1 DETECTI ON DEVI CE FOR LI QUI D CONTAI NER The present patent application
clainms priority fromb5 Japanese patent 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, the contents of which are incorporated herein by
reference. 10 BACKGROUND OF THE INVENTI@N 1. Field of the Invention The
present invention relates to a liquid container equipped with a

pi ezoel ectric apparatus therein which detects the consunption state of
liquid inside a liquid container which houses 15 the liquid. Mre
particularly, the present invention relates to the liquid container

equi pped wi th a pi ezoelbetkanioNn appare@t usok hatoumet emrsrhirgui d consunpti on
status in a liquid container which provides liquid to a recordi ng head of
an ink-jet recording apparatus. 20 2. Description of the Related Art An

i nk cartridge mynt gﬁl QRN phRknk el oY Re Ak e6ar di BYmsappasat bs Esohaken as
an exanple of aliq 4 cont ai ner ang is described below. In general, an
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di schar geg, the ceameressediionk , f tam acnezake epenhnghi aréhentorpooitéedak
droplets; and an ink tank which houses ink supplied to the recording head
t hrough ahsassag®y asdersnseructured such that the 30 printing operation
can he perforned continuously. In general, the ink tank is structured as a
cartridge that can be detached 2 fromthe recordi ng apparatus, so that a
user qan easily replace i BAGKGRRENDI & .FHENINWENTARN| s used up.
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The present invention relates to a liquid container
equipped with a piezoelectric apparatus therein which detects the
Consumptionstateofliquidinsidealiquidcontainerwhichhouses

15 the liquid. More particularly, the present invention relates to
theliquidcontainerequippeﬂwitha;ﬁezoelectricapparatusthat
detects liquid consumption status in a liquid container which
provides liquid to a recording head of an ink-jet recording

apparatus.

20 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 withan ink-jet type recording head

25 comprised of a pressure generating means which compresses a
pressuregeneratingchamberandarmmzleopenimgwhichdischarges
the compressed ink from a nozzle opening in the form of 1ink
droplets; and an ink tank which houses ink supplied to the
recording head through a passage, and 1is structured such that the

30 printing operation can be performed continuously. In general,

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



consunption of the ink cartridge, a nethod is known of controlling 5 the

i nk consunption by neans of a calculation in which the counted nunber of

i nk droplets discharged by the recording head and the anount of ink sucked
in a maintenance process of the printing head are integrated by software,

and anot her nethod of controlling the i nk consunption in which the tinme at
which the ink is actually 10 consuned is detected by directly, nounting to
the ink cartridge two electrodes for use in detecting the |iquid surface,

and so forth, However..in the calculationsba t f. GOt L0hLicag the
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and the apogpt 8t kAkeowhthethikénkyikhesedf tmare, the pressure inside the
ink cartridge and the viscosity of the
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reliability sin ag | LIk SONSUDL On, e heeddatectied aat uana ypoi nt .
Fbmever,ln%nc8P§§P£?§8P ghg@*%%uid surface of the ink can be detected, the
30 i nk needsheedondudeiweteddosulinadt el v.ypesioing fle ftée dek gretydcge

limted. Moreover, a problemis, caused in that fluid-tight s re
bet ween tHe elect¥edEs aRH the TartTidge ™ gﬂle gé%lldgésr?prl%régaet’e%.rn%ﬁ/b?eover,
si nce pr@g%gHs metal is usually used as the electrode material, which is

hi ghly conductive and erosive, nmanufacturing costs of the inf cart%jdge
i ncreases However, in the calculation-based method of controlling the

ink consumption by integrating the discharged number of ink
15 droplets and the amount of ink or the like by the software, the
pressure inside the ink cartridge and the viscosity of the ink
changedependingoanageenvironmentsuchasambienttemperature
and humidity, elapsed time after an ink cartridge has been opened
for use, and usage frequency at a user side. Thus, a problem is
90 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.
25 ' on the other hand, in the method of controlling by
electrodes the time at which the ink is consumed, the remainingv
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
30 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



5 thereby. Moreover, since it is necessary to attach the two electrodes to
two separate positions of the ink cartridge, the nmanufacturing process

i ncreases, thus causing a problem which increases the manufacturing costs.
Mor eover, when managi ng the i nk consunption status by 10 nounting a

pi ezoel ectric device on the ink cartridge, ink inside the ink cartridge may
roll or bubble by the scanning of the ink cartridge during the printing
operation. By the waving or bubbling ok i nk nearby the piezoelectric device,

| nk or bubbl e o pkaat iaches 1o Le.pi szoel Sl L6 fevice, 4y Thep,dhere is
a cases arises that ?he pi ezoel‘ectric device cannot detec b i
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inside the ink cartridge, if t%e ink attaches to the piezoelectric device 20
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ink or bubble of ink attaches to the piezoelectric device.

15 Then, there is a cases arises that the piezoelectric device

cannot detect the ink consumption quantity Dby the "ink or

bubble of ink attached to the piezoelectric device. 1In other

words, even there is only small amount of ink inside the ink

cartridge, if the ink attaches to the piezoelectric device

20 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 1is danger that

the piezoelectric device detects mistakenly that there is no

25 ink inside the ink cartridge even if the ink cartridge 180 is
filled by ink.

Furthermore, there is- problem that the position of

mounting the piezoelectric device on the 1ink cartridge 1is

 limited for detecting the ink end status inside the 1ink

30 cartridge. For example, if mounting the pilezoelectric 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

35 cannot detect the ink end



Therefore, it is an object of the present invention to provide a liquid
contai ner capable of reliably detecting a liquid 5 consunption status and
di spensing with a conplicated sealing structure. Mreover, it is another
object of the present invention to prevent the waving or bubbling of liquid
around the piezoelectric device insidetthe Iiquid container. 10
Furthernore, it is still another object of the present invention to provide
a liquid container, the piezoelectric device of which can reliably detect a
l'iquid consunption status by detecting the Iiquid surface even in the case
that liquid inside the liquid container rolls and bubbles. 15 Furthernore,

it is still another object efpiAevPHeseniz rhivgAtogn to provide a |iquid
cont ai ner, the piezoelectric device of which can reliably detect a liquid

consunpti on staIm%r@®QWEAnltth@ @as@buhat tife thiequize ssomit al megnt idm stor feI
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status in the liquid container even if the piezoelectric device is nounted
on the uppefusi¥ee of the liquid surface in the liquid container. 25
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aliquid contalner whi'ch "does not nee noun on the accurate
posi ti on,prevatthéhewssdsng tdrebmr}mluhimglg)f ibmqutd@n:cumd; hbep ezoet bettrrc devi ce
on the Ii Uld contaJ er_.ca reel desi gned. 30 These objects are

achi eved %ﬁﬁﬂﬁ?ﬁﬁ rﬁp%gg%Pf (f?91§%ﬁ§r|ndependent clai ns. The dependent

clainmg define frmttheirmnadvantageoust and exedpkar ybeerbi rdE itnrs Hfedde:
present invention. 5 According to an aspect of the present invention, there
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of which can reliably detect a liquid consumption status by
detecting the liquid surface even in the cage that liguid inside
the liquid container rolls and bubbles.

15 Furthermore, it is still another object of the present
invention to provide a liquid container, the piezoelectric device
of which can reliably detect a liguid consumption status even in
the case that the liquid container tilts or fell down because the
gas does not contacts with the piezoelectric device.

20 Furthermore, it 1is still another object of the present
invention to provide a liquid container capable of reliably
detectinga]iquidconsuﬁptionstatusintheliquidcontainereven
if the piezoelectric device is mounted on the upper side of the
liquid surface in the liquid container.

25 ' Furtherﬁore, it is still another object of the present
invention to provide a liquid container which does not need to
be mounted on the accurate position, in other words, the mounting
position of the piezoelectric device on the liquid container can
be freely designed.

30 These objects are achieved by combinations described in the
independent claims. The dependent claims define further

advantageous and exemplary combinations of the present invention.



containing therein liquid; a liquid supply opening fornmed in the housing
for wthdrawing the liquid fromthe housing; a liquid 5 sensor nounted on
the housing for 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 the housin& and defining the interior of the
housing into at least two liquid accomobdating chanbers whi ch comuni cate
with each other, the 10 liquid accommodating chanbers conprising: an

air- connunlcat%%%ordl%e Lig |d ﬁggﬁgd@% grggggpe{nyéﬁggbﬁu) icates
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The liquid container may further comprises a porous member

15 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 liquid

accommodating chamber. A volume of the air-communication side

20 liquid accommodating chamber may be different from that of the

detection side liquid 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 liquid container may further comprising a second

25 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

30 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 fromeach other. The volumes



The detection side |iquid acconmmodating chanber may generate no capillary
force for holding the liquid. The snall 5 detection chanber nmay generate no
capillary force for holding the liquid. The detection side liquid
accomodat i ng chanber may conprise a recessed part formed at a top wall
thereof. The liquid sensor may conprisé a cavity which opens toward an
interior of the housing for holding the liquid. The liquid sensor nay 10
conprise a piezoelectric device having a vibrating section, the vibrating
section generates a counter electronotive force in accordance with a

residual PfbEBEi 8h bEAERetYP bFBR I hFHRIGIGT ChAERSTHIITR Ys SRsTeansy fd&Mect  at

| east an agaustize i,ARIRRCELOhoLAE i M Ehand:det-echsod iliedyiad yconsunpt i on
status in 15 accordance with the acoustic inpedance. The |iquid container

may be nount ed Bheandétpke]edn prdimtd ngigppdr st esomaviagiag prdlmiieead matyi ch
ejects ink droplets, and.the_|iguid contai .supplies, the. liquid cqntained
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may conprise a first porous nmateria spose se to the sensor
and a secendsporoag cateriaé a disposedvifiath fapems hevwarguiach semnserocompar ed

with the fjrst porous _material, and the second rous material has a higher
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The liquid sensor may detect at least an acoustic impedance
of the liquid and detects a liquid consumption status in
16 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
liquid contained therein to the printhead through the liquid
supply opening. The wvolume of the detection side 1liquid
20 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
25 disposed close to the liquid sensor and a second porous material
disposed far from the liquid 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
30 wvibrating 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



contai ner may be nmounted on an ink-jet printing apparatus having a
printhead which ejects ink droplets, and the liquid container 5 supplies
the liquid contained therein to the printhead through the |iquid supply
openi ng. According to anot her aspect of the present invention, there is
provided a |iquid container which may conprise: a housing containing
therein liquid; a liquid supply opening supplying 10 liquid to an exterior
of the housing; a detection device nounted on the housing, the detection
devi ce conprising.a pi.ezoel e i.C,. el t cting. | QUi :
consunpt i d O%?%Jtcgs};mp%g nggm%]?/%%ea %@?ﬁ(lﬁr%gldmg?\geg% %n%?ﬁgl?r?darﬁéﬁinﬂ}ttelﬁnor of
t he housi $igalis posestcatdandd acecH achdga ¢ dhes it edtpedameyi c&heA lgapimhy be
defined 15 between the detection device and the wave absorbin 1. The
gap nmay n@@n%%ﬂf@yab%d’ﬁﬂqqta?@opo%emlﬁrj%Pﬁilﬁﬁlpﬁeawﬁ’ﬂ?ta.S\Lr\%nve”i?ap may
generate 2 SanlllAIY FQLBCYBLED {9 YRR o NaRaAcher pegl o digldiingeat he

l'iquid. etection device nay conprise a cavity for receiving and
hol di r5g | $wib i e d hehec dviiciyi b eiomg afioedetdhe20inot opelre twardhadre Ghnidhor of
t he housiag. The wﬁve absorbing wall may be secured to and extends from an
interior WafIlbiY eFuQéQEHQRf " detection device nay be attached to a

first wall of Adeshousi s afbateexbeds dtBevwrrddeaad idivercibon tdfertehe
liquid level, and the wave absorbing wall nmay extend in parallel with 25
the firstiswaprovidedea hbugihg. CPREAABEECHNORNIBGY c EOMRY 56 ‘att ANEI D a

bott om wa/ | .t i ng, - khe sQr bR dn; Xe
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wal | may extend from a side(xall of t%@ housi ng whi ch is.perquupular to
the |iqui e ItEFeloUPR8%a tBPITTEES Ut CEVey CngﬁéﬁéP%t%dlﬁ%ﬁﬁ%éﬁ:aliieast
a part ofcihigehnt @sPadeni@dd i @ndh an fiid stswdld il dde fiousing.a Therevave

absorbing wall may conprise a bending section which is formed by bendi ng
at | east abparkind wall extending in an interior of the housing disposed
at a place facing the detection device. A gap may be defined
15 Dbetween 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
aforceforholdingtheliquid.‘Thedetectiondevicemaycomprise
acavityforreceivingand}mﬂdingliquid,thecavitybeingformed

20 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

25 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

30 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



an edge of the wave absorbing wall toward a wall on which the detection
device is nounted, and a gap defined by the bending 5 section and the
detection device generates a capillary forcewhile a gap defined by the wave
absorbing wall and the detection device does not generate a capillary
force. The wave absorbing wall nmay conpfise a plurality of wave absorbing
wal | pieces, and at | east one of the plurality of wave 10 absorbi ng wall

pi eces may extend froma side wall of the housing which is perpendicular to

the liquid | evel. The detection device may conprise a vibrating section
whi ch genéPBF@sw%}%dﬁ%FgF hY2L? o evgaV%r%%g$ﬁbh%%d*ﬁ%hggymfgﬂpﬁlF@sidual

vi brati ongobent g Videatdhavsiest ia@nsoFhed! baubsh&on alhere My beameupted on
15 an ink-jet printing apparatus having a printhead which ejects ink
dropl et s, aanddgheofi §oEdwevat abperbhay E@bglVOWhédI@qwﬁblcéﬁtﬂhh@H thherein

to the priynthead through the |iquid.supply_ o [ ; [ t 2ot her
aspect ofd?hgcg%ggeﬁgvgﬁ$eﬁ i%%ggtg%érggésapgggi@%glﬁgﬁﬁégigg%oﬁ é?%% may
conprise; sachousiatg t RO deart-aibnnieties eefekbgubd capl il garg R yhopeni ng
formed in a wall of the housing for w.thdraw_ng the Iigyid to an_exterior;

a det ect i BriaR fede NRSURY édi ot Rt PRI 1Y Werd 8Bt ddts 6 FESHICR dE¥MpTI si ng

a piezoelggggiﬁoglggggga{@radggﬁgii ardfguid consunption status; and a
porous nenber dispdosed within the 25 housing in the vicinity of the
det ecti on devi cEhe Thaveletleriinimg dalilc@ayayoopntiact at Réupsloty aénbere A gap

may be defjned betwe t.he porous menber .and _th e i devi ce, e
detectiona%%9¥%%nﬁdvagb 1FF§€'aa%§¢?i92§ﬁ 8n$i%f§ﬁF%§ﬁ'§%§fi noﬁhY%gQ

contapt S &bPeotbabgdvd 1T @ughelsheagadsttend @rdnt hesidO warbus peeblesus sng
di sposed in the cavity. A capillarg force of the porous nenber be
13 h

smal | er tWahch foPerBeNdhFEhaFdiodsne He 94 GUT BV el Thel it (TN eVt EeCFray
corvrlSe IeSeoRkaie £ MBLR A Beceach onaod gepbiauad e odgremd
hol e. Theetletectmonive force in accordance with a residual vibration of
the vibrating section. The liquid container may be mounted on
15 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
20 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
25 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
30 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



device may further conprise a groove connecting with the through hole, and
t he porous nenber is disposed on the groove. The 5 detection device and the
porous nenber may be di sposed on a plane where the liquid supply opening
is formed. The detection device may cogprise a vibrating section which
generates a counter electronotive forcé in accordance with a residual

vi bration of the vibrating section, and the detection 10 device detects the
| i qui d consunption status in accordance with the counter electronotive

force. The detectign €'ﬁ¥£ﬁ§?we £OPRLE 36, BnPiezRehestE] Grel eneRlorang a
nmount i ng structure unitar y formed wth the piezoelectric elenent, and
t he nmountridiperstouetarat ilsaatt aghedt 6 tie thogighghoThe | Thpiidg teettigimer

may 15 be nmounted opn an ink-jet .printing apparatus .havin i

whi ch ej &&'8 G5 R3yYr gw@?%?{ e F‘i%?%Vé?&?f‘&ieﬁztﬁnéu%??g%ﬁ% ﬁ%%%%lui d
cont ai ned,4iher eify t ent hpoRbLBt headet-hriuah ddesdd qomh dtheupripvepenitig  Thi s
summary of the invention does not necessarily describe 20 all necessary

f eat ubes dft edie qar dsEAES] 3@ HICOROTTHE TRTEEN Y| G ShtSRATSTRG "ot $3BE a

sub- conbi nat i o(r}hoef 1 lagp%\{f%ceig,s%r Ihgdy figatiy g The above and ot her

f eat ur es "4hd a vant'ages o esent” invention will becone nore apparent
from the foll owhagdetesti bptdesri cef meyrvadipnemstesa tvake timaceas uhen iwdhi-ali t h
the 25 acconpanyi ng draw ngs._ BRI EF DESCRI PTI ON OF THE MVNG%iE'ga 1
shows a SEIAESS St idnal T W BPAnt Enbodt nent” 8F Phe®i'hk Cartridge

accordi ”%}é&& RI;8SeM; drvent henyiBPaFifg LeShWS, darsd dtheCidess cadeti onal
view of t'he other enbodinent of the ink cartridge according to the present
i nvenoi onleviie Biegec3 sshbwasl Basi dle ooy tdeat BoARNSVI BVR SFOXFRNFRM

other enbadi ment of the Ink cartridge accordig taddhe RIesaoticknyeAtion.
comprise a piezoelectric element and a mounting structure
unitarilyformedwiththepdezoelectricelement,andthenmunting
structure is attached to the housing. The liquid container may
15 be 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 the liguid
supply opening.
This summary of the invention does not necessarily describe
20 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

25 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.
30 Fig. 2 shows a side cross sectional view of the other
embodiment of theb ink cartridge according to the present

invention.



Fig. 4 shows a side cross section of the further other 5 enbodi nent of the
ink cartridge according to the present invention. Fig. 5 shows a side
cross section of the further other enbodinment of the ink cartridge

according to the present
of the further other

pr esent

ink cartridge ac

i nventi on.

invention. 1Q Fig. 6 shows a side cross, section
enbodi nent of the ink cartridge according to the

Fig. 7 shows a side cross section of the further other
enbodi ment of the ink cartridge according to the present 15 invention.

Fig. 8 shows ap:?é%.d% LSS 258Ghd eRoet ddhe faHdhet ctdrer he enbadiarent net the
(0}

rding to the present invention. Fig. 9 shows a side

cross seembodinént heff uthkerimk herrt20dashodrrending tife ithR carefrbbe

according to the present

the furt hRYSBEHRE-

i nventi on.

invention. Fig. 10 shows a side cross section of

enbodi ment of the ink cartridge according to the present

25 fFig. 41s8BQWS aa ssidde caicess seaticen «f dihe furtiwer other

enbodi nrent of the ink cartridge according to the present invention. Fig.
12 showsembsiltiwent osxf sebei oitlof EE FididtheR CEPREL "I erfodiThENt PEESERE i nk

cartridge _acc

ording to the present 30 invention. 11 Fig. 13 shows a side

cross setBYoN“df the further other enbodi ment of the ink cartridge
accordi ng to thegpresehbwsi Aventieorrdeisy.sebt licg @ perlspetefvieeyi @n6F t he

> 3 Orefnfl%égkn%XQﬁf ggcgg ?thH§¥EQer°B}QsQBEk si de

i nk cartridge which
t her eof ,
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according to an enbodinent. Fig. 15 is a perspective view of the ink
cartridge which stores plural types of inks, viewed froma back side
thereof, according to an enbodinent. 10 Fig. 16 is a perspective view of
the ink cartridge which stores plural types of inks, viewed froma back
side thereof, according to an enbodinehi. Fig. 17 is a perspective view of
the ink cartridge which stores plural types of inks, viewed froma back
side thereof, 15 according to an enbodinment. Fig. 18 is a cross sectional
vi ew showi ng an enbodinment of a nmajor part of the i k-}{' et_recordin

appar at us sui t abi’& f or HeVYS fk C& GrEGFE SFGIF G CT—flndj e Iugen etiher

detai | ed cI8si$RGHd 0B2l MieWigf a-sublafke Uidcorfind? @8 a@hér@q@s@m of
the liquid container according to the présent invention. Fig. 20 is a cross
sectional Miwmtoforanot her enbodi ment of a subtank unit 33 of the liquid

cont ai ner accordj.n the _present _invention. Fig., 21 i.s .a, Cross
sectional view flﬁuﬁl%héls AnBEhEP=CEh (e)d\lf%r%v?']to%?tsi'ée slgrb}f Ak Uit 3y olfd} he

| i qui dscondtaimer Acaerditigped @t Hekpy, esdrived\ferin N bakikg.s iR shewsox det ai |
and equivalent circuit of an actuator 106, which is an enbodi nent of the
pi ezoel ectITOIBAT & DAt KELSG idsent i nvention. 12 Fig. 23 shows a

detai |l and equi }ﬂ'ge.ntl_SC'i%CH'%ePépé@t?@éU@.{é’& dPGh i Bh d5-ran gubgiinent  of
t he piezoel ectric device of the "present invention. Fig. 24 is™a graph which
shows the atels grishigd bepesewft haksh ivillewgdardtricty a sicle stilde itile reartk and

t he resonant frequency fs f the ink and the vibrating section. Fig. 25
shows a w5 tt‘%émr gér%&&élme\?itbrati on of the

10 Fig. 16 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. 17 is a perspective view of the ink cartridge which
stores plural types of inks, viewed from a back side thereof,

15 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

20 33 as an embodiment of the liquid container according to the
present invention.

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

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

30 present invention.



actuator 106 and the measuring nethod of the residual vibration. Fig. 26
shows the manufacturing nethod of the actuator 106. 10 A plurality of the
actuators 106, four nunmbers in the case of the Fig. 26, are fornmed 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 186. Fig. 29 shows the nmanufacturing
nmet hod of the actuator 106 15 shown in Fig. 26. Fig. 30 shows the further
ot her enbodi nent of the ink cartridge of the present invention. Fig. 31

shows further other enbodi ment of the _ ink cartridge of th resent

i nvention. 20 Fig- 32 s 2 statér leABO & Fente sk gér?HFbL%ﬁaﬁoﬁ%Lfact.or Fi g.
33 1s a SJ{@@F WHiEW Qfs Lhehubhhgenot Ber cgaod fBat e Of rit N@eRLt &I OIchi g. 34
shows a slant view of the other enbodi nent of the actuator. 25 Figs. 35
shows pl gradeavs dofvarheidthr ough hole | c according to another enbodi nent.

Fig. 36 shows %E%%ggat¥%gyég%%$hg.cghgkgggqg%ggeﬁg%gogg%' lb%pgegﬁqugor 106

in one body as g shows "an expl oded view of the

nmodul ¢ 10GishRumdity 3GsFide B8 taksbawkt hedstiieictesenatt theeqmehute 00,
Fig. 38 shows the slant view of the other enbodinments of the nodule. 13
Fig. 39 sHowshean expirstdd sy e oft iftee Sfsthil® 400 shown in Fig. 38 to show

the structure of,f h.mde 400, diGn 42 SheusLbe,Curt berael eroerod mon

of the nodul e. OWs a cross-sectional view around the bqtton1of 5
t he cont aiawratbmhes dhé tiedumkee si@@nghoemhdd 0 ghe3ste s sdwalintiéd atorpt-he

container 1. Fig. 42;SHous LN G058 S80H ' meknblieot U CQ0LRLISE 1hen
10 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 actuatoxr 106
15 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.
20 Fig. 32 shows other embodiment of the through hole 1lc.
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.
25 | 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
30 Fig. 36 to show the structure of the module 100.

Fig.38 shows the slant view of the other embodiments of the

module.



nmount i ng nodul e 7002 on the container 1. Fig. 43 shows an enbodi nent of an
ink cartridge and an ink 10 jet recordi ng apparatus which uses the
actuator 106 shown in Fig. 22. Fig. 44 shows a detail around the head
menber of the ink jet recording apparatus. Fig. 45 shows ot her enbodi nent
of the ink cartridge 180 15 shown in ﬁ‘g. 44. Fig. 46 shows further other
enbodi nent of the ink cartridge 180. Fig. 47 shows further other

enbodi ment of the ink cartridge 180. 20 Fig. 48 shows further other

enbodi nent of the i cartridge s Fig.. 49 s 1] onal
vi ew of the furl{] ' ggarsig?ﬁgrgg ?dfosrdeen{\%’fe% %éf Pﬁ\éﬁgg?]tg%?g%? g%%o@giclr{{g to
the preseniy. ijweds igbw Zhdigtrind whkows alp avdrlessiodect i onal view of the

further another enbodi ment of the ink cartridge according to the present
i nvention. Fig.Fi51 4RoREOBENERe diiddistemther Fﬁ@ogﬁweg‘ re |tc}bee"l?§1‘ﬁge t he

actuator 106. %g_.iQ1nggok§ 2 Grass seatignal Wicemaebual endoshdesth f an
ink cartridge as an enpbodi nent of the liquid container according to the

presemt itivertdrmaminkd 1Fivgen58he snedyler sipek sihgeny iiawF 8% - the IshkeErad dge
whi ch stores lgl ur al t.e/_ es of inks, viewed from an outside thereof,

accor di ng®% o-'&n b tt

." Fig. 54 is a cross sectional view show ng an
enbodi nent of B A BB WhdPpd thef ctbesidkey Bdn lofc ahdi Ngk apparatuse suidrabl e
for the ink cartridge shown in Fig. 52 and Fi q_ 53. Fig. 55 is a cross
sect i onal My i ot HEGB efpddiasqntainer L.

Fig. 43 shows an embodiment of an ink cartridge and an ink
10 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

15 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.
20 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.

25 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.

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

to the present invention.



of an ink cartridge as an enbodi nent of the liquid container according to
the present invention. 10 Fig. 56 shows further other ,enbodi nent of the ink
cartridge wusing the actuator 106. Fig. 57 shows further another enbodi nent
of the ink <cartridge using the actuator 106. Fig. 58 shows further another
embodi ment of the ink 15 cartridge 18034 Fig. 59 shows further another

enbodi nent of the ink cartridge 180. Fig. 60 shows further another

enbodi ment of the ink <cartridge 180. 20 Fig. 61 shows further another

enbodi ment of the ink. cartridge 180. Fig. 62 shows .further another.

enbodi nent of theJink® tart M ?ﬁﬁivqﬁ%}e“hffgﬁ%ﬁslP%rFﬁ@Fréﬁgﬁhg%lCh
enbodi mentr@fethpilinkl 29pear o dgssl 80 dveti Blorshomsohitsi ber thehens,
enbodi mrent of the ink cartrid 180. Fig. 65 shows further other enbodi nent

e
of the inkceardirggeo iBO?mQQgFW@?t66 shows further other enbodiment of the
nk cartridge ABQ. dp;FLo,Odo shous anaeubed oral;: A5 0. ddasRidl gg head

of part of the 1nk cartridge and an i nk jet recordi ng”apparatus whi ch uses
t he act uakatia &6 paritgof 68hes haws- jeetdetabl-danguadps het headh inertler fofr the i nk
5 jet recording apparatus. Fig. 69 is_a crgss.sectional view of an

enbodi mentbf CARETFARSCEPPYRdGR BsTan®enbBBdi htAt of ‘the |iquid contai ner

according to thegprosent 5i AWEEY iQhtional view of an another embodiment

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

10 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

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

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

cartridge 180.
20 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

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

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

180.
30 Fig. 66 shows further other embodiment of the ink cartridge

180.



