherrefierbefevaBant @ tirerd WaYHTe “Convex

part 258 includes an I 4 egehathP9ngdeyd ¢Ece 266a SUSIb amd s c
piezoelec%??éggﬁﬁ?ggaﬁ%%éiSg}@ﬁggvghQM/an en%gdinen?eof the ink cartridge
sui t abl e if orhehereepectivng appartdings phewhions Figfs. the0. eRgtiqoXadKows an

enbodi nent of the ink cartridge for use_w.th_a single colqr, f j ance,
the bl ackg@iﬁ@‘?l%éiqvﬁlge éé@tr?%earf;f‘r’ C(Q,i(-)LEéFﬁ_S (ti%p’te]ﬁél% _eosnér‘{";t%{ee}{g:t

enbodi ment.. conpri ses A pSRELALNS! thhidkhitsese pokienenant tkeipmal port
276 which comes 1n contact wth an ink supply needl e 254 of the recording

appar at uselast i seatedemernsingl devhee com aiqfdr 2PP465Eher BRS: SHEGEFEd t he
concave part 278, positioned ipn.a bottomf 74 § LS jehgaged
B T e R L e

ul t rasoungs t¢190sE Ba St 10 WSl delesutcinpsdgel &t esba medSy iaald 283 CcHre henk

supply port 276 includes a packing_ring 282, a valve body 286 a spring
284. The @elekitrred Mhgcasping Lafafdd sShiihIPREAT hRY RIS (ﬁéé‘m gggsazf“}sn a

fluid-tig [rnne 2838 B $RBSE AMHeY rand celas! weak|of
contactedg%%ains &?hgggg%géﬁg19??%56282 bytmay of therserng 284. \Wen the

i nk suppl yhaasrt € i @5hvies innske taths ol ¢ henienkengyplty ngofev2ee, 68he &R ve

body 286 5 BEESS§ R 1 1K1 YBREYDREILRORRE 88n%8e ! 8eOREReANA T
step-by-step manner. For example, suppose that the liquid.level
of ink is at a point between the elastic wave generating device
65b and 65c. Then, the elastic wave generating device 65¢ detects
and judges that the ink is empty while the elastic wave generating
device 65a and 65b detect and judge respectively that the ink is
present. By overall evaluating these results, it becomes known
that the liquid level of ink lies in a level between the elastic
wave generating device 65b and 6&5c.

Figs. 100 and Fi. 101 show cross sections of the ink-jet
recording apparatus according to still another embodiment of the
present invention.

Fig. 100 shows a cross section of the ink-jet recording
apparatus alone.

Fig. 101 is a cross section of the ink-jet recording
apparatus to which the ink cartridge 272 is mounted. A carriage
250 capable of reciprocating in the direction of the width of the
ink-jet recording paper includes a recording head 252 in a lower
face thereof. The carriage 250 includes a subtank unit 256 in

an upper face of the recording head 252. The subtank unit 256



On an upper wall of the container 274, there is nounted a sem conductor
menory nmeans 288 which stores data on ink inside the ink cartridge and so
on. A porous nenber 1050 is provided inside the container 274. A gap is
provi ded between the porous nenber -105@sand the gelated mategial 280 to
forman ink layer 1060. By providing the porous 156 0 7 APR 2@64 ARR 2008 r
1050 inside the contai ner 274, the porous nenber 1050 prevents the waving
or bubbling of ink inside the container 274. Therefore, the elastic wave
,genefatimhékaﬂéﬁhﬁﬁﬁ:@ﬁ&u@tm&eatelyhadeshOWntha F ik dﬁhsuﬁ&ﬁ sbdeaius as
shown in Fig. 90. As in _the enbodi ne Qun i n, Fi 3t
embodi meMnigf 26kehes ft ABKENRP e ae@?%?% ca}ﬁ é%g%}g{rﬁel ;2det ect

the ink syrf { e} nk, Suf,aG68 é‘%‘s@e therecostgidwet ddd 4 reaniees to
t he | ower erg'p%? eraepor(z)iﬁg&#relngb OdS and exi sts V\n@;hln the ink |

1060. Thep;ymdtmaa)flri Iaengapehetsmehnthahetlpm@@m?ﬁémﬁt Lo eh G iResH st ic

wave generating device 260 is_not d..Prefer us, ggnber
1050 i s pROVERE tQikinHhyY T oPOERECB) 8?{% Ve gaélr-l%?% i}?e\eﬁcg 260.

Ref erring, 0, Riythrd e Whgh chhRerkBkesuppl ¥s p@dﬁtbé%ﬁ:m{téd\a:hemi( agarer.i dge
272 is inserted through the ink supply needle 254 of the subt an(%(urg:lt 256,
t he val verlm)d:prz&ei m@@@d@§8agaﬁh§deﬁhén ShRFhiC 26Uve SENHERC HIF iR Pissage

is formed d the |n5|de dge 272 flows into the ink
chanber r}é %? g RS réhe i ﬁ%hﬁfréo 262 is filled with ink, a
negative pr essuzrﬁ;s i 3 0apphbechrt emboddrehe opemengnb:f c@n*en@%rsdﬂr@hﬁ‘eead 252

so as to fill the recording head wt |nk T eaftq{] the recording
oper at i onf$s @@fWWJLWe?‘PEar@qW g Y% recording head 252

by the recordi Per At 188 Hf@ﬁ@é@iﬁnéﬁ\ttcm tnaskr eagtratiga foexidd e
val ve 266 decrquli elcﬁ%esn Wtshg flexible valve 266 is position ﬂ“eeawa from

a val ve betlyh 270ss0ghs d:coldmecoﬁ@-’op@ﬁ’é@lcew’é]ﬁet]ﬁ%aﬁ‘:]lce‘k‘i’%?é val

opened. the! | nl 1 L1 |k ERaIber (26, HLOUS BBobler s cuchps beah 252

contalner'whlchfhouses ink and an ink supply port 276 which comes
in contact with an ink supply needle 254 of the recording apparatus
in a sealed manner. In the container 274, there is provided the

concave part 278, positioned in a bottom face 274a, which is to
The concave

be engaged with the convex part 258 shown in Fig. 101.
gelated

part 278 houses ultrasound transferring material such as
material 280.
The ink supply port 276 includes a packing ring 282, avalve

body 286 and a spring 284. The packing ring 282 is engaged with
the ink supply needle 254 in a fluid-tight mannex. The valve bedy
286 is constantly and elastically contacted against the packing
ring 282 by way of the spring 284. When the ink supply _needle
254 is inserted to the ink supply port 276, the valve body 286
is pressed by the ink supply needle 254 so as Lo open an ink passage.
Oon an upper wall of the container 274, there is mounted a
semiconductor memory means 288 which stores data on ink inside
the ink cartridge and so on.

A porous member 1050 is provided inside the container 274.
A gap is provided between the porous member 1050 and the gelated

material 280 to form an ink layer 1060. By providing the porous



Acconpani ed by the ink which has flowed into the recording head 252, the
ink in the ink cartridge 272 flows into the subtank unit 256. while the
recordi ng apparatus is operating, a drive signal is supplied to the

el asti c wave generating device 260 at &g detection timng which_is set in
advance, for exanple, at a certain 157 0 7 APR 2004 period of 8iTn&PR i%

el astic wave generated by the elastic wave generating device 260 is

radi ated fromthe convex part 258 and is transferred to the ink inside the
i nk cartrisgse2720by ipsopagahbngohbaangh the,géhat ednratsemesoez8d 93P t he
"bottom face 274a of the ink cartridge 272, Though the el asfic_wav

gener at i ngredeVt e & lreyaringr oviEi g pE LtBF r-’irh%éiezgg‘ei ﬁoﬁﬁagjé?g?@‘q t he
slastic PRV PENE! alicnd, devl 66, 2R0 JERL-BE iREANLHEe 1763 dantdutimtibidnk uni t

256. Sinc e el aStic wave generatéd by the el astic wave generating
devi ce 268 psopagias esnk heonghmpthion nktatewias shewn t3imviEig ng®li ne of the

refl ected wave occurring on the ink liquid surface t rri

el astic wave geher aty nbgﬁe\ﬁ“it?d%rt?%r gggwndelpnengllﬁg ggn@’delr%‘éi%t ?%%gﬁte i nk

l'i quid angmlt_)g'&irln%ﬂyih%fl eygk. dssici fvalvide genpestihgn ddviak Rs0ficed, the
t he

traveling tine o refl ected wave which occurred in the ink lLiquid
surface vactesatdbpelatianr thet hrek isnik fassuipen ther épbranriare iR ISRdUM can

be detected by detectin he ti dur at i ur i I l-ectes
wave arri 98§t3¥n?ﬁe2ﬁ éfﬁ%c %ﬁa&gntg%%eﬂroi{élrg%n eé?%‘%@%‘%ﬂ%ﬁﬁgg ink 1iquid
surface whgl dheddii Lhodithesinkacedrsiegci t athebyitihb ofethstdap beiveeen

generating device 260. Mreover, the elastic wave ener at ed .t he astic
wave geneth?iM@@F@@bE%l%%raé’cdeEhep%@rat‘?t(ﬂcegaE’Srﬁ%?%Jé%tjrlﬁgt eBe(flicrI%k?g#hus,

|n 8 case;aip el g lOTeR-dddiBrhh PREChoHSES MaIBA1LITD dscpkovided
agent, thé~ élastic wave contributés to prevent precipitation of the

pi gment etcthetli ké. thkt elashécpwiamei agnepet dngoredhdenaPRAt enance

operation or Referring to Fig. 101, when the ink supply port 276 of the

ink cartridge 272 is inserted through the ink supply needle 254
of the subtank unit 256, the valve body 286 recedes against the
spring 284, so that an ink passage is formed and the ink inside
the ink cartridge 272 flows into the ink chamber 262. At a stage
where the ink chamber 262 is filled with ink, a negative pressure
is applied to a nozzle opening of the recording head 252 so as
to £fill the recording head with ink. Thereafter, the recording
operation is performed. When the ink is consumed in the recording
head 252 by the recording operation, a pressure in the downstream
of a flexible valve 266 decreases. Then, the flexible valve 266
is positioned away from a valve body 270 so as to become opened.
When the flexible valve 36 is opened, the ink in the ink chamber
262 flows into the recording head 252 through the ink passage 35.
Accompanied by the ink which has flowed into the recording head
252, the ink in the ink cartridge 272 flows into the subtank unit
256.

While the recording apparatus is operating, a drive signal
is supplied to the elastic wave generating device 260 at a

detection timing which is set in advance, for example, at a certain



the like and when the ink of the ink cartridge approaches (decreases to)
an ink-end state and the el astic wave generating device 260 can no | onger
receive the reflected wave even after the elastic wave generating device
sends out the elastic wave, it is ju d that the ink is in

i nk-near-end state and thus this jud %gnt can give indicati cﬂi‘?tﬁ@ﬂ%@'ﬁ ace
the cartridge anew. 158 0 7 APR 2004 Moreover, when the ink cartridge 272
is not nounted properly to the carriage 250, the shape of the elastic wave

fromthe 8%'1@%&' & gener atho JBaRs 249vehange §a£_@d%%é e B Gave

~Uilizing tThi's, "warning can be given to a user iIn e event that the
extrene okaegetinyg deeiekastdcivavedistedt Bobed hes oasreo gardmRS & Raduser

to check ., on the ink cartridge 272, The.trave}gi ng ]t(ime fé.%%e r?#e%}ted

wave of fRe EIaET:T TR et Ogdhér at _Bs‘?stlﬁg etEst FESwaE gefdtat f ng devi ce

260 is a?&??agf%t_i EH@oggﬂstﬁé/ 1 4t hvead 41N 2Bbei § Wk Aitsrt A £acsi nce
| i Nk may

the den rffer By the type of ink used, data on the types
of ink arg4stof ethei inlaceetirédgdRtDr Minomop beasd 2288 C wave geaeratddCect i on

sequence can be t based on. the. data and t . the in engy Ni unt
can be fGFVHEF %?@&F%?vjd%[deﬁ?g&e ‘?’—?ﬁr.lai%%%?\)olv\%pé Si‘nOrl(:’?;tr'lr"ﬁft’l%ie(rjj’%LeSEE 2
accor di ngake %éﬂléfatﬂxﬁ@ﬁ@@ric@nm@in e @hravidepr Bsende itheemtibbank hmitthe i nk

cartridge 2 shown in Fig. 103, the bottomface 274a is formed aslope in
the verti2®&l- direction. In the ink cartridge 272 shown in Fig. 103, when

the Ink rema giogATHNt oi 3.PECOYLIE | U AR 08! byOfifk ¥ 803t 1R RhRA Of
the el astic wavé generating device 0 Ts exposed ?’romthe l1quid surface,
t he travelee rhitimcofdehiea efd e gimtbamates 0f thheugh asbe cinkavdsiugenertdiced by

the elastic wave generating device 26 conti nuously changes, cor.r.es di ng
to the cﬁéa"ﬁﬁél[lé‘tgr]:ﬁ‘.’t‘eo‘?fttrgﬁ’@ ’F?EEFHte u‘?’?‘é%é?cc'f“ﬁ%rllrgloﬁ‘eﬂg?ejsn r‘?‘&r%el%;f t he

hei ght ofg e Jaot & QP fideeat 27ioe] HsDOE Hra®RASeRérd heng Bedtie@d DB eFd1fles280.

Thus, the process fromthe ink-near-end state to the ink-end state of ink

r emai ni nglepending on density of the ink liquid and the ligquid level. Thus,
if the composition of ink is fixed, the traveling time of the
reflected wave which occurred in the ink liquid surface varies
depending on the ink amount. Therefore, the ink amount can be
detected by detecting the time duration during which the reflected
wave arrives at the elastic wave generating device 260 from the
ink liquid surface when the ink liquid surface is excited by the
elastic wave generating device 260. Moreover, the elastic wave
generated by the elastic wave generating device 260 vibrates
particles contained in the ink. Thus, in a case of using
pigment-like ink which uses pigment as a colorxing agent, the
elastic wave contributes to prevent precipitation of the pigment
or the like.

After the printing operation and maintenance operation or
the like and when the ink of the ink cartridge approaches
(decreases to) an ink-end state and the elastic wave generating
device 260 can no longer receive the reflected wave even after
the elastic wave generating device sends out the elastic wave,
it is judged that the ink is in an ink-near-end state and thus

this judgment can give indication to replace the cartridge anew.



anount can be accurately detected by detecting the degree of change in the
traveled tine of the reflected wave of the elastic wave generating device
260. Furthernore, a porous nenber 1050 i% provi ded inside the container

274. The porous nenber 1050 prevents t he wavi ng or bubbling oﬁ7iR§Ri§§ide
t he contai ner 274. Therefore, the elastic 159 0 7 APR 2004 wave genez i ng
devi ce 260 can accurately detect the ink consunption status. The porous

menber 10%f,Jd5uoviged Lpat H C Lnﬁ}. he
bottom face 1055 of the po?oﬂ@k%%ﬁ%g#gﬁ%bééﬁ ?% %%&al et£$§P?k§E§F§LEEOf
the bott omifeacerofiaghe2tonttdienehap@dof theagafl aiss ipr oxvdet-detthrenlhBeibot t om

face 1055 and the elastic_ wave generating device 260 and forps, a i nk | ayer
1060. Ve SITHRE RS- TRl 2RI ks HoRrH Ferems BaBRATT nid'} hykr i1 8585 ¢ he

reflectiveataMeObah iR §iashite RN O8RS AL 80chY A& Bbasid @Y Bange
generating device 260 does not change. On the other hand, if ink inSide

t he cont ailmerhe®ldst icoweurets dgapchridsescias tolpromke thpensdn6® chestkad of

ink. Wth the.ari.sing _of _t. g in the ink layer 1060, the reflective
wave of tﬁ@-%ﬁggﬁﬁ@3%§6grl §ﬁe?2?ed by the el astic wave generating device

260 gradual ly chengesvellhesefipeesr the @ Addicdauoeganenatd Ngs ey kg 9e 260
can detect the ink quantity when the ink status in the container 274 1is

near to i ARNENGSCabysthTRlag dich varet HenprRtEagede1d®® 460 isorflentedd as
the e”bOd'bge'Efljmes%%iltn FHe9-1 n% nolbic®a 1 4t§1[(1-_ov(\%%n%%i' k cantridge g7¢,and an
or di pf g St | & o?

ink-jet re ng appdratus according to anot her “enbodr fren t he
present idengitiyorf The mak-fefferdoy dilng apparal Uskshewd i dafiegonl@ie

i ncl udes conveg Ea%t 258' in a.side face %£4b in an ink sup I& port 276
side of tM&PFRkCCattlidge PREETHE BoRVBXCHRTYCEBB MRty &’t?é@ Sart 8&1-a8Pi ¢
wave genekakitng devieeidhlsequditalesh peRkeki BLsR80n ithdHdaed BnhBe
side face 274b of the ink cartridge 272 so as to engage with the convex
part 258' thepdsdr diengindnghemount can be further precisely detected.

Fig. 103 shows an ink cartridge 272 according to still
another embodiment of the present invention. Inthe inkcartridge
272 shown in Fig. 103, the bottom face 274a is formed aslope in
the vertical direction.

In the ink cartridge 272 shown in Fig. 103, when the ink
remaining amount is becoming low and part of a radiating area of
the elastic wave generating device 260 is exposed from the liquid
surface, the traveled time of the reflected wave of the elastic
waves generated by the elastic wave generating device 260

continuously changes corresponding to the change Ahl of the liquid

surface. The Ahl denotes change of the height of the bottom face
274a in both ends of the gelated material 280. Thus, the process
from the ink-near-end state to the ink-end state of ink remaining
amount can be accurately detected by detecting the degree of
change in the traveled time of the reflected wave of the elastic
wave generating device 260.

Furthermore, a porous member 1050 is provided inside the
container 274. The porous member 1050 prevents the waving or

bubbling of ink inside the container 274. Therefore, the elastic



ink cartridge 272 shown in Fig. 104, when the ink renai ning amount s
becoming I ow and part of a radiating area of the elastic wave generating
device 260" is exposed fromthe liquid surface, the traveled tinme of the
reflected wave of the elastic waves gémérated by the el astig7WeMme 204
generating device 260" and the acoustic inpedance continuously change
corresponding to the change Ah2 of 160 O 7 APR 2004 the liquid surface. The
Ah2 denot es differenge in he.heigg% of __both ends .of th% ﬁglqﬁﬁd mat eri al
280" . THRE { HEUHFEEERY fFOMCT he PnkCHBarr it Hisite P5°EHE i TS edd™ st at e
~of ink remguei Rt EAN be accurately detected by detecting the degree
of change in the traveled tine of the reflected wave of the elastic_ wave
generating devilke PeDowE msivdegel ¢ 70 tisebBevided ¢ Hhe goataimpre2 ¥ dleuch
cartridge.according to t resent epbodi f as a npo nber
1050 pr ot ritsPdebRret G BRREPTERRE TR o et rneds vt AR e

i ncl udes ix pap¥exepatd HeBslopd &f hdebbacemidde idf 8hel ddntSadpdy 2oart 276
side of the ink cartnidge 272. The convex part 258' includes an elastic
wave gedelaP A§ BEPVéEedebetwesRethe dectler A3B® WiST M pdivuSe

1050 is pakral |l L 8 Jaeg 274l of e .CQnhaingl.,244ecAn ink layer
1060 is forne 5ﬁﬁ%%é'§%pe%etﬁken the si. é%thé ngé %Ehd the el astic wave
gener ati ng deviten26fk. i§hei poedunsieisbehel 660tpiaeent 34 t doed vienk Agyer

bubbling of ink inside the container 274. Therefore, the elastic ve
omor ar 1068y e BRI CCha VA A a: O e LA e T GTRIANSDPY ST us.
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gener at i Mgndevil Eel e Oinsfigts thet conbagecr Gi74 He gohenmelandar|drisks ildsi de
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within the ithlke Lakedlay8G0106W t bhé heefitést hge ofatdeofaha relidrr inkvdvayer
1060, the refl ect]jye , . ,
generated by the elastic wave generating device 260 gradually
changes. Therefore, the elastic wave generating device 260 can
detect the ink quantity when the ink status in the container 274
is near to ink end status. The width of the ink layer 1060 is
not limited as the embecdiment shown in Fig. 97.

Fig. 104 shows an ink cartridge 272 and an ink-jet recording
apparatus according to still another embodiment of the present
invention. The ink-jet recording apparatus shown in Fig. 104
includes a convex part 258’ in a side face 274b in an ink supply
port 276 side of the ink cartridge 272. The convex part 258’
includes an elastic wave generating device 260°. Gelated
material 280’ isprovided in the side face 274b of the ink cartridge
272 s0 as to engage with the convex part 258’. According to the
ink cartridge 272 shown in Fig. 104, when the ink remaining amount
is becoming low and part of a radiating area of the elastic wave
generating device 260’ is exposed from the liguid surface, the

traveled time of the reflected wave of the elastic waves generated

by the elastic wave generating device 260’ and the acoustic

impedance continuously change corresponding to the change Ah2 of



wave of the elastic wave generated by the el astic wave generating device
260" gradually changes. Therefore, the elastic wave generating device 260
can detect the ink consunption status gn the is ink surface within the
wi dth Ah2 in the height direction. If e ink surface is mﬁthinnwthQQ%Mon
of the Ah2, the elastic wave generating device 260" can detect the In
surface. 161 07 APR 2004 According to the ink cartridge according to the

present e di ren is g i a fqth
Por ous. mevter [0k8 iR el MEARRL HIERLUACLICR AR ReYoni6e
el astic waveh gederat it dediated2h@tecanldesect thewd nkhsupkaceswi thom t he

region of the Ah2 even if the porous nenber 1050 is provided in the
cont ai ner t84inknBeeroEBd KFakedd® tHEe Wit 1eRst TYREAPE t ek Bemaipéngave
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nearly endhahget ire Bovreasmied tine Rf tthe ekddeccedavave of thresalatedec and

recei ved by the sane el astic, wave generating device 260 and ,260'  when the
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surface. The pregentninveniiomdes abobrhingted ther ghye and f apnedaRBhe, as
still another enbodinent the €lastic wave generating device 260 may be

provi ded Sepaharehys asponeus gremmy 1930 gromideidngnehdeekast fenhaieeand
other for ,qhecelyl ng,LNe el asile Waue,-$0.35 1. fighest Lbs, Lok Jsmainil ng
is’a I oha 0] n ~ink

anmount. Fig. 10 ross sec Vi ew of —an” enbodi ien a
cartridgeifhon Hs@ewWfbhbeaz3ubghie a&nl onk &oppexapple, 2vbhesblackf thk. idke ink
cartridge shown in Fig. 105 has a actuator 106, An _ink supply port 2 which

comes in EBAEACHIRI PR%an ThR SUPRTY PrEdl €58 of 1RREUSRR 0PI AG2BPPEr ¥EHS in a
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outside portion of "Ta bottomface |a of the container 1, the actuator 106
i s nmount edl058uch pahral tdle tacthat ordd OB @aRr 7donbcthevddntainamei’ds t he

ink layer 1060 is formed on the gap between the side face 1056
and the elastic wave generating device 260'.