Fig. 70 is a cross sectional view of an enbodi nent of an 10 ink jet
recordi ng apparatus and ink cartridge according to the present invention.
Fig. 71 is a cross sectional view of a further another enbodi nent of an ink
cartridge as an enbodi nent of the quuic!Sh contai ner according to the present
invention. 15 Fig. 72 shows further andther enbodi nent of the ink cartridge
using the actuator 106. Fig. 73 shows further another enbodi nent of the ink
cartridge using the actuator 106. Fig. 74 shows further another enbodi nent
of the ink 20 tr t

section of an |ﬁ2&cé$fgﬁ' '%ge%@%dﬂ%%%% 2 urthe?ég? §§n§2%%%?§gﬁ%9%? t he
ink cartr bcﬂgﬂzdSﬁkusangrl@e aatiorn 10&. ] &1 gecoddshowsparstes wnatheses

enbodi ment _of the ink HéS cartridge using actuator 106. Fig. 77 shows
further ahBEhBFCBADBYEI MBAt of the ink cartridge using actuator 106. Fig. 78
shows further aﬁ@%heées eshogs erde tQfi 1t RE-duME tERr hehddRewdeRgoEhenact gt or
106. 30 Fig. 79 shows further another enbodinent of the ink cartridge 180.
16 Fiy. 8detshewsrfiinghepransther enbodi ment of the ink cartridge 180 Fig.
81 shows furthe notbhes e L. Qf. repi Oapy

shows further a%o he%geﬁ%6%?%g%¥9% C%ﬁgkgﬁkbqggrg?l & Q%§8&§gen§ gg shoms
further amnakhesrtenbbs eeninafnddE narle ocammé|knym1ﬁ860nEagne84as@@mﬁlﬁ@rther

anot her enbodlnent of the ink
the present 1nventlon

Fig. 70 is a cross sectional view of an embodiment of an

10 ink jet recording apparatus and ink cartridge according to the

present invention.

Fig. 71 is a cross sgectional view of a further another

embodiment of an ink cartridge as an embodiment of the liquid

container according to the present invention.

15 Fig. 72 shows further another embodiment 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

20 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.

25

30

Fig.

cartridge

Fig.

cartridge

Fig.

cartridge

Fig.

cartridge

76 shows further another
using actuator 106.

77 shows further another
using actuator 106.

78 shows further another
using the actuator 106.
further another

79 shows

180.
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10 cartridge 180. Fig. 85 shows further other enbodi ment of the ink cartridge
using the actuator 106. Fig. 86 shows further other enbodi nent of the ink
cartridge 180. 15 Fig. 87 shows further other enbodi ment of the ink
cartridge 180. Fig. 88 shows an enbodi nent around a recordi ng head of part
of the ink cartridge and an ink jet recbfding apparatus which uses the
actuator 106. 20 Fig. 87 shows further other enbodinent of the ink cartridge
180. Fig. 88 shows an enbodi ment around a recording head of part of the ink

cartridge and an,.ink jet recording_ apparat whi ch uses the actuator 106. 25
Fig. 89 shows ar%dgt'aiégars&fﬁ'ﬁt légrhl%‘gg r?é’r‘% Tof STRRITRRNT | é’tfaré]‘égr dithy

appar at us.cafit@id@ 1308 cross sectional view of an enbodi nent of an ink
cartridge for use with a single color, for exanple, the black ink. 30 Fig.
91 is a cross sédgi-ondl VheEWSshbw Heean sashddimentloedimanimjcdr pagt igfk t he
ink-jet r I a ratus suitable for the ink cartridge showm in Fig. 90.
17 Fig. %Q%ghggﬁéﬁgﬁred cross sectional view of a subtank unit 33. Fig. 93
is a cboss sect Famal 81 ewhshew NgrtEneananbehe rendachdemnntof offhethak ink
cartridge. 5 Fi.gs. 94 shows manufacturing nmethods of the elastic wave
generatinﬁa&EJP%§83}895, 16 and 17. Figs. 95 shows nanufacturing nethods of

the elastic wavejggenet abhBgsdemicendr Lotk randiddaidd@: 26 Shus igf 1 nk
cartridge according to another
cartridge 180.

Fig. 84 shows further another embodiment of the ink
10 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.

15 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.

20 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.

25 ' 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.

30 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.



10 enbodi nent of the present invention. Fig. 97 shows ink cartridges
according to still another enbodinents of the present invention. Fig. 98
shows ink cartridges according to still another enbodinments of the present
invention. 15 Fig. 99 shows an ink car& i dge according to still another
enbodi nent of the present invention. Z 100 shows a cross section of the
i nk-jet recording apparatus al one. Flg 101 is a cross section of the
ink-jet recording 20 apparatus to which the ink cartridge 272 i's nounted.

Fig. 102 shows @an, egho bak g@éérw&gf Qv Y88 sUbtinRr (§iingl e
color, for msta%c 2 Jﬂge #‘%r Fig. 103 sh g\k/s an mﬁ carrtlrldgle 272
according3to still anot her enbodl ment of the present invention. 25 Fig.

104 shows an |nk cartridge 272 and an % t recor |n\9 ap aratu
77k P

according to stild- andt A&r EnbbAF et prédent nfror " FiT 105

I's a crosgpsssihanal onieye ojn}@rbaecr@qdigt')@nt of an ink cartrl dge for use
with a single color, for exanple, the black 30 ink. Fig. 106 is a cross

secti dnal Vi eW Rifgg he94b@tft0(9m pantfarturhadi ﬁRt]@@ﬁiFr?Qg*eh%fe]tan%tlﬁ ISt

enbodi nent . agclo i-onal view show ng an enbodi nent of
a mejor pATES o?t ‘?fg (j:éef‘j’ reg%rg'%naa%;%pg?at us suitable for the ink

cartri dge showrids Flggs sHofrsamdnbifgcti@bngFngt hd@8 ©F tehe redlsss tsigr tWeoreal
vi ew of another enbodinment =5 of a subtank unit 33. Fig. 109 show i nk

cartri dgedeRRer thhgle vt <t i11 ahoterr™%nbodi ments of the present
invention. Fig.pil]l0 sBows, &k i Bk cafd rédgeragger ddidrddany it anidier

enbodi nent of the present invention.

10 embodiment 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.

15 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

20 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.

25 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

30 ink.

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

the ink cartridge of the present embodiment.



10 Fig. 111 shows ot her enbodi nent of the through hole Ic. Fig. 112 is a
slant view of the further other enbodi nent of the actuator. Fig. 114 shows
further other enbodinment of the ink cartridge 180. 15 Fig. 114 shows
further other enbodinment of the ink cartridge 180. Fig. 115 shows further
ot her enbodi ment of the ink cartridge 480. 20 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The invention will now be described based on the preferred

enbodi ments, which do not intend to |linmt the scope of the present

i nvention, but exenplhfy.fhe i t : : f :

conbi nati ons thg%§6fthsé%i%é%&¥%pf#%ﬂgﬁ§%Qi%&ﬁ%h§¥§ﬁﬁ%#g%gﬁéﬁggggggpfly
essenti al offoathejonvyentt af. thheibhsiet conoepiinf dfrepaesersuitardnt ifor 1S to
detect a state of the liquid inside_a liquid cqontainer by utilizing

vi br at i on tpRendifefgr t¥AEI§t SPEWBf 1PhE1Pi qbPd PREI Bd8s WA&ther or not the
liquid in the |pqyid;eant @i peirdss Bl oMWW h it Bac3hdr abdaihewe! of
the liquid, types of the liquid and conbination of |iquids. Several
speci f5 ¢ mét hodsbteaki zhng for detection of the state of the liquid inside
the Iiquid container ilizin 9 _vibration_phengnena, are considered. For
exanple, a meth agrslH%oﬁé?Heggé Fﬁrkﬁ%gﬁe?h% %%Hﬁhﬁ9aﬁa Fﬁé92h§H§5%%F its
state inskABodtihentkquEdtrenpakbentaiavdateched in such a manner that an

el astic wave generating device generates an el asti¢ wave inside the |iquid

5 contai ner, an8i®hehtt FEWSEr PR SREFE LARECRCFSTE Y Fefedted byt he

liquid surfacgiQbnd g@lkhgiEpggggtcgﬁogggignereto is captured. There is
anot her nethod i n which a change of acoustic inpedance is detected by

vi bratd ng char aBieri s1icsho¥saovher acingdimbiecet dlge Ashrowshhbdlat i€i zi ng

the change of tp§g§C?P§t£§ Arg¥§%'“¥%ew of the further other embodiment

of the actuator.

Fig. 114 shows further other embodiment of the ink cartridge

180.
15 Fig. 114 shows further other embodiment of the ink cartridge
180.
Fig. 115 shows further other embodiment of the ink cartridge
180.
20 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

25 necessarily essential to the invention.

The basic concept of the present invention is to detect a
state of the liquid inside a liquid container by utilizing
vibration phenomena. The state of the liquid includes whether
or not the liquid in the liquid container is empty, amount of the

30 liquid, level of the liquid, types of the liquid and combination
of ligquids. Several specific methods realizing for detection of

the state of the liquid inside the liquid container utilizing



a vibrating portion of a piezoelectric device or an actuator having a

pi ezoel ectric elenent therein is vibrated. Thereafter, a resonant
frequency or an anplitude of the back el ectronotive force waveformis
detected by neasuring the back el ectr tive 15 force which is caused by
residual vibration which remains in the vibrating portion, so as to detect
the change of the acoustic inpedance. As another nethod utilizing the
change of the acoustic inpedance, the inpedance characteristic or

adm ttang,e]f %Q%Lro%lctap%rein%tn{.e%a()f AeN@ drisdiied cldS MBasUERAMPYea HEASYRDAY]S
appar at us d: Suc S an | npeaance anal vzer and a transm sS1on Circul t, so
that thewhangeef ia Wuratenheva¢dieunrara vbetdgnambiel tostate énange of

t he current val ue _or voltage val due 1o the.frequency .he

Vi brati ot R VoRUES G A Bt e dihsatarban T e aeukE AL DS AR B e
medi um i Q,theglhaphdingaecankal siesr Ak bhe lehargewafe the iskatius 1ofut He
mediumin the liquid <container is detected using the pi Elzoel egﬁri c device
or acbuatamtainetet éod thenr 6Beduaf 1 SFBrAYDF rehghed tRYChESYIBFAEFng

section .of e plezoel sGhehle syl ce and U aalanl Qhunddg. chotocsigs 13 is

a cross S¥cti'hat ‘916w of  an embodiment ~ 30 of an ink cartri dge for use
with a sidigltaireal or Thkee exampltdert hethbHatk whikhas erergdbodi AEALSEECt he

| iquid container according to th resent. i nvention.. An_i.nk Ldge
accor di ng-MREAHE D} e DG }éﬁﬂ&gﬁrpﬁéﬂ'tngc%}ﬁ?ﬁ?%te%mas con 8&%?9%&\%&%#%%
contains Liiquid K, a ink supply port 2 which supplies liquid K outside the
cont ai ner f, an actuator 106 which detects ink consunption status inside
the 1oont ai ner Ak aamthodvavel peevaritheghaape thtBR VA ded 1PefRacs

oS o B s SR 800 B0k T andyecyve oy
ring 4 i Shaﬁf‘ﬁg?écbié@délddlﬁri!mklsmaﬁtychmmﬂrei@Z\/J’d@Iﬁnﬁﬁ.catfhng?w'ftﬁra
recording head 31, in a fluid-tight nner. The valve bogg A8 %gggtantly
and 10 elastigsaan; darERERsy Sﬁaﬁﬁsi‘mnﬂét‘b‘g%k?ﬂgt}ﬁ PGk By \ﬁgy of"a " spring
force waveform is detected by measuring the back electromotive
15 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 liquid is measured by a measuring apparatus
20 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 liquid
95 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
30 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



5. Wen 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. 15 On an upper wall of the
container 1, there is nmounted a seni ¢ohduct or menory neans 7 which stores
data on ink inside the ink cartridge. Fig. 1 (A) shows a side cross
sectional view of an enbodinent of the ink cartridge according to the

present inventiaon ' 0 - FLg. ; ; Nt lilhk1192a
to 1192deﬁéog% Sﬁaé%&ﬂg#?i%%ghf%9E$ég%%é‘ﬁﬁ&kgﬁﬁ%ggi?ﬂégﬁﬁﬁ%fﬂgég?lkﬁe
act uat or si@gily pseunkedhboht depbbt ¢ fackd ¥ amtiscidd $Heocarédinewerl si de

of the 1ink surface. As shown in Fig.. B 1(A the ink s I ri. t
engages @t HCFHétPﬁklgﬁdﬁT%Fkhéié&legtgf lP%eg?%%%‘P%ﬁ %na%%agtr% ﬁglsllgzezg:ﬁ%
provi ded on.the coRt aibper ;1 whiechreoBhaing WAkl Thecachuatotedl@s icse
nmounted on the outside the bottomface |a of the container 1 so that the

act uas or pb@6 tdan tbatadesed th ithk PASPEEECEhéObcontai ner 1 through the

through hole I ¢ which is provi 0 i h : i
provi ded on thé‘%%§$%?%ﬁ”ﬁﬁ1éhg§gE%gaﬁsghégg ﬁ%%g%hérfﬁﬁeggg%#sk%%ﬁﬁqg ;3

t hat wheRrupRl yKpdst al.nosé fensey tp, Fidal 8i, st hapatche ngi menaf thengakedear
end, the propagation of _the elastic wave can chagg_ fromink.,to .5 The

act uat or Witk phe ig8nSHBPLY Pt DArYCPBFR et hdh ?rel?eecf%/rddierfgegl% fs"rclig t he

vibratio geper gt i I rtrdg i j j i
\ 1 198 d 1t ihe akneadr t rirlge nivid19tiygenes aldmg shtlibeai on b
itself. Elg. Q(%ﬂ gﬂbmsjé crossnsectional viem/frgﬁ1the fﬁgﬁi of§b5 an Y
enbodo neetl aet itché lyntorzadrédiggaaosdrdinpa cbinge ined it va B REIFREARS As

shown in Fig. 1(B), the container has.a.sid 10790 [ ke d
subst ant PPal [ 8% r%?%xﬂ? i%”§@ﬁ?bHeF§1th2 th?é %ﬁ%#éce. f%gjﬁg5k G
preventi ng dsdd 92ac s ihkxaebp Dy hbedlemu abres td dyempuntningassagke si de

wal | 1020 of the container 10 1.

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.
15 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) shows a side cross sectional view of an embodiment
of the ink cartridge according to the present invention. In Fig.
20 1 to Fig. 4, the wave preventing wall 1192a to 1192d 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
25 provided on the container 1 which contains ink. The actuator
106 is mounted on the outside the bottom face la 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
30 is higher 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



A gap is provided between the actuator 106 and the wave preventing wall
1192a. If ink is filled in the ink cartridge, ink is filled in the gap
bet ween the actuator 106 and the wave preventing wall 1192a. On the ot her
hand, the gap is designed 15 such that _ink is not held in the gap between
the actuator 106 and the wave prevent?hg wall 1192a if ink in the ink
cartridge is used up. In other words, no capillary force for holding ink
ari ses between the actuator 106 and the wave preventing wall 1192a.

Because the throu hole is is .provided on the ¢ Wy 1ok mai ns
in the th?%%%ﬁ‘ﬁﬁggaﬁé”§9é§ofﬁg&?Wﬁapﬁéﬁgge%ﬁgy(%%%%g?ﬁ%%tﬁgféigggéﬁﬁgd.

Ther ef or ege gy am the 1Mk ceatidiiddeewi vhbuatigmdnatsirch aagikscanhongy
operation during the printing process and thus ink nearby the ink supply
port 2 roltselfnk does not nmistakenly attach to the actuator 106 because

i nk previously 1.215(_% ;ejfnPé)ntssth%st he theugh-hobgah Cvidhusrohhehe fi8oronlof

little possibill or e actuator 106 to m stakenly detect the
exi st enceanf einbédimbet wate threevietk | carwaldgé saprovited te ftdce RIEIHE

actuator 106_in the ink cartri.dge.according_to th n ifent. 30
Ther ef or eSMeREH$ Rk ndkr OWWelanlgupgﬁg5poF%ezc?ngéﬁé?h% §g€ggpreventing
wal | prevents tdi) Leliledekbknbe deosomardl W tiertthead2diaetuaborcdtthe

Therefore, Thus, there is only little possibility for the ac%aator 106 to
m. st akenl Viget@ctunfrcexi FhengavefPTeken g Herdord 225uB6I E4XRey- B

generated by the wayvi.ng of j [ [ aysed by- s her vihe atd,ons Bfed Nk
cartridgecﬁgﬁ%+%?% Bﬁgr%ngﬂgﬁﬁ%éy?ﬁggs%gﬁ%iﬁ%foperation during the
printiong process. Then, there is danger .that the actuator 106 nay detect

m stakenly that there is no ink . if the bubble attach ot ct or 106
even i1 the irk 920 f1F | REPYIAThPIIRT Hdie 1"’?‘3%%?0%&%‘5;?%9 ‘fag}e th

confi gur a}%jﬁé’@eﬁ){ shbe.presendz enbadi raAt ; st hel veyei prewentnog i madde,
prevents e wavi ng of ink around the piezoelectric device even when the
i nk cartriogeiwibrated by thelyass beseessahfpngctuator 106 and the wave

preventing wall 1192a. On the other hand, the gap is designed
15 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 1152a.
Because the through hole 1c is provided on the container
20 1, ink remains in the through hole 1lc even the ink inside the
container 1 is consumed. Therefore, even when the ink cartridge
vibratesbysnxﬂlasScanningoperationduringthe;mintingprocess
and thus ink nearby the ink supply port 2 rolls, ink does not
mistakenly attach to the actuator 106 because ink previously
25 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.
30 Therefore, even ink nearby the ink supply port 2 rolls, the wave

preventing wall prevents the rolled ink to be contact with the



operation during the printing process. By preventing the waving of ink
around the piezoelectric device, the wave preventing wall prevents the
generation of the bubbles. Furthernore, even the 15 bubbles generate, the
wave preventing wall prevents the bubbles to nove close to the actuator 106
and contact with the actuator 106 becatse the wave preventing wall is

provi ded such that the wave preventing wall faces to the actuator 106.
There is no limtation of the size, shape, flexibility, and 20 material for

the wave preventing wall. Therefore, the size of he wave prevent.i.ng wal l
can be na@&tPﬁFFﬁé?O?ard%?aQﬁgéﬁﬁn Eguﬁad%he?%Ff%%?i¥ﬁﬁwﬁéV?%?ﬁglgﬁﬂéﬁﬁéss of
the wave pgveRti A9-MatbrCads thenadaxbunihaerbht ckigs fi Sednde Jrderd.urt her
thinner. Furthernore, the shape of the wave preventing wall can be square,

25 rect angul ar, Fpolthgororer abkeles pe. bFgenssamsceby tthe wWavéngplevdmi ng
wal | can be.made fromt har t.erial _or fl.exi IY@ rial.. rt re,
t he wave 8&&5 nf?nﬁaﬁaFge%%ﬁj%%mﬁﬁﬁé %?ﬁ%oéﬁgﬁ%?%%Figh %bﬁ%ﬂ%ﬁ%%ﬁ$?éﬂ?
mat eri gl . sGeRVes sBk)scdrie nspyge r Hf ByedLrgowetd peantbagmadedsom tthen,
breathability material or 30 nmaterial which can pas through liquid. As an
exanpl e oftheke igidargyhthet FRewrdHaight W&t @?Va‘ﬁ?t?%%f@%% sthEt

tefron, @yl'e%@, . ROLYPH,OPH €78 BLBEL. 20Pathes Ot B hantd.u A% AN cexavpke 23
of the breath ability material or a material which pass through |iquid,

t here areifotbasimites ifdllleshsini theedobyasneh hs Mawsiveror agepadarical ohavi ng
a mesh structure,. Furt hernor t he por.aus .erial f
ﬁ:?nEJa%u%%t oe ofethe %é)sen embg%tl%en% yﬁg%anv%rep?g&gg?\érﬁgbl v,

preventing ative pressure generating ne

t he comt aiaen pgrendntbecv@vwe ey et iR awdlnd ithd erikedely cardanderuteri al
such that both of the container 1 and the wave preventing wall can be

formed ase¥RE WHER Chiterdlk (I7¢ trdidcactiiate priveeddcdt 28 he'F nRCERFLFFdge
can,be +ediestcsdp Seeas ke caonat el 86 et ol thmRkicport 2

of ink around the piezoelectric device, the wave preventing wall

prevents the generation of the bubbles. Furthermore, even the

15 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

20 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,

25 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

30 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



beconmes extrenely negative with the ink consunption, airhole, not shown in

figure, is provided on a part of the container so that the pressure inside

the ink cartridge does not beconme extrene 15 negative. Fig. 2 shows a side

cross sectional view of the other enboﬁ%nent of the ink cartridge according
to the present invention. As shown in f'g. 2, a wave preventing wall 1192b

is nounted on the side wall 1030 which extends to the vertical direction to
the 20 ink surface. The cross section viewed fromthe front of the ink

cartridge r di , qgngn I ction
shown in 6%§%o b?%?%%(%??%gggﬁgﬂ;ﬁ(gE. he &géérE?ES%ﬁ??% %éﬁﬁﬁéfj of
t he i nk cariquidpe tfetchareppesent eabedi abntoext etdsed dngesudihas tthd omave

preventing wall 25_119éa of the enbodi nent shown ianFi,%’- 1. Therefore, the
wave prevett iPnGehaEE2118951R3 P FFEC BEVECY YhFot eTLEE RHETREE udtllt PRI®US r om

the vwave ofsdd¥ailFi @sed(Abrshaws wawd dgrelesgiagChizanal cvh eweofne%qhﬁcifvlérther
ot her enbodi nent of the ink cartridge according to the present 0

i nvent iSon.pys ShewgdeRitginB (W8bex .si de wal | 1010 and a side wall 1030,

whi ch extend to 3 he vertical .dir Lon_to.t i 24 f ach

ot her. The wave Pé:regf\?err?tbllﬁ’g \%I%I C%ﬁgagngiténﬁd t_fr%r}'{ m%ﬂéegge%vt\ﬁlq%:%%\f to

t he side wad IfckO¥HA iy @ s3MB) mabensad sooesstisectbantalofvitdw facomdihe:f nont of

the ink cartridge of Fig. 3 (A . is provided between the 5 side wall
2]

A_gap
1020 and & VidiFe “SVEY ERENTE Tl |wﬂgzea§ob%h%@rm%@ LAPDHARY hr JHFR 't he
gap. Fig. vheShus i hde i peecegstbenchl 1he drdNeigothel perhodidmnt of

the ink cartridge according to the present invention.” In the present
enbodilffent , t he Bactewsteor nk0gangoprizy isdawh lored KerotOtskopeld Sl ¥ grawmd 2on t he

box Lo {262 s TISUBEPLRUENL 10, AL AIOZA AL ds. oo LIS RRgnery,
t he actuatt¥comes 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
15 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
20 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
25 '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 sectional view of the further
other embodiment of the ink cartridge according to the present
30 invention. As shown in Fig. 3(A), a side wall 1010 and a side

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



106. Fig. 5(A) shows a side cross section of the further other 15

enbodi nent of the ink cartridge according to the present invention. In
Fig. 5to Fig. 7, the actuator 106 is nmounted on the side wall 1030 which
extends to the vertical direction to the ink surface. Furthernore, the
wave preventing wall 1192e to 1192g 20 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 actuaf,Qr,1@6.r lhe; wa¥E qHRMENt ThE wawe) prdid2ei exweddsl T3 2mexhentdet t om
face la. Furthernore, a gap 25 is provided between the top wall 1040 and
the top drowavbepeédenwind 1HAP| te19De. sSEA§. W8EB) 18ABws a cross sectional

view fromthe ron;t,\%?{a) ltag(gwé ng ({Q%géé idge Qfn Al 91 e Aror £8P trsnRr e¥i ded

bet ween the sfd&- and e wave preventing wall 1192e so that ink
can 30 pass thkowghrthaggapr Begauseapf tthgagaps pmkvddes hetvweemaihe in

the actuator 106 side of the container 1, which js .fornmed rtitioning
t he c@nt§ﬁﬁ€rwilbﬁfﬁﬁbaﬂév%h%ﬂ@V@hPFﬁ@eﬂéFngTg5L§Jf%C geeQM?FQ?HiC%E

consuned aggerﬁgghgh the Leyel of ink surface around the actuator 106 is
al ways e&hal to the level "of the ink surface of the other reglon ﬁf t he
cont ai ner Fhgs, 4t Isdomst watoirde 108 Hoete HotoHe?bctP®i SHakBRFYCERET] nk

1.
ti t.at us. t | : i ngnwal |
o056 Tt FOMCERBeBRT DRt Ak PATEaH Ot chERLha o LRE AR R EODL Do v

1192e fF a can be chan according to the height of
the actuatokht0frbgehbechByal meht | hehd nictsuatf@ce Gnd st peovgdsisabil Ehg of
the generation of ink wave which is influenced by he vi%co§g%gngﬁ gnk.
Fur t her nsfdepedntereaf osmefhenghPe et Wedh 43FT He wadd SpleVEnti g wal =1192e

and, the side,wabl ansPEnChRDgSd: 1 RGCOF dna He itrfke sp@Pilll poraf 2t he
actuator“T&g 32@?ﬁe%%? PE 5?rgction of the ink cartridge, the magnitude of
t he vi br atiithgn the inside wall of the container to face to the actuator

106.

Fig. 5(A) shows a side cross section of the further other
15 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 119529

20 extends substantially vertical to the ink sgurface, 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

25 isprovidedbetweenthetopwall1040andthetopofumvepmeventing

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

30 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,



region of the actuator 106, or the characteristic of. ink. Fig. 6(A) shows
a side cross section of the further other 15 enbodinent of the ink
cartridge according to the present invention. the actuator 106 is nounted
on the side wall 1030. A wave preventihag wall 1192f is nounted on the
position where directly faces to the actuator 106. The wave preventing
wal | 1192f extends fromthe top wall 1040. Furthernore, a gap is provided
between 20 the bottomface |la and the wave preventing wall 1192f. Fig.

6(B) shows, &, cf PSsnisesd i andlund W fiemdhed,r eie afevdihed ninkcantriaige of
Fig. 6(A). The wave preventing wall 1192f is coupled to the side wall 1020
l'i qui d tl@lhbllllyd et et viatkrcAf6 hota beass taTuRigh ShEnRebAVEheo hdite 1nk
preventln f S y t C QU i nk
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entering of the gas, 1nk remained in the actuator 106 side of the
cont ai nerofl phetattoaedrbyoﬁheow@h§[ﬁ&ﬂﬂ%ﬂ@ﬁgt@@ ipkl Burfege ppewdhsut to

the ink su ort 2 t hen the u ex 0 106
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can be | any posi on on the wall face 1030. An airhole, which
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Fig. 6 (A) shows a side cross section of the further other

15 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

20 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 éoupled to the side wall 1020 liquid tightly so that ink can
not pass through between the wave preventing wall 1192f and the

95 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

30 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



enbodi ment of the ink cartridge according to the present invention. The
actuator 106 is nounted on the side wall 1030 which is vertical 15 co the

i nk surface anong 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 fr the bottomface la to the top wall
1040. Fig. 7(B) shows a cross sectional view fromthe front of 20 the ink
cartridge of Fig. 7 (A) . A gap is provided between the wave preventing

var | 11929.a0; 15er $hdeBht (LO2R S0 Dabpl pledials Dage LREAUGN hagiaap. By

this conflguratlon i nk does not renmin he si e of' the actuator
which is bannedabyuparthe|annquonIu@6cchaagaerfiomylmkutmwgﬂf pr &remebyg wal |

1192g, k 25 d. Theref the l.evel k_surf
2 ound {hEReaRT AR Er® F0F FanaTERA" CaR L Eb ¥ PEJEE bRoIE SaFFRCEOR! (e

ot her regijan;gfscoptaiderink Jndrt hexdmseqitdead rttn%r ;ﬁ%'es@fntt Bebogapehet ween
the wave preventing wall 1192g and the side wall can be changed

accor dbng 1pwen¢hen@os?2aochetzﬁrmnh@aa@th@atlgweioefonnlsosw%aw dith k§i pEcinbn of
the ink carly ri dgk? rQFotd he chafa ter It%{ S ctadd 10%715Fb%ov§dte8 Bhdgngl show
0

a side cross sectlon OfCthe furt her ot hér e i ment of “the ink cartridge
accordlngpbelthenpqqsaﬂthannﬁenlomﬂréﬂ&ﬂgmamaMQMa1ﬁ&surﬁnnﬂuedtoatbhe si de

wal | 1010 where he_ink s ppl ort 2.is rOV|d Fig. .8, the_ wave
preventing® ﬁaFPnl%gzﬁoFétﬁ O&Pdé Yoﬁosﬂﬁéogogpt 5 Wﬁéh tae e&§39 fafBs to

the actuagQrhd98, J}@Pcﬂ‘@%ro@u%‘é%nééélg ﬂ’@?&o%l%%ﬁ Sxteerds obream 1 ke sHppl y
port wall 2a which is a outside wall he i nk supply port 2 anong the

i nsi d&0 walihk swepp by pdw Brﬁ(l@leﬂ yhporantaigier Hepankicapneddge thenwaHe ot her
10 hand, a gﬁg £ gr 5% g tween the top wall 1040 and the wave
prevent i n§*WaF1C11dol ' e the cross section viewed fromthe front of
the ink cartrigdgg.of Ahesrw\manbldaveﬂbsgrse@tmnmdﬂrtneofEnrgherS(;Bmert he

embodiment of the ink cartridge according to the present invention.

The actuator 106 is mounted on the side wall 1030 which is vertical

15 co 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 preventingwall 1192g extends
from the bottom face la to the top wall 1040.

Fig. 7(B) shows a cross sectional view from the front of

20 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

25 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

30 the width direction of the ink cartridge, or the characteristic

of ink.



figure of which will be omtted for Fig. 8. There is a gap between 15 the
wave preventing wall 1192i 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.hy the wave preventing wall, even
if ink is consunmedl1192i as the enbodiitent shown in Fig. 5. Therefore, the
| evel of ink surface 20 around the actuator 106 is always equal to the

| evel of the ink surface of the other region of the container 1. In Fig.

9, the wave pr eE\[Ilgaf't isngo\’\@.u;. 119 % s aPE PHE A8 QN selch8 ROSEL E 198 MheliRer
directly faces the actuator 106. The wave preventing wall 1192] extends
from the dopenadtbddidfentOvft hdreotindr c25thadde acgapdisd proviltRdisasiten t he

supply port wal| 2a and the wav revent i wal |, 1192 . Cross
section vIBVREACIPDm tHhE 77 oREEoF ?toﬁel? Wﬁungggtornl 442 % et%gﬁ%?gggn‘%ﬁjeere

inventioncjs shild@bply fbse H(H ,ptdeidddgure of which will be omtted for
Fig. 9. The wave preventln%130 wal | 1192] is cougled to the side Wﬁll 1020
liqui & so that ImkFizard néhepagyer REGUGREBBEWNRA! t hE2 9hvES feVEFhP hal |

1192) and_, t he si dl.ﬁonv\@%réoggri%%f%qﬁfaqgees tgzﬁﬁg%c@m@f‘r@@g shemn 41 9.

t}'}l% pos:Ltt ;
28 6, as ras e actuator S provi on the position upper than
the | overpeadedO2ag mlilhe 1ok suréade,fridretaet sapoly 106 tcanllbzalviriatted in

any position on the wall face 1030. In Fig. 10, .the wav reventin |
1192k is pfviedise walinet gdy tlinanHBBhg RRTect Iag)‘oflgcgggtjon%h%e ac %ﬁgt or

106. The Maygen, RMEYSRiki BApPal | pddO2K oext RS Iemtiiieideop val thd ththdw the
supply port wall 2a. Because the cross section viewed fromthe front of

the ik bandriagmpfis meprideshbeitmeent.tbs FePsv¥atlat04® FiY.Che BVe the
10 figure of which will b jtted for Fig. 10. A gap is provided between -
the wave PFeVeRtthy Vai} ﬁﬁ%gi'and the side wall 1020 as shown in Fig.
7(B). Theref or egeddiisélags pRLsEES@E NI Om Wilkesresi feomofhe Hercadt ot bine 1106 whi ch
'S fOrnEdcggtgﬁééétéényhggp&ggeggnggbgggion is similar to Fig. .5(B), the
figure of which will be omitted for Fig. 8. There is a gap between
15 the wave preventing wall 1192i 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 consumedl192i as the
embodiment shown in Fig. 5. Therefore, the level of ink surface
90 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
preventing wall 11927j extends fromthe top wall 1040. On the other

25 hand, a gap is provided between the supply port wall 2a and the
wave preventing wall 11927.

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

30 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.



1 by the wave preventing wall 1192k, even if ink is consumed as 15 sane as
t he enbodi nent 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 enbodi nent of the ink cé?%ridge according to the present 20
i nvention. The actuator 106 is nounted on the boundary between the bottom
face la, which is |l ocated below the ink surface, and the side wall 1030,

uht ch ext endgsveLE Lol o LRGSR 3HE! A0S, ol Il G the BoAYE ORI BYERLI N

wal | 1192m'i s f1 xe cont ai ner t one end of a wave
preventi nghwal thd 1% end259cannedtted ithic shefboet onné ace- Ua,orand 6t henot her

end of which_ is connected to the side M%II 1 fo The_wave preventing wal l
1192m i sPBr 69FaEE%RTt ABY CBREAFAER 2VshBR YAAL fAESWAYECpreventing wal |

1192mdirectly facesyt Old,h%h%cgv'd@EOFréoén@-E‘H skopes 1 he bakvised age.
There is a gap between the side wall 1020 an% the wave 30 preventing wall
1192m @anohyet hes ial dn ofherire dé grtailmefades it a hbe prevehererfifodi Mgt wave

Ther ef th | af i i the act 106 .i,s, gl |
o the | UEPVBPETHR Chrk A862Brda e o Trer ek Gh bF idntaries reBYEn

ink is copsuiedallFuat hernore, the shape of the wave preventing wall 1192m

of the present enbodinment is substantially plane shape., Because_ the jnk
cartridge accor BFRgUERC I 6¥ofS BRBbAPHEMEVS dBwft FR§ tReNhGu&lSr 2266 on

the bound?é%t%‘%d%%‘%f@ﬂe Yrddis s ga%ﬁit@ehe%s dNiei POsidd eigng796)t hghe

act uat or e container 1 during t manufacturing o6f the in
cartri@lgefbgonaest edsich wWwitrledeeomibiéedufert Regl eyt h Pogapheswpdeiidedt he

wave preventin |1 1192m can, be shorien, the quantity.of the erjia
loed o TOLHERTT oot Ay SERY CHid B ey britit Rat) i optat wardaadey et
Fur t her nDERowRVER iy I he(maseTat reEBYEACT HK | e 4 hbthaenairevanthagsival |

1192m as a i ndependent material with the container 1, it is relatively easy
to positi@hitHE BREVAGPE PP everGngs igymedi b¥Rart itioning the container

1 by the wave preventing wall 1192k, even if ink is consumed as
15 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
20 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
25 connected to the bottom face la, and the other end of which is
connected to the side wall 1030. The wave preventing wall 1192m
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
30 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



t he boundary of the wall of the container 1. Therefore, the 15

manuf acturing of the ink cartridge 180 becones easy. In Fig. 12, the
position of nmounting the actuator 106 and the wave preventing wall 1192n
on the container 1 is sane as the enbodinent of the Fig. 11. On the other
hand, the shape of the wave preventing wall 1192n is a part of the
spherical shell in 20 the present enbodi nent. By shaping the wave
preventing wall 1192n in a shape of. spherical shell, the distance between
the actuatige otBerancedien ablf tdwntpaittef 1t keramavef prigvent Bngamdymer’.o2n

beconmes equal. Thereby the wave_preventing wall 1192n e t pfluence
the resi diiar tRGHPAES oﬁklfeﬁglépgdogst]?%é”a%ﬁ %gte&enfdgg ygggu?%ﬁgrpn%fr]&het he

vave pr_evﬁf'éé vahhoddf2n: can e dimedth1135 [ par tsiafpd he hol | ow
cylindrical shape. In Fig. 13, the position of nounting the actuator 106

and the wave PBevamd ngewak CBI32pdgs 2 ReOEdHRGIthEr PISFENE HRP LI A

enbodi ment _of the Fig. 11 _On 't of her, ha e Peventl g |l
1192p 9 s FRHHet Y nt}é% fgé et 28% hégpﬁggeggugnggﬁy\@ngnttge{é% V\/ave?{'q}élva
prevent i ngoN@dindA 92pthe gy=owiided ranof hehe antabner 106 wohthe lrxntdiganave

preventing wal |l 1192p has a sane distance with the 30, side wall 1030 and
t he bot t obn F@EENY at hByMEHAA FgEHE Vv & N ridterfid g WadS DEEPKFS £984- shape

and reduq%gewgﬁ,g%%&%@%ﬁei o MRS PHEVEINENG MBhe dd92prantitieg
act uat or as long as the capiTlary force does not arise between the

wave preveatl ng Bmeakh B¢ 9dpodreh t ideagiant bty 106 thehvakayiad afRd bl i ng

of ink around the actuator 106 can_be tively nted. .Fi is a
per sp¥kt i %n’ﬁg%ﬁ\}:‘bp?%e%l&ﬂ Eartri %eew\e/\ﬁiclﬁg sﬁégrles%%ﬁm f?yplgés&o%é(ii‘l'nks,

vi ewed frpm-enhdaekrs] d@ehhal ek casRC6 0 hdinng atce uan ngnitoelivawrtprevegonitrad ner 8
is divided by division 10 walls_into three_ink chanbers 9, 10 2nd.1l. I nk
suppl y povall 12 92m 3sapdinderandqyy Fed erde Lt HetRddfe CAVE WK Chahbers. In

a bottom  face. fed DLt | yiei i Nk Hehaahens Qierkli @dhall, 1188m on
respecti v]éef%tgjt\g%}greafg?t%géand 17 aréqe nount ed pzrn tehe cﬁt ai ner 8 so that
t he the boundary of the wall of the container 1. Therefore, the

15 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

20 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 does not influence
the residual vibration detected by the actuator 106.

25 Furthermore, the wave preventing wall 1192n can be formed
as a part of the hollow cylindfical 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. On the other hand, the wave preventing

30 wall1192pjj;formedjj1anlrshapejjlthepresentembodiment. The
wave preventing wall 1192p is provided on the container 1 such

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



actuator can contact with the ink which is housed in each ink 15 chanber via
the through hol e 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 9,39 and 11 such that the each of the
wave preventing walls faces to the each of actuators 15, 16, and 17. 20
Fig. 15 is a perspective vi ew of the ink cartridge which stores plural

types of inks, ereof acgor enbodi nment .
A contalnéﬁ |?ﬁ$ {ﬁ % Eﬁ P8h Ilsﬁrﬁ%)tﬁ$ gh%ﬁl%%aﬁﬁgrsay 10
and 11. @Ife%aﬁlmgpaén 1292n L& and - thapeeahar Fredud ofig titee IRgPeetiween Nk
chanbers. In a side 25 wall 1028 which extends vertically to the ink surface

of the ré@se@ﬁwveprﬁkeehaﬁﬁewelb 119Rmmid 1the RetyusssactliQfe agctleaors 15,
19 10 oo TRUERAT BN IE S0 AP C R Bler e QR RRER BRI, 0

17 is nouf ed o at the each of
t he acst uawads 1592@6an@rtd'1e173dtamt&& cont, achemwahlm@eammlbuMBMg ofhauked in

each ink chanber via the throu hol e t shown_in the provi ded on
t he contaPﬁ@Pnd8th?héC58F68FoF %GC ﬁﬁuﬁ?éﬁcéﬂv8ﬁ¥ BFeVﬁEtgértltlon val |,

which 31 is prpyigdemb%wee;sbﬁkeeé@kv&he@@ro@t@{gﬂ1tnhkeclar1rl@xqa%@b%l& and

the partition wal which is provided between the ink chanber 10 and the
i nk chambetorgs Eéeﬁaéftvpesmaﬁe1pkéveM@EwgdwéFP§ anbackhewfAei Ahekeoti gur e,

Sis prOVIQSd h quD%Peegggdlﬁ?s he 'n Oggﬂg%rBQE;%Qvlé%gh%lgggg Bhat

each of tRe“Rava Prevént faces actuators 17 and
extengs t@alhe ih@ttéltﬁ'ﬂ:iedjuhﬁccﬂha)ﬂ)éﬁs the1bnknd wif.ac&nkFwpp 6 pcs-tas 12
perspective view of the ink cartridge which stores plural Léﬁes of |nks

vi ened frdmaPbaékast dorser EoF thelgegresk dVRgh o CRATERBS PRLEBRt ai ner
8 is d'V'@QgeQ%aBéﬁﬁhgkggﬁﬂ@kh§eJﬂﬁpcﬁgﬁﬁgrbnk eharker s, Qﬂmﬂgeéﬁgc%lvelnk

supply ports 12 and are formed for the respectlve i nk chanbers. Each
of actuatorsatsr 1%, darrdand 13 ansunpedted eheltogratadneg §ust thadr be

actuator can contact with the ink which is housed in each ink

15 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.
20 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. In a side
25 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
30 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 partitionwall, which



the each of the ink supply port 12, 13, and 14, respectively. Each 15 of the
actuators 15, 16, and 17 is nounted on the each of the ink chanmbers 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 chamber3lvia the through hole, not shown in
the figure, provided on the container 8. 20 Each of the wave preventing

wal I's, not shown in the figure, s provided inside the each of the i nk

Che act uatsr 8528 Cod g tithn 1 0t ERGTI T o o d W BIG CHR g.0n Phe g

perspect i wgevpew: ot 1 bhewd 1K, Garitdh dgepvéW tded &ts\te@reshgl umalcttawm ab inks,
viewed froma back side thereof, according to an enbodinent. A container 8

has same é%ﬁ%ﬁm@uﬂ@k shemest 4d -shown in Fig. 14 to Fig. 16. A sloped face
whi ch sl opes abhesk %lhes%fréﬁﬁréxﬁerpcﬁ | dg 19”d;§c?tg§?1 QoM fage urEaCh of

actuators 15, 1 and 17 1s nou d on the slope ce 1025 of eac 30 of
the ink chanpeosifedlinsihe the e32h dHacheofinkhehawlver [r.evéntamg Makhsh not

shown in the fi ure rovi ded i nsi.de the each of the ink chanber
and 11 as tRéfo thg‘ep‘ﬁav%Wg%P@ f‘ﬁ% et 5PsT18 2 gla %éjﬁfcfi can be

provided 1% Ofhd tﬂe é}@l@ﬁ@éﬁd@ftott}ee vakt$chhati editdidh eaeheoiMetui-pathe
container 8. In this case, each of the wave preventing walls is provided

i nsi de the eachFaf-t hé iﬁkac?%WﬁE#@$¥NeJXﬁe%uﬂf theag ndhewrtiradpegwhich to
Fig. 13. Eig9. .18 '1§1r 1C ?,E%SSSCE[ 8&1@' \\'/EEW gheyLng,a aggbgghg‘?%e% £10 a
F B r £ e tor t

maj or art h ecordin paratus suitab
cartr |1dge aslaowd ing thb gn dmbd et aga é’@qmmmt e nj diveédefrmcatirngtiant he

direction of the width of the recording Eaper i eﬁ kgged Wi th a subtank

unit 33, WRILLE PRECHEGUIRG FexgPeEs 3 Brtm&éd SRtY PREE St 2t he

subtank uRist ;33. 1M0EERVESrmdd FHE MK @Httgaftlmeeedtrgc Fhdnbd¥0vi ggdni Bran ink
cartridge nounting
actuators 15, 16 and 17 is mounted on the container 8 just nearby

the each of the ink supply port 12, 13, and 14, respectivély. Each

15 "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. -

20 Each of the wave preventing walls, 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

25 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

30 of the ink chambers 9, 10, and 11.



face side of the subtank unit 33. In the present enbodinent, the ink
cartridge shown in Fig. 1 is used. Therefore, the wave preventing wall
1192a is nounted on the position which faces to the actuator 106. However,
the ink cartridge shown in Fig. 2 to 26%ig. 17 can be used instead of the
ink cartridge showm in Fig. 1. Therefore, the wave preventing wall shown in
Fig. 2 top Fig. 17 can be used for the present enbodinent. Fig. 19 is a
detail ed cross secti vi ew of a subtank it 3.as_an. odi-oent _of the
| i quid containe a%%é%?gkﬁdvxﬁapﬁgve 18 eddn SIﬁV%h?ﬁSH% *ﬁggghEE§HEeunit 33
conpri sesi sherdwkdsaipplsi dieediee e32h blethakishasiaeibad,o a 1fd exind e 1vakve 36
and a filter 37. In the ink chanber 34, the ink is housed which is supplied
fromthe PARWRBatRrfHdge 4ia ink supply needle 32. The flexible valve 36 is

so desi gned t hap s g H & D1, v 8l v6, 30,15 ,anened andl 30 £hosed by aRaRs of

the pressure difference between the ink chanber 34 an e 1 nk supp
passadge 36n tHecbcwidamkotinitte 8311s tdeat adnsim vetbd tthrat ihhdhd oknsappey

passage 35 is conmunicated with 33  the recording.head so that the.ink
o be sufpl 115t 05 & 65CFe CFERGP Y HEE ST =VERLiRg: ¥aies SREPACYHAES: 106
can be nountede Ahd Bacsi e tHeak hk 18w € exbendsd 1a yerdisal il regtion to
the ink surface 5 anpong the wall of the subtank unit 33. The actuator 106

is mount el oot heSsi He- wal | 1050 so that the actuator 106 can contacts with

ik nside the qk ahagher 34dheaua the Yocgualhale 00tecmaieh: Le

provi ded on the 'stde e wave preventing extends from
t he fid t esa B/ dropblhe opvara idik-geti pacbodihg apkaddi surcfidtalde fhatthde wave

preventing wall 119 faces to.the  actuator_106. A gap isS provided between
the top witf £86 ,rléaﬁck?h?‘”()‘&atlé‘s Righar & -t hei MR Sd &ce?gaﬁ&ptat?gewa?/g

prevent i nge ightocddSZd 4 nfk 19811 e cRR OV Se @ nbak Ween othen @eluakali ni0faged’ t he

wave 15 preventing wall 1192g. If ink is filled in the ink cartridge,
1s equipped with a subtank unit 33, while the recording head 31
is provided in a lower face of the subtank unit 33. Moreover,
15 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
20 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 liguid container according to the
25 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
30 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



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
consuned, ink is not held in the gap between the actuator 106 and the wave
preventing wal | 1192q. That is, the 20 2apillary 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 fromthe direction of the

side wall 105Q is sj.mlar to.the cross . .section _of. the ink.cartrid shown
TnFig 5 (8 rekigie Beahoet dio AR 35N RafoPaetuarT -5 0tP RowG n ¢ he
figure, whiedomtliracemiad @it.he side wall 1050 and the wave preventing wall
1192q. The level of the ink surface around the actuator 106 is _al ways equal

to the level off UHEGHIOTSur FaEe26F U BRBT ot REr CRRPDIMBIN 14 Toritd rerdeL.
Ther ef or e, 41t R glslae, & Pog WIRLd R €6, &@Pti?%(l i 18iAg e cbnkn & haliben, 33 34, the

| evel of ink surface between the side wall 1050 and the wave preventing
wal | 1592@madrspt Heovaddses ththsulacawiatuon t106.  tTher @byudoes 196t 1 simstuaken y

detect the i Sunpt j tatus. 34 Furth he length of th
o event | gl T193H T orOuHa P RSl T Gl HEoehbRGCP AN (0 e

posi tion ofnk tReiastdrt ohk anert Be diemalgot nkhehidlogis ubflaceo @nd wihen
probability of the generation of_ink wave which is influenced by the

vi scosi ty 5 BFOVARSARY ERersisiceval itldafal  dhettry R eHerhien Ykl ddvea
prevent i ng el el k9eq, aad tf*ﬁt%'gd% MRl ¢ %295%%81%@%%%? t%C%WeF"iB%et %

the position of the actuator 106 on the subtank unit , the magnit
t he vilbr atsmfacegi on ofat hehacwastopredentiog twed 1chiardt efdsés ctof tihek. 10

Referring tqo Fig. en the ink su ort of the tainer.1 is ,
nser { ed RIS BASH s Sabpt§ Herainiabeberhe s spanrt it @ B3 vreht val ve
body 6 reqgefesgaigislrd e PG Orfadd, thad @aelwgv@ﬁgsag@n't&n@omd and
the ink inside the container 1 flows into the ink chanber 34. At a stage

where the litfle®hanber 15 34 is filled with ink, a negative pressure is
applied to a no%?%%p is provided between the actuator 106 and the wave

15 '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

20 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

25 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

30 34, the level of ink surface between the side wall 1050 and the
wave preventing wall 1192g also decreases. The actuator 106

thereby does not mistakenly detect the ink consumption status.



opening of the recording head 31 so as to fill the recording head wth ink.
Thereafter, the recording operation is perfornmed. Wen the ink is consuned
in the recording head 31 by the recording operation, a pressure in the
downstream of the flexible 20 valve 3634ecreases. Then, the flexible valve
36 is positioned away froma val ve body 38 so as to becone opened as shown
in Fig. 19. Wen the flexible valve 36 is opened, the ink in the ink

chamber 34 flows into the recording head 31 through the inpk passage . 35.
Acconpani ed by Fﬁétpﬁﬁn\ﬂﬁ"?cht]ﬁ% ?W%&kd’% ﬁ%’@ Wﬁ@?r%ﬁ%Y%?Ebnﬁé”%éaglfﬁq t he
ink in the cantainesitel! oWscLAtG tde S atk-dt ing 33 W tHhesiidilorsuapl y
needl e 32. Moreover, the actuator 106 and the wave preventing wall are
provi ded a&hel®astatorme16f tchehe dlevedral tHgel randur hacs wndanke priobabilidwaver

t he actuator_ 106 and the wave preventing.wall. can bhe provi ded bath of
the ink cﬁ?t‘?}i‘%@«?n&ﬁ& & %uﬁtng‘n‘ﬁa\ﬂ%iwﬁl%ﬁylfirlor%/fldfeﬁbcetcﬁgya%}%%é’tlosrc °Td6 Yand
the waye preveidi ngruet her@drdpt Anebrihe idK €t gaggaredvbdhet Babtarie unit,

the ink end 35 status of the ink cartridge and _the subtank unit can be
accur at el preyensangd vaidy Iebdah and t haer §d8rdivivd lapia Gt TR cBR K8388Ed o

stop the ggegrfgifiggl %tpgcrrgeit gggiwfﬂsﬂ Sherf JLhe,cases AUSERe SURN abib @t 1khe

nunber of the charged fromthe recording head 5 reach to the

pr edet er n3Aedthanbegndfudeopf etlse durbrat i meegisur iafg thef achaaterbad oof

dropl ets afteh thﬁ actgator 106, which is mounted on the ink cartridge,
detects tRE FAR ERGTEF Fﬁéftfﬁeogcfﬁgtor 106 rmounted on the subtank unit 33

detecig the inkrepdrrkHgt Ber ewge, 18hewheaotHengnRPBappLYSpe2B Deogethko stop
the 10 recordi ng operation when both of ,the cases arises such that the

nunber of cPhEadnepl et ks dirstdiiqfedhirovaht kaer dabr eipRl Hiwedteact? fothke
e LB TR o PO L e arkam i, o hoipgminted
on the subbtarkatunrirt 188 peteads itshEortbdiankd eubgk. ink inside the container
1 flows into the ink chamber 34. At a stage where the ink chamber
15 34 is filled with ink, a negative pressure is applied to a nozzle
opening of the recording head 31 so as to fill 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
20 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 34 flows into the recording head 31 through the ink passage
35. Accompanied by the ink which has flowed into the recording
25 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
30 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



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 enbodiment of a subtank unit 33 of the liquid
contai ner according to the present 20?nvention. The actuator 106 is
mounted on the side wall 1050. The wave preventing wall 1192r extends from
the top wall 1060, which is |ocated upside of the ink surface, downvvard to

the ink surface her e bet n th

prevent i rifatds o4 lﬁﬁacaﬁegfchet et Eéovg’f‘{”g@gé‘w’fzg aggu%rgg\?l

bet ween tha e prevent éRgnyne | RO Are @l ik sppteramld caadjbac et tt:o the
side wall 1050. No capillary force, which holds ink, arises between the

wave previmn fgenalelcordsrs aRETEREONAERERALFRE 106 HE GAR9hR IS eEhSuUCh
enbodi msr&thaﬁzhﬁﬁ\@ rg,gnb]':«_efg%f 1%e gf“ﬁ YS€s @1%%?5 E%gﬁrpféﬂ%@lebﬁémﬁﬁﬁ eHave

preventi ng wa and t sl de wa acent to the side wall 1050,
t he | gvelreaath tda&}ier;krécﬁjétfmmmdmnnhbeh@fadrmalets & iing shewpssagdal t o

the level of the _.ink surface of the other on O ntalner 3 36
Ther ef or ©f £he HEReH 8F P FhLefserHd's ﬁEtBah%t]a({%s g‘f{ e(C:’tulnﬁgét he

I nk surfage gl thg @%&Ilagepoaetéeaso{hé henacdnRter +HHI6 thB Qct&étb& a
cross sectional view of fufther another 5 enbodi ment of a subtank unit 33

of the |ilfé chacuritedl ey tdec sruditegk e ithe3plesent si hPentiidn enfhe act uat or
106 is mount ed FO e?:msoI I%Ie ti%%dj C%Q%IQTpEe g@ugrc%\{’?gglé’g}: ‘é@lét&ﬂ-%%%

extends from t He to Ut ter 37. No capillary force,
whi choholsscorddikhg @@Ie&‘seslb&t wken bdieh wa‘i/eh[&r euenti aglm‘alsadlgmaatndhehe 10
actuator 106 as simlar to the enbodi rrent shovvn in Fi Fuirther a

gap is proviReed ObetReeht eke hRnE &59 ARl 19 d §FgE
adj acent (10 tthlgegﬂeggt@@Jﬂhnég%mbglh%’feﬁﬁ%ﬁ,letl:Qeaf@é!?'tl@é aid’t@dt@i: 30, ace

around the actu I's always equal to the level of the ink surface of
t he ot hemwtriggi ds mbsngfedt be tbat anketaBdridge, detects the ink end and

that the actuator 106 mounted on the subtank unit 33 detects the
15 '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
20 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
25 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
30 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. 22 and Fig. 23 shows a detail and equivalent circuit of an actuator
106, which is an enbodi nent of the piezoelectric device of the present

i nvention. The actuator explained herein is used at |east for the nethod
whi ch detects the liquid 20 consunptioﬁ6status in the liquid container by
detecting a change in acoustic inpedance. Especially, the actuator is used
for the nethod which detects the liquid consunption status in the liquid

cont ai ner,,by detecti at_ L east h hapge 1L agQusti G i d y
detectindT? %Fféﬁ%haﬁgefH@%uené%gf?8§1res?ﬁﬁ%i g? réfﬁ%ng9§i3££§%“§2?¥9 is
an enl ar geésk pdainyitew Dk tshe fackust ahelfGunt-igy p22iBh orsdbwheaa B Bator
cross-section of the actuator 106. Fig. 22 (C) shows a C C cross-section of

the actuat®?- 106. Fig. 23 (A) and Fig. 23 (B) shows an equivalent circuit

of the actuatorp106. Fagh of Figss 23GhRANd Hdy 23 (HArtihansahbenast uator
106 and around the actuator 30 106, and the equivalent circuit of the

act uatbor diGodiTemtafi aksubtzarfi bhed 35 ofhehé nki avard cpdgeinkrgacedrdEgand
Fig. 23 (F hows the .actuat.or 108, and ar.qund e actuatar and.t he
3 s30T o Rt 107 e Bt uaL B OB RO DS BOHE R TARBETTRG |

equi val en en"there s no ink1n e ink

cartridgeyaithe iand Uatree WQ6ei petudesing base phate bi8endsviEbbat thg topate
176, a piezoelectric |ayer 160, an upper electrode 164 and 5 a | ower

el ect r odewals 1069 wmsdrl shecti bbert® ni A cepdllarvoher cel etbi e e e nal
170, and &gwgﬁgggt %@Eu%le%Ctgﬁ$§wgg' oG enkasgy RhAEE 1182Bas @ ciggeul ar

shape openi'ng on appr oxi mat e Itscenter. The vibrating plate 176 is
provilded ot wiateo0fl ddeas faioe 1avhitch tilse catlldaatiireent rgtghwn simdeFign 19l | ow ng,
of the base 10 plate 178 such as to _cover, the opening 161. The piezpelectric
| ayer 160 is diFg'b‘iHbecFWer'i Ghﬁa%ilo‘sepaf“’%ﬂsd&ﬁtr“é%%n e H%V\G’fi%%ea‘?‘?rh‘bm%l ate
176. The ypper; pdestsndecibdsand whell awghcehecitbodeel Gf desandvi choshe

pi ezoel ectric | ayer 160 from both sides. The upper electrode term nal 168

connect s Thenafeippdheleredoné Uy Ty avadacecaFPynaThES| 3%k ePECt P de
term nal 115791%899%;&1%'} Q,ota?e level of the ink surface of the other region

15 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

20 consumption status in the liquid container by detecting a change
in acoustic impedance. Especially, the actuator is used for the
method which detects the liquid consumption status in the liquid
container by detecting at least the change in acoustic impedance
by detecting the resonant frequency fromresidual vibration. Fig.