The porous member 1050 prevents the waving or bubbling of
ink inside the container 274. Therefore, the elastic wave
generating device 260’ can accurately detect the ink consumption
status.

When ink is filled inside the container 274 and ink layer
1060, the reflective wave of the elastic wave generated by the
elastic wave generating device 260’ does not change. On the other
hand, if ink inside the container 274 is consumed, gap arises in
the part corresponding to the Ah2 which is a width in the height
direction of the gelated material 280’ within the ink layer 1060.
With the arising of the gap in the ink layer 1060, the reflective
wave of the elastic wave generated by the elastic wave generating
device 260’ gradually changes. Therefore, the elastic wave
generating device 260’ can detect the ink consumption status when

the is ink surface within the width Ah2 in the height direction.

If the ink surface is within the region of the Ah2, the

elastic wave generating device 260’ can detect the ink surface.



container 1 via the through hole Ic provided in the container 1. |In order
that at a stage at which the ink Kis alnost used up, i . e. at the tine
when the ink becones an ink-end state, the status around the actuator 106
can change fromthe liquid to the gas,1®%the actuator 106 is Qﬁoxgﬁeﬁyin a
slightly upward position from the ink supply port 2. Moreover, t uat or
106 may be separately 162 0 7 APR 2004 provi ded instead so that the

act uat or ;106,15 Uoed 35 AN 303, JLAT, Jeteeling | hay) ]gesoenrtyemggm%@re a

por ous ne provi i NS orous nenb
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t oget her x\légtﬂbd ke teecOonHbNgvBgads hd r%‘il%nﬂtleﬁtﬂaer@f@b'Pé\ pMi&lﬁitﬂ}?
printing process. Therefore, the bubble of ink is difficult to generate
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consunption status accurately. Mreover, the w dth of the gap between the
por ous METHFEIE 101 05078 AE ERE tAROUSEBE C2086 PSRBT qittﬁctteot 7o USSR he
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reduced by providing the porous ne 050 on [ower side of the container
1. |f thenk dirh tdfe tdtemarnlndxayagrtl Jl%@laaeﬂsmwlrid the actuator 106 can

detect the ink_quantity onl n .S near,t the . k
However, ink d&gs%HSta Ve %I‘P&? r% 5&'( 1¢ Wahertd %rrémstnﬁe aeccfuator
106 can agruUkatelYedebeCthé Nearmd ke 161 wve\/\@eﬂekhem@kd@@ﬂ@@m@ Qfhct at us
is near to the ink end status. Therefore, the porous nenber 1050 is

pref er abl2F O’ ocHiey Hear byk TrRE2ASLOS GNOLIE vi g HeeEeFE o t PAgeEhenwitdie of
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hol e di aneter of porous ne
not limited thereby and for example as still another embodiment

the elastic wave generating device 260 may be provided separately
as one for use in transmitting the elastic wave and other for
receiving the elastic wave, so as to detect the ink remaining
amount .

Fig. 105 is a cross sectional view of an embodiment of an
ink cartridge for use with a single color, for example, the black
ink. The ink cartridge shown in Fig. 105 has a actuator 106. An
ink supply port 2 which comes in contact with an ink supply needle
of the recording apparatus in a sealed manner is provided in a
container 1 which houses the ink. In an outside portion of a
bottom face la of the container 1, the actuator 106 is mounted
such that the actuator 106 can contact with ink inside the
container 1 via the through hole 1lc provided in the container 1.
In order that at a stage at which the ink K is almost used up,
i.e. at the time when the ink becomes an ink-end state, the status
around the actuator 106 can change from the ligquid to the gas,
the actuator 106 is provided in a slightly upward position from

the ink supply port 2. Moreover, an actuator 106 may be separately



such that the porous nenber 1050 does not absorbs ink existed in the
through hole I c before the ink surface reaches to the through hole 1lc. In
ot her words, the porous nmenber 1050 is designed such that the capillary
force works in the porous menber 1050 #82smaller than the ca '%I ﬁgrce
which can hold ink in the container 1. Therefore, ink does ngi #gﬁg? in
t he porous nenber 1050 by its 163 0 7 APR 2004 own wei ght and exists in the

t hrough hol e |. en the.ink inside. the container 1 is in an ink near end
Sntue FAFORAARG, ShehRSds] FROTIAC OIS GirovRiar (s fcyieed 78 pRofeeh on
the contaicper detecthagankhohg bsiprovided on the upper side of the

container 1 to conmunicate with outside of container 1. Air is introduced
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wei ght wi th nce ,of i consunption. Th si.du i S s in
ARALESRC 2on e TRAT HRE T neoRE: d Sutralded, FEf oL AY
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when the predeterm ned._amount . of ink inside of the container 1 is.
Consuned. DECTURE B &F CRE TRB1ES diBEEPBE BRSThe Worh It iEera1bEsdge 4

part near RyvbBer dddc h&HRAICh PREr&ed &1 iR @ cBbl e nd !a,@ranm;elgh@%@rgi:mter
of the other part of the porous nmenber 1050. Ink existed in the through

hole |c #iyringré&by apsorbed byochesporbueredpber 1osobapel¢ upk herk is
SuPL 2 £OgEUR, MU WAloL B -2, LR e Rk, FRIDSE,d 0501 o ppgm o
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printing becone¥CHBPEEE; vl gap p
1050 and the actuator 106 isnot limited. To suppress the bubbling
of ink as much as possible, the width of ink layer 1060 is reduced
by providing the porous member 1050 on lower side of the container
1. If the width of the ink layer 1060 is small, the actuator 106
can detect the ink quantity only when the ink status is near to
the ink end. However, ink does not wave inside the container 1.
Therefore, the actuator 106 can accurately detect the ink quantity
when the ink consumption status is near to the ink end status.
Therefore, the porous member 1050 is preferably located nearby
the actuator 106 without limiting the width of gap between the
porous member 1050 and the actuator 106.

Furthermore, the hole diameter of porous member 1050 is set
such that the porous member 1050 does not absorbs ink existed in
the through hole 1c before the ink surface reaches to the through
hole ic. 1In other words, the porous member 1050 is designed such
that the capillary force works in the porous member 1050 is smaller

than the capillaxy force which can hold ink in the container 1.

Therefore, ink does not remain in the porous member 1050 by its



Furthernore, the hole dianeter of the porous nmenber 1050 is designed such
that the porous nenber 1050 can send the ink, which is absorbed fromthe
t hrough hole 1c by the porous nenber 1050, to the ink supply port 2. The
actuator 106 can thereby detects the 3%k end accurately when GHeAPR 7004
predeterm ned anmount of ink is consunmed and prevents the defective
printing. More specifically, 164 0 7 APR 2004 the hoIe di aneter of the
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thereby contacts with the vibrating region of " the actuator 650. By
provi di ng:h&reemorsjlﬁsysrelnberhel@ﬁﬁfdugfcdmmtlc mWth the vibrating region of

t he actuat or nk mai.ned. in the thrau hole |l c. Far
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hol e 1c. erefore, ink contaline e porous ne a I nside the
is set that the capillary force works in the porous member 1050

is equal to or larger than the capillary force which can hold ink
inside the container 1. The porous member 1050 thereby absorbs
ink existed in the through hole 1lc when the predetermined amount
of ink inside of the container 1 is consumed. Furthermore, the
hole diameter of the porous member 1050 of a part nearby the ink
supply port 2 is made smaller than the hole diameter of the other
part of the porous member 1050. Ink existed in the through hole
lc is thereby absorbed by the porous member 1050 and further
supplied to the ink supply port 2 from the porous member 1050.

For example, the hole diameter of the porous member 1050
is designed such that the porous member 1050 absorbs ink remained
in the through hole 1lc when the ink quantity in the ink cartridge
becomes small amount in a degree that printing becomes defective.
Furthermore, the hole diameter of the porous member 1050 is
designed such that the porous member 1050 can send the ink, which
is absorbed from the through hole 1lc by the porous member 1050,
to the ink supply port 2. The actuator 106 can thereby detects
the ink end accurately when the predetermined amount of ink is

consumed and prevents the defective printing. More specifically,



through hole Ic is absorbed by the porous nenber 1050b provided around the
through hole Ic when the ink inside the ink cartridge 1is consuned. Thus,

i nk does not remain in the through hole 1c. Therefore, the accuracy of
detecting the ink consunption status iLA&ide the ink cartridge Hy7tArn o
actuator 650 can be inproved. 165 0 7 APR 2004 Fig. 107 is a cross
sectional view show ng an enbodinent of a major part of the ink-jet

recordi ng sui tabl e f the ink cartrjdge shown in Fi 105 and
Fig. 106. R GrTen &2BBCCEHRFE BPTPEEI PFBRETI Qﬁlqwz@.%c?rgaﬁaaf’rt he

width of the jkeqardi DdrBapetnhs €9&IHRPRI W dnkbt& S Wt amle Wokbud3mewBElke the
recording head 31 is provided in a |lower face of the subtank unit 33.

Mor eover, 1@ iandousdppihy rdeddlsepdyi poprodi-ded in an ink cartrldge
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course of .farmng the container 1. Therefore, an injection nolding process
can be S|an|f|ed and the |eakage of the liquid froma place in which the
el ectrodes are Fddppasediy enbeddedsean drea avwaisedt tihes boruoay ipagtt bé
reliabilit of he ink, cartridge. Fig. 108 js_a cross sectional view of
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enbodi ment shown in Fig. 27, the actuator and the porous nenber 1050
are provi dedoifnthirecoohedinrer 11 whichecomiatas t¥nidge Thhowersom pagtshéwn in

el de. thdPEuBTRAREIP 1931 SR0P L REPREF & (G e eh 76 S PR parous
menber 105&kc@mogqn@r@wuied in both of |n5|de the contalner 1 of the ink
cartridge and the subtank wunit 33.

The ink cartridge according to the present embodiment has
a porous member 1050 provided inside the through hole 1lc. The
porous member 1050 thereby contacts with the vibrating region of
the actuator 650. By providing the porous member 1050 to contact
with the wvibrating region of the actuator 650, ink does not
remained in the through hole lc.

For example, the hole diameter of the porous member 1050b
provided around the through hole ic is made smaller than the hole
diameter of the porous member 1050a provided inside the through
hole 1c. The capillary force of the porous member 1050a around
the through hole lc thereby becomes smallexr than the capillary
force of the porous member 1050a inside of the through hole lc.
Therefore, ink contained in the porous member 1050a inside the
through hole 1c¢ is absorbed by the porous member 1050b provided
around the through hole 1c¢ when the ink inside the ink cartridge
is consumed. Thus, ink does not remain in the through hole 1c.

Therefore, the accuracy of detecting the ink consumption status

inside the ink cartridge by the actuator 650 can be improved.



According to the enbodi mrent shown in Fig. 108, the actuator 106 can detect
the ink quantity and the existence of ink inside the subtank unit 33.
Furthernore, the porous nenber 1050 can prevents the waving and bubbli ng
of ink inside the subtank unit 166 0 ZA6%PR 2004 33. Thereford 7tARR 200k uat or
106 can accurately detects the ink quantity and the existence of ink.