25 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-section 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 aétuator

30 106, 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



| ower el ectrode 166 electrically. The supplenentary el ectrode 172 is

di sposed between the upper electrode 164 and the upper electrode term nal
168 and connects both of the upper electrode 164 and the upper el ectrode
termnal 168. Each of the 20 piezoel ect¥ic |ayer 160, upper el ectrode 164,
and the lower electrode 166 has a circular portion as its main portion.
Each of the circular portion of the piezoelectric |layer 160, the upper

el ectrode 164, .and_th | ect.rode .166 form a. pi ezoel ctrlc elenent 25
The vibrafﬂﬁﬁub?aPé t mﬁ?ﬁ& %ﬂéﬂ%&FQIb%?r%l 6F 'k BEedF the
base pl at eat¥8itgecover the opening 161. The cavity 162 is forned by the
portion of the vibrating plate 176, which faces the opening 161, and the
openi ng 161 of The @ﬁt@ﬁéo§u¥@@céncb¥d$%eab%%%ep@%%%61§@8 TheVFRERE BRIt he

base platg) 178 Wi ch L3 30.00p081 Lo fpdle 100 | 0 BISEORRdI G Ll 8URl

called as ack side" oW ng, céd I qui d contal ner

si de. fheachywey ellbk i drEst,r ot eppsuctl ddtatodde coadirtal 168, caniaetés with
liquid. 38, The glbrat Iate 178 i s nmount ed on the base Iate 178 such
that  theoHPGEFaSBICe A=Y dald 1 37Ene FHMCSHARS Tfre aifaldZor THe base

plate 178bgg@rb1£té hed hadi 4 &&t&ﬂ%ﬁ Behge dhenoayitet d82apdhex] PMesly

el ectrode 166 is located on the right side of the 5 vibrating plate 176
that is, dpposereesi ddlayalidsating pilgdied 17éom3apﬁ@1‘fld¢ﬁe0nowe¢ ef elthe ode

166 is proyl edwﬁa tee%%gy%§fgg "p% oﬁééﬁg%ﬁ%%ﬂF Jﬁ%@ cepter.of L he

circul ar portion of ower elec rar'n portion of the
| oner 1®! eplapdel 166suclangs tte wererthef ope@iopenicng 1'6]1e Spl:b@:tc&é’lle@thl"yc
mat ches. The area 10 of the circular portion of the | ower el ectrode 166 is

set to belaxs%ﬂﬁ&r1%ﬁi&ﬁm?@daﬁ»%élﬁhtt%ﬁed%ﬁénﬁ%%ﬁw?h%f HPEZOEP RIS | ayer
160 is fopikde o4 he g Epé&dslgétwéesm% Chet BwkoVET ccL64LT Ele 166

such that"the center of the circular portion and the center of the opening
161 subst aandmd:ly ttet phezPhé eateacofansr titd Erpwubetrh podeison Bhetyrper
piezoelecéiéc gge t%g%lnals%FE¥oconnects to the upper electrode 164
15 ‘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 upper electrode terminal 168. Each of the
20 piezoelectric layer 160, upper electrode 164, and the lower
electrode 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.
25 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 piate 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
30 opposite side of the piezoelectric element, called as "back side"

in following, is faced with the 1liquid container side. The cavity

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



smal ler than the area of the opening 161 and | arger than the area of the
circular portion of the |Iower 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 20 the circular pori§on, which is a piezoelectric |ayer
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 snaller than the

area of the circular tion t he opening 161 and the oelectric |layer
160 and | ARge iR B L8 01 EnEORRTCRItar Chad R PIgHeol Td RETORBRE
el ect rodec 166 ; Jhed ef¥e ndchecBRI o R Ay Hef sthe Hf azeelLGifde bayehe160
has a structure to be sandw ched by the main portion of the upper electrode
164 and thesemphaporiibeven thethoweiTel @ctrtodes dash def tom chyhtysi@e.face
and back side f nd th 0 of ,th gzoel ect Lg | ayer
160 can effect|€ﬁ$ SF?@éﬁgﬁ 8 g?%? Ehégﬁgggge eé%}lgl ay et %. jg#ﬁ% g
circulsr pobfaonmgvﬁuatblrnai uhﬁu1u@qrb@@@s&keeadﬁeoégbhﬁspleﬁeekeqhﬁﬁc

| ayer 160, the upper 39 _electrode 164, and . the | ower _el ectrode 166, forns
the pi ezGRPERIRFE- e RIfeAOWER THECEEPTALIG® 166PTALIEKPIN hEE KbBYRLINGhe

el ectri C()?i goent; @Q@éﬁ%@%t"“cﬁ@ dei e BF %th'e”<91 PEal &r PRI of he L1 bGuLar

portion the up el ectrode 164, circular portion 5 of the piezoelectric
| ayer 160l ¢¢|Er©<ii¢ d@l6arwlpoch|1@na0ﬁaltrh901r0mn ofeltbet Yoder edrd tiriosleopehi ng

6 h h h i h b
oo on T kR carT e o8, 08 PR 6L ERB s Rl e my T e o SR by

the openisg trﬂeﬁblrlamtahe@mrtaoneaﬁhtné I&weeﬁlélca&@rodmrlteeonsofsetheoutp@er 10
el ectrode 164 and the circular_portion of the piezoelectric |ayer. 160 and
the circubBHL1HRF theR Wi BREA She PRV Chas THaPREROSAFES THiifahaY P ar ea

of the opgy ngg 1§érm&aeow R 'ﬂ%kﬂ! al f3begPNefe 8ASKLYVIMH Al VELbEN the

circular portion of the lower electrode 166 and the circular portion of the
upper el eztecteodsl €6 aptifciihedntdet senbetrhefptbeoei ecttar payeioneond

eleCtriCE%AéhcéAy%r of the opening 161 substantially match. The area of
15 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
20 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
25 portion of the lower electrode 166.

Therefore, the main portion of the piezoelectric layexr 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

30 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



circular portion of the lower electrode 166 is smaller than the circular
portion of the upper electrode 164. Therefore, the <circular portion of the
| ower el ectrode 166 determ nes the portion which generates the

pi ezoel ectric effect within the piezoet2ctric 20 layer 160. The center of
the circular portion of the piezoelectric |ayer 160, the upper el ectrode
164, and the |lower electrode 166, which formthe piezoelectric el enent,

subst ant i ?I I %/tdfr%%t?ghékgpt h%?gﬁie%theer 'fowteklle oe%@itggd%mlégbre@ég;ns Ug%ecent er

~of the ci e g 161, whi ch determ nes the vibrating

section giietzf&le\atliﬁ@t engmphat en 146 dctuprtexd ded. orn s hexpppmed abbeley
center o the actuator 106. Therefore, the center of the _vibrating section
of the adtheaEedectadcnal eRestt eORRACEENYEEN gt e AL DPLIEGE - WBEEdlse t he

mai n porti.on £ ' eckr, ahd. 39, Vi Prati g peeetiicen of
t he vi br att}}enﬁg%f:‘é?%r%fﬁ?\?egg ecklﬁgr g%?%?rgs%ape,é&teae vi brating gect ilon of
t he aet uaifoehaQfid soalymmetid tayeabbéd, thecentenlaf rdw izot abttdre 108240

Because the vibrating section is sy trical about nt er_.of .the actuator
106, the eé‘)?&ttré%qeonag‘fi the %‘?féh%%%% \F;ht?r 8??8?1“90@%& Lo G rllﬁrtgg'sl(:éhe
asymet rig. s rualurgicagcbacpuerented. vibhaeehar eegtibe atdehaeytehlly

detecting the reSonant frequency 5 increases. Furthernore, hecause the

vi br at i ngidesttiesnwii shisynme tvidibe adie@ PLake cehdetesmingd Brtihig 6PeT869. the
act uat or 6 i sy. to _manuf act ng; Hoeygnpgesshaf e Shape
for eachl]z%T' tf@%?lee}zécr)ng%gdt %%(:C%elcgngtn}%@cglnf%gf%%?%ased. Therefo}ltgib t he
unevapnessl &ft ide: L escenant hkregumricyr porteéanh bEthehei dfopl ervel @deyies

el ement 174 decreases, Furthernore, becaﬁse the vj braticg% sect i %ﬁ&has an .

i sot ropi d&hape tRReCITBRERT Pt & the HPYET Gt§Cto be Ha PUEnd&d by
the unevepnessyaf, éﬁéea%géij&ﬂth@%é}mﬁmsﬁqnﬂwg_igrra@%g.pﬂn@é pdegonicle

vi brating section 1s onded to the liquid container uniformy. Therefore,
the 15 actamitlyr t0Braseeasyittdiigssehbl eitnsulise | Peit Horomfai Heg . lower

electrode 166 and the circular portion of the upper eleétrode 164
15 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
circularportionofthe1owerelectrodel66determinestheportion
whichgeneratesthepiezoelectriceffectwithinthepiezoelectric

20 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
25 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
30 Vibratingsectionofthevibratingplatel76haveacﬁlcularshape,
the vibrating section of the actuator 106 is symmetrical about

a center of the actuator 106.



Furt hernore, because the vibrating section of the vibrating plate 176 has a
circul ar shape, the | ower resonant node, for exanple, the primry resonant
node dom nates on the resonant node of the residual vibration of the

pi ezoel ectric |layer 160, and thus 20 tHe single peak appears on the resonant
node. Therefore, the peak and the noise can be distinguished clearly so
that the resonant frequency can be clearly detected. Furthernore, the
accuracy of the detection of the resonant frequency can be further

i ncreased by eReaprgecttie ¥ibhabing weakinral f iy WL GR oRPPHE & FREGRAY

shape 25 yi [ lL.at e 6 [ f ]gpp-' f the
count er e¥£c1%%ﬁ§%f%g% o%éé’éﬁ§§%%§§5%2?5€%%£gﬁ%$%$ﬁgce§%glitu52£%?§?ﬁe
resonant édcequeadyoeadeayr ted thy wsgihtrert rtile dtqudthreexiat sbé ngrdeenhhedl i qui d

cont ai ner _j ncrease. The dis Iaceneq% aenerated by the vibratign of the 30
vi brat i ngTRFREECLIT6 LS & A%arPt heSHPShiLa8e it edt byIUEREY

vi bratg onj grthgeBase phatBedrSre The 2GR OEHd 06, 1348 18 AW selcdYers is
structure that is constituted by the base plate 178 having 41 a snmall
conpl i anceywheehiaeslpeat tthiescant ¢r cafl ttheoapéuaiopl beed thgy ackaagrsr 4PFon,

and the vibratin | at e havi n | ar j i LIS
easy to be” aﬁfassﬁf gggast’ﬁf%%gu\l;?br%r?? %r%l.us %glet ﬁ?gp%}\}\ggggy%ﬁst%% ?ﬁ%?%r JLéI,Drt he
actuat or 486nhcah the pekizablychricxetehent heant itgudd ceeatabner Thyreéhierbase
plate 178 and at the same _tine the displacenment of the vibng%in% pl at e
176by t heth§i praviesmesth B8 it easBaRaFhertGHE N The AT 124 Ehc&Tof TERe

anpl i foude, of L bee COHNL &L &hagt roMPeve S e apdrtherdbtbersnegusafchbe
anpl i tude of the resonant frequency depended on whether 10 the Iiquid exists

i nsi de t eilbrauidg comtiaigrehaisnenebsesrophd sitape, the utbuahéygofechion
compl 1 anck® o RETTErEr gy Bt i TP g T et e e
vi br ati ord@etigasies sendhad glieesgaccuraay ok, t bredeileed t Omg ofedheon esonant
frequency increases. 15 The node of the vibration _of the actuator 106
| ocat es oPRded to the liquid container uniformly. Therefore, the
15 actuator 106 is easy to assemble to the liquid container.
Furthermore, because the vibrating section of the vibrating
plate 176 has a circular shape, the lower resonant mode, for
example, the primary resonant mode dominates on the resonant mode
of the residual vibration of the piezoelectric layer 160, and thus
20 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 frequency can be further increased
by enlarge the area of the vibrating section of the circular shape
25 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 liquid container increase.
The displacement generated by the vibration of the
30 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



peri phery of the cavity 162, that is, around the margin of the opening 161.
The upper electrode termnal 168 is fornmed on the right side of the surface
of the vibrating plate 176 to be electrically 20 connected to the upper

el ectrode 164 through the suppl enentary4®el ectrode 172. The | ower el ectrode
termnal 170 is fornmed on the right side of the surface of the vibrating
plate 176 to be electrically connected to the |ower el ectrode 166. Because
the upper electrode 164 is forned on the right side of the 25 piezoelectric
| ayer 160,2 tserld icompldianrer whéehi Regept bt thatdikiiagalta Pa Fd spdmcsid t he

t hi ckness e pigzael ectricyl ro hi gkn - he _| r
electrodelﬁééhgéf&%en tcgﬁuﬁﬁg%tﬂﬁféé rdﬁéﬂ%%4ﬁg§%ét%zgu§%§%85|EC?F%§§P
term nal IGfpllitarice widi ¢fiimeahts 1t0ikiddsyt bodaddipl eneé yntdeptibranliprhy t he
upper 30 el ectrode 164, and even it is possible to fill the diffznence in

depth by tie “ipFel Vel e¥FEEeS1BUST 1HR: cOMhett i Dot We Fahdupfer ably
el ectrgde fL64 and the g@&ﬁﬁfieb%ﬁé%@rt@& M Ralp 168 hecaes dealy 42 $Q that

t he upper el ectrode 164 wi be cut off.” Therefore,” this enbodi ment uses
t he suppl eeet drines| glot r ddeplFeemsnt sGpphdvet ivigprateitterriateohiebys thiee

upper elegg&gd%.l64and the.ggger el ctﬁgde terniFgg %GngB this

supplenentaryaeﬁé%ﬁf%ﬁ%kf7i; 56t Of t ee§e6?5§0e ectric 5y5F6186 gﬁﬁ t he

upper el ecinpade ubedodr ehs upportdead e1by: tir-baiosiprl esrokasyd elltecdriade rkh2e and
t hus the u%per electrod§e 164 can have desired nechani cal strength, and al so

the upper lelt&6t PERS 1 EB4aRl the THiuient GBI Do fRtidets e ARehEeri rm v

conneghed.. 1101 1081 i8ZQRILELEL Ge %'r@@@&p@@%c}ﬂ't%i\ﬂ&r ahi-peasest 003 Wai,ch
faces to the piézoelectric elenent within the vibrating plate 176
consti t ut é¢heheconbzcy phig-sedefont whincif ot walslopavitbf ae@sency tthereasesat or

106, NorCieLsokbeh® PRELELRE eyt R Lhe, o5t ualol, A08 0 s oty by

actuat or i@6lasgenechwdytei@tion of the vibration decreases so that the
accuracy of the detection of the resonant frequency iﬁcreases.
15 The node of the vibration of the actuator 106 locates on the
periphery of the cavity 162, that isg, around the margin of the

opening 161.
The upper electrode terminal 168 is formed on the right side
of the surface of the vibrating plate 176 to be electrically
20 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 1is formed on the right side of the
25 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 £fill this difference in depth only by the upper
30 electrode 164, and even it is possible to f£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



actuator 106 becones 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 Vidrates, and 20 the portion other
than the vibrating section of the actuator 106 does not vibrates.
Furthernore, the prevention of the vibration of the portion other than the

vibrating section_ of the actuator. 106 can.he achi eved by increasing.the
strength 8P tARE G UBPSF £ lasd ity 148 ‘f’hgl Ut ‘ﬁggf or MHAF 1HE alt'dst or

106 as thEHB%Hi%@ﬁtzéségﬂhk?%u%%l%%%%k%&% andcterakngy s hes W Buahbrgiphat e
176 as thinner as possible. It'is preferable to use |lead zircohate titanate

(PZT) , | magbelkam banmmctisr dohappeti ¢ haat od®1BEENd bhepimroekéetrkirode
menbrane _withou Lng Jead.as a material _for.the piez ectric | r 160.
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30 It is pre use zirc t’he ~“base

pl at e 578piEWbtherarie,lder sepraferrabl €por eSearrie ML emakuppobasa pl ate
178 for a material of vibrating plate 176. 43 _ The netal such as gold,
silver, cBppetc spalicientaAnPhERtrafe 1 i cked hAYE g a winsst pilegFrode

conductiviky can Beuseddiokd e cHiliehals e ddis, unpel 1 gstipde Lpd, the
| oner el ectrode 166, the upper electrode termnal 168, and the | ower

el ectrodeelechirnde 164 B7Q tTheuppt natlecti@tiec basminefletlé dscax pleal hedlubove
can be agglied tg t he contai ner which contains |iquid. For exanple, the
actuator 198"ta5h“Be nounted on an ink cartridge used for the ink jet

recorth ng apparahélSiedbd N ti@ink e 1@Mmed tCQAH A ME R MY 01 ngl @ee@Abal WEi¥AShi ng
liquid to wash the recording head. The ag¢tuator 106 shown in the Fig. 22 and
Fig. 23 i5amparfielhediaine nddeierhfiert positinihenvipeatigaipd a¢6nt af ner so

R e T A R S e R
suffici enttyuatde 1061 delcamdveut,siide ief prhéecabileytdb6fors tfhél @dtuator
106 in one body by firing together the member included in the
15 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
20 the portion other than the vibrating section of the actuator 106
does 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
256 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.
30 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.



with liquid. On the other hand, if the liquid inside liquid container
consuned and the liquid | evel decreased under the nounting position of the
actuator, there are conditions that 1liquid does not exit inside the cavity
162 or that liquid is 20 remai ned only*#n the cavity 162 and air exits on
outside the cavity 162. The actuator 106 detects at | east the difference
in the acoustic inpedance occurred by this change in condition. By this

detection_,of the difference in acoustic i nce, a Q1
detects tH WifctHer Y e 35 ﬁihg’i %l&s‘l\tﬁ?ﬂ cgf(ger?g%j% %]ﬁ%{j&?l ’n%lﬁ{e T %S}Qﬁan

cont ai nerp ofkd1 OphHihs goeIuEedimale donamderiedeteradmese Lewél for the
Furthernore, the actuator 106 can detects the type of e liquid inside

th
the |iquinthicortal pérthahPnss ALPRFEC8R ke BBEEDTTN SOFCERETS 4P d Ysvel by
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medi um  art; npedance racteristic or an admttance characteristic is
measurked.17®. neasure the inpedance characteristic or the admttance 44
characteristic, for exa ansm ssi on ‘?i rcuit _can bg u%ed. The

ne ove

le, t
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a currentydloned hbough cbhe anedi-um WK Boslangisni quid I equeneyamgbe, the
transm ssion circuit provides a constant current 5 to the nmedi um and

measur es act teryd Ogpprndee g hodi am Wt IFartiadifih§s8% fefuere i kThe
change in. current | ye vol t age 1 v megsur ed at t he -t LANSH ssion
circuit sjn%twsr?ﬁgréﬁgﬁgg%%%rgggcsmstaﬁg :lanrr}ﬁe gﬁgé.- Furthernore, the change in
a freguensyntfains Wisthing lai duiejuensyaskherhe hecurdierg hesldue or the vol t age
val ue 10 becones maxi mum or_m ni mum , al so shows theggl_?ang acou
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i npedance. O héfhe REAVAEPROL S RERN “abdvee Fha - ot 63 l%a%%@? é‘botlglsttl

change in,t Q%e%?@ééi&r%@@@%%@tgfont 68 dHYi duilal dehitdh&hagehaomne in
the resonant frequency. The piezoelectric elenment, for 15 exanple, can be
used in acaxasey of6siay chetast hodivh Hheedfpngd contained inside the

liquid container. Whenthe liquidcontainer is filled with liquid
15 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
liquid does not exit inside the cavity 162 or that liquid is
90 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
95 the liquid container or liguid is consumed more than predetermined
level. Furthermore, the actuator 106 can detects the type of the
liquid inside the liquid container.
The principle of the detection of the liquid level by the
actuator will be explained.
30 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



t he resonant frequency by neasuring the counter electronotive 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
met hod of using the change in the acougi4 ¢ 20 i npedance of the liquid. The
pi ezoel ectric elenment is elenment which generates the counter electronotive
force by residual vibration remained in the vibrating section of the
actuator. The magnitude of the counter electronotive force changes with the
anpl i t udeCBRTRAECTIBEAET nECERAFIBAL DF IR SFES RV CiTiveridf P8, Pe5UERE - | ar ger

the anpli{yde ,of, dihes iy é’ik@giﬁe&%ﬂﬁ%sogdéé}?s U39k agel HE t%%slin@&i%{{%
detect the resonant frequency. Moreover, depends on thg frequency of the
resi dual andratasnratat hervebtafiog tsectglontiod mé@diactwatbrchéheiperaod, on

which th itud h t | ectronot i f h h :
Ther of or o S0LEHEY 1 r Ao heg B ERECD! Bty HoPEBYLEA DETIE Shet BTN

corresgpongds th® ndeidnk eaierersolrekhg FOERE LhEGtdPRE kve heream ketr, the
resonant frequency means the frequency when the vibrating section 45 of the

act uat or @penghes el e@yeRY ch Thentherge tie ewereprbratiuegandéds valtage in a
resonant &%ﬂ?é%é’é‘sﬁé’ ch? AL the %ﬁ%@%ﬁq E&%%??Cléhé%s Lhe ﬁﬁé{ﬁ%gr%.
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obt ai ned y measuri ng e counter el ectronotive force when the v
secti on aadotdtei areihpadaatee i N Fuesheranbreonthé i dimnge Foull éretinansfofmed.

Because the, vibratign of the actuator is not a _displa engaaafor on]y one

directi on''belt & VFBHEEERGY YR CUrRENHY dt Wat ok 89Fef?etti on

and ept ensé @hmed NBa¥iMERLSLMmiMBRUNATA 08 KRS e fERMueNCYn | HEbkgi ng t he
resonant frequency 10 fs. Therefore, the resonant frequency fs is judged by
Fourier i1TReddweei ng the wavef orm of the counter el ectronotive force when

e PLezoe oct Al IR oA MSCIRELU " 1ol s SECUANe EEDU Bhon 200
fmis a felegugncyh whenatbeasadn itpaedéenoé dihehe liquid using the change
only in the resonant frequency. The piezoelectric eleﬁent, for
15 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
20 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,
25 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 vibrating
section of the actuator, the period, on which the magnitude of
the counter electromotive force changes, changes. Therefore,
30 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



medi umis maxi num or the inpedance is mninum The frequency fm is
different fromthe resonant frequency fs with |[ittle value because of the
dielectric |l oss and the nmechani cal |oss. However, the frequency fmis
general ly used as substitution for resepant 20 frequency because it needs
time for deriving the resonant frequency fs fromthe frequency fmwhich is
actual ly neasured. By inputting output of the actuator 106 to the
transmission circuit, the actuator 106 can at |east detect the acoustic

i npedancecf 2819 rctsiasreyeddbyhe Heedivper iwndish chatacher Boj shal igsta tigg
differ encescé/viérgl tap;e rfsoyarnetsgr;aq%ue&q,y C{l{toq*l ned by the nethod, which
nmeasures the Jfre’quency Tm by ‘measuri ng C%lhe I npedance characteristic and
adm ttance chargsptiashi chofrddmmarrdifyayuandy fidie tivet hode f ohincdbtreeiasut es t he

resonant frequencyfs bé measuring 30 the counter electronptive force
gener at e PHGARILGIEG §HE| COVRBR RS G HIOMNE YA BPECENYRSRCE DR IR Athid™S

act uator . o 46 T XaDEALI BAEH Ol 5§ Nee BGHMAK OLoABOL i 312 10N\ AT o
constitutes the cavity 162 that is determned by the opening 161 wthin the
vi brat i ngt ydrad Bordmsd . Wearcdusguitthe svilnfdt idrenef yehé i kbedatart he mMoguiad
container, liquidis filled.in the cavity 5 162, and the vibrating region
contacts %?inq?‘f‘?ﬂ‘ﬁ’bt iér?éfi §BY hRRe | G o Bt g)luﬁe\—'ﬁe\/‘\ﬁ]ekﬁrﬁh%ril d 't ochsvensgt

exi sts i ncpderd it i FoBLBNNGE K Td i land &keeniboat i fige nedenr icant act s
with the liquid which is remained in the cavity inside the |iquid
cont ai nerhas granigms khrdei af fragushaodecisdingntaetEe $ERIE HE9TWRDY but

10 caont ac W t as . Qr T j .l S g -
act ualtor 106 SFCCReChraestr LRR bR e GRthLY 2004 0 B No e
i quid i nsidlesfdeminguhd waomtaimef tlenabnatéen dllee tridmatiivegfoegeorhanf t he

actuator 106 by the cavjty 162. The reason wi.l|l be explained as follows. 15
Depends or® @W?%@r%sﬁzf‘?%ﬁ“%nﬂn%gﬁ?i BGILNYI BX6f thd DAt FRBI06 on

the |iquigdhcpntabhesnat REEE isped iG3S8d Nt BBst dominating frequency
components.

15 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 value
because of the dielectric loss and the mechanical loss. However,
the frequency fm is generally used as substitution for resonant

20 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.

25 : It is proved by the experiment that there is almost no

| differences with the resonant frequency obtained by the method,
which measures the frequency fm by measuring the impedance
characteristic and admittance characteristic of the medium, and
the method, which measures the resonant frequency fs by measuring
30 the counter electromotive force generated by the residual

vibration at the vibrating section of the actuator.



the liquid attaches to the vibrating region of the actuator even the liquid
|l evel in the liquid container is |ower than the nounting position of the

actuator. \Wen the actuator detects the existence 20 of the liquid only from
the existence of the liquid on the vibr&ing region, the liquid attached to
the vibrating region of the actuator prevents the accurate detection of the
exi stence of the liquid. For exanple, If the liquid level is |ower than the

mounting position of the actuator, and the drop of the liquid 25 attaches to
the vibrating rBaeonBsptine Radiag of thEeaFi gt o ddfséd @ BPHesKakFRg of
the |iqui i {Gau - fRvenen - i a08 o hhe Astyat or
106 will %?ggg%gggg%hat ?%eﬁe*igggnoudﬁqgl?Sgéémﬁﬂggﬁgyliquigeconﬁginer. I n
this way,witkeimathanetbeatécag pletpr avient edhen dsiqugd hiss astfiff orehaving

cavity. 30. Furthermare, as shown . in Fig. .23 (E).,  the. case nthe, liquid
doos. ot Bt LEq ik e 1t HOE and 1T AGuFATOFS ¢RecPQhRELEY

cont aisner 1 §£NMBLAS e tPELLAVIAY 1 Oh dhrer 6t MaLOFh 477i d08 i8s5€@E eBet he
threshol d val ue of the existence of the liquid. That is, if the |liquid does

not existlbgeididcoheataerty Weon dhduidhdogmooat ¢Xishe |imuiee i highédcavity
is smaller_than thi hreshol d val ue,.,it .S ] t e lLsynp.Lnk in
t he |iqui%|‘”gt et %%%glﬁjfelltﬂﬁle}g 1 i%iﬁ bt %%%gg{lhgg%z%%??% YRR R e
anount of1ideid whdict isreangaedtitarhé biasithrasdiode tallueyuiid costajindged t hat
there is ink in the liquid container. For exaqgle, Mﬂ?” the actuator 106 is
mount ed ofF t He® sT HRr et 19 of e HR | Fef POl o ¢S With sthedhE@ iRt ther e

I's nog nkadie dbes [ ot deicorg 8k nefF J-when the liquid level inside the liquid
container is lower than the nmounting position of the actuator 106, and it
i s judged that Théepwily liqkipmsiaie daseonitds dcteatal A6 ahd&hepeesequi d

e aPbEgbEn L AU, satiel B2, b3 BN RS Tyl o PoRtign O
act uat or d&6 £afet udge inkat nt ties eriiks-avd gk egtohhef Itlguiad t uaartral nérbeven i f
the inkigkétgiéfﬁgtf%§§ %%ge%e%g%nquaﬁgp%%r%gplained as follows.
15 Depends on the mounting position and mounting angle of the
actuator 106 on the liquid container, there is a case in which
the liquid attaches to the vibrating region of the actuator even
the liquid level in the liquid container is lower than the mounting
position of the actuator. Whenthe actuator detects the existence
20 of the liquid only fromthe 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 liquid level is lower than the
mounting position of the actuator, and the drop of the liquid
25 attaches to the vibrating region by the waving of the ligquid caused
by the shaking of the liquid container caused by the movement of
the carriage, the actuator 106 will misjudges that there is enough
liguid in the liquid container. 1In this way, the malfunction can-
be prevented by using the actuator having cavity.
30 Furthermore, as shown in Fig. 23 (E), the case when the

liguid does not exit in the liguid container and the liquid of

the liquid container remains in the cavity 162 of the actuator



Furthernore, 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 di sappears 20 because the anmount of the
ink attaches to the cavity again does #odt exceed the threshold value. The
operation and the principle of detecting the liquid condition of the liquid
container fromthe resonant frequency of the medium and the vibrating
section of the actuator 106 obtained 25 by neasuan% t he counter .
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pl ate 176 adefingéces bhe iweid dss lpggersshanpehiidt f ¢erot Gevalefor it ilen of

t he piezoelectrjc.lLay 0, & AVA t o t i on, ' i.h the
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Therefore, the resonant condition between the vibrating, section and the
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vibration vibrates the vibrating section,of ° the actuator 106, the residual
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t he | ower ielsécler oHe 1lGfid kentppeerel edtigide team taé G/t iandposition
of the actuator 106. By setting the threshold value in this way,
15 the actuator 106 can judge that there is no ink in the liquid
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 liguid container even if the ink attaches to the cavity again
by shaking of the carriage after the ink in the cavity disappears
20 because the amount of the ink attaches to the cavity again does

not exceed the threshold value.
| 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
25 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
30 piezoelectric layer 160 where the piezoelectric layer 160 1is
sandwiched by the upper electrode 164 and the lower electrode 166.