Mor eover, because the actuator 106 is provided inside the subtank unit 33,

the actuator 106 can detect the ink quantity and the existenge of ink
inside the subti&hk 1fi 8538 e¥eRSwWAERtiARAL TiCWHARAKITAAYE ingat
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Fig. 109 show inK cartridges according to still another enbodi ments of the
pr esent mwre:mcilm headanl enrﬁb@dprvedﬁdsh@mlpwerlrf@ce 10 the aebeamierunios s

oun <0 1 & BRLLGDELACe R L Tt slanant e vaiticals (1ot

Accor di ngf t'o T e dct uat or

106 is em&s:&ddfgreomddm:mgmatémf@@f the sﬁﬂ;s:lamalun/idorm| on of the
actuator 106 continuously changes. Therefore, the actuator 106 can

accurately det 8 lenEhe ke CRBHERIFERGH Skiant F1SPAHA B & AGLY RS GHftge of
the acoua}m %élp‘torm%‘éla'ﬂ%eth':or c&xarBley okh tagtcﬁéﬁé’é £ 198 € Ofrﬁ‘uﬂfvﬂﬁﬁcﬂ hgs i nk

surface he 1 nk 'surtface exists W|t Int regi on shown in
Fi g. 109.seltn ithederinod  mefidy dxveqier,ous remzert {i0b@dsiqut @A deidns n the

container 1. The ous rre er_ 1050 q nts the waying an bubbl i

ink inside the é’o%géﬁﬁépgl Gﬂ?ec"_ﬁ@rté{)ﬁ \régnlf)‘értll%ﬁ? l:tar?‘g’re Wo%es%

accuracy o cfiBtagtinadet BOti-BRedUEHE iddk B detecting the liquid surface
is unnecessary in the course of forming the container 1.
Therefore, an injection molding process can be simplified and the
leakage of the liquid from a place in which the electrodes are
supposedly embedded c¢an be avoided, thus improving the
reliability of the ink cartridge.

Fig. 108 is a cross sectional view of another embodiment
of a subtank unit 33. The subtank unit 33 shown in Fig. 108
comprises the actuator 106 and a porous member 1050. In the
embodiment shown in Fig. 27, the actuator 106 and the porous member
1050 are provided in the container 1 of the ink cartridge. However,
as shown in Fig. 108, the actuator 106 and the porous member 1050
can be provided inside the subtank unit 33. Furthermore, the
actuator 106 and the porous member 1050 can be provided in both
of inside the container 1 of the ink cartridge and the subtank
unit 33.
According to the embodiment shown in Fig. 108, the actuator

106 can detect the ink quantity and the existence of ink inside
the subtank unit 33. Furthermore, the porous member 1050 can

prevents the waving and bubbling of ink inside the subtank unit



the actuator 106. In the enbodi nent shown in Fig. 109, the porous nenber
1050 is provided nearby the actuator 106. However, the present enbodi nent
does not provide the porous nenber 105£ inside the 167 0 7 APR 2004 through
hole I c. Therefore, ink directly conta P& with the vibration region of the
actuator 106. Thus, the vibration region of the actuator 106 préEEdZDﬂb
air wwth the increase in consunption of ink. Then, the vibration status at

t he vi br at,i,on j e tar 6 T r t e t the
i nk quant it3t3y rglgg'}fﬁgog%t uéal{gora%%%%ggfc%g’rgsc%gsy. ioa%u geeg:s?ect Seg\l;\lgv%ﬁg and
‘bubbl i ng eluannktgs rareh elke possibhee idf | Snkot prekevahl, e eacdhanee ahgap

bet ween the porous. nenber 1050 and the actuator 106.. On_the other hand, it

is also AGCUpFEFetdbHE PRAYIERE iﬁl%l&?stﬁﬁn%é@tai@s@né'&h%?e eREUSFBFati ng
regi on of 1b%ec§ﬁt<3!@%é’é%rat 14 ﬁggggweyt gﬁa the siialdg o?eﬁhkoéﬂrgs?&et he

actuator 106 cannot vi or e, e porous nenber 1050
pr ef er abl €heo spbawinéte dindicoddd etvteer wilmmattihegre eigg ame of nk hens ad¢ ublher 118B6.

However, the gorous nber 1050 can be .contacts wth the vibrati ngﬁregi on

of the acfgatdrag6e iti¢mPKiLiaiay Y aG GRPGEANE SOETSPdr C2b6) BERASS

vibrate apgedatecthbhprinkigy shepaeioandahhBel BknfYANLRt ¥ Abg. 110 shows
an ink cartridge according to still another enbodi ment of the present
i nvention. Pluraf e getoesorobas argbbhie rePuneeTbrrt heSpaucoprpHédeta

formed a 0 in.the.verti irecti S an,_i ryval e
b ovi ded DB PREPCERPEAEOEIERL ool {BRc0h HATHE S Lok T IR B e
i nsi de theubeahiiweit 313, the potassorE®iah08otpeeviand s rikhecastimpt boa

106a, 106b, and 106c to wongly detect the ink consunption statgs as )
expl ai ned StRLUEHCES §CCRgteA¥ c or i H S TNV FR 5}1@5%%11%%&%&%} 8EBERds on

whether tRge & Hih$ oF*i gk &hd Inkh8THIELAGaRARKL] OfF PheGNcEtihBge.
actuators 106a, 106b, and 106c, the anplitude of the residual vibration
and Fig. 109 show ink cartridges according to still another
embodiments of the present invention. In an embodiment shown in
Fig. 109, a actuator 106 is mounted in a bottom face la formed
a slope in the wvertical direction.

According to the embodiments shown in Fig. 109, when part
of the actuator 106 is exposed from the liquid surface, the
residual vibration.of the actuator 106 continuously changes.
Therefore, the actuator 106 can accurately detect the ink

consumption quantity by detecting the change of the acoustic

impedance. For example, the actuator 106 can detect the ink
surface while the ink surface exists within the region of the Ahl

shown in Fig. 09§, i
In the embodiment, the porous member 1050 is provided in
the container 1. The porous member 1050 prevents the waving and
bubbling of ink inside the container 1. The porous member 1050
thereby improves the accuracy of detecting the ink quantity by
the actuator 106.
In the embodiment shown in Fig. 109, the porous member 1050

is provided nearby the actuator 106. However, the present

embodiment does not provide the porous member 1050 inside the



a resonant frequency of the each of the actuators 106a, 106b, and 106¢c
differs at each of the nounting position of the actuators 106a, 106b, and
106c. Therefore, the existence of ink at the level of the nounting
position of each of the actuators 106a,67106b, and 168 0 7 APR 2004 106c can
be detected by nmeasuring the counter electronotive force of t hel ¥ diRd 20Rb
vi bration of each of the actuators 106a, 106b, and 106c. Therefore,

residual quantity of ink can be detected. step by step. For exarrgll e, if the
i nk surfdeequdtaihele Fevel ThEEEREER t HEkact i &1y 0687 RARE Eh¥ 148t tdtcor

- 106¢, t h%%gé@%g{ gégggn LRELS-NRELDK ol Al iy g 204, Ufbfépfé)n%g‘i%rpr S

106b and 106c¢c cts I nk-exist status. By conprehensively judging these
det ect i ngpff eraldctuatiorcads eepz@dnt ¢ hat witeh thk isurfece: posidrisongt ilwet ween

the nounting positjon of the actuator 106b and actuator 106c. Fiqg. 1
shows ot I ’é‘rﬁrod?h@ﬁt bfet KiPFak sognS T RS 12E § ‘Q&(‘:‘F@‘b]forf:i’be.gli%i o(]fi\) ,

(B) » andyLhceubRer! €H6 dipithed derhbbRerbl Ut @ tihans nEhenie tfldht: fithat

there is no ink Kin the through hole Ic, and the right hand side of the
figure shonshchechmtes tIH@ hedomdas iesvemained in the through hole 1c. In
t he enbodi nent TQf Fipﬂj 28, the side faCﬁ %f bge thro¢Jgh hol e Iccihsafor med
as the verticall® EHPTSSE FFS YRTLAY, 2PRe R G 5 o BF Re TR0 Fh hol e
lc is slpydathlid) VertsCabt GbFr&Ed AN &N PRERS aVWghP BXPRASEH Nthd ddriis
outside. In Fig. 111 (B) , a stepped portion le and If are forned .on the
si de faceénafoqhd 0oRr 8lght el actatothd 08t epPe ki atiigy hand . whi cie jalso

i ded ) ; ) .
Peo| n RN e Fsas] ERIRE BRE ddtilnehe budfo LARB,LIS LRL ARG IR | O
t he direcatdapon nfvthe adtnlatics: 2asidy a deschartdged; theatibsatihe sHatecti on to

aink s ort 2. According to the shape of t th h hol | ¢ .sh i
R T R e B e v g R Rl r PO IR BOLE et D 1
be reducedsoTherefof &rae 2USEréPeddl GRUrRBNES, e ¢ Big tean chhet dhdrax

explained in Fig. 22 and Fig. 23, the vibration
actuator 106. However, the porous member 1050 can be contacts

with the vibrating region of the actuator 106 if the vibrating
region of the actuator 106 can vibrate and detect the ink existence
and the ink quantity.

Fig. 110 shows an ink cartridge according to still another
embodiment of the present invention. Plural actuators 106a, 106D,
and 106c¢ on the bottom face la formed a slope in the vertical
direction spaced at an interval are provided in the container 1.
Furthermore, a porous member 1050 is provided inside the container
1. The porous member 1050 prevents the actuators 106a, 106b, and
106¢c to wrongly detect the ink consumption status as explained
in the Fig. 109.

According to the present embodiment, depends on whether the
ink is existed in the mounting position of each of the actuators
106a, 106b, and 106c, the amplitude of the residual vibration and
a resonant frequency of the each of the actuators 106a, 106b, and
106c differs at each of the mounting position of the actuators
106a, 106b, and 106c. Therefore, the existence of ink at the level

of the mounting position of each of the actuators 106a, 106b, and



characteristic of the actuator 650 at the tinme of the ink end status can
be greatly different with the vibration characteristic when enough
quantity of ink K for printing is remained in the container 1, and thus
the ink end status can be reliably dett€%ed. 169 0 7 APR 2004 Ru tAper mpj e,
in the ink cartridge of the present enbodi nent, a porous nenber, not shown
in Fig. ill, is provided around the through hole Ic of the Fig. 111 (A ,
Fig. 111 ,.and Fig. 111.(C) . The ous nenber -1050 becones.easy to
Zbaorb 1 i OERLTHE B R AT R Y e el ) RS I o g e PEaeEe SR epped
portion | ef tBRdré&idoal gvoevetilen Jf @achldi $he abanktwirewiobat heodiyt her
ot her enbodi nent of the actuator. In _this enbodinent, the actuator 670

conpri sesang &B8REaveTRHAFEL TR kRS ishied GNENE18Y ShdiakpFeRobe cdetFetef enent

82. The cqpeave PaFLyB8l j&y f on stherang &l de.0hobhe of apecnol14hen
concave part onnlng base pl ate by "t he techni que suc as etching, and
pi ezoel echeieeehetibntcBRatermusd edd ahed hetvhber 1 Ecddet b ddweaftacel 0fat he

concave part fornming base plate 80. The bottom portion of the concave part
81 oper at 88t§6tg§ PPBrafPKkngtarsgi oR%i R Ot Re* cartldeopar t0¢Br itgl Base

plate 80. g@%@eegorﬁk-éﬂ%wiQE@M@.Q rggi QBmBEeH%ﬁs%%li@'t fuffihd Sthese

determ ned by the periphery of the concave part 81. Furthernore, the
act uat or @z0echasgthesslis] dit sam et knewnitthiatt hbesinlustunfecef poset detnsat or

106 sho in Fig., 22, in which the bas | ate 178 and the vibratin pl ate
178 i 5t oPrEHeBE onE ot e, SR r e DR AR AT g S PHECREL PR fhe
manuf act unipgg.an i nk cartridge can be reduced, and the cost for

manuf acturing an ink cartridge al so can be reduced. _The actuator 670 has a

si ze which can BéJenbkbgd@vienethenembridngnt abitdq Ehppuohderl @At heln
contalneregchQ%}Eqbs ffPﬁQPjB%%PVS{%3§9rﬁhg?éEQQQ%%ﬁigﬁﬁk‘§ﬂtﬁgﬁgg§§%§tes

as the cavity. e~act uat or 2 can be forne
enbedded shtwest hheughatos echdic tAeractigathor it K showhd nhEiogghlh2le lc,

Furher o BRRCONR TEIDET:. 195 LaePEaudedanound {1 AcLuphoe B7R The
K is remained in the through hole 1lc. 1In the embodiment of Fig.
28, the side face of the through hole 1c is formed as the vertical
wall. In Fig. 111(A), the side face 1d of the through hole lc
is slanted in vertical direction and opens with expanding to the
outside. In Fig. 111(B), a stepped portion le and 1f are formed
on the side face of the through hole 1c. The stepped portion 1f,
which ig provided above the stepped portion le, is wider than the
stepped portion le. In Fig. 111(C), the through hole 1lc has a
groove lg that extends to the direction in which ink is easily
discharged, that is, the direction to a ink supply port 2.

According to the shape of the through hole 1c shown in Fig.
111 (A) to (C), the quantity of ink K in the ink storing part can
be reduced. Therefore, because the M'cav can be smaller than the
M'max explained in Fig. 22 and Fig. 23, the vibration
characteristic of the actuator 650 at the time of the ink end status
can be greatly different with the vibration characteristic when
enough quantity of ink K for printing is remained in the container

1, and thus the ink end status can be reliably detected.



113 is nmounted on the side wall of the supply port of the ink container
194. The actuator 106 can be nounted on the side wall or bottom face of
the ink container 194 if the actuator 106 is 170 O 7 APR 2004 _nount ed
nearby the ink supply port 187. The adfdator 106 is preferabPy ARA®d on
the center of the wdth direction of the ink container 194. Because ink is
supplied to the outside through the ink supply port 187, ink and actuator
106 reliably contacts unti] e tim ng of .the_ink near end r ovi.di ng
the actuaror  SUECRERPSY S e FAR WUREFECptove o6/ hEPap Bl ol B (i o
© 106 can g gbirabkymdabest, hhe Eh8wAdiRfride 11K, nearpentdded RAfRUS] thenber
1050 is provided around the actuator 106. The porous nenber 1050 prevents
t he wavi rdrawght hel@isbloifnghefFigk 1aAdA) hef by 1 g Blentsdt g adtldd@r 106
to wongly detect the ink c tion s s, F , <by .providi ng
the act At PEOE Hed BB the e Py Bt “uarHbbREbCIRR 188180 Y,

t he act uathebuiBbhblet e byt FaraEhigOthpaside dadahadcast épged gpoitthison nle,
cont ai ner becones reliable during the mounting of the ink container on the
cartri dgéhdifdePTofTOr¥cdF-i age. It is because the reliability of

coupling betwaep theyi @Ls.l supph ¢ PPLL 8. R & Hh SHRRINE &R R iinfefEDS T

i nportant during~the coupling o e I1nk container and the <carriage. If
there isoévehe msmmtiogap,In hbisignufdinent nichseuppt yatoeed! @ aprprilseshur t

or a sealing structure such as, O -ri Wi | | e_damaged so that -t he ink
will be PeSRBE2VEPHre eI DR o %BBgeﬁsﬁl‘?%%g}%%t?e‘f SHER ST
usual Iy Ras araPesbRbasErPSHr g1 idatodt ast Wi e ROSId icmidie thed nk
contai ner during the nounting of the ink container on the carriage.

Ther ef or € the cposavedmny Lirning kasgabérte0BOblronks Feghalsue Fpch
arrangi ng ggchf‘ﬁ&“g&% Ip{lﬁegc%;’ietl gfbj{cf‘EléHBBLYB.@gﬁ%moﬁ%fe*a%ﬂ%?e deier

actuator ~ 106 can~b y positioned by nounting the actuator
106 at tkddeecafethoffdadwe ofi dhle donesté wumf fcheingkbeset plate 4®4. ThHe s
because g%t[:?nl lploryl‘ iio% tohfe t rgalclo%sctav\gh%grg:h% :Li glée?f%rt]:te%i I’éesr a vibrating
region within the concave part forming base plate 80. Therefore,
the vibrating region of the actuator 670 is determined by the
periphery of the concave part 81. Furthermore, the actuator 670
has the similar structure with the structure of the actuator 106
shown in Fig. 22, in which the base plate 178 and the vibrating
plate 176 is formed as one body. Therefore, the manufacturing
process during the manufacturing an ink cartridge can be reduced,
and the cost for manufacturing an ink cartridge also can be reduced.
The actuator 670 has a size which can be embedded into the through
hole 1c provided on the container 1. By this embedding process,
the concave part 81 can operates as thtle cavity. The actuator 106
shown in Fig. 22 can be formed to be embedded into through hole
1c as actuator 670 shown in Fig. 112. Furthermore, a porous member
1050 is provided around the actuator 670.
The actuator 106 of the ink cartridge 180B shown in Fig.
113 is mounted on the side wall of the supply port of the ink

container 194. The actuator 106 can be mounted on the side wall

or bottom face of the ink container 194 if the actuator 106 is



rolls along an axis, the center of which is center line of the wdth
direction, during the nmounting of the ink container on the holder. 171 0 7
APR 2004 Fig. 114 shows further other enbodiment of the ink cartridge 180.
Fig. 114 shows a cross section of an i AROcartri dge 180C. The semi conduct or
menory device 7 and the actuator 106 are forned on the sane ci rEGiAPRo 20k d
610 in the ink cartridge 180C. Fig. 115 shows further other enbodi nent of
the ink cartrid I|t of actuators 106 is nopunted on the side

w1 o Bt ERS neRR By okt e 4 U kO Tar (Phugee Seivs ot 15

Fig. 115 phleriesapnef grahtegt enueﬁ‘et@@n@ﬂr&ﬂ it Qfi dkhe aackHat 8RS £ 106 whi ch
is formed in one body as shown in Fig. 26 for these plurality of actuators

106. The phiredntaingr 48tuatBesauds ink l!asrlapgedddm the sitdsideathrd@gh with
i nterval ver |cal irecti arran th ur a of actuators
106 on 1 nite! Ghk, Slbe Bt A7 R oAE T e bR ebi §roSEhelts

resi dual w@aul theotmmkg sancke figt erdad eslfdeBybﬁreb@am&hehbnkc@eaﬁétdge
180E shown in Fig. 115 nmounts a actuator 606 ch is long in verti cal

di recti onl8f BeRrRY ddiendnk s9nblpfporthd 8i7nk ”&wefwe«r 19% aThaathanyes of
the resid Kk 5| he _i.nk, cont ai ner _194 .can, be det ected
lé%ln %%%9%#[% afetec@ tgl%Gt 1&’1 ok Fhe ink néa |85_1fi dl%G%??%‘ﬁ The

cont i nuous e actuator ong I n ver

| engt h Ofnet‘nberaamﬁat drs Gfovisidet ﬁmL&bi ytlie)rwttuaitt@ﬁ 1 be. hatfie opotbes
height of the side wall 194b. In Fig. 115, the_ actuator 606 has the |ength

from the YGBSEEMIA PyevrBhPtthe W%}Sl’éﬂ@nfjot}ﬂ%éuﬁéﬂtléﬁlCe%élnbfar{%’éheﬁ]éﬂé val |

194b. Thepi-Bkegast 180K n AN u
actuators 1%6eo%gt%%gg§ﬁe wé??H%%QEbo? %h 1%#%3contgﬁﬁiﬁﬁ%ggéhéﬁM?h9én

cartridgest80Dsshown |n F|g 115. The |nk cartridge 180F further conprlses
t he wave preven

glng O whi ch | in vertigc % [ a%

the side wall 194b m?%ﬂ B?e Rk gggeaﬁf?ht?hel t%§4bn uch

that the wapplpreyentigy Wald setting position of the actuator 106 to the
connection point on the carriage on the ink container becomes
reliable during the mounting of the ink container on the cartridge
holder of the carriage. It isbecause the reliability of coupling
between the ink supply port with the ink supply needle is most
important during the coupling of the ink container and the
carriage. If there is even a small gap, the tip of the ink supply
needle will be hurt or a sealing structure such as O-ring will
be damaged so that the ink will be leaked. To prevent this kind
of problems, the ink jet printer usually has a special structure
that can accurately positioning the ink container during the
mounting of the ink container on the carriage. Therefore, the
positioning of the actuator 106 becomes reliable by arranging the
actuator nearby the ink supply port. Furthermore, the actuator
106 can be further reliably positioned by mounting the actuator
106at the center of the width direction of the ink container 194.
It is because the rolling is the smallest when the ink container
rolls along an axis, the center of which is center line of the
width direction, during the mounting of the ink container on the

holder.



192 faces directly to the plurality of actuators 106. It is preferable to
use the plurality of the actuators 106 which is forned in one body as
shown in Fig. 26 for these plurality of 172 0 7 APR 2004 actuators 106. A
gap which is tilled with ink is formed™etween the actuator gL0gpg L he
wave preventing wall 192. Mreover, the gap between the wave preventing
wall 192 and the actuator 106 has a space such that the gap does not hold

ink by capillary force. Wen the ink container 194 is rolled, ink wave is
generated insi Fé9 - hE sheveomish 0£§&fnﬁ%€ﬁ§%ﬁ Pﬁgt,h%haﬁt%teﬂid@e
“possi bilifgy, thay thesaghydpbos dPOsovLENCL) Qb Dy 48t eehing 4as 1¢focan air

bubbl e caused by the shock of the ink wave. By providing the Wave
prevent i rdrenaienigeoRdurhRrvieareozy dend cehe sact the arethGB @ai Ovearpriovemtded so

that the pmlfunction af th ctuat gr. 106 n he, prevented. wave

preventi ig wali Sf8% &ESY ‘r%e%éjr?tr %ﬁé’ ai'r %%Eut}ﬁ’lke Cg?‘é“:ffé"rléfgéad ]@&%‘t'he rol i ng
of ink to enteribQ 11% saetiat OFt hei@bt hERrdmdiMicht 8f RAHOUSK BRIHeH 50 1S
provi ded around the actuator 106 in the enbodi nents shown in Fig. 115 (A