By this electric field, the piezoelectric layer 160 deforms. BY



the |l ower electrode termnal 170. Because the resonant frequency can be
specified by this detected counter electronotive force, the liquid
consunption status in the liquid container can be 20 detected. Generally,
the resonant frequency fs can be express®d as following. fs =1/ (2* 71 *
(MCact)'~z (1) where Mdenotes the sumof an inertance of the vibrating
section 25 Mact and an additional inertance M; Cact denotes a conpliance
of the V|b%ﬁt|n% secti on. oss section of the actuator

106 when QrﬂéééoﬁonegP§tpgﬁzPﬁ eEE%FFyEPHthéSBre§QﬁtVé B4 Hent .
Fig. 23(A)edRdnhifehZ3CBE SHoms: 1e paaukVad rfe FAIdGW EnQfv i3 Vi bat i ng

section of the actuator 106 and the caV|ty 162 when the ink does not exist
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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 counter
15 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 ligquid consumption status in the liquid container can be
20 detected.

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

fs = 1/ (2*n* (M*Cact)*/? (1)

- where M denotes the sum of an inertance of the vibrating section
25 Mact and an additional inertance M'; Cact denotes a compliance
of the vibrating section.

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

30 vibrating section of the actuator 106 and the cavity 162 when the

ink does not exist in the cavity.



in the vibrating section and the density of the vibrating plate 176 by the
area of the vibrating region of the vibrating plate 20 176. However each of
the size of the area of the vibrating region of the piezoelectric |ayer

160, the upper electrode 164, the | ower49el ectrode 166, and vibrating plate
176 have a relationship as shown above, the difference anong each of the
area of the vibrating region is prefer to be mcroscopic to enable the

cal culation of 25 the Mact fromthe thickness, density, and area as whol e of

the vibrating $86ti'GEt MFeSRHRING | B prérddbide that PEREUSST tPon thét her
than the ¢ifieyhas Pt QHeWiqj}a{tsir% NBEA: PORT IR Ofheaghnqk I NOF the

pi ezoel ectric |layer 160, the upper ectrode 164, and the |ower el ectrode
166 i s m enibsetpng seethatni tbyarhee mgrer edf 3C:lopnpatew tiima heegtiion.

portion. Therefore, Mact is sum the inertance the each of the
D br ati g FREGREATGEer HEE GhRen b Roe: F oo 200k he i Sal it FORECTEE t he
piezoe$ec5@igohqb@ﬁnéoinlggtaamd the vibrating plate 176 in the actuator

106. Moreover, the conpliance Cact is a conpliance of the portion forned by
the each of thM¥agtbralPAg relrbacbrogné unpleteersedradde MBAL the [(@her

el ectrode , | GI I - , i ; - 176.
Fig. 23 (K%gg'FPE?tg%g?%?ksgﬁ?B?YEQX?Eﬁlﬁgaﬁﬁg§%§555§1?%?%?%gﬁﬁ?ﬁghégg
equi val enbfctheupiendel det widriatiary 1$@cti nonhefv il tiiq steart 106 angndhehe

cavity 162. In these eguivalent _circuits, Cact_sho a_, conplianc t he
vibra¥ing%§B59F¥ncﬂf Fﬂ% RCEFLESECEBEC ¥Fﬁ01§P &ﬁ% %ﬁ?tggééléyfrgEgl
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pi ezoel ectric layer 160,” the upper electrode 164, the |ower el ectrode 166,
and the prbdarkngipltie théckmaes ein the swpRer asleetredend béqubri he
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the area of the upper electrode 164. Melectrode2 is obtained by
dividing the product of the thickness of the lower electrode 166

15 in the vibrating section and the density of the lower electrode
166 by the area of the lower electrode 156. 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

20 176. 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

25 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

30 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 piezoelectric layer



The conpliance Cact shows the volunme which can accept the nediumby the
deformation generated by the application of the 20 pressure on the unit
area of the vibrating section. In other words, the conpliance Cact shows
the easiness to be defornmed. Fig. 23 (EP shows the cross section of the
actuator 106 when the liquid is sufficiently filled in the liquid

contai ner, and the periphery of the vibrating region of the actuator 106 is
filled 25 with the i UId The M max_shown i 3 (C% shows the maxi mum

2
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the liquid,Leph@hiehceahdcthes %eEbRBQEXneE ébecﬁfé Biatiing rheabanefride
actuator 106 is filled wth the Iiqui can be expressed as 30
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radi us of %Q rS ﬁ% E ctlon eﬂ_d%H%EFﬁ_ the Qﬁp5| t he ne Q% and k
denot es (HE WAVE Ny equation 4 a ﬁmihe A ré} ng
regi op ofplthe acteuat or 106 |s C|rcular shape haV|ng the radius of "a". The
additional inertance M the quantity that the mass of the vibrating

section is incFé&sed3Vptt LFeﬂlgy'?B)th heF &9 f &ct(Daf, eRe Fhsti df (i eRos té’%ﬁ sts
around th u\_‘lel% %tn'tng $e6LE1H08r ASe SHX : Q}?g%lé@:tt'l%ﬁ 6%) e nd hee N I8

changes gni |cant y by the radius vi brating section "a" an t he
density @mdthhenedenyp16ZheiMaW@em@anulkaéantbelexpmESse©a©W'éhﬂWmWing

1 f t .d t th f
P e VosrRiapceaet She bRt nhol PRbE ibhcet “he atet o A [ gl auency

Vi brapi ngrsegthié onpzand celdenpb@sl | heeipreed et ot heas@ung iRy OpRgas € tiy ough
the medium Fig. 23(D) shows an equivalent circuit of the vibrating 15
section GP”‘PHéaéléteué?tfth%El]aﬁ@It%%% 2EF 19N 18D the i e lesdeist layeg. 23( 0

when the,| quu&: BU é?b@@&*g&efié%, ﬁlﬂé@ 1&g 1AW A r SRNGAINET, "rl(iarE% the

perlphery of t ratlng region o
v1brat1ng plate 176. Cact can be shown as following equation.

1/Cact = (1/Cpzt) + (1/Celectrodel) +(1/Celectfode2) +
15 (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

20 pressure on theunit areaof thevibratingsection. 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

25 with the liquid. 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
30 M'max = (7m*p/(2%k>))* (2% (2*k*a)’/(3*xx))/(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



actuator 106 is filled with the liquid. Fig. 23 (E) shows the cross section
of the actuator 106 when 20 the liquid in the liquid container is consuned,
and there is no liquid around the vibrating region of the actuator 106, and
the liquid remains in the cavity 162 &fl the actuator 106. The equation (4)
shows the maxi mnuminertance M nmax determ ned by such as the ink densityp
when the liquid container is filled with the liquid. 25 On the other hand,

if the liquid_ in the |iqujd tai i d d liquid exjsted d
the vi br afFHGTSEEL (oh BFOTHRS AHTACT 166 BaSEsoas 6F GREUTRTAFERTthe

liquid reagini 801 cdher GHIY halBdg the Mdacas dre expressedaaditobhaw ng
equation. M = p*t/S (6) 30 where t denotes the thickness of the nmedi um
rel at ed téneheangebtatslopws Shfermiasy: ithe thada tée maesvirhr AhpnyiPegEdRJof t he

actuator 1 1 f this vibratin L on i ir S i 52, .a, radius
of Mo RO%kiph d gkt VErERILED B S ERLL SOF R ey 1 8
i nert anceebdi st 8l hovwsntihehequabravnifd) sebenohhe liquid is sufficiently

filled in the liquid contajner; and, the eripherg of the vibratjng region
of the actuator®90657eWh||1Rd GREALIPAR 54 qui'dhe THE B¥i t FoRal CPABEANce M

fol I ows tQ?gﬁ99§E5991§QQyW@ﬁ?ra&@@sléfnﬂﬂé LApthe: hhosd & contal nghd fhe
consuned, and there 1S no liquid exits around the vibrating region of the

actuat or d8fisigpdoft bkrel m@@idmi g .remained in the cavity 162. Here, as shown
in Fig. 23 (E) , let the additional inertance 10 M when the liquid in
the Iiquid contBhreerave rephamEdcanie aresses hy EP4UPHIBgi €3uUaFbeRd t he
vi brating region of thqgcaﬁﬂtor 106, ?nd the liquid is remained in the
cavity 162, as Tav 199 ngui sh P h the additional inertance M nmax,

which is {hereaddict honst e RektAcs Wherrbhgeneyidineny b idta nyg Sset i og
region 15 of the actuator 106 is filled with the liquid. Fig. 23(F) shows
an equi vavkan g ddiauidf depe nethrcanitagt weehi e ofibied iaat §EEGECNO62R™d t he

cavity 16@ ééhéé%%‘%ﬁ%fégeéﬂi%f the sound propagate through the medium.

Fig. 23 (D) shows an equivalent circuit of the vibrating
15 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 vibrating region of the
actuator 106 is filled with the liquid.
Fig. 23 (E) shows the cross section of the actuator 106 when
20 the liquid in the liquid container is consumed, and there is no
liquid 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 liquid.
25 Onthe otherhand, if the liquid in the liquid container is consumed
and liquid 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)
30 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



23 (E) when the liquid in the liquid container is consuned, and there is no
liquid around the vibrating region of the actuator 20 106, and the liquid
remains in the cavity 162 of the actuator 106. Here, the paraneters rel ated
to the status of the nmedium are densityg of the nediump and the thickness
of the mediumt in equation (6) Wien the liquid is sufficiently filled in
the liquid container, the liquid contacts with the vibrating section 25 of
the actuator 106. \Wen the liquidis insufficiently filled in the |liquid
cont ai nera tddbius qfi dai's rhee$ meh e shewsaw$ts = Tofat-heThasedpreactim

contacts mn h the vibratin tLon,of the act ator et t he.
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Fig. 23 (£3 du@Fstike Mevgr rof1E80Gn BAe28 4H)d wBanat Aer!, i 4nd dhar pendphbey
actuator 106 is consuned, because the thickness of the nediumt changes
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changes. refore & exi sfence of the | i qui cont ai ner
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shown in Fig. 23 (E) and using th yation (6 express 5 the _mcay, the
equation ¥ ?§UE%E“%§ SoBt AMh de?V§EE§?FPEﬂFﬁ§“P%8f thF At i 1§ﬁe Tavity

"d" into ¢he Tiquid £§‘er§ﬁ&'ﬁ’ié&nlrﬁ6&he M-y, 265 d/'S (7) Moreover, if the
medi um ar e dlfferent types of liquid with each other, the additional

i nertance M cH&wgesa@nahowgonaﬁug 1@3ﬂEéqd@ﬁb%hﬁsaéﬁéél@ﬁéﬁgé%eﬁ%%%ﬂge t he
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Theretore, the 92an ecte y specifying t
resonant id rr&ﬂl]l.el@yid: ex iV egveind wl.’menvd)bkytmng pégibe ofiktloe artuzont acts
with the V|brat|n ectlon of the acgtuator 106, and the ink and 15 air is
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additional inertance when the periphery of the vibrating region

15 of the actuator 106 is filled with the liquid.
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
20 106, and the 1liquid 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 liﬁuid is sufficiently filled in the
ligquid container, the liquid contacts with the vibrating section
25 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 additicnal inertance during the process
of the shifting from the M'max of Fig. 23 (C) to the M'var of Fig.
30 23 (E) when the liquid around the actuator 106 is consumed, because
the thickness of the medium t changes according to the containing

status of the liquid in the liquid container, the additional



the ink quantity inside the ink tank and the resonant frequency fs of the
ink and the vibrating section. Here, the case for the 20 ink will be
expl ai ned as an exanple of the liquid. The vertical axis shows the resonant
frequency fs, and the horizontal axis °shows the ink quantity. Wen the ink
conposition is constant, the resonant frequency increases according to the
decreasing of the ink quantity. 25 When ink is sufficiently filled in the

ink container, and jnk is filled around the vi ti egy
act uat or 108 L2¥he Pﬂa&?%‘%%%ﬁ oannaé) T her %rhtcepxll\?a%&ax ecaglrr%; %aeﬁ£§ ue
shown i nThéee gpal i e (HistMren dthehienk igaigonsuerd, 1 adpid hesetd snew i nk

around the vibrating region of the actuator 106, and the ink 30 remains in
the cavitgand® derechadi by simecifetNanEeSRNAE §LeTU atlédehyl £ et
equation (6) ;bas thethi S iU ; Becauset ~dsg used
in the eqéét?ib%%gw?g J{}ﬁgﬁgh?ﬁﬁ@sgﬂgﬁgﬁngﬁﬁfg %%%%‘E%n Fel at ed étlgpﬁ r'y

vi br atd onghé he' groce$e dguehdgownhith d¢dre bd phtias nednbynedbgr adual hy ttam be
detected by formng the "d" (refer. to Fiq. 22(B)). of .the cavity 162 of the
act uat or "1% C}é%eﬁra?‘lf ‘gée e H " e ?%J'}efotr mHy e ?W%%%%s?%?f' t he
base plate 178 5, suffigi,ently thinney as possible (refer to Fig. 23(QC)).
Here, let the l\t?é%ﬁ asétﬁégt hi cknessqgf) the ink involved with the

vi bration, and Moiédremx idsthbanddiunk aveedi £ heradditymaalof 1heuidnceth s

M max. For exanple, the actuator 106 is nmounted on,  the bottom of the ink
cartri dgecheli 9Bhes! | fheoadfétdgnpicangrtepcend!'i phanges Rad & , and

d
the ipk |l evel becones |ower than the heigh - - framt or
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Therefore, wuntil the ink level is within the range of "t", the actuator 106
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act uat or a lengtnw se
with the vibrating section of the actuator 106, and the ink and

15 ;air is not existing together, the difference in M' can be detected
by calculating the equation (4).

Fig. 24 (A) 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

20 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.

25 : 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

30 rémains 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 eguation (6) is the thickness of



direction, the "S" in the equation (6) changes according to the change of
ink level with ink consunption. Therefore, the actuator 20 106 can detect the
process while the ink is gradually consunmed. For exanple, the actuator 106
is nmounted on the side wall of the ink4cartridge perpendicularly to the ink
surface. Wien the ink 1is consunmed and the ink |evel reaches to the vibrating
region of the actuator 106, because the additional inertance M decreases 25

with the.decreasing o th ink level, the resonant frequenc radual |y

e casest B OB HETEomE A W GHE BHoTA) . Fher o BooChnl Bon the A Tobel 1 s
wi thin theng %@%r@éurﬁé@gﬂ:ﬁghﬁi 193] bbRRec LU ¥y IRZo{ihRf Ehe '@ FiBer23(C)) .

the actuator 106 can %radually detect the ink consunption status. 30 The
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the actuajgr, 108, can,dat %:tlrhb%abpr gess of cthengradual cgansympid on,9f the

ink is the case when the ITquid and gas having different density with each
ot her ar elnexti stas 1tsogemher aflr &bsop ey okhedaek tat of bred ilsnmowstedddmg to
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regi an oftHdenact uat Cil'nk]-@@-cd‘_rm'unﬂé@ﬂﬁhd thé R@kCasee Mt dnitss aelvat tiad06 is
mounted on the ink cartridge horizontally to the ink surface, and t-ink is
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until the ink level is within the range of "t", the actuator 106
15 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 "S" in the equation (6) changes according to the
change of ink level with ink consumption. Therefore, the actuator

20 106 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

25 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.

30 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



inertance is below Mmax in the equation (4) by additional nmass of the ink
and the gas. 20 M = Mair + Mnk = pair * t-air/S +pink * t-ink/S (8)
where Mmax is an inertance of an air; Mnk is an inertance of an ink;
pair is a density of an air; pink is @Yensity of an ink; t-air is the

t hickness of the air involved with the vibration; and t-ink is the

t hi ckness of the ink involved with the vibration. 25 In case when the

actuator _106 i s nount ed ink _cartr }{@g V=10 Zgptal ly to
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be expressddtas tagerhal kAl Sei FE(RIVehHE tEhbirr 2 1 Phe 1% HOwhi ch
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106 is ink only, and t gion, where the nmedium “involved with the
vi br abi on nefretalka nacbiatbe JA06 iirs thaspedanmbenvekpe@ ssidd dheprilrpsion

circuit. If let the a f th i t i i I ith the
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regi on where tLhe wdhurhdSaknyatyed o6 tis teiidd ald @heofinkheaaeirtidger 106
is gas only as Sair, the follow ng equation (9) can be qQbtained. 1/M =
1/Mair hoimontkliyssor thp ahk surfage) and t-ink is smaller than the

t-ink-max, the medium involved with the vibration of the' actuator

15 106 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.

20 M' = M'air + M'ink = pair * t-air/S +pink * t-ink/S (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.

95 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

30 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 quantity remained inside the ink



Sink/(pink * t-ink) (9) The equation (9) can be applied when the ink is not
held 20 in the cavity of the actuator 106. The case when the ink is held

in the cavity can be cal cul ated using the equation (7), (8) , and (9). In
the case when the thickness of the base@late 178 is thick, that is, the
depth of the cavity 162 is deep and d is conparatively 25 close to the

t hi ckness of the nediumt-ink-max, or in the case when using actuator having
a very small vibrating region conpared to height of the liquid container,

t he act uatankdoes ot dekectonsungtpooc epsawfithecgnadiral defeeseade offhehe i nk
but actually_ detec et her the ink lev i s hi r.,or .l.ower, than the
nount i ng 58%???8ﬂ %Z)O¥Q?%%§%é? St 55¢ %ﬁ%uﬂbggthFhélggﬁga or “défect s
the exispengige ofstlipt Dkn athdthend eatding, (it @firt e aakoat ebmphoe
exanmple, the curve Y in Fig. 24 (A) shows the rel ationship between 57 the

i nk quant Feythe dafesitik Qfa?'ﬂbeaﬁélqtlﬁé pesbhahtthe ctrishkyy faf e eA& ¢PBrati ng
sectiqy gn-%ﬁgrgébrating section is small circular shape. The curve Y
shows % hat t he Fesonant frequency fs of the ink and the vibrating section
changes extrengiyeduthagabttiheorangé adks ghangeleaf omkthpanbkt gafk riigeh

corresponds, to the tatus before and after the ink level in the ink tank
passes th%ubﬁB%%F?%bfbd%?¥?%% %ﬁu%?ﬁeEﬁnﬁﬂﬁ(ﬁA% gy%%ﬁ95'cﬁgﬁgéga§Fstﬁ8n

resonant f&eguancVsd$ ad theadgbe dedectad-ahet habet SBowAki ruaRt Etyureenai ned
inthe ink tank is nore than the predeterm ned quantity. 10 The nethod of

usi ng t hecrethiattoEhe0sed ben deteae Hae tesliuisvearedofi thé e yibgatrsonor e
accurate t d ich. ca | at Lty i C Jnption
by th@)so# 3£F%g§g§53§§ l?ﬁ@jgé gé%ggyi d% %c?%é?%%'gygéﬁéﬁﬁg @?8? e ink
by directiyvorwad act t inge v thi e dorwifd .t Heusicheraore 1 Otthe smgtkodcasi hg an 15

el ectrode to deteg¢ts the existence of the_ ink by conductjvity .is nf | uenced
by the MUBFRFSREFOSPIRDAL L L RATFR4ar d omEki TR 2ERA OF hBCITHE \YPER EGL ( he
net hod usi g ol AFE HaLRL 406 410 tdt f¢bSation of the actuator 106 is ink
only as Sink, and let the area of the region where tﬁe medium
15 involved with the vibration of the actuator 106 is gas only as
Sair, the following equation (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
20 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
25 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 liquid 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
30 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



t he existence of the liquid does not influenced by the nounting position to
the liquid container and the ink type. Mreover, 20 because both of the
oscillation and detection of the existence of the Iiquid can be done by the
single actuator 106, the nunber of thessensor nounted on the liquid
cont ai ner can be reduced conpare to the nethod using separate sensor for
oscillation and the detection of the existence of the liquid. Therefore,
the 25 liquid container can be manufactured at a |ow price. Furthernore,

t he sound t§enénkt adapyitheifctat brk 1B K ETIhG heh&esperart éieaencye f's
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rel ati onskiipchétweehabvhe densidyrod Y 3hhdwie thak ahé trheonhesendmegleagyency
fs of the ink and the vibrating, section of the curve Y shown _in Fig. 24(A).
Ink is usd® 9§ Wif 1@%61%%”6? "Ili%&‘it&.ng@egﬁb% Thenges eZ‘LF(rBf)m,el\MwQHrilﬁE

density 58l PGHEBSEE, cihdifyd &¥OnNARt ghERAYEDCY, fith JaCTRASRSNELAUSS thE
addi tional inertance increases. In other words, the resonant frequency fs

are diffemstatusi bafohe aypestelr the imk.lefmlr éforbe iy tands peissgs hbe

r esonant fre%%ency fs,. it canfbghconfi rr%%d 5 %;hﬁ[litshe ink of a dit;)f er ent
I o]

density has™ eéﬁgmgaﬁf%%ﬁét%er 8uﬁﬁ%§ e re- I'ng gpﬁﬂ%f%rﬁft fhe ink

tank. Therekenhanttheeqsdnat @6, 106 caamalist ebgeisihdtha pketiaikquuhieby
contains the different type of the ink. The condition when the actuator 106
can accur &CEPyNget Bettdie 1pk ks gt D heRet 1f GFicd kUM iR e IBRBEAEY - i n
detai hgin fol |l o 00 o+FRE ©FS€.d; scsf%neaq:tt]{)bact [ dr L he; shapg.of the
cavitgois designedmgg t%at thelﬁﬁgui can ec?ézgyieﬁg?ﬁ@t%% gé@?tgﬁ?GZ of
t he act uakernst@fceven thenlidreidi trimbriensicdmntate tham dheomeahndr whishenpty.

The'actuato %_GtcaqldeteCttt e gtusoof th .I% ui h15Oe en mhgn the liquid
o not 11 FRAEUTREPAGHECURE]® 163 Ol (PhERerIREaP™ HoBPE T Holiad PTREURat Us
of the |iguedavbaatbheibbqukeletssf thbedxikpehbe 6avihy 16R. by directly
contacting with the liquid. Furthermore, the method'using an
15 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,
20 because both of the oscillation and detection of the existence
of the liquid 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
25 liquid 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 audio frequency.
Fig. 24 (B) shows the relationship between the density of
30 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



The resonant frequency fs is a function of the inertance M The inertance M
is a sumof the inertance of the vibrating 20 section Mact and the
additional inertance M. Here, the additional inertance M has the
relationship with the status of the |iTdfuid. The additional inertance M is
a quantity of a virtual increase of a mass of the vibrating section by the
effect of the nediumexisted around the vibrating section. In other words,
the 25 additional inertance M is the amount of increase of the nmass of the
vi br at i ngisesepreASWHItd® | SeFpR?RES T SBYNRY i br SEFERAGES RECINTF atifg

section t Qé&gigkﬂg?l HXe?pgﬂEgs shpecoedium 1 Ther REOr Gorubenc fhe Miga¥nks
| ar ger than the max In the equation (4), all the nmedi um which is
virtual | yfabgoehed fis atrbedi 80etemuivd thetlhe e dmofhehedvikt.y TB2reThaeef or e,

t he status when the Mcav is Iarngermihan t he Mfrrax 1S sa wth the status
that theBYi §EREUCORFaI TSP W TRIPTYT d5Thé & 6<Bhant FPBEGEREY 59

fs does noh-thapgenbecaussr theiMrdeas RhsGRaNG8 s Bekhi mikagetogdbakef ore,
the actuator 106 cannot detect the status of the liquid in the liquid

cont ai ner dubhnghehet her £ hhhingi ¢t RbeMelivtstBaninkrtafkn the Mmax 5 in

t he equation (4), the nedi um whi I S Vi RV r ' the,l iguid
remai ned in the%%%ﬁ? ?/r‘i'az aen\ég]?tﬁga%ars lodr6t \%@Uﬁﬁggﬁgﬁ%}# i%algi g colrtu a?{ner.
In this caBechbesatsens hehd dchaagest whpehofi shedi ffikrent with the case when
the liquidis filled in the |i gui container, the resonantt freaugncx fs
changes. Ther ef BR® CAiE tHERENER b S YT TP B2 RE SHHALSS Yo S ERESFi qui d

in the |igHk G £ 8EN8le 1ThE 100 T banewhes hesd tiheqaek vatior f408owang .
accurately detect the status of the liquid is that the Mcav is smaller
than t heTh nzaseien asianedgbhdt i she erfgdaneadi AhehehaRe el the2 corvithelss

oot UatOf 108 an B8t Sl BHL ER0LA 080 o BB Kyl SAOGN. Y AWK -
l'iquid, degs awudependsavdiierhehapre dfiduiel ca¥ily the liquid container
is empty. The actuator 106 can detect the status of the liquid
15 even when the liquid isnot 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
20 section Mact and the additional inertance M'. Here, the
additional inertance M' has the relationship with the status of
the liquid. The additional inertanceM' is a quantityof avirtual
increase of a mass of the vibrating section by the effect of the
medium existed around the vibrating section. In other words, the
25 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
30 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 ligquid. The resonant frequency



162. Here, the M cav is the mass of the liquid of the volunme which 20 is
substantially equal to the volune of the cavity 162. Therefore, the
condition, which can detect the status of the liquid accurately, can be
expressed as the condition of the voluneof the cavity 162 fromthe
inequality Mmax > M cav. For exanple, if Iet t he radi us of the opening 161
of the circular shaped cavity 25 .162 as "a" and the thickness of the cavity
162 as "d", then the follow ng |nequaI|ty can be obtained. Mnmax > p*d/7c
a2 (10) By sedpardnay ¢henga gy thEOM' dhesfoPt ovarPe oftittiién ce&s -be

obtained. 30,2l 388 (L, TIE: LOSAUS! bdve 20k Ak () edrts valigoon! v
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the relationship between the dinension of the cavity such as width and a

length of the cQ% Epeapehehdafsht Hic&Repl ' davi ve Mo =i Giad the Mhaex
act uat gr JLQGEEQSeEBQtQQM' ty) 162y fRSuh 21 *1% rv"i@t‘ﬂl%lq Lhecopenl Rg 161

"a" and the depth of the caV|ty ‘d" that satisfy the condition shown in
i nequal i ty:hell)LqultdheeaatLuadom 111@@ caivd det ee? arte tlheqma@ Sravasuwin hout
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el ectronotoneafiaeee in actuator 106 which '

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

15 actuator 106,,and the ligquid 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

20 1is substantially equal to the volume of the cavity 162. Therefore,
the condition, which can detect the status of the 1liquid
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

25 162 as "a" and the thickness of the cavity 162 as "d", then the
following inequality can be obtained.

M'max > p*d/ma’ (10)

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

30 a/d > 3*x /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



is generated by the residual vibration remained after the vibration of the
actuator 106. However, it is not necessary for 20 the vibrating section of
the actuator 106 to provide the vibration to the liquid by the vibration of
the actuator 106 itself which is genewated by the driving voltage. Even the
vibrating section itself does not oscillates, the piezoelectric |ayer 160
deflects and deforns by vibrates together with the liquid, which contacts
25 with the vibrating section with some range. This residual vibration
gener at esndthec Lot £ ®hd® cuilodmi i wiei dpricee vatéage af nwithel psezoehecthec

| ayer 160 and transfer this counter electronotive force voltage to _the
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waveform of the residual 5 vibration of the actuator 106 and the measuring
met hod oflGthecar esit@rdl thichhagiéd. sTheushdhgBowt nabfVARtLeRetval vhen| evel
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vi brati orcaneimayt nmegk after the oscillation of the 10 actuator 106. In Fig.

25(A) and Fig. 25(B), the vertical axis shows the voltage of the counter
el ect!Porot i ve BHG Sferditated tBo hel PEEFARSF %?g}‘é?PSﬁgotfh‘? HEEARE Ut or

106, and {te Lot Ao c @&t Ssshows i theahl M &Yid henkeskddamedHyatopn of
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gener at esneEBusinghowe taurtgr @A) remer Fig fagEeByenghahedt e aglagesi gnal
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acoustic impedance.

15 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

20 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 .

25 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

30 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



In the exanple sown in Fig. 25(A) and Fig. 25(9), the existence of the ink
is detected by neasuring the tine during the 20 generation of the four
nunbers of pulses fromthe fourth pulse to the eighth pul se of the anal og
signal. In detail, after the actuator %@6 oscillates, the nunber of the

ti mes when the anal og signal get across the predetermi ned reference voltage
formthe |low voltage side to the high voltage 25 side. The digital signal is
set to be high while the anal og signal beconmes fourth counts to the eighth
counts, amicem@ thenwidweitigo eegeiAncobidtle taStPﬁéoé” YhiRhcdaAY SR RAsur ed

b d t t Kk
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mounting position of the actuaf or arin nd Fig.
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counts i srel$idwakmibmyt ingi ngTBet¢11il@r1<m¢ ftfetdrcénbflevel tatnehet hevebrdunpt i on

status of _the in can_be. det ect n u t qgﬁ! na
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vi brati oncof ddheled@idtaidiobylOhe beigomps st Etbieefrbtquieﬁcgnby oine a0fpl tthedexanpl e
of starting the neasurenent fromfourth counts, but neasuyrenment can be

started 9 rﬁft%é‘e@églulaédvébﬁﬁf-éonﬁl@“%}%lasftfer‘—bﬁthhQSFE)MF‘HlEBu?ﬁ £hS the
el ahtlh COUN S a0 1 68 e%e%agatgsm? Lheerigom s ) 1 oukd hvooullsl tactde
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Do Mo QRS SRR A 3, SETR Lok W e ek fercopiul 1o
cartridgesxid S8 mhte Remessagy die If%aﬁldiﬁl%lt hebtraﬂeounbflthe actuator
106, the waveform of the analog signal of the voltage Qenerates
15 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

20 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

25 side. The digital signal is set to be high while the analog signal
becomes 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

30 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)



the eighth counts, but the tine until the desired counts can be neasured.
In Fig. 25, the tine fromthe fourth counts to the 20 eighth counts is
nmeasured, however, the time during the different interval of the counts
al so can be detected according to the 6&ircuit configuration which detects
t he frequency. For exanple, when the ink quality is stable and the
fluctuation of the anplitude of the peak is small, the resonant 25
frequency can be detected by detecting the tine fromthe fourth counts to
the sixt h2BSdHSGs %%“?’hcrté]&él‘f‘ﬁéfs%%%l&f' et YRS FRE AR GREREhe i nk
qual ity is,unst ablg@apddhe d hidcigabioncnof dhe ampl idrudecotkibhespubse is
| arge, the tinme fromthe fourth counts to the twelfth counts can be

det ect ed I cdédteacworfie, rdapehidd on3the iebristienrcact et éhk, e thaenbren as

ot her enbodi nents,. t he ve n er_.of the voltage waveform of_the counter
el ect r onot ‘?/2??‘61?% %?Hr\f(\ﬁ%ett%g% eight; etcéj?lr?l%ﬁed%pgwi%§§r A 'beBgoldﬁ%g%. Nbr e
speci f5 cathys &ft@dredde Sctirad @rinkQ6 tasCicbhatgpt ibhesdhgukabrstggainks set

to be high during the predeterm ned period, and the nunber of the tjnes
when thecamdlogesegtald i sThetreasyss o REUPE ctlet éri I siefsrleAEem™5EH8I t age

fromthe LOUURldags S1de Losthehigh Nold e aldd $nCoupked By pRASUMi ng
t he count nunber, the existence of the in can be detected. Furthernore, it
can be knoilrdyiconpathegaEtgat@b ()6 wetdomes gtaBbeB) , It hiss amdlyi budeodf t he
waveform of the caqunter 10 el ectronotive forceigs di ntheink is

ff t wh
filled | ERRETHIE Earty FIGECARE TRBMIARRTSIETS Sior SRPErEdCPREERe PRk

cart ripdgemea Jiesdd9f Ezarh NSe | SHka £ONS UL (WhSt@ddbrdd d¢dent ok cartridge can
be detected by neasuring the anplitude of the waveformof the counter

el ectronotive fBreeigneRsufrenlthd Apnnaghtdes SRahie 1B FhidyGeneys Mte
speci f1 Cac%%}é’écge% %%"P:%Sfi%é ?IS@%%%%!&L{;H%M& é?ttlpee%‘ég%@ t&gurl?t‘?ék
poi nt of e wavef orm of the counter elecfronbtive force of the Fig. 25(A)
and the peakepeiiptdadfy the predetermined clock pulse. By thismeasurement,
the resonant frequency can be obtained. Theclockpulseisp&efer
15 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
20 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
25 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 gquality 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
30 wvibration accurately.
Furthermore, as other embodiments, the wave number of the

voltage waveform of the counter electromotive force during the



wavef orm of the counter electronotive force of the Fig. 25(B). Then, after
the actuator 106 oscillates, set the digital signal 20 to be high at the
predeterm ned tine. Then, if the waveformof the counter el ectronotive
force get across the reference voltage,g3zit can be judged that there is no
ink in the ink cartridge. if the waveformof the counter el ectronotive
force does not get across the reference voltage, it can be judged that
there is ink 25 in the ink cartridge. Fig. 26 shows the manufacturing

nmet hod of pieiecdtnadrodd HibiodAcpinubal cbynoédt hevaws usdeorist ikO6, 1 f owf yairber s
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or an uppeR:LgLO 26éBt ; odeha eamphatua% oihndha tverve fattm f o mi tnige newherteor a

| ower _ el ectr rman e i ezo trlc el enent 174 .i n¢cl.ud a

oo odPec A Brhee 16, 08t RPEoaE) ShtP| EPFLyur bt et tipahe

el ectrode :Jzﬁélcaﬁﬂgla?e%\&@fwﬁeﬁ%ﬁeoﬂﬁk }66notd féeu\éltlérdaim RGe Phial@rtiddoe .formed
on the top surface of the base plate 178, and 15 the |ower electrode 166 is

fornmed on e afey Ssurtiged ngf COREUMDE hPBt PRHAL P ot LG, ithE@aitaAcKIeCa ¢
layer 160 s é(fgfé&%&)%y e LR U AC e 1thae Qwernel %R/fe%‘i 16¢. +@ad the

upper el ectr
counter electromotive force without calculating the resonant

15 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

20 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

25 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

30 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



164 is formed on the top surface of the piezoelectric |layer 160. Therefore,
the main portion of the piezoelectric layer 160 is 20 fornmed by sandw chi ng
the main portion of the piezoelectric layer 160 by the main portion of the
upper electrode 164 and the main portign of the [ower electrode 166 from
top side and frombottom side. Aplurality of the piezoelectric el enent
174, four nunbers 25 in the case of Fig. 26, is fornmed on the vibrating
plate 176. The |ower electrode 166 is forned on the top surface of the

vi brat i ngas padven Er6Fighe2pi ezoel @intdilart ayaipel 6@hiesatoumedroh0s hehdwp

surface of the |lower electrode 166, snd t he ugger el ect rode 184 is. formed
on the top? SUdradé N PRePRELBeFEEET IRy FRYELNI6ENe R U3 UppaP - et REER ode

terninal ojflét Shfkd Nes |&Y\@rb@<§0>‘épt£@d@aél§r8fné‘c‘:ttl—%@orai@dOrgﬂgdf&ﬂnilli@ gnd

portion e upper electro 164 and the 65 ower el ectrode 166. The four
nunber s qflurteel Aoy odt ore H06 vater Lged rseparkatdsl yaml wialtitngodaaht witohe

actuator 106 separately. Fig. 27 OWS .a Ccross-section of.a part.of,the
act uator %‘g.ca’g ??e? f%’%’&@ﬁtﬁ‘dﬁ% f%gﬁ\é\?évfeg? m%‘g gﬁetﬁ%m?a%%m%f THE PR plate
178 5 whirch Hacesi W tduthiey piez astaadgd e £ eifeiedode s Thesyt hr ough hol e 178a

is sealed by the vibrating plate 176. The vibrating plate 176 is fornmed by
the material WiihagasagP&ct P§ danautat By dtenaF & VéhretiieSBEATEs B¢ uni na

and zircaqpi [ d 0 SsJ 1 ef asti T

pi ezoel egé[t]r %?Sgeggﬁ?eloﬁlﬁﬂ i%&)f o%rl%e loér)l ?’%ggvi g%ﬁ??ﬁghgéatgﬁ%%eto%eace
wi t h t he gleanalecthol @ elé8aentThes | ewteralieesilr bdemisg nenfar padaomipper
surface ofl t he a/i brati.ngl phﬁge 17d6 SO as.to.be extended.to tr]}e oNe v

di r edfi orfleqHIYtEEEET G +RCFidfY 28 FPORRE HeP T RO TP ThE ™t RroUdH: hol e
178a. Theuppefo! eehi@#a 11040l s Ty MG QR lthe s baepeat 1he ithcludes

pi ezoel ectric layer 160 so as to be extended to the opposite direction of

the | owera pliecprdgetrss, vilhrehing nliajin odi a atdznelaatrHglazer 168mathe
region of,dhe. UyaughJiohel783q EagB.eL 108-HRRE" 1 BLeCtiAS At N 168
plate 176 is formed on the top surface of the base plate 178, and
15 t;he 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
20 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
25 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

30 upper electrode terminal 168 and the lower electrode terminal 170

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



170 is formed on the surface of the each of supplenentary el ectrode 20 172
and the | ower el ectrode 166, respectively. The |lower electrode termnal 170
with the lower electrode 166 electrically, and the upper electrode term nal
168 contacts with the upper electrode6t64 electrically through the

suppl enmentary electrode 172 to deliver a signal between the piezoelectric
el emrent and the 25 outside of the actuator 106. The upper el ectrode term nal
168 and the | ower electrode termnal 170 has a hei ght higher than the

hei ght of letier g ledfereds ri&s el ehent oWli BHPsrehel st ofCcthatpri fhe 2%8% the

el ectrode i e e e i @, 2 t qﬁgug i.ng

nmet hod ofé?%gqgﬁgﬁgﬁgﬁiggk-Sggtgﬂéa%§%% |3#KE§F§E?p§f,b§6t rod%ﬁ&%%¥é 940a
is formed on a mreen7 sheed a9dboby- pect doratdfng ddre gfege sheeht8401by. a
press or |laser processing. The green sheet 940 bec s the base plate 178
after 66 T?%é#ﬁﬁ?ﬁﬁh&? ng@§§?‘#%8rﬁﬁgéﬁ“§HEéFa§EO? §166%W§8 B aFgéVH%terial
such as cgipih ¢ RREE L @h thENsle 28 DECER: SRARIMIEL1 78 . | adahedugAmdhe
surface of the green sheet 940. The green sheet 941 becones the vibrating

pl ate 1761732 ers tse@ ledr hiynghprodesst 1Mhe lpteed 75 .shEbe wirasing oty t he
mat eri al h,as .zircaniumgxide . Then, .a conductive |l ayer. 942 the
piezoelecf?%cl?a§8FmT§OPyéﬁ§u%.m%%%ru% iV%l gygFg9f %qgﬁﬁﬁrﬁﬂéﬁiﬁéﬁﬂg

surface ofhdhectgserst sheetich94% sqquams ally byrébeiaet baddsuehdasa e nti ng.
The conductive _|layer 942 becones the | ower el ectrode 166, and the
conduct i VP29l kg dr0 badpEeaRed alfe tigperl Yol edProdiee 182l af t i CtHeEMhi ng

procegs. fNextg %Bgmgae&p t%%e€lﬁ;b?§9in gﬁagcree%as@@eéa 41 cHhehe i ve

| ayer 942, the prezoelectric [ayer 1 and the conductive layer 944 are
dri ed andhdole netBa .Th&hspaceer nehberrOdd U6 dred £048edr enptbei sledf are tdfe green
e term.nal 168 and the

sheet 941 to raising the height of the upper electr
over ol dUtT SAETA G AR 70 & B0 BE hOGHEFAEREACENED i, BAF Cet I Bborant
The spacesrimeiheictOdh and 48 ks, f oreRdthy pedbhngf tiiee e Ut eidlad
178a. The upper electrode 164 is formed on the surfaée of the
15 biezoelectric 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
20 172 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
25 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 piezoelectric layer.
Fig. 29 shows the manufacturing method of the actuator 106
30 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



with the green sheet 940 and 941 or by lam nating the green sheet 20 on the
green sheet 941. By this spacer nenber 947 and 948, the quantity of the

mat erial of the upper electrode termnal 168 and the |ower el ectrode
termnal 170, which is a noble nmetal, can be reduced. Mreover, because the
t hi ckness of the upper electrode termnal 168 and the | ower electrode
termnal 170 can be reduced, 25 the upper electrode termnal 168 and the

| ower el ectrode termnal 170 can be accurately printed to be a stable

hei ght . Ithalmcnneugp@ncpast orie grekincthest @éAnier fedmadtdy the magendiedt | ve

I 944, th nber. 947 d 948 f
whon t ho EBRREEI G FAyeImOao 1L { ofSHEd PnE” ChRet a0 ol Lhrrbde T HItLl - 163

and the | ewaihekegfrhedat enBigidlerl {0ceansde aRd d¥edQiiRe raggh Haddnedf i xed.
Finally, the upper electrode termnal 168 and the |ower el ectrode term nal

170 are f&hgedi ﬁfaalngt l@éaéﬁ:d l7égiadireat tihee bvgmdust mrevq%gﬁer Thz gimgearhe

conductiv ec nlnal 168
and the ?8&/%%% ttr}?%ﬁn%%ﬂ‘?%e uppgesf ZH h‘ )%erm nal < 168 and
t he | ower aelceﬂidmﬂﬁvteermm 340, arthe Opi@:doébe(berf,@nﬂeg/bed oy tanhe

pi ezoel ectric | ayer 160 electric %Ily 30 shows the further other
enbodi rrenFoafquﬁéVFnkaY%%r%‘}r‘]i dge BFmFﬂeorbrt&eeﬁPrl R¢EnPE orfie 197 997k sihsiet

cartri dge9§'110é!\@quéxﬁ'tfélgl){:ﬂ§n £ hBkn @594 Q‘:llﬂgl Qﬁﬁfw‘{nt?fnés BFRY daduli the

container 1 to face to the through hole. ch is provided inside the 10
contalnerliyeas9é2mbeeomﬁ5vehE|thﬂalEle¢he0éetméﬁoramd kbef cpaductd viehe

bottom of .the_c talner 1 to face to th thro h nk absorblng
nenbeﬁ374 pYeve%gsi:%§QMﬁﬁathe budbf &s OFC Q%%|&3|de % %E PFPI& e to

enter intprbbesthrough hole Ic. The ink absorblng nenber thereby prevents
t he wave or bubbles of ink 15 to nove close to the actuator 70 and attach to
the actuator 70N®%¥he thek B3R bishGerendt?  74hes HersyneBestcP4hat thke hol e

di amet er ea‘mataetp_%oq%yeqrt 44 @ﬁeurméébeeﬂéu‘tﬁtbopixy@wle% I Sangmehker than

the hol e diameter of the porous part /4a around t
conductive layer 944 are dried and burned. The spacer member 947

15 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

20 on the green sheet 941. By this spacer member 947 and 948, the
quantity 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,

25 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 i1g 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

30 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



actuator 70. Furthernore, the ink absorbing nmenber 74 is designed 20 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 nenber 74 exposes évomink by consum ng of ink inside
the container 1, ink in the ink absorbing 25 nmenber 74 flows out fromthe

i nk absorbi ng nmenber 74 by its own weight to the ink supply port 2. If al
the ink inside the container 1 consuned up, the ink absorbing nenber 74
absor bs t Hée ¢nk nesitsimed tihg ¢erduHy By habere®42<ang threcergifF avy leotese.

Therefore,,i,nk | i n_t c It L le |c.
ThereforefMgécagggqbﬁepﬁggiguarmcﬁgrgﬁggﬁﬁ% F%gggggpga%§%8ygg%ﬁgﬁgggm%t t he
i nk end sttateud owielre efliemicrgdef t&éheihak 1e0d e hpdmrdlert reld akinnidetiect ed.

68 Therefore, the inpk absorbing nmenber, 74 can protect the actuator 70 from
the wave of°8 #R §E’& Lpeer &6@6%3%#&#%%&&9@%& LopmeRda he GogRerdsd 1 ¢ to

| Nprove t RA 1€ GWAGH HodiR@ tirlk 8B¢erdalsecil@Rtefi JLheactuator 106. 5 Fig.
31 shows further other enbodiment of the ink cartridgé of the present

invention. Fig. F3g(A)30 sskows oske séortbaal oritew efbadiandstt t o phet iafk t he

ink cartrid f, the present enhodi nent... The_ink cartrid of . t he. present
enbodi rrentca%g:sr (?Léi gtethufjﬁg r%llpeesent%c TS EE Bot t 8rnl1 %%%e“?]% Coafgretﬁ%éi gceoﬁthé)lwﬁler 1,
whi ch contial R$gi. ko, LhkTh®sbebl am patbepf74 e pheougbdhDh e He coaiteliased by
the actuator 650 and fornms an ink storing part. The ink absorbing nenber 78

i s provi dédtqr 68RE FRetRAsteCHe hPkduh M8 d swliter 1ide D Aewiided thiensi de

t he copt ai : ar c i .
The | ok aeorEraet LT AANe P R OOV B LY S e Al B e ol P I kel

provi ded testHe et ohrafughehobatiatnandl tiwe faicek tabsioe bimgugnierl €78k .whi ch
is:c'ﬂ gxi gg%teﬁrérqagdta%?%?}r% Onllj&ﬁaehrC)l?% plr%'velr:llt%' tggj(\? veS hgg\%u%bq%salolfeQn?(r 0SS

inside the ink cartridge to enter into the through hole 1c. The

ink absorbing member thereby prevents the wave or bubbies of ink

15 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

20 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

25 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

30 hole 1c. Therefore, because the residual vibration of the

actuator 70 changes at the ink end status, the timing of the ink

end can be further reliably detected.



650 and the through hole Ic showm in Fig. 31 (A) . Fig. 31 (C shows 20 a
pl an view of the actuator 650 and the through hole I¢c shown in Fig. 31(B)
The actuator 650 has a vibrating plate 72 and a piezoelectric elenment 73
which is fixed to the vibrating plate 6B2. The vibrating plate 72 can be
elastically deformed and is ink resistant. In the present enbodi nent, the
shape of the 25 piezoelectric elenent 73 and the through hole 1c is | ong and

narrow rectangul ar, and both ends of ich is circul ar shape. FHQ' %2 shows
ot her enbodi nentne¥e e ¢ hiBRighnhoPBSPEPIPE MERORTof FiFR I (Y E8F ., and

(O , thejleficband 888 e WAGfdOYLR 2SS BBs8tBEUSHd Ralk toesenkg NO
ink Kin the through hole Ic, 30 and the right hand side of the figure shows

the statusntblae tmkoudhilkolenid neel imprdne tthroudchorey |ef the t ek ee®ddi ment

of Fig. 1, the side face of the t ugh hole Ic is forned as the verti cal
69 mall.g?%e?5b9n3%€A5?et?ﬁ?%ﬁ%@?f c%’ld of the through hole Ic is slanted

in vertical direcdion sRewoRRAS Heirt b RxpaRBidiinteht BE tipaltisikdeartnidyg.
32(B), a stepped portion le and if are formed on the side face of the
t hrough hef ehe prsenst dpyeatpenti ofid f,35(Akhileh & §TRESVFEEHIGBBY eVt Rk

st epped pg%ttir%n%&f%oe@a\@tdsys éﬁgaﬂn{tfz%rﬁti%%egf%{é QR St dMobl Snede( \CAJ% :

t he t hroug s a groove Ig that extends to the direction in i ch
ink is eashé¢yinklicohtarigtyl dfhathel preshetdembotiimantohasi aktsuppdlh pbote 2. A
wave preventing wall, not_sho inthe fiqure, is provided .in
containerlﬁcghgﬁethﬁFt?Wef%%%gngzvgﬁ?i% ¢e¥2%e %98%‘f88%%% ﬁa%%g'650.
Accor@ norké® ddta shape tobrt fige tHrelgih helle 16 shawbded bygthe3cf{lgtdn (O)

the quantity of ink Kin the ink storing,part can_be reduced. Therefore,
because t&®0 Mrhiarms e $nll seprin@rPafe 1509 ARk aRpPaPhBE PAMRRY. 792 and

Lo BTSSRI ki PR 00 3 L1 L of
char act erimséide wen coenetiglerquaatdt yrofind nkh« froroygh midleg licsasearmvared in
the cont aglapeegenting wall. The ink absorbing member 78 has a ink ébsorbing
15- member 78a which is provided inside the through hole 1lc 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
20 a plan view of the actuator 650 and the through hole 1c 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
25 piezoelectric element 73 and the through hole 1c 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 1c,

30 and the right hand side of the figure shows the status that ink
K is remained in the through hole 1lc. In the embodiment of Fig.

31, the side face of the through hole 1c is formed as the vertical



1, and thus the ink end status can be reliably detected. 20 Fig. 33(A) and
(B) is a slant view of the further other enbodinment 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 enbodiment sho®f in Fig. 33(A) is nounted. In the
present enbodi ment, the actuator 670 conprises a concave part form ng base
25 plate 80 and a piezoelectric elenment 82. The concave part 81 is forned

th j de of th f_the . f ' b
Che t ochni b Sudh e ot ahihg, CAher bas ol ebtr 1 I GHeRl Bo FL i od. on

t he ot hergpiglee®f it heefoLeaDfdihecttincaned @eeds fol th ngxhaseip ate B The
bottom portion_of the concave 30 part 81 operates as a vibrating_region

wi t hin t heleditave IpaFis f 8RiPhg daseenped é’%.lofhéte_eﬁ&de,lftﬁéevﬁcb‘?‘&?@ ng
region Of%ﬁ W&o aGHUAEQLe B0 chs det&ldh R Dyt herl'&eré_t@ﬂ)ﬁfe)ﬁ gbrthgnconcave

part 70 1. Furthernore, the actuator 670 has the simlar Structure with
t he st uctluiehdfs phevadedatlorve BBeshoepped feing.i 2P 1 ei, ni siviclent hbanbelse pl at e

178 and the vibrating. plaie 176 is for as .one hody. her ef.or t he

manuf act u‘?’?‘?ﬁp%‘ﬁ o%%’étgl‘g%ﬁ%g e %‘ny’gg@r’i _ﬁtg’earﬁsrcl}/urﬁ(h -(Elaoﬁter ilacggﬁ%séna be
reduced, tder gasiad AxuEHEY aet whiengiaBethiBk €arwhidgeink SOs Cadls DBy
reduced. The actuator 670 has a size which can be enbedded into the through

hole | c plbwehrroeh theat chnt dilferdire®ylamite enbidtldi THPPHORIS, 2 he concave
part 81 can O%(v%b%&vdxg%vél%[eio&fﬁéﬂ' hr;g;l:gfﬂﬁé Hal OEy s05; Oré‘g%gr}%{d@i@@d can be

10 fornmed to be enbe roug e I'cas actu own 1n Fig.
33. Mo eoderthd heonvmiendar avenicdhnghwal Ehél192uei sreovent ded wakarfpcedhecaconcave
part 81 in the container 1 such that the wave preventing wall 1192u faces.
to the actatdFEeFePT P 34 shows a slant view of the other enbodi ment of

the 15 actuat ofccdheidsteatne SR8 PREKMSuEH RB1ENE: @sindenofid he
base plate, which constitutes the actuator 660, or the through hole Ic of a

mount i ng P &k tR2. (Qaultkienguhbt sy 79f a¥ek fformedheninkhet oti BKipast gfant he
actuator k?eGOr'edyg:eeda}Ct '&lﬁégéfg:?g, ibseJa{u)%eedtPlg M'cav can be smaller than the

15 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.

20 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 preséht
embodiment, the actuator 670 comprises a concave part forming base

25 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

30 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



the container 1 through the caul king hole 77 with caul king. 20 Furthernore,

also in the present enbodi nent, the wave preventing wall, not shown in the
figure, can be provided nearby the packing 76 such that the wave preventing
wal | faces to the actuator 670 as showoin Fig. 33 (B) . If the wave
preventing wall, not shown in the figure, is formof a nesh or a materi al

whi ch 25 pass through ink such as porous material, the wave preventing wall

can be previously nmounted on the peripheng of the packing 76. If the wave
prevent i n§lwal FuFsherBoRentiédre ARFEACPAST & RRSUGH SARL L afhet BeEHar 1660 can

detects iﬂgg é@r&gkﬁrgaéf’tl{ehg PRYE o PE BYCIM Y MAkL o1192U {5 Jpuny edon the

' 2u
ink cartridge together 30 mﬁthcthe actuator 670 as one body. Because the
process obameupiatng 1ithendaviee pridventimgphaltle bné tire fiomkedaa s romygéady .

abbreviate, the 71 nuf acturi ng .process is reduced, and the cycle time and
o ot EnauRLor e, | TR PRt P SracarS dEED fhe MRl f S it g Sha

show pd anjuikems ot hhe tdk gh-dmleq,l anacene dbdgr 1 anthaaeiadigrent . As
shown respectively in Figs. 5 35A, 35B and 35C, the plane shape of the
t hrough héhk terhujdee aisardin twr yeshigess sleh asteatrenl @f? hagttanddear ,

and {1 anglecoiaie 85180023 Hhe, elipoti e dave gsnenal g Ao ce . 3 gapabl e

of bei ng noun hereto. shows vi ew of "t he configuration
that forneont@ihbe act wmt ahis0émbaddieg hodyeaxss a theunbhngvaodate g00@anThe

nmodul e 100 is nobunted on the predeterm ned position of . .the container 1 of
Bn ik caPPRFAEES Ahd MG 10 TEC AMGITLR oba SoauPeit Tie 21 gar be

consufpt i eBrREAlUS B ehite deRBl 2hP8 t Hr Vg8l Ad hBJadiadtasior td® ehange of
acoustic I npedance of the ink liquid. The nodule 15 100 of the present

enbodi nentnhaisg a 3Bi.quidreoneni ridre weurtprRyemehtewaldlli 92 uigRtPNg dede
actuator 106 _fo the container 1. . The .liqgui nt.ai ner ' r, 101
E%g %? SOUSSVG 228 BI in the cogxt%?. e 12 :?1}115@%5 ¢F %8

has a strUct cyl1'ndrical par at cont ains
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Fig. 34 shows a slant view of the other embodime'nt of the
15 actuator. The actuator 660 has packing 76 on the outside of the
base plate, which constitutes the actuator 660, or the through
hole 1lc 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.
20 Furthermore, also 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
25 pass through ink such as porous material, the wave preventing wall
can be previously mounted on the periphery of the packing 76. 1If
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
30 withthe actuator 670 as one body. Because the process of mounting

the wave preventing wall on the ink cartridge is abbreviate, the



20 of which is substantially rectangul ar. Because the nodule 100 is
constructed so that the actuator 106 of the nodul e 100 can not be contact
from out si de when the nodule 100 is nounted on the ink cartridge, the
actuator 106 can be protected from outside contact. The top side of the
edge of the cylindrical part 116 is chanfered 25 so that the cylindrical
part 116 can be easily fit into the hole which is formed in the ink

cartridge. Fig. 37 shows an expl ode w of .the nodﬂle 100 shown |n Fi g.
56 Lo sholPPHE st hat A ST the SroaaEeRo0 it SogatE TH8° SRRSOk

l'iquid CO&%@h@getﬁggﬂgleaen@ﬂneea%eilageeaEEOBbaue@aLn 30 and a
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part 113 1s"forned on the central part of the cylindrical part 116 and the
base nounbflb2isg thahteHetbgrendrical part 116 and t he base nount 102 can
contain the act ator % the f] In110%g an d the te 1Qn%%9t The act uat or
106 i s connected'¥o 1 égﬁwﬁig 4 RPSTGR t%%e ? bt i tERE BPafe 110
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15 100 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

20 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

25 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

30 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,



20 based on the driving signal transferred fromthe lead wire 104a and
104b. The actuator 106 vibrates residually after the oscillation and
generates a counter electronotive force by the residual vibration. By
detecting the vibrating period of the msaveform of the counter el ectronotive
force, the resonant 25 frequency corresponding to the consunption 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
preferablyh$0@h®@ebyl%ut$1mﬁﬁQMﬂQQN &f matgrd aBobéght st Héffaeudat 6P 266 and

the plate 40 icheal sealing. % bonding ddhe 30, act sgLor, Lgaands thecpl at e

110 with Fﬁe f ace vm ace, € unevenness
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and the ghatwsklhountal banged syunaBer £¢1 WhEhi ee5pectt 110 d AedcenRerivasd0 axi s
of the nmodul e 100. Furthernore, each of the centers of the base nmount 102,

t he act uaﬂ*@%ntl@@z eHR COPtRLIOEIe aRGUAkeT PO e EREOE 118 188, ARREPE DS &Rt i al | v
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is forrre suc earea t he openin arger t ar ea -of
t he vi br aftilmg 1085 aagl tolme @fl atttee 120t arad orhelaetuilnert ho 6 uge Halkedltid tlse f or ned

on the center, of the plate 110 where the vibra ectlon of th act uat or
106 faces G Lt ainat Gotss  BAGUETGEE SPY ¢ nOTBRALy o 1 855 LERSIHERE on ¢ he

act uat or 110f, a 1bat)) ehet herhhtouahodplihe ¥k randst BﬁdC@Métp(lé-@é fogms ink
storing part. The thi ckness of
are mounted on the liquid container mounting member 101 as one
15 body. Each 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
20 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
25 frequency corresponding to the consumption status of the liquid
in the liquid container can be detected. The f£film 108 bonds the
actuator 106 and the plate 110 to seal the actuator 106. The film
108 is preferably formed by such as polyolefin and bonded to the
actuator 106 and the plate 110 by heat sealing. By bonding the
30 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.