, Fig. 1189-B)A, Plurglity. of18c@tor Thil pord U yrdigstron 08 prideemad 1t he
wavi ng or uphbl | Qfy. | n e .agt . .det ect
t he ink é’gr{%ls%uﬁgtﬂf}g% lﬁkatc%ét gléa%%gd%%eérﬂh tl%lgct H?Eggééggaﬁg?wl |ﬁsllm)unt ed
on an inFigcallbi dgec ds preferable,td nswhiled glhe-alnk carft thegetimtdrs
separate bo%éwith the carri,age and nounted on the carri %%ﬁ’ has _been

expl ai ned *&b &% ChHdRe +EF MeChd laORGaOrY106 E8RWHe 1Mo diiCed 26n fove these t ank

whi ch i spTReaned 0B et BechAkolrgt 1 HECOrH NG BPRA AlHS £ RARINES M1ldy & 5
carriage and forimed together with a carri‘age as “one body. Furthernore, the
act uat or argenggd detheunidaiwahl edb witkh tatkrvhltitevett icedrdiizeys ioppe. The

of el LR, LU d RilicaAes SPRRALR BASYOAD B et an ey
the presenth enbediakrin cant bealelitted ioh,t bRe ks CRAIAY HOQtERRSEF titked SO
that can be detected step by step.
The ink cartridge 180E shown in Fig. 115 mounts a actuatoxr
606 which is long in vertical direction on the side wall 194b of
the ink container 194. The change of the residual guantity of
ink inside the ink container 194 can be detected continuously by
the actuator 606 which is long in vertical direction. The length
of the actuator 606 is preferably longer than the half of the height
of the side wall 194b. InFig. 115, the actuator 606 has the length
from the substantially from the top end to the bottom end of the
side wall 194Db.
The ink cartridge 180F shown in Fig. 115 mounts a plurality
of actuators 106 on the side wall 194b of the ink container 1954
as the ink cartridge 180D shown in Fig. 115. The ink cartridge
180F further comprises the wave preventing wall 192, which is long
invertical direction, along the side wall 194b with predetermined
space with the side wall 194b such that the wave preventing wall
152 faces directly to the plurality of actuators 106. It is

preferable to use the plurality of the actuators 106 which is

formed in one body as shown in Fig. 26 for these plurality of



a recording head and an ink container are fornmed as on body and possible
to be exchanged. 173 0 7 APR 2004 Al though the present invention has been
descri bed by way of exenplary enbodinfﬂ%s, it should be understood that
many changes and substitutions may be-fde by those skilled 07 php Bt

wi t hout departing fromthe spirit and the scope of the present invention
which is defined only by the appended clains. The |iquid container

accor di ng,Lp, Lhg, pr g5ent 4 BYBLLH P0n o) £33 YR IEledls Fobhdll! foryeen

~consunption status and dispense Wth a "conplicated Sealing structure. The
| i qui d comhai aetruacmondiengnd aHeheape grenterdtivenivhdh TN, proaenkrt hehavavi ng

or bubblin f liquid around the piezoelectric device. Furthernore, the

li qui d coRERITRTSRI 616 Have PEREPr ke L i W ahhhARC B3 32 8627 i ¢

devi ce which,gan &gk aby L QU [ y cting
the liquid g%rface evenEM%gﬁ%ﬁgggaggé%ﬁg%gﬁﬁggfgﬂ?%gﬁﬂga EEE?FQUF%FEg'
cont ai ner Whaunasheandk duritd Bser E9it herodied, t ek Wage tls centeaiated acgddei ng

to the present . inventjion can reliably tect a ljiquid consunption, status
0 the ' EBEI REOTYSr LTS By 1Y (8 poadderecenf Cheveces: BoRBUR ki on
the uppercrhdetnt tbeuht@ui dogunbReentnithe bi ddldecODhGI §8E - oFULL herore,
the liquid container accordlng to the present™ invention Can reliably

detect a Prhbid wworEashpyidee #sof rhehenk |ways d Byrpednediny shei watde

pi ezoel ecl.r] i ce | te n he I whigch is |acated above the
l'iquid su#?%gggﬁh% h‘é’brstllgglgg ! gg%t giatr‘{gr .atr%ﬁlél\fﬁgftc})]ree,a c%ueatd:’erg?le(gé ot r'dedom

t 0 desi gnpté&eentwdntbnghpasithieomadifunike ipnesdelent rdd b e @ancdie be

i ncreased. Furthernore, the liquid container according to the present

invenpioan%ﬁePE?@abF5h§kﬁ%¥ﬁ B VA BRsdnpPPoA L §PaPES VERT Bhehe | 1 d
cont ai ner phkL1 £duCh Oe £ £\ RRYRE 1B 1hhgul g {m&%egis%ethefa@t&%fy

after the consunption of the I|qU|dlinS|de the 11 qui
106.

Furthermore, a porous member 1050 is provided around the
actuator 106 in the embodiments shown in Fig. 115(A), Fig. 115 (B},
and Fig. 115(C). The porous member 1050 prevents the waving or
bubbling of ink and prevents the actuator 106 to wrongly detect
the ink consumption status.

The embodiment that the actuator 106 is mounted on an ink
cartridge or a carriage, in which the ink cartridge is a separate
body with the carriage and mounted on the carriage, has been
explained above. However, the actuator 106 can be mounted on the
ink tank which is mounted on the ink jet recording apparatus
together with a carriage and formed together with a carriage as
one body. Furthermore, the actuator 106 can be mounted on the
ink tank of the off-carriage type. The off-carriage type ink tank
is a separate body with a carriage and supplies ink to carriage
through such as tube. Moreover, the actuator of the present
embodiment can be mounted on the ink cartridge constituted so that
a recording head and an ink container are formed as on body and

possible to be exchanged.



container. 07 APR 2004 174 WHAT IS CLAIMED IS: | A liquid container,
conprising: a liquid supply opening fornmed in a housing for withdrawi ng a
liquid fromsaid housing; a liquid senspr nounted on said hou8iTn4PR 004
detecting a level of the liquid which’is variable in accordance with a
consunption of the liquid; and a first partition wall extending in an
interior of said housing and defining the interior of said housing into at

| east F“D_|iquﬁtﬁﬁﬁ@ﬁPQ%%tEQ@s%%%”@ﬁ%énf@bﬁhhgg”HH@hC@é§c%iE@dqgﬁhquther
said liquid accommodati ng chanbers conprising: an air-conmunication side

"liquid acciomrsdatliany chebrdsbimeantisch idormhmilchties widdr starsl éritataimanya
detection_side liquid.accompdating chanber in ich said |iquid sensor is
i Sposed CHARERT ARHT o0y {1 Nt SHEPES DEATREoe: PReS To s o Eaf &

ai r - Comupi tAitORePade ildfrdbraetenepdat tngnehehdescope oIS drdiera
vol une of said detection side |iquid acconmodating chanber. 2. The liquid

cont ai nerimatagdridithghice |18 Meaf inad (Y donphissianpendsst cul idvber
acconmodat ed wi.thi n. sai t.ect] i L qui d QI ks 3.
The liquid conE%F%g%&gégé}gvﬁﬁjk% %?%?ﬁ?gﬁgaﬁéFggﬁ’sa. F%ﬂ?gggggpiﬁj
openi ng irelfidBd delBcsahdl a4t 1 € CFFRUMEL 1 o stladtend aepdi dispensuvdath rg
chanber. 4. The I%ggid contai ner according to claiml, wherein said liquid
suppl y op&iiHg Gad S r5fed 10ch i tdei%®ect i on side |iquid acconmmodati ng

chanber. 5. Theyld ﬂ%#gi& | N8{e RS E0L A5 PP S, eh@iﬁéser{ai&h_beatﬁemafi ng a

porous nenber acconfrodated wthin sard alt-conmmunication side [iqu
accomodagtriengerehahberavicng Phebliblglimg odnt Bqued aacecordthg nicadeldiants;ic
wherein said |iquid sensor conprises a piezoelectric device having a
vibratinéﬁggéFTon. 0 7 APR 2004 175 7. The liquid container according to

claim1, whereimritherv@rdreshef]l saiil abnkaaskrt a®cold td d Achepmdairitng
chanbers decreases fromone side wall of said housing to a wall

subst ant i i@Veptdmpodinte 3t Réesrgderaric Gevine Viyeh coRBrat Ikl adsdiditng to

Lo o SRR CONRL SR R el B
in the case that liquid inside the liguid container waves and
bubbles.

Furthermore, the ligquid container according to the present
invention can reliably detect a ligquid consumption status in the
liquid container even if the piezoelectric device is mounted on
the upper side of the liquid surface in the ligquid container. .

Furthermore, the liquid container according to the present
invention can reliably detect a liquid consumption status in the
ligquid container even if the piezoelectric device is mounted on
the topwall which is located above the 1iguid surface inthe liquid

container. Therefore, the degree of freedom to design the

mounting position of the piezoelectric device can be increased.

Furthermore, the liquid container according to the present
invention can reliably detect a liguid consumption status in the
liquid container by reducing the amount of liquid remained inside
of a cavity after the consumption of the liquid inside the liquid

container.



detection chanbers. 9. The liquid container according to claima8, wherein
said second partition wall is formed wth a liquid comrunication opening
at a lower part thereof. 10. The liquid container according to claimS8,
wherein said second partition wall is formed with a liquid confhinARRt20Wn
opening at an upper part thereof. 11. The liquid container according to
claim8, wherein said detection sensor is disposed on each of said small
detection chanbers. 12. The liquid container according to claima8, wherein
vol umes of said small detection chanbér4s are different fromeach other.
13. The liquid container according to claim212, wherein the volunmes of said
at least two small detection chanbers decreases fromone side wall of said
housi ng t osite wall. 14. The liquid container according to
claimi, mﬁe&gﬁsﬁi@g&%%% ection side |liquid accomobdating chanber
generates no capillary force for holding the liquid. 15. The liquid
contai ner according to claim8, wherein said snmall detection chanber
gener at es 1no caRiigdidtshtdifdrc@nfgptingtol ding the liquid. 0 7 APR 2004 176 16.
The liquid cont a'.near'1 ac&or di_ngg to claiml, wherein said detection side
l'i qui d accommﬂl!ﬂ‘i' YPEN QREUTT BRI Sdeusing fop WrhAERMiIpg? faudfqmeepidiougingio
wal | thereof. 1&liquldhgensoquowhtatiamtsaldiensiag e detbdtisg tadevel @fitina Ihuidwinehaes N sai d
liquid se i . ' i ) ward an interior of said
housi ng fgé'g'{é’l?ﬁﬁgg‘{"f%g‘??ﬁ%@%ﬁ%’?%ﬁh’r’ﬂ@gﬁ %’tdlod contai ner according to
claim1, wher eiffishpattitionyal @xierdinmbin as dnpidr of sifl kpusipy erdedfamg theonigeeriot e
havi ng a ¢hiahaldiMan®es leaStiwo Sqtiidladtbiftisting chaRbdr® WhigR BEMALRSat@wRPEEther
el ectronotjve farce in accoc#étjan%emgnth a residual vibration of said
vi brating® S&tsf"'grlﬁ“"ié‘?w'i‘}ﬂ‘éc’ MAT"EMRE5CA"RBY"Bccording to claim 1, wherein
said |iquid senswosir-dgtmonisatiat side igtid agtomaedaisig chambgredithcemafunichtes itlgui d
and det ectyg,panl 4iui d consunption status in accordance with the acoustic
i npedance. 20. The liquid container according to claim1, wherein the
li qui d cont ai nef det&ction sidedguid accemmqdating ehamper inwhish saip fetidsensoriadisneget
pri nt head andn adpeepdrtibrsthiedlss: diopl ets, and the Iiquid container supplies the
liquid contained therein to th rinthead.throygh said |iguid suppl.
openi ng. 21 ThEMHEH s o S P SRRy 1B TR PR ORI RTRELS  ous
menber i s lAgerdmncdatiwcke ofwatdrietectarcdidediguisizicdoramodagiag thamber.snal | det ecti on
chanbers. 22. The liquid container according to claim8, wherein said
ai r-communi catign side |liquid i )

2. The liquid container according to claim 1, further comprising a porous member

accommodated within said detection side liquid accommodating chamber.,

3. The liquid container according to claim 1, wherein said liquid supply opening is formed
in said air-communication side liquid accommodating chamber.

4. The liquid container according to claim 1, wherein said liquid supply opening is formed
in said detection side liquid accommodating chamber.

5. The liquid container according to claim 1, further comprising a porous member
accommodated within said air-communication side fiquid accommodating chamber.

6. The liquid container according to claim 5, wherein said liquid sensor comprises a
piezoelectric device having a vibrating section.



accomodat i ng chanber includes an airhole which communi cates wi th anbient
air, and said porous nenber is accommpbdated wthin said detection side

| i qui d acconmodati ng chanber farthest formsaid airhole anong said at

| east two small detection chanbers. 23. The liquid container adcoppRpuN O
claim 2, wherein said porous nmenber conprises a first porous materi al

di sposed closed to said liquid sensor and a second porous nateri al

di sposed far fromsaid |iquid sensor conpared to said first porous
material, and a pore size of said secamsl porous material is smaller than
that of said first porous material. D 7 APR 2004 177 24. The liquid
contai ner according to claim23, wherein said first porous materi al
contacts said liquid sensor. 25. The liquid container according to claim

2, whereiry a comr Iﬁﬁl&! Qftardt b&oRifmg% PR § %erfln thé%ldml?%f%ldﬁl Arahako | ocat ed
far fron1i§ ggﬁ qu@ her than that of ortion of said

por ous me Qgigtl B’G‘eftsd’e%f ?’t?slffoa'u?‘l? Séd@r’f‘?dhofs houpa iq ‘?Yjﬁ“ d

cont ai ner sabslarmdllyrtg:pbs)tectlheaslm@all wherei n said porous nenber conprises a
first porous material disposed close to said |liquid sensor and a second

porous naterial disposed far fromsaid |liquid sensor conpared with said
first pordus naflles liquid coataihes adagrdingdo adinpbrfatier pemirisingla segendapanitigheall

l'i qui d- phléxteﬁdlﬁ@ﬁ\rs%ﬁto%iécﬁéd Sad R RBbrAmbAdiAY cRMLRH and ARG %l least fwo s‘Pnellll quid
cont ai ner c&gp l'iquid supply opening formed in a housing f

Wi t hdr awi BT" e"Pr om said housing; a liquid sensor nounted on sal d
housing for detecting a level of the liquid which is variable in

accordance wi t hyg, cgufhséb%ﬁ P 0cdlf I'?Jlg cia|n9§'v9n§ %@%l@séc;of:@h B Sl 508

extending in an interior o sa| ousi n ning elnterior o sald
housi ng i Mt adauid egrymupigatiqn; apgniag afcﬂ:bwmét‘h%@fchanber s whi ch communi cate
with each other, said I|qU|d acconnndatlng chanbers conprising: an

ir- t d whi, ch . .' th
i cor oL S et R GO b PSS SR RV, o
l'i qui d sengthra ligsiddbmposiedtionaipesing alpmﬁrppgmarﬂttmemfher eof ; and a porous nenber

accommodated within said detection side |iquid accommodating chanber. 0 7

APR 2004 178 28. A liquid container, conprising:
. The liquid container according to claim 8, wherein said detection sensor is disposed on

each of said small detection chambers.

12. The liquid container according to claim 8, wherein volumes of said small detection
chambers are different from each other.

13. The liquid container according to claim 12, wherein the volumes of said at least two
small detection chambers decreases from one side wall of said housing to the other opposite
wall.

14. The liquid container according to claim 1, wherein said detection side liquid
accommodating chamber generates no capillary force for holding the liquid.

15. The liquid container according to claim 8, wherein said small detection chamber
generates no capillary force for holding the liquid.



a liquid supply opening fornmed in a housing for withdrawing a liquid from
said housing; a liquid sensor nounted on said housing for detecting a

| evel of the liquid which is variable in accordance with a consunption of
the liquid, and a first partition wall extending in an interggrapk sami d
housi ng and defining the interior of said housing into at |east two |iquid
accommodat i ng chanbers which communi cate with each other, said liquid
accomodat i ng chanbers conprising: an air-comunication side liquid
accomodat i ng chanmber which comruni catggswith anbient air; a detection
side liquid accommpdati ng chanber in which said |iquid sensor is disposed
at an upper portion thereof; and wherein side |iquid supply opening is
formed in a said detection side liquid accomobdating chanmber. 29. Aliquid

cont ai ner 116C0”P"rhéhd§1ﬂj coﬂtajldeg'a‘%pqhoﬁt?qmc%m?ﬁ)%l'le@n S48 BBEcdoR sife QP! N9 T OF

wi t hdrawi ng a froms sensor ed on said
housi ng f(ﬂccﬂ@P@H'P%g‘E’&‘q%mpf@?SPF&?eFﬁeallPiaﬂfWPéﬁtﬁ@P V‘@&meéﬁ?f ein
accordance with a consunption of the liquid; and a first partition wall

ext endi ng in aninterjor of said.hqusing, and defipning the interior of said
moust ng Lo at ThEleEd Bster G HnbIR SRELATEIRD SRS R R EEAGAG at o
wi t h each whisthtopens tewand aniinfadiat chsaidhonsithg formgntattmgtiter Igluidonpr i si ng: an

ai r-comruni cation side |iquid acconmodati ng chanber which conmuni cates with
anbient air; a detection side |iquid accommodating chanber in which said
liquid sen€or i4h %I|'%‘f5b°.9@£?'”%?°°é’ﬁ"@ﬂ§ﬁéla'"ﬂ)é-r‘l"i%‘ﬂ“ ﬁﬁhg}'%ﬁ sengersemesng R nber
aﬁC(r)Tb mrod atpistostedtin dlbv&:aihdwﬁ% & vIDEHATY Béotion, |SQIﬂ vibralig bédtivh gene?&@smgmﬂﬁ [ nﬁ

chanber ; [ Ld sensor co ctri evi ce having
o brat i rErBABNE o R aBSEIN RENBE S M FANEAED RedoRconpr f ofng- a

l'iquid supply opening formed in a housing for withdrawing a liquid from
sai d housifag;  &ndi I:dilM:l &nsaerrsﬁ gecowb%gmw vifdrén émalﬁduiwsehﬁsr deRLE G EAYaR

| evel of the %§> ? abl e i n _accordance wth a consun?tlon of
the |iqui cECO%t“HG eF'F"P%eP "th'FlaBﬂ d%\‘ﬁ‘FtF a dgyid erasHEPaR situs In perordancewitthe ¢
housi ng aretouktit inpedgndehe i nterior of said housing into at |east two |iquid
accommodat i ng chanbers which comuni cate with each

20. The liquid container according to claim 1, wherein the liquid container is mounted on an

ink-jet printing apparatus having a printhead which ejects ink droplets, and the liquid container

supplies the liquid contained therein to the printhead through said liquid supply opening.

21 The liquid container according to claim 8, wherein a porous member is accommodated
within each of said at least two small detection chambers.

22. The liquid container according to claim 8, wherein said air-communication side liquid
accommeodating chamber includes an airhole which cormmunicates with ambient air, and said
porous member is accommodated within said detection side liquid accommodating chamber

farthest form said airhole among said at least two small detection chambers.

23. The liquid container according to claim 2, wherein said porous member comprises a
first porous material disposed closed to said liquid sensor and a second porous material
disposed far from said liquid sensor compared to said first porous material, and a pore size of
said second porous material is smaller than that of said first porous material.



other; said |iquid acconmodati ng chanbers conprising: an air-comrunication
side liquid accommobdati ng chanber which comrunicates with anbient air; a
detection side liquid accommbpdating chanber in which said |iquid sensor is
di sposed at an upper portion thereof; and further conprising q)§§ﬁﬁﬂ§m
partition wall extending in said detection side liquid acconmbdati y
chanber. 31. The liquid container according to any one of clains 27 to 30,
wherein said |iquid sensor conprises a cavity which opens toward an
interior of said housing for contacting7the liquid. 32. The liquid
cont ai ner according to any one of clains 27, 28 or 30, wherein said liquid
sensor conprising a piezoelectric device having a vibrating section, said
vibrating section generates a counter electronotive force in accordance
with a resydual Tid RuRtdoRBingf aktidthg¥d Qélﬁ{ i.’ﬁglhel%ﬁa%tald%t pardus mﬁenél'(ﬂhﬂaas

cont ai ner accordlng to arty one OP clalns 0, wherein said liquid
sensor dEPEEIEd 88MSPeast an acoustic |npedance of the liquid and detects a
l'i quid consunption status in accordance with the acoustic |npedance 34.
The |i qui scontal ner. acc wherein said vibratin ction
gener ates 2% coltt BHeAREREPLRGpidhe's BPRLZ Mot Pt eS i d R oliba B

vi brat i on sefl poeaus meiTiveaiotated Betren said i@sd sehsbi ig bighlerdbatt thatreé a paieneidiaig t o
claiml, WagkSHR_nAERbERLd @bdedits sl RYRIYGELf rom communicating with said
detection side liquid acconnnéatlng chanber while liquid is present in
said detection side |liquid accormodating chanber. 0 7 APR 200% 180 36. A

| i qui d cormBbai n&he bouibsodtairgr ta@:oﬁdlr@t&blﬂal,rn Dneeaimsaibpdlodahaniidr oomgrisdea hiisjui d

dat h
20 oot IR ofed SO sl IO Ler Rl AU SOTRIGRN ARl P
wher ei n t Heomssid fiswis! SGﬂSOEQPIHP%[@d wisgaid fi rﬁmrqusqnﬂt@naé@oéﬁﬂéé@&mﬁgorevﬁanber S

decr eases rhdtei R&ea BGKER 1IN@Ad-bhifd chafbctbriBRUBATNGId RstddroRPRAsial.e Wal | . 38. The
| i quid container according to claim35 or 36, further conprising a second

partition wall extending in said detection side |iquid acconmpdati ng
chamber adﬂ.defwnnmgcauaheameMMq; smal | detection chanbers. 39. The liquid

contai ner accor,g hlﬂg s{lﬁ: férﬁ%rhlﬂ? Amed e ﬁdu@mﬁ & %tﬁ(ﬁ%ﬁﬂgfgqaﬂ il lfan%Hld%L%md S

formed with a I catl on openi ereo
The 1iquid contaa\'ﬂWéﬁe'ﬁ@&@Pmt%Oft @alq;hcaqswggg detﬂﬁ@weﬂ Isved gf f&ie YabwRiCthHiar t | t| on

wal | i's famr®dk in accordance with a consumption of the liquid; and
a first partition wall extending in an interior of said housing and defining the interior of

said housing into at least two liquid accommodating chambers which communicate with each
other, said liquid accommodating chambers comprising:

an air-communication side liquid accommodating chamber which communicates with
ambient air;

a detection side liquid accommodating chamber in which said liquid sensor is disposed
at an upper portion thereof; and

a porous member accommodated within said detection side liquid accommodating
chamber.