20 the plate 110 is preferably smaller than dianeter of the through hole
112 to reduce the influence of the residual ink. For exanple, the depth of
the through hole 112 is preferably smaller than one third of the dianeter
of the through hole 112. The shape of tte through hole 112 is substantially
true circle and symmetric with 25 respect to the central axis of the nodule
100. Furthernore, the area of the through hole 112 is larger than the area
of openin%‘ of the cavity 162 of the -actuator 106. The periphery of the
shape of ThrEeépass- e tGromast of Heie e ey Mof EeTEonENPHEPTaFEIde 8 EREpe  of

st epped Sﬁaﬂaifljh%hgv%kﬁa%gg 'thﬁsn%nbgganﬁge%éi dga1i0op, 30 or bottom of

t he contai ner such that t rough aces to the inside of the
contai ner 1. Whhetihemtek 1i0sisansunedyr ahdpet, hend ndheappandnghkl 4ctfuaher 106

is exhausted, the resonant _74 requency .of the actuat 106 gr eat |
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mounting menber 405 is formed 5 on the liquid container nmounting menber 101
in the nodQte #be aftupéopr &8Ent tBabbdiweh? s, TRrdcyhenBtfEal 1par €£2408e which

has a cylLipdrical e, | I t b 1 ! h
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nount i ng nenher1d®].cHeull Ehdrurre 1 Odhet e exaal iy i10 610t hAppar Bt U snodandi ng

menber 405 i ncludes a board shapés el enent 405, which is se%ﬁug on the
cyl i ndri chPepRt2EA08L0 &t 2XTEHAESVEY PAFE T 14 1% L HE SRA a6t t166°FR8EE7F anged

on thgy copgaxespaiie hbduRoybded man Hdienside chateoof c hdedrand shapgd
el enent 406. The top end of the board shaped el enent 406 is chanfered in

pr edet er nbaed weigite 102 sbhemdtudfeohdftd shaped eléfenandseaplate 110 into
hole 191758+ B0 IR A0S MARIDILIAG LUS 3t BB, b ek,
38 to show t he shéeusperien®fl 1hefmotdl Bad80mowst tiee meddlbemed such that
the area of the opening 114 is larger than the area of the \‘/ibrating
15 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
20 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
25 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 shépe. The module 100 is mounted on the side, top,
30 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



20 100 shown in Fig. 36, the nodule 400 includes a |iquid container nounting
menber 401 and a piezoel ectric device nounting nenber 405. The liquid
cont ai ner nounting nenber 401 has the base nount 402 and the cylindrical
part 403, and the piezoelectric device74nounti ng nenber 405 has the board
shaped el enent 406 and the 25 concave part 413. The actuator 106 is
connected to the plate 410 and fixed to the concave part 413. The nodul e

400 has a_lead wire _ 404a and 404b, actuator 106, and a fil.m 408. According
to the prEseHteRmpodi hBRECTHRED 408 FaTRTLY &fgul AR sHYPEe Qrfc?t}ﬂﬁe

openi ng 44 provdded, on-the hoatd 39 shaped el enent 406 is formed in
rect angul ar shape. The | ead wire 404a and 404b, the actuator 106, the film

408, and the plRi® 3B ehowsnthe sltardchedwiel ah¢ eehevainfadimates bdseheount

402. Each_of .75 e actuator 106 he.film 408, and th l.ate_ 410 is
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15 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

20 100 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

25 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
404a 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

30 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



20 is arranged inside of the container 1. Because the actuator 106 is
arranged i nside the container 1 such that the actuator 106 extends in the
vertical direction, the setting of the timng of the ink end can be easily
changed by changi ng the height of the wv®unting position of the actuator 106
in the container 1 by 25 changing the height of the base nount 402. Fig. 40
shows the further other enbodi nent of the nodule. As the nodule 100 shown
in Fig. 36, the nodule 500 of Fig. 40 includes a liquid container nounting
menber 50k hshiagit Usdra UfEse thepdntlnb@2 8andnd ¢tk pdeiteald 1farts 533 anged

Furt hernore e .nodul e 30 500 further has a.lead wire 504a a
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of the diameter of the through hole 412. The shape of the through
15 hole 412 is substantially true circle and symmetric with respect
to the central axis of the module 400. The shape of the
cross-gection 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
20 1is 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

25 changing the height of the base mount 402.
Fig. 40 shows the further other embodiment 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
30 500 further has a lead wire 504a and 504b, actuator 106, a film
508, and a plate 510. The opening 514 is formed on the center

of the base mount 502, which is included in the liquid container



20 substantially between 30 degree and 60 degree with considering the
detecting performance. The nodule 500 is nounted on the bottomor the side
of the container 1 so that the actuator 106 can be arranged inside the
container 1. Wen the nodule 500 is noufied on the side of the 25 contai ner
1, the actuator 106 is nounted on the container 1 such that the actuator
106 faces the upside, downside, or side of the container 1 mﬁth slanting.
When the nodul € 500 i s nounted on_.the o£t0n1of t he container 1,.

actuat or TOEVTL NG BEBPEHI 201 0 He ERGUAPEd Gﬁetﬂ%uEBn?%?ﬁEFIfQQEﬁ+QI? t he
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15 The top end of the module 500 is slanted, and the actuator
106 is mounted?n1this 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 slanting angle of the top end of the module 500 is
20 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

25 container 1, the actuator 106 is mounted on the container 1 such
that the actuator 106 faces the upside, downside, or 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

30 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



20 Fig. 42(A) shows the cross section of the ink container when nounting
nodul e 700E on the container 1. The present enbodi nent uses a nodul e 700B
as an exanple of a nounting structure. The nodule 700B is nmounted on the
container 1 such that the liquid contd&mer nounting nmenber 360 protrude
into the inside of the A 25 through hole 370 is forned in the nounting plate
350, and the through hole 370 faces to the vibrating section of the
actuator- 106. Furthernore, a hole 382 is fornmed on the bottomwall of the
modul e 700B, tAAdCant okl lect FE HedPEe HUNtS meuRtmsern3be| ONEdERLH. The
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into the nodule as shown in Fig. 36 to Fi,g. 40. Therefore, the form ng
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the ink whoehid 9 idfuapped daomteaet Qﬁkf@@esmﬁp@csmdﬁ:aﬁ‘@:ea@f béheetconted ner 1
with the actuator 106, the ink of which
using the module 100. Furthermore, not only the module 100 can

15 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.

20 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 into the inside of the A

25 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

30 of the hole 382. Therefore, ink contacts with the vibratingplate
176 through the hole 382 of the piezoelectric device mounting

member 363 and the through hole 370 of the mounting plate 350.



20 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 nounting
menber 360 of the nodule 700B protrudes into the inside of the container 1,
the actuator 106 does not nmalfunction7ley the ink dropped fromthe top face
or the side face 25 of the container 1. Furthernore, the nodule 700B is
nounted 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 enbothedmleofsRi gf U MiezPed ceréddinyiee The el ke MetReof 68he"30 | ead

wre 104 1 4044, 40 S i I,q. La. .40 into
t he nodul h%gti:}'%r?eu %u%ﬁégegggrépég?e ?\ﬁgnggégdp%\@n? i%(ﬁg\%ﬁel%ﬁleﬁt 3."%5“%( aASZ}

Ther ef or eink ha: J10nTE RG1Ar.0CERS BhcorEse 9 isidplice Mosot inigemexbkangés of t he
actuator 106 becones possible so that the rec%cl i ng of_ the actuator. 106

al so becowd HssSIChIPEtom §0642YB)L SHsEYt hBe JPYLRE 323 (R IGH % ttha Ankhe
cont aigner ¢; yhep. FDUDLL N #6L USLAT 1 196:eRULRE 80BN NYY dhovi RUPLEEI ERG 5

menber 361 1's nounted on the container Iseparately with the actuator 106 in
the ink cernnécgeonfpaie cdnbbdi hibatidwtaindg grourdAnBembeiepéPfored t he

protecting nmenber 361 and e actuator . _106is n o] od d , and
t he prot efgrec? ﬁ&rﬁ@%ﬁ'ﬁr 361 #ﬂ%sse%lalnngprs&rélgg rﬁegzét% or- )l%gg%ﬁgit H?OHIB%
contact hbylddei dsaterhal it 8s 380 tiditGlr +&s i o dleromy t harf Fomt 4Rd@e ,of the
actuator 106 is arranged on the side wall of the contaiher 1. The actuator

106 i ncl ueess M }s SO ithe §PBraissr LhésupperraFechrdde 184SVethe
| over, el Sod gﬁeﬁé@eqe (Y ié%{\ﬂitdf%o‘&' a8 ol f8mpakd chhepL B0uBh kPGt ubkat By 350.
ing plate 176i's forne nh

The vibra on the founting plate 15 350, and the | ower
el ect r odea Iiffirt sof orimedcomt d heewi brag i sigpyh ate F196.4TMR) pi ezoel ectric | ayer

ol oct rode 104 {14 BRRATE GRCEH B Takedortd HE T Boberat At cTaar ko,
Ther ef or e} 4@ 1 PRI ThHRPE hE HdRA & H€ spoeacal Bel i3 tayey . 160. Therefore,
the forming process becomes simple. Also, the exchange of the
15 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

20 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

25 of 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

30  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



20 is fornmed by sandwi ching the main portion of the piezoelectric |ayer
160 by the main portion of the upper electrode 164 and the |ower el ectrode
166 fromtop and bottom The circular portion, which is a nain portion of
each of the piezoelectric layer 160, Tthe upper electrode 164, and the

| ower el ectrode 166, forns a 25 piezoelectric elenent. The piezoelectric
elenment is forned on the vibrating plate 176. The vibrating region of the
pi ezoel ectric elenent and the V|brat|t%}plate 176 con titutes the

vi brat i ng igwdei-ontlef, ilic FXhenget aht'dre 266YatPhat9° WS POSK I PAFough
hol e 370 J.s. L V’&}ggg:e ctIQ%(%TB@nEE@gioQJL?att%x?’@@s s Wddmpessaphel.e 380
is forned on t e Si ﬁh the contai ner 1. Therefore, ink contacts
with the V|braFugg pkaBe 1§MbW$wthgﬂtndﬂ§fﬂﬁqiﬁﬂn)Qﬁ tiife igénEankéd nerand

the throu hol e 370 of the npu plate 35 IThe hol e,3 £
contalneﬂgfﬁhﬁwqﬂ%%qﬂ1 ﬂé%d%%féﬁ ecﬁgun%P%E glate g%Sthégﬁﬁer
formssi nempest OJe!1n91£%éunh/eae@vlert,hebmrtd1e BE peat ot e 1P6wi shptakect ed
by the protecting nmenber 361, the actuator 106 can be profected forn1the

out si de wtm@tor Th6 inshepink earty itasnAli theiegoosimest BROWREd: Fitfist ead
of the ng |ng gh tee329 hgh%hﬁegggggﬁﬁgnkeﬁgg¥n3%@ Eha £h0 a#2 ueAbrand

(B). Flg 4 (C) OWS-an-é nt that “conprises a nol structure 600
whi ch i nalosdesnbberracboayoas h0Godhhe t hmdpthsqmoteenborg mermbera3 gipltthus

structure 600 is used as one exanple of the . nountin dre. The nDId
st r uct ur €60EIRAE EnE NS RGANEECT0608573hd"] BBl P %%%Sb%62h M St tat or

106 gpd ﬁiBié“%b@ WRWRET 5 364ro@ & fif Wl ERoaBerhedyof Tite: nltdateibene364 is
forned by a plastic material such as sidicon resin. The nold nmenber 364

i ncl udes i® aremagsicr en36Rei Aifeswhhdi @b tiihecomtat mefiver 368 PSHHGREd so
(nat e Il SRARRen 0% IERRAHE LR L pRs QULLDE aplusiale 30100
thelowerelectrode166,thev1brat1ngplatel76,andthgn@unting
plate 350. The vibrating plate 176is formed on the mounting plate
15 ;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
20 1is 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
25 piezoelectric element. The piezoelectric element is formed on
the wvibrating plate 176. The vibrating region of the
piezoelectricelementandthevibratingplate176cnnstitutesthe
vibrating section, on which the actuator 106 actuary vibrates.
A through hole 370 is provided on the mounting plate 350.

30 Furthermore, a hole 380 is formed on the side wall of the container

1.



in a shape of hem sphere to liquid tightly fix the nold nenber 364 with
container 1. The nold nenber 364 is nounted on the container 1 such that
the actuator 106 protrudes into the inside of the container 1, and the

vi brating section of the actuator 106 2 contacts with ink inside the
container 1. The upper electrode 164, the piezoelectric layer 160, and the
| oner el ectrode 166 of the actuator 106 are protected fromink by the nold
menber 364. Because the nold structure 600 shown in Fig. 42 does not need
the sealing strlieenefoBy?2 Bakweedntaet sroWdtherdee Sékrahkdng3m@lidlee cdrfai ner

1, the leakin f_ink fro h tajner..l1 ca reduced. over ecause
t he nol d g??%c?ﬁr%h%gwlﬁaghg ?%?t%p? ﬁé)tn%atlhnfrrrgl %Sgt%%ft&}reo%% \3§SBK§t
protrude &fofhé heownt Shdepftd s @1 Thenhailrersd, ofhehsokdnsktinetunan800 can

protect the actuator 106 fromthe outside contact. There is possibility
that the B¢ ddisruotibelset TUrdt FBRDYE Heo &drtace S8t eIt hek fafimehink

dropped from;gqt ace or a side face of the container 1 with the actuator
5 106, the ?%tﬁ%f8§%§ch is attached to the top face or the side face of the
contai ner 1 whefotdmvenk bacauselgehesashakenr BOGause piwteatndd benbbe 364

of the mold structure 600 protruydes into the insid of the c ain 1, the
Actuator HOR Hoes RS URot IT B ERECT hE APEpBEd THGTH 17a Cop Fage or
the side daceidd ddireant airherbadd pl.add 37843hshown aagenbodidre®e 0bkean i nk
cartridge and an ink jet recordin ag aratus which _uses the actuator 106
shown i n Frgtead @t phginpunting e atsk garltrr tH#gesm2edI NenFriliRvel iBnFife i nk
jet jpecof i gﬁ@agggps which has a plurality of ink introducing 15 nenbers
182 and a holder 184 ‘each corresponding to the each of ink cartridge 180,
respectively. Baich of2t(@p phowal idy efmbodkmeaar ttlisdgesodffisent & msold

different types of ink, .for exanple, i fferent color. of _ink. The actuator
106, whi cHONBHS offt it TEEouSE 5 EFANELCT 4 OfounfBd DR PRRSEREh of

bot t om oferidiei kel Uralnidld @k ruddeugar teliodge 48@a dBechestfbmbl guantihy of
Inkin mounting structure. The mold structure 600 has the actﬁator 106
15 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
.20 106. 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 actuatoxr 106
25 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
30 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



the ink cartridge 180 can be detected by nounting the actuator 106 on the
ink cartridge 180. Furthernore, the wave preventing wall, not shown in the
figure, is provided inside the ink cartridge 180 such that the 25 wave
preventing wall faces to the actuator 196. Fig. 44 shows a detail around the
head nmenber of the ink jet recording apparatus. The ink jet recording
apparatus has an ink introducing nenber 182, a holder 184, a head plate
186, and a nozzle plate 188. A plurality of nozzle 190, which jet out ink,
30 is for mshtenndie lnoylze @‘Cﬁldatsérﬂéggurﬁfh@o@ rfar @tfpééﬁél 'ﬁ]@e retpEEtorn §P6has an
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i ntroduci ng inl et 185 and an ink supply port 187. The air ntroducing inlet
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inlet 183 of 'the ink introduci ng menber 182. By introducing air fromthe

i nk i ntroducthg crmmﬁenrnemz vioen Hdd nkk crtridie 1358@ha1<¢|@ i Heaxarte itdge 180

acceleratest esu nk fr t he ink riri e180 othelnk
i nt rodum Q€§32§4 }iﬁr t%lopnkrgcutlﬁe 6%80 r%tf el\l/%%?l ng vva}?? P56 %shown

in the flcgfuuae cdsnwimzﬂelct it hS ﬁletweorml@ec@rotersl fge raaBDfmmctxha:ty tthe wave
preventing wall faces to the actuator 106. Fig, 45 shows other enbodi ment of
the ink cams PagePEdot rSRoWh® i YPIF iG 2T the %Efti%a?‘%ﬁe 6 the RETREAESEN t he
bottogyfage 15 194a, which is forned to be slanted in vertical direction,

of the ink cartridge 180A shown in the Fi,g. 45(A). A wave preventing wal |
1192v is provi d€dgon4s rwqusiatri enbafiémenhast tdre ipkedeterhﬁgedandn@irghnkf rom

the bottom f f.the | t t 194 and to th
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the actuater. 18651 $rdPit &F QAkt B&rtridges 180 is mounted on the ink jet
recording apparatus which has a plurality of ink infroducing
15 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
20 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

25 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
a nozzle plate 188. A plurality of nozzle 190, which jet out ink,

30 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.



container 194 slanted in vertical direction, the drainage of ink can be

i nproved. A gap, which is filled with ink, is forned between the actuator
106 and the wave preventing wall 1192v. The gap between 25 the wave
preventing wall 1192v and the actuator 8206 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 1is possibility that the actuator 106
mal functi ons by detecting .gas . or an air bubblaﬁcauseﬂ by _the shock of the

i nk wave. TBy 30%prRr AL IR davetprnt PRECREIFFS1 1YY, TFAR afbund

the actugipr, 196 G berRLevsntef: $0a50al d R8s TR & VPG RIc L1 n et uat or
106 can be prevented. 83 The actuator 106 of the ink cartridge 180B shown

in Fig. 458%Bnd samourit edhppil it be3i dé Mal Chef atheistpptiycpogt inlethass
container, 194. _.The actuator 106 can be .npunte n the si.de wall .or.bottom
o i e e e B Sh e T E R P R0 S € i 84 1 a0t RS i
suppl ¥ pordmBSr. 1dhe wewe phrvenppng wakk 1392V iprsovirded degdyihke ink

supply port 187 inside the contalner 194 such that the wave preventing wall
1192W f ackst ¥edudmingcinbeer 183061 the vide PrHerdig iy g Toa19d82t s B%r ned

in L-shap tivel ; £ A eQyer . st bgoactyat or
106 10 isf%#éﬁ%ﬁééf %%ﬁﬁ%ggﬁ§¥E¥ﬁé&ggﬁﬁgﬁ%8%1Fﬁg%ﬁﬁggﬁ g?reg?ioneof t he
cont ai nercd®driBee alBk, itte iisiks uppitiredigteo 18l0e acukdedetehr bhghsuppbyi ok

supply port. 187, ipk and actuator 1 reliably contacts ., until, the tjimng of
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ink near end. Furthernore, by providing the actuator 106 nearby the ink
suppl y pofiousy, ishematidety iesids sheofinkheagsridosr 1806suehtHeat cohmect i on

poi nt on V;%\g ﬁ%é\}%ﬂ%’%" Jdhe ifﬁ%&%rﬁ@iﬂfé %&39%185% {%I abl e during the
nmounting O % e 1 nk comtalner on the cartridge ol der of the carri age. It
i s because the mig}.i addi |ligwofotdoupldmigopdiment of the ink cartridge 180
shown in Fig. 44. The actuator 106 is mounted on the bottom face
15 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
20 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
25 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
isrpossibility that the actuator 106 malfunctions by detecting
gas or an air bubble caused by the shock of the ink wave. By
30 providing the wave preventing wéll 1192v, ink wave around the
actuator 106 can be prevented so that the malfunction of the

actuator 106 can be prevented.



between the ink supply port with the ink supply needle is nost inportant
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 &5 be danaged so that the ink will be
| eaked. To prevent this kind of problens, the ink jet printer usually has
a special structure that can accurately positioning the ink container
during the nounting of the ink containper on the carriage. Theref or.e, t he
posi tioni ng of Thkeagétaarsr 1906°hetdtresf 1311 €95 %C}Bgﬁéioﬁ‘@ the “3§ -

act uat or Jaca) by; 4 o liftke S UP! ¥nBOLLacFUBl eI, (hggth Ugboe ot08Hean be
further reéliably positioned by nounting the actuator 106at the center of

t he wi dt ecditdcieron9ef tHee cartusitmer 1094can tbegmoung efeerusiee thelena@lag i s
the smal |l est when the ink container ro . n n i e r. -of
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i nk cgnt §pghyoRhkhenkol@esty idkt 48 7shonsef witdesrotdrarimbediinenoef t he
ink cartridge™ 5 180. Fig. 46(A) shows a cross section_of an ink cartridge

180C, aridé Prgvided(Byashyvishe ldroserpdet PeREWHS Chititdf §&€ FRELEIGETwal |
194b of i nk tri C in_Fi.g. ¢ Fi .
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perspecti've View from e 194b of the ink cartridge
180C. The ozxenm cordwetver presvmmt ideyiveel I7 Bk 0l ¢ hEoawedat or Li6Baree tior ned

on the sanme circuit board 610 in the _ink cartridge_180C, shown.i.n Fig.
46 (A , affeckdvelyr E%Ktapﬁgth%\éﬁvel@éz‘)ﬁ?*s 5\‘?9%35 ‘| Elg?aaé:sttlhag Ocro%togi ner

194 gych i@ﬁkekeﬁawyeno&{@é/@%i Age Wt k192X Hagas tiodl hecaconai®Lhe00. As
shown in Fig. 46 (B) and (C , the sem.conductor nmenory device 7 is_fornmed

on the 15anpemesi dé4of Baeagsecimk boaAWPHBIED iRy thfe CHESIdeo L REOE IS

f d t he. | i de_of Seni ¢ '
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194b suchiithat thke tdifihigr ent thypenio-nédag &id sumprenndsing liheaettaetrrl06. A
plurality of caul king part 616_is fornmed on %0 t he side wal l '1964b tq coupl e
t he circdi% peargysile iinkhsppely port 187. Thererore, the actuator 106

15 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
920 holder of the carriage. It isbecause the reliabilityof 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
25 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
30 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 container 194. It



container 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 vibrating region of the actuator 106 can
contacts with ink, and at the sane 25 #®i4ne, the inside of the ink cartridge
is sealed fromoutside of the ink cartridge. Atermnals 612 are forned on
the sem conductor nenory device 7 and around the sem conductor nenory
device 7. The termnal 612 transfer the signal between the sem conductor
menory 30l ¥d@CeesE he watisidésttie FRRLLEECreedt Gyl dippandiaigierThel Ls

sem condu B, evi,ce 7 t i sem due

menory V\Hﬁ:{%ﬂ%an bge)&r%’wrtjilﬁ er?ngt%cr}h%gs%%g%%% ggngéecgggg ??egggmwg%géuctor
menory deyitect/i @md duftd nact hatountG6g af ehfeOiﬂ]Ed:o@rttatllﬂersaﬂthi holidérboard
610, the nounti ng process can be finished at_one tine during nounting the
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cartri dge 180C and the recycling of the ink cartridge 180C can™ be
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resi dual L@{Jantlty of ink detected by the actuator 106. That is, the
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cartridge use e actuator 106 when detecting the ink consunption
status. The csemirdoigrueBor . mehwhcdey i oer g pr4ea/GPdusrtyxeswevesprﬂveem@mant
frequenc when i nk

is fill eé“"’}qnl ﬁggécolrﬁ QI%Z"H eﬁlzlﬂg%:'f‘%% 'éfz‘?‘? aabli}eﬁ‘r%‘(-)g'.!l FHEB%H%%P% WEont ai ner
194 is engheddidiripwalllkiisnt Iﬂ@céerﬁ@th%rad&éator 700. As shown in Fig.
46 (B) and (C), the semiconductor memory device 7 is forﬁed.on the
15 ﬁpper side 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
20 the side 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
25 time, the inside of the ink cartridge is sealed from ocutside 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

30 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.



i s 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 nounted on the ink jet recordi ng apparatus
for the first tinme. Mreover, 25 the regsonant frequency when the ink inside
the container 194 is full status or end status can be stored during the
manuf acturing of the container 194. Because the unevenness of the detection
of the residual quantity of ink can be conpensated by storing the resonant
f r equencypabgnsé hehé ndemitshtibudther cemaiynelevi9s i7s ahdl Eh80astatusroroend
status in the sem conductor nenory devi revio#slﬁ and,reading out the
gi Hig S

e 7
data of tRESrEQORROR rdfuSTRE ST %HRrFe Pech UBHhHEP HTRCEF e, it
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decreased to the reference value. Fig. 47 shows further other enbodi ment of
the ink caeneidgieviidd.7 Emel thke sattatdyel ABGE $hewankncErgridge (M§OoGounts a
di,nectiaon.on.the sid | %94b of

actuator 5 606 which is Jong in vertical I

t he céﬁtawﬁﬁ?oﬁﬁﬁ{tﬁﬁ%wﬁé éHQ#EV%ﬁ?fhauﬁéP?‘f¥b?§nP§a6F86%8§d°€Fﬁ%iH% t he
cont ai ner-49¢, sag8 i1dat dhe vy adnevamy o wakl 14k92xrtiaegs 190t heamhol e
of the vibrating region of the actuator 106. The change of the residual

quantity ¢ $HrO}hEieR: t Feuddierdions:, the19anyiachrdegecrel ebnthaubdsly by
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act uat or era nger than the hal el ght of the side
wal | 194banlle Frgduddd A), the actuator 606 has the length fromthe

substantially fromthe top en g the ttomend of the side wall] 15.194b.
Theretbre, the WS &SPaR&TH ?ﬂg c%%qch:lﬁg%% h?%&%“&jqje%ﬁﬁatgﬁbjs?%ﬁ?? ally
fromthe tpp &ntdithdheohot tofe anchitloddie tordfemBll adPibe Byrpreyiehag the
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wave of ihkfermaptor el detugsueh as0se sk araitsl thhe fmdnkf deteehedflY he
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stores the information related to the characteristic parameter
15 Euch 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
20 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,
25 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
30 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



the waving of ink to enter to the actuator 606. The ink cartridge 18CF shown
in Fig. 47(B) nounts a plurality of actuators 106 on the side wall 194b of
the container 194 and conprises a wave preventing wall 1192x on the face of
the 25 plurality of actuators 606. Thessnk cartridge 180F further conprises
t he wave preventing wall 1192x, which is long in vertical direction, along
the side wall 194b with predetermined gap wth the side wall 194b inside
the container 194. A gap which _is filled with ink is formed between the

act uat or &R tthatwihe 3esplagdnaragtiall o190k, 1 fpfeeversSed hed gape

bet ween t ting wall 1192x and the actuator 106 has a enough
distance'géﬁﬁg% Eaﬁkﬁﬁgggap does not hold ink by capillary force. Wen the
87 container ¥34.i s7rgidved furbkewavehes egboeiatad ohdildeithecacontdyaer 194
by the waving, and there is possibility that_the ﬁciuator 106 nmal functions
by det ectiffy gdeitotnh o I5HoF BOR SR LBy o ZRELEDINGHE 1T U, AS
simlgr tehd heiembodi Tt $howRt3dal FifecfT68)on BhdkaWedivad 1t heswaye
preventing wall 1192x, inhk wave around the actuator 106 can be prevented so

t hat the thealdamretingy dR4t.heThet waverpu@éeraindavdpl bviehi 6 . 1 Har apghded

preventi n | 1192x al so prevents, the air _hubbl r t vi ng
of ink tolqés\r,ﬁvaieﬁr t%’S Cf%t%%f%lgtl r4 i‘é%}.l %tﬁkée b 'S ﬁ;&%&ﬁﬁwg%%hle%%ﬁ
enbodi merta@fs thethakwgsl érdfgme WMBbrathieg mkgtant 6f dgee 18Emshomm da. Fi g.