with a liquid communi cati on opening at an upper part thereof. 41. The

| i quid container according to claim 38, wherein said detection sensor is

di sposed on each of said snmall detection chanbers. 42. A liquid container
conprising a housing containing therein liquid, a liquid supply ofiehiaprg g
formed in a wall of said housing for withdrawing the liquid to an exterior;
a detection device nounted on said housing, said detection device
conprising a piezoelectric element for detecting a liquid consunption
status; and a porous nenber disposed witzfiin said housing in the vicinity of
sai d detection device. 43. The liquid container according to claim42,
wherein said detection device contacts said porous nenber. 44. The liquid
cont ai ner according to claim42, wherein a gap is defined between said

por ous neraer device. 0 7 APR 2004 181 45. The liquid
contalnerq?ccoggqmﬁgbgmq§1aﬁﬁqgnmmhere|n sai d detection device conprises a
cavity and a vRHfd FW'YSC@GB'PQFPFW B koyping for withdiawing a liguid Forn seig howsHiod

cavity, and sabqtqm@gmarmamﬂ&%n i ﬁBu%ﬂQW@ele&m@%‘lébeql@Mhé byuicddhichlige | iquid
cont ai ner aﬁ%ﬁrdln %ﬁ q% ﬂlh @ ca%“4lary force of said porous
nenber i s ‘EHHS BAC W ?ng’i}dmpe?f‘ dnefudn@id § quid. 47. The liquid

cont ai ner acconadf'rshgartitinmdlallaxteﬁamgwfmneuemrs:asaid batsingtand defohingi tbeintedomafi ses a

base pl at &q;q4ehoulity iﬂfo'd?gaagt%v I|I€Lﬂd QMn'f’f’notderrfal{:ngB@rL @h cﬂrgl?ﬁnuhl Jé%ﬁemse

pl ate, and sal d porous covers at [east part sal rough hol e.
48. The | |Q¥‘tﬂr&a@d'ﬁﬁ'ﬁlaﬁ@mrﬁ%<@éi?€d?h‘?g‘bletﬁ CPMRTFRN7, wherein sai d detection

devi ce further anepephmaBiBatRNGidRANYEd EEUAREIdalit dMaHBer&ﬂhd‘n doRimangatel @lite, and
sai d porous nenber is disposed on said groove. 49. The liquid container

accordlngqmpé$ 'm 42, wherein said detection device and said por ous
menber are di sp@@@dtlmlcw ljskidrescathopdatina Cithnbeq ini whichusaidl liguid semsonig disposfedr med.

50. The |ifyhdpsepbabifbredfcRgding to claim42, wherein said detection
devi ce conprises a . vibrating section which generates a counter

el ectronotive f&PEEN W%E&GFHBH%EPWWHS féf”P"é%‘Fél?é!d defpelipngidedigulds sai d
vi br at i ng ®eehimodatingbithnstaird det ecti on devi ce detects the liquid consunption
status in accordance with said counter electronotive force. 51. The liquid

cont ai ner according to claim42, wherein said detection device detects at
29, A liquid container, comprising;

a liquid supply opening formed in a housing for withdrawing a liquid from said housing;

a liquid sensor mounted on said housing for detecting a levet of the liquid which is
variable in accerdance with a consumption of the liquid; and

a first partition wall extending in an interior of said housing and defining the interior of
said housing into at least two liquid accommaodating chambers which communicate with each
other, said liquid accormmodating chambers comprising:

an air-communication side liquid accommodating chamber which communicates with
ambient air;

a detection side liquid accommodating chamber in which said liquid sensor is disposed
at an upper portion thereof;

a porous member accommeodated within said air~-communication side liquid
accommodating chamber; and

wherein liquid sensor comprises a piezoelectric device having a vibrating section.



| east an acoustic inpedance of the liquid and detects a |iquid consunption
status in accordance wth the acoustic inpedance. 52. The |iquid container
according to claim42, wherein the liquid container is nmounted on an ink
jet printing apparatus having a printhead which ejects ink dropfet&rR amd
the liquid container supplies the liquid contained therein to the
printhead through said liquid supply opening. 0 7 APR 2004 182 53. A
l'iquid container conprising: a housing containing therein liquid;, a liquid
supply opening formed in the housing forrgwi thdrawing the liquid fromthe
housing; a liquid sensor for detecting a level of the liquid which is
variable in accordance with a consunption of the liquid; and a first
partition Wall éxigeiddemgneémcamprisingeri or of the housing and defining the
interior of thg |I&9H§Ud?)gj dp@ﬁlﬁ%ﬂ)trmb@ﬁsé hotug‘ﬁg dr W‘{'ﬁdﬂa\ﬁﬁg‘fé’ﬁ?ﬂﬁ’cﬂ%m Qﬂd ﬁ&lﬁfﬁBer S

t hat comuni cate with each gﬁ accomo ath%ﬁ%f anbers
conprising: a fPArgyid F‘?'HEIE '60%%%%%9%9 Seisetingaave! efd s wi t h
a][rbi ﬁnt f _aivranah':mﬂ acebrm@mdhglcqmuumpaﬁrcﬂfgmmmﬁtdm chanber; wherein a vol une
of the first a chanbe

R R s e R
cl ai m 53, saigritoheing iotorpb teiast twg liquid ecaonuinglating ahemwbersmhich cexmenidate yith gadhhe

interior Qicthérrﬁ%ldhﬂuﬁ'ae&nﬁr%ha%ﬁ !:HHnﬂQrsacoH&'néuﬁ'g | i qui d accommodat i ng chanber
that conmunicates with the second |1quid accomodating chamber; and

wherei n the |iq@M@rseREypication Stﬁeé'ﬂﬁ'gé&%m%t'%WbHMQ'?WW“W%@SM? rd
| i qui d accowowtaik; ng chanber. 55. The liquid container according to claim

54, iher el n | Nk o B EARSUIRALRUEEERALYSIY o) o ol LBl UcpUgR L1l T

l'iquid accommodatn S, such e first
li quid ach#ﬁﬂﬂh#@ngpﬁﬂ@ﬁﬁeﬁﬂW§ﬂﬁGm§uned prior to consunptlon of the second

or third liquid furﬂx@ﬁ&mfﬂ?ﬂﬂé 'a%gc&ﬂ%m%ﬁwaiﬁé}@enﬂmgﬂﬁﬁéiélé&tl)én alt i@fid t he

second I|q¥|d aciﬂnno dati ng chanber is consunmed prior to consunption of
the third $CYONGIES SPARRFAL i ng chanber. 56. The |iquid container according
to claimb55, wherein the liquid sensor utilizes vibration phenonena to

detect t heﬂ ! evelTh il le&}ﬁ'ta(ﬂ'lerchorcili_@ta ahﬂb'ﬁeﬁof%f&ﬁsaiﬂg o %%%u%é?@hc}uﬂl s%l\é%' m 53,

wherein the l'i qui ensor 1's nou
comprises a cavity which opens toward an interior of said housmg for contacting the liquid.

32. The liquid container according to any one of claims 27, 28 or 30, wherein said liquid
sensor comprising a piezoelectric device having a vibrating section, said vibrating section
generates a counter electromotive force in accordance with a residual vibration of said vibrating
section.

33. The liquid container according to arty one of claims 27 to 30, wherein said liquid sensor
detects at least an acoustic impedance of the liquid and detects a liquid consumption status in
accordance with the acoustic impedance.

34, The liquid container according to claim 29, wherein said vibrating section generates a
counter electromotive force in accordance with a residual vibration of said vibrating section.

35. A liquid container according to claim 1, wherein ambient air is prevented from
communicating with said detection side liquid accommodating chamber while liquid is present in

said detection side liquid accommodating chamber.
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36. A liquid container according to claim 1, wherein said detection side liquid
accommodating chamber is formed without an air communication hole in the walls thereof.

37. The liquid container according to claim 35 or 36, wherein the volumes of said at least
two liquid accommeodating chambers decreases from one side wall of said housing to an
opposite wall.

38. The liquid container according to claim 35 or 38, further comprising a second partition
wall extending in said detection side liquid accommodating chamber and defining at least two
small detection chambers.

39, The liquid container according to claim 38, wherein said second partition wall is formed
with a liquid communication opening at a lower part thereof.

40. The liquid container according to claim 38, wherein said second partition wall is formed
with a liquid communication opening at an upper part thereof.

41. The liquid container according to claim 38, wherein said detection sensor is disposed
on each of said small detection chambers.

42, A liquid container comprising:
a housing centaining therein liquid;

a liquid supply opening formed in a wall of said housing for withdrawing the liquid to an
exterior;

a detection device mounted on said housing, said detection device comprising a
piezoeiectric element for detecting a liquid consumption status; and

a porous member disposed within said housing in the vicinity of said detection device.

43. The liguid container according to claim 42, wherein said detection device contacts said
porous member.

44. The liquid container according fo claim 42, wherein a gap is defined between said
porous member and said detection device.
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45 The liquid container according to claim 42, wherein said detection device comprises a
cavity and a vibrating section which contacts the liquid through said cavity, and said porous
member is disposed in said cavity.

46. The liquid container according to claim 42, wherein a capillary force of said porous
member is smaller than a force which holds the liquid.

47. The liquid container according to claim 42, wherein said detection device comprises a
base plate, a vibrating portion and a through hole formed in said base plate, and said porous
member covers at least a part of said through hole.

43. The ligquid container according to claim 47, wherein said detection device further
comprises a groove connecting with said through hole, and said porous member is disposed on
said groove.

49, The liguid container according to claim 42, wherein said detection device and said
porous member are disposed on a plane where said liquid supply opening is formed.

50. The liquid container according to claim 42, wherein said detection device comprises a
vibrating section which generates a counter electromotive force in accordance with a residual
vibration of said vibrating section, and said detection device detects the liquid consumption
status in accordance with said counter electromotive force.

51. The liquid container according to claim 42, wherein said detection device detects at
least an acoustic impedance of the liquid and detects a liquid consumption status in accordance
with the acoustic impedance.

52. The liquid container according to claim 42, wherein the liquid container is mounted on
an ink-jet printing apparatus having a printhead which ejects ink droplets, and the liquid
container supplies the liquid contained therein to the printhead through said liquid supply
opening.
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53. A liquid container comprising:

a housing containing therein liquid;

a liquid supply opening formed in the housing for withdrawing the liquid from the
housing;

a liquid sensor for detecting a level of the liquid which is variable in accordance with a
consumption of ihe liquid; and

a first partition wall extending in an interior of the housing and defining the interior of
the housing into at least two liquid accommodating chambers that communicate with each other,
the liquid accommodating chambers comprising:

a first liquid accommodating chamber that communicates with ambient air; and

a second liquid accommodating chamber;
wherein a volume of the first liquid accommodating chamber is larger than a volume of the
second liquid accommodating chamber.

54, The liquid container according to claim 53, further comprising a second partition walil
extending in the interior of the housing and defining a third liquid accommodating chamber that
communicates with the second liquid accommaodating chamber; and wherein the liquid sensor is
disposed at an upper portion of the third liquid accommodating chamber.

65. The liquid container according to claim 54, wherein ink is consumed successively from
the first through third liquid accommodating chambers, such that substantially all of the first
liquid accommodating chamber is consumed prior to consumption of the second or third liquid
accommodating chambers, and substantially all of the second liquid accommodating chamber
is consumed prior to consumption of the third liguid accommodating chamber.

56. The liquid container according to claim 55, wherein the liquid sensor utilizes vibration
phenomena to detect the level of liquid.

57. The liquid container according to claim 53, wherein the liquid sensor is mounted on the
housing.