48(A) has a top wall 1080 and_a bottomwall 1090, each of which is |ocated
on the ufdiad€hanag abwhas deesfduak quantdint 2elhsi Bt € R D ARGREMSM04. A

pl urqgitnﬁf 8%\5% Eexepting, '|A€%L@l%ﬂb§rt%@)étc%ﬁg§@g]‘:élé’gnv»ﬁﬂl%ﬂ oR 130'}1%/%;!

1080 downward to the bottom wa 90.” Because eac ower end of
partiti onnarést 2421 add relee ilbot.t onfThaceé eofthheotohhei eyt uatgar hg86a is

pr el ot 118 930, s 0! LATLPRCL B ENS: CPRL oL ETA%s, cpIn afen wi i
213 dividedthy theregchaoia) pheradtiycof @6 thdd athovaldrigtdl Zrokhe Heot t om
part. of tsﬁ%stantially from the top end to the bottom end of the éide wall
15 194b. Therefore, the wave preventingwall 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 actuator
606 and prevents the malefaction of the actuator 606. Furthermore,
20 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
25 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
30 preventing wall 1192x. Moreovef, 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



plurality of the containing chanbers 213 communi cates with each other. The
actuator 106 is nounted 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 25 chanber 213 of the container 194. The vol une
of the containing chanber 213 is arranged such that the volunme of the
contai ning chanber 213 of the ink supply port 187 is the |argest, and the
vol unme of the containing chamber 213 -gradual |y decreases as the, _distance

fromthe IGREIHTY bott 1E87AI NG Pasedkt Faife i AngesEAtesh vRStRe ithe

cartridge JB30QGinEenelone, thhe,sentgi nig whanbers 2135 180aMRs vMder Howar ds
fromthe actuator 106 nounting side of the 88 containing chanber 213 to the
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of the ink cartridge 180G For exanEIe, the ink in the containing chanber
213 whi chvave mpeunfdakheo adtelatar sbppl Faporte 1B7eVEnedRs iredt hahd tédgr i ng
the ink | e, QL t.al ni e 1 i i ear he i nk
supply poﬁ%ﬂfggcéeg?%gggseﬁ€hggggﬁgchgﬁga?ﬁ¥ﬂéﬁgH%ﬁ%ggéﬁ%@3 a?%gf?%réﬁ wth
i nk. When prereintiii nignwahé Th2-aial sy poleveners tBé3awhilmibhlse mestemegard by t he

i nk | ort 187 i Co d totall i th t ai ni
chamber | 2 E5 AN s Ote dORg LobE G 6N Eod LRPoRCERE ok X0ppl y port 187t hen

the ing in the ;regqn@ls Ehowent @ thes othenbadd Smést REYEABI g tarkeiceesuned
so that the ink level of the second containing chanber 213 begin to
decrease. 18At tHhg inpgcantiddas flig0Geghpnnt he ot ot hikg ammbéor2v3lhhi ch

e SR B UL P, Ll Rl (f8lacln
near to thed dowsisdpley giorthel 8hit osdha@ontmé ndegthehaohenidéd whikch is far
from the ipqll(lrg%l)elyyoP%raarelglzgfgnggggr“}al1s 212a are extended from the top
15 wall 1080 downward to the bottomwall 1090. Because each of lower
end of the partitionwalls 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
20 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
25 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 chamber 213 gradually decreases as the
distance from the ink supply port 187 increases to the inner part

30 of the ink cartridge 180G. Therefore, the containing chamber 213

becomes wider towards from the actuator 106 mounting side of the



As shown above, because the actuator 106 is arranged on the containing
chanber 213 that is farthernost fromthe ink supply port 187, the actuator
106 can detect the ink end. Furthernore, 25 the plurality of wave
preventing walls 212a can effectively $tevent the waves of ink. The ink
cartridge 180H shown in Fig. 48(B) has a top wall 1080 and a bottom wall
1090, each of which is | ocated on the upside and domnside of the ink
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al t er nat ekyntihaiagactagdpr bggmeen t he partltlon wal I 212b, which extends
fromthe bottom89 wall 1090, anpng the plurality of the wave preventing
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cont ai ner reac wer - en e wave preventlng wa
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for detecting t i.nk_end.is determ ne he tlon of .the r end
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cartridge;180hh$BAMIsi Aokt InedB €&) thet DBk aAGLYBL Prpo2PO189 BURLAHUARAGL he
side wall 1070 around the boundary of the 20 side wall 1070 and the top

wal | 1080toThblynieigarntrtgecadbe ¢ortateinatchampar phe Worthils Agcendnber s
of contai 193'/ nc%u(m:aerg).‘f?iom the ink supply port 187, then the ink in the second

15 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. In this way, ink is consumed from the conta_ining chamber

20 213 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,

25 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 194. A

30 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



213a and contai ni ng chanber 213b which are partitioned by the wave
preventing wall 212c. Anong two containing chanbers, a negative pressure
generating nmenber 1100 which generates a negative 25 pressure is provided
on the supply port side containing ch&%er 213a which is relatively near
to the ink supply port 187. Anong two containing chanbers, the actuator
106 is provided on the inner side containing chanber 213b which is

el e i, B pRHRRAY:PORE BT 30, BRUEL e 2ay 8 Sppped or
e top 4 n c : e bufter 'S a
concave pait c¥hi ghgaceapts hbe shuhhl @ whieh Eirhers, iTeatde omkweathri dge
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act uat or urthernore, 10 the ink quantity which can be consuned after
det ecti ngitthe Hhnkecendnced Whdeclrangedney dAfdnglaty Rehecupkrd tii@eid -

containin nmber 213p. and. t he || engt t 1091 yabi,g12c.
In the iﬁggﬁg?Yr?ﬁg%IES ﬁgg%l ' iﬂ? f%&g E&e(%?V%aé§895§gﬁﬁéngo¥amave
preventi pg;iwal 1s ekt ar e cexhendatidtamitieasodg viad [pl10&) itiSoéndavae side
wall 1110 of the contai ner 194 alternatelghQFurther re, each of one end

212dd of PeaERNELnghEa Wbl 3 @Ry LTRAI FRo1%RP (" ls) di8d -+ 8REr Tt AeS upsi de
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IS provi etween the ea wave preventing walls 212d and the side
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1070 of the , cqntainer, 134 and, Lhe 3Ldgnpebl Ahk021TRONEI L 95 hokrdoes not

15 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

20 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

25 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.

30 Abuffer 214 is formed on the top wall 1080 of the containing

chamber 213b. The buffer 214 is a concave part which accepts the

pubble which enters into the ink cartridge 180I when the ink



remain on the wave preventing wall 212d. A plurality of actuators 106 are
nmounted on the side wall 1070 which extends substantially vertically to

i nk surface anong the wall of container 194. A 25 plurality of actuators
106 is mounted on the different height°®o the ink surface with each other.
Thereby the actuator 106 can detect the ink consunption status step by
step. In the present enbodinent, the buffer 214 is provided around the

side vall, 1070, of 4 actugl ot 108 AuPLING, SFde; ARDO Lheaq on el | ;1080

30 Fig. 487 5hodecat SS Sectional View o0 e further — anot her
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act uat or rs”noun ont 1070 which faces to the ink
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800, at least a _part of the end of t wave pr.eventin .l o i is
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capi |l ary,§grgggdegs nehgwar kebehuegavehgruayar ipgeweanti pgawal | 212g and
the actuator 106. Furthernore, a gap, on which a cg&éllary force_works, is
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15 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

20 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. Aplurality of actuators
106 are mounted on the side wall 1070 which extends substantially
vertically to ink surface among the wall of container 1%94. A

256 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. 1In the present
embodiment, the buffer 214 is provided around the side wall 1070
of the actuator 106 mounting side among the top wall 1080.

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

invention. 1In the ink cartridge 180K of the present embodiment,



can be prevented. The ink |level around the actuator 106 is equal to the
other ink level in the ink cartridge 180L. Therefore, the actuator 106 can
accurately detect the ink consunption status 25 inside the ink cartridge
180L. Fig. 51 shows other enbodi ment oPlthe 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 fromthe top wall 1081,
whi ch | ocates upside of the ink surface, 30 downward to tFe | nk_surface
among t het Malalctof tiave 10Aki @ aRauii Rk 01 bbA. S Ble Al f1Rd0ew éch %?%‘a%tté?m ned

gap betwegn. t, eng. . ofg 1 heghips 8 RLAUENT bRG,MAL 15,222 Anthd he
bott om ﬁq'fe T 1g§§gﬁgf&?)ﬁ%0ﬁ8nﬂ{( cgrg'f:pi ((B:Ifg\(,a@%ml)lA,a i nl%jt can fl ovpvs into thée i nk
supply po#dll 230 kxaeglhist ieohot hen fase ofdd walilnklgaat andgeh Fgpcoml

d ti | 224 is f d h that th d
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preventing wa 22. Because there’is a predeterm ned gag bet ween_t he
upper endwithehplsrzedhtywal evapreepeavengingl vabbL2lasdwhige ¢operatel Mt he

ink cartridge.220A, . | an_fl | t I Y t h;eoy_ghthe
top face df ?ﬁéei“r'1‘=11<1jcgllitﬁrbiad%réd%%éP%%A@%&n%%%%?%% lsoldf:l)géien c ttalnber 225a
i s formedandhad Mem tparvaeé dhenki astd tiew @epreaveritamgfwahe Mghleeen
fromthe 1 nk supply g)ort 230, by the first wave preventing wall 222. On

t he ot heris hHRPTSS ection side ink chanmber 225b is forned on the front

si de @f the segand V%V%HQ%%V%”HIQQ wabks23dc 56801V 0awtoe dimk Abesupply
port 230, by the second wave preventing wall 224. The volune of the
venti | at i o tdiete emdoddivemtter f 225n iink targetdgharcatfil npitgnehefprgrent

det ection side jnk chanmber 225b. A det ' i ' . 227 i
o mod Dyl iy dTonge (i crrtraRcBonhfhiof R RiBepl MsliaRal: 207 1S

bet ween thes fiddisiateayve 0201 previetdd@mvehe 22@e andl T he 79eehtdhwewees to

preventing wall 224. Therefore, the ink in the ventil ?tll on_side i n
chanber 22 ijnk supply port 187. The wave preventing wall 212g includes

15 abending part 800, at least apart 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
20 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. Therefore, the
actuator 106 can accurately detect the ink consumption status

25 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,
30 downward to the ink surface among the wall of the ink cartridge
220A. Because there is a predetermined gap between the lower end

of the first wave preventing wall 222 and the bottom wall 1091



collected to the detection side small ink chanber 227 by the «capillary force
of the detection side small ink chanber 227. Therefore, the detection side
smal | ink chanber 227 can prevent 25 that the air or air bubble enters into
the detection side ink chanber 225b. Ryrthernore, the ink level in the
detection side ink chanber 225b can decrease steadily and gradual ly. Because
the ventilation side ink chanber 225a is forned at nore inner part of the
detection side ink chanmber 225b, seen fromthe ink supply 30 port 230, the

ink in ther defeeghkona st dead@loxngnhek 2281F licwsconsunede afk eupbhe pokcin the
ventilation side i nk chanber 225a is consuned. 93 The actuator 106 is
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si de smal nk chanber 227 can prevent ink to flow 20 backward from
det ect i orp@ide 3k phamsef 1228 wao et pereveattinbawpdh 8Rde | Pk Uhamderer25a. A

check Vahﬁﬁuﬁz%.%%t%£gﬁk99%i%% H%% E%g %%e29EbtP§ £8¥med on ;he front
side of the second wave preventing wall 224, seen from the ink

15 éupply 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

20 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

25 that the air or air bubble enters into the detection side ink
chamber 225b. Furthermore, the ink level in the detection side

ink chamber 225b can decrease steadily and gradually. Because

the ventilation side ink chamber 225a is formedlat more inner part

of the detection side ink chamber 225b, seen from the ink supply

30 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.



cartridge 220A. The |l eaking of ink outside of the ink cartridge 220A caused
by the waving of the ink cartridge 220A can be prevented 25 by the check

val ve 228. Furthernore, the evaporation of ink from the ink cartridge 220A
can be prevented by providing the chec&xgvalve 228 on the top face of the
ink cartridge 220A. If ink in the ink Cartridge 220A is consuned, and
negative pressure inside the ink cartridge 220A exceeds the pressure of the
check val ve 30 228, the check val ve 228 opens and introduces air into the

ink cartridge A h h ' [ i 4
pressure insi de%ﬁgeaFgEsgg%t ??%ggggmz%%%/%d %%gs?la%%g%%%aq% 3%99'511(% %gﬁd (D)

shows a detdi bedtridgs-32¢h icdntak fhk slhmrky walinre2228sidde etk svaltvhe 228
shown in Fi,g. 51(C) S al ve_232.which,includes flan 232_a . forned by
ubber | Ar e Hat e 1085 b e E e AP E AL AT BERMRER FREPdet HHE dis de
of the i nlsu@pqgrt;?éﬂ@e 2220, sk 8eprovirded it ddied Nk oear dét dges 239, sughyt hat
the airhole 233 faces to the flange 232a. The airhole 233 is opened and

cl osed5 by copsufipiaga 28aausThes eheckhs date 2 sdge tink chaabges 232%.i nward
the ink cartr] 1 e iye r j ' rtridge 220
exceeds t%%ep%%ggﬂgéPéﬁﬂﬁﬂg' hggk E%aFS% §§§H%§CPE§£%§E?2§2%%5¥J#% i nsi de
the i nk cemntdr cdgeb@28&; ecaed $thaisl ¥ ey alcurouitrgy déne lae tivak coanton dgetB20 i s

i ntroduced into e ink cartridge 220. The check val ve 228 shown_in Fig.
51( D) ha§19?vaW9 Zéay?%rﬁﬁ%_ %ruéﬁé?cﬁhana.% ?ndJ§359%FF%Fﬁé Aéglei ve
pressure ippgidertBecl Nky Caidhd dge 12320 hexgaedsr e MREIUNR pbstifte ckbogheck
val ve 228, the valve 23% presses and opens the spring 235 to introduce the

out si d@ aithei acbuaheriié ear thedgede2(ldnd Of7Renl Ehosiar add indl Figieninke
negative essure insi the ink.cartridge 2 0. t e, LE

cartri dge%§§6’%e§ h%%\# i %%Ei 'tgl.mq:ﬂ% I§) %%%e%%p%? gég C%Zbg}?rer%’zi?iufzazapgn% Egy
ventil ati ag shdenk ekdchanler £22%avi ast eadBaafaugy avkdi 8g upbbe iehgaionvahee 228
on the ink cartridge 220A as shown _in Figé El(@%é The porous ne egnﬁ42

hol ds t heVERkiiAS1HB ©hge ink chamber 22 o detection side
ichamber 225b by the detection side small ink chamber 227, the

15 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 quantity. Furthermore,
because the detection side small ink chamber 227 holds ink, the
detection side small ink chamber 227 can prevent ink to flow

20 backward 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
220A caused by the waving of the ink cartridge 220A can be prevented

25 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 inside
the ink cartridge 220A exceeds the pressure of the check valve

30 228, 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.



ink cartridge 2209 and al so prevents ink to be | eaked outside of the ink
cartridge 2208 during the waving of the ink cartridge 220B. 25 Fig. 52 is a
cross sectional view of an enbodiment of an ink cartridge for use with a
single color, for exanple, the black gpk as an enbodi ment of the liquid
contai ner according to the present invention. An ink cartridge shown in
Fig. 52 is based on the nethod that detects the position of the liquid
surface or 30 an existence of liquid inside a liquid container by detecting

a resonant frequency @y BRASYD)NEHbHE §08EELI1 &l estsHIDEd e dOTEE the
generated by the residual vibration remained in the vibrating 95 section
anong t hechelsdy &gt i288ed Fee hdweckriea laee atosheps 8 Figedc 6F) dips @

enmbodi nent_-of lLi.gui d ¢ t d |_CRUL . in rtir 1-dge of
Che.onbodiiars 227 Faf S35 iR dIf o8 Bl runbls | M A0S
i quid Koy ivhAekhdesnhop et ds 203I0bbt heeatied ivfesadd @it 4 hie bifquhd isuk f ace

of ink K, an ink supply, port 2 which supplies |liguid K outside the
cont aﬁnercaftrdrfi%‘c?gﬁt otS Pf(?é’l\ﬁtﬁdcﬁnd'eliee&% ?"ﬁﬁtEb‘ﬁgﬁrﬁftq Sﬁcbt BR3E Ghfsi de

the contgjingfo1k 23@”?a@e£it'féttb%aﬂhhg@”ﬂ\@él 1932 whingh epas b i 14 fseritla | east
two ink chanber such that ink Kin both of the i nk chanber can conmuni cate

10 wi t h each dtdsmd imsitde tHangmt2ddeer TheAchesisvalwe 278 Spafsertde

i ncl ude ventilation,side.i chanber 3 i c i e W :
atnnsphe%é%ﬁ%?t é%ef@@??ﬁgﬂéﬁk&?nkcéégﬁggggl%%g.qgggyagﬁ%af%%ﬁnfﬁﬁais
mount ed @dditirtcopnwald 1 103Qrefrithe 121k eebarbercHeBbesFheeaiff hbkelR@5k i s

provided on the top wall 1030 of the 15 ventilation side ink chanber 123a
whi cROve Vil @2 8wPY ht hat FRRRTS OITHEC ABER IFat B D8 HIWH 99F B4P2 56 can

be used fofy tﬁgggﬂhg 24330, HaYBY ame kg égmpé%&é %Io?&ghﬂh@rg&%éé o

limted tot eck valve 228 shown in Fig. ink Kis consumed and
t he cont aileerink castdédpecdpts Xt eelok vedaei 2@8pslssuriy) B ail (Y

Dt oduced {8 A 0L S S50 EHATHEC A2S2, T o L0 MUIGR of the
pressure gresisied hgseapt@idenklcd st bedge 220 exceeds the pressure of the
15 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
20 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
theinkcartridge220Bduringthevmvingcﬁftheinkcartridge220B.
25 ' 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 liquid 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
30 an existence of liquid inside a liquid container by detecting a
resonant frequency by measuring the counter electromotive force

generated by the residual vibration remained in the vibrating



negative. Therefore, with the consunption of ink advanced, air is
introduced to the ventilation side ink chanber 123a through 25 the airhole
233, and the level of liquid surface of ink Kdecreases. The partition wall
193a is coupled with the top wall 1030,diquid-tightly. Therefore, even the
ink is consunmed, ink Kis filled in the detection side ink chanber 123b in
the container 1 until the level of liquid surface of ink K reaches to the
| ower 30 end 193aa of the partition wall 193a. Wien the ink consunption

advances apditBg Leygl ohelimid it asedimditoX reachasthatbielokowsr end
193aa of the partition wall 193a, gas enters to the 96 detection side ink

chanber 128bd fverasbyrbRdimaktkof AeHURA cemecrdiEt defesitdel iAR1Ehamber
123b 11 ovggul of OcLhe, 1 Ak SUPRING BRI hrei iy, TRAEUR, exbstagoas gund the
ere e,

act uat or 3 cﬂanges T §nk 0 at nosphere t he actuator 106

can detech &oht@indéhe s:hat:mcoﬁsaﬁ@st]ne;uﬁ( Kcantlr i dgkbudess |tn>p wikeléndosvat us.
Thus, it is the |ower_end 193aa to determ ne V\hlrﬁg | evel the_liquid
surface ofoFakeR wesiie #f hReehifuid suRdersr et ¥ K\/oﬁf"ﬂn’\s‘1 §flpp|3,é( BetEction

si de ink chapber 1320 iss defgiim ned ks ilde cMedtbnehetween the sbdgaval!

1010, whi ch ext ends substant i aIIy vertical 10 to the ink surface, and the
partiti onlm,alwhﬂ%aietHWrseﬁokecortwmlrﬂ@ GlasList ynﬁé@ﬁltﬁse CRsitad nefrel ,

cont ai ner ect t he n nd can, t n the
si de wal | aﬁf@fb é:r?& Phe bg?’ Iﬁt"fa&nl \l;vg vabjs g)%&scgtﬁ tzj?élel g %‘{]he %ﬁv\gr end
193aa in chhgbdiraedn enavelik &aln totthefitte sukf @cembdb cBecwohumecatet he
detection side ink chanber 123b is preferably half or smaller than half of

the vl urr‘c?!léi‘1 qamh oGBAEI InEidmh LRE RO A NeTafherP 1 3885 AL ¥R MY GRITPEFEe such
as to &ggimﬁe '30985& fg{:l&\ﬂrslid%nlrﬁ}b?hg%égl% ghdenidnchignare 4281, The

act uat or can be used as a neans of nerely detecting 20 the vibration
Wi t hout viabmatphgretael fheMewoveimg shéedetiachedberoh? 3lgur dhicoacbhathe

Zléhglgvr%hg E% %ﬁg%?% ed IQh gop walﬁ ngglng Ehgglékagga%b¥9|¥§3quy 6

The airhole 233 is provided on the top wall 1030 of the

15 +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,

90 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

is introduced to the ventilation side ink chamber 123a through

25 the airhole 233, and the level of 1liquid 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 chamber 123b in the container

1 until the level of liquid surface of ink K reaches to the lower

30 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



supply port 2. Referring to Fig. 54, the packing ring 4 is engaged wth the
i nk supply needle 32 communicating wwth a recording head 25 31, in a
fluid-tight manner. The valve body 6 is constantly and elastically
contacted agai nst the packing ring 4 byway of a spring 5. Wen the ink
supply needle 32 is inserted, the valve body 6 is pressed by the ink supply
needl e 32 so as to open an ink passage, so that ink inside the container 1
is supplied to the recording 30 head 31 via the ink supply port 2 and the

i nk supplyetnead & 32.de Ohxabndpper Yabb. ofTHhelpontai nek &, réhet gedsimount ed
a 97 sem conductor nmenory means 7 which stores data on ink inside the ink

cartri dge-he fdetiesita ars siclepapki ehamboml 123D Fal awe i EontBPnéPK 1SUPBLHDI es

nay be g At [ a Srbyothenyhbeation
i nk cgp &ge gé%g$§1§%¥%3ggggﬁgg§dtﬁgbgggngP%ggggg?%tFonodur|ndgt%e

pr| nting ﬁ)d’cﬂﬁ:&ﬁlk K'Eheat;mblapheres armbm;’mre,t teduie aGEua‘c@nathfr ca©6d¢r1a§'c1det ect

m stakenly that there is enQ t he Cantalner 1.if i nhk_attaches

to the adthfdt dheacsaii® dne FH& 6Pk|ﬁﬁr5§é Ipf 1EndPel s ?P tTe Jhbunt of

ink in theg, 0 gentai pee lowdPregyerasddheis det edhsdcawtangel el/8at of hehe
actuator 106 may detect m stakenly that there is no ink if the bubble

at t aches ltignuik snetfaaeorf 1108< &/ea b at hekiend i s Futhedmorerhehecoptwmtier 1.

However, %gg{ﬂ%r‘?ec{;)héﬂeme{%)?gk”?ﬁéﬁér bhe, ;Lguaég% %ﬁlﬁé)é“b%) | PRE »gIdEﬂI'e

present et e par I'on " wal T 'préeven wavi ng ar ound
t he pi ezasleeidr ehdeyige vevanivhen wibch ienk ecalst suﬂgeamtbaaﬂesvebrytsmh as
the scanning_ operation during _the printin pr ess eventing the
wavi 3§ oftq fkeat BlnE Free piddshElEd ?¥Elﬁbg? §3ﬁartfg?5ﬁ?ﬂéFr Y’

prevents jfje %{%r&q NS atdnn rof 1‘&1@%d€UEBbe§onEH&hB§r 0 Ben Y& & Hitnd UbX es
generate int venti | ation side ink chanber, the partition wall separates

the vent iirdt ieon siage Henlse¢haybsheaniddt hebgbveeni bhesside wakl chidhdernd
air-tight llf}/e ag(%tlll %Indwg&gh{gya aﬂ?f %f Oflgigﬁp of the lower end 193aa in

the direction vertical to the ink surface.

15 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 123b.

The actuator 106 can be used as a means of merely detecting

20 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. Referringto Fig. 54, the packing ring 4 is engaged
with the inl@ supply needle 32 communicating with a recording head

25 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

30 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



partition wall prevents the bubbles to nove close to the actuator 25 106 and
contact with the actuator 106. There is no limtation of the size, thickness,
shape, flexibility, and naterial for the partition wall. Therefore, the
size of the partition wall can be nade | atively larger or smaller. The

t hi ckness of the partition wall can be frade rel atively thicker 30 or thinner.
Furthernore, the shape of the partition wall can be square or rectangul ar.
Preferably the shape, size and thickness of the partition wall is changed

accordi ng . i Rk r'g?!ee 3 Ay Ftd tion
wal | can ﬁtg%&tgggd%:&%%% ?%ggﬁgr@&r%ét gr ‘Iﬂg. E%réf EX? lﬁ%ﬁﬁ?ﬁ}gﬁﬁ%gepg??npl e,
mat eri al iskchaasrpldgst.i c, tefron, nylon, polypropylene, or PET can be used

for the partitiq | 1. Preferably,. the partit]j wall js made 5 fromthe
air-tight or |1 ddi dVEEGhE Sriteriod i Hoks 1o1® palstNEnF 8GR 658 or
l'iquid. Mygpies mbﬁ}ebéo?éﬁéﬂ%e&ngyt@?e Pedtidd O3F Mad | warieHrage chieugsane

material so that the container and the partition wall can be fornmed in one
body. The biyaph adbyricagn @f doksmrgiridae garetat edidgeuear st hie? espnbd ngeduced.

10 Fig. 53 is _a.perspective view qf. t ' artrjdge i . stor | ural
types of ioﬁlgg,a%\}l élv\égrﬁlgn%e%en Bu rgldleg]%ﬁlggég . giéggr‘ dﬁmn%]? om:tr‘?1 g%%lg i'ment .
Fig. 53 i shatpehnspeciuatowilew hapndetdrer siide agferilyethap wadte LG38nwhighh i s
| ocat ed upside of the liquid surface of ink K anong the wall of the

cont ai ner 18X AncbhearfBFaises sl i rﬂt(?atﬁl'eecegci%ll; arhEesos 196 and

11. Ink sypplye pOFiSy b2 148 &ch 14 anerborbed fiore thRumesaeciive A ke
chanbers. "On a top wall 1038 of the respective ink chanbers 9, 10 and 11,

t he régpectinteiaetruat olMorkRnvelt ahgre7iaral smantadgen thwt ddiet acheatos so

t hat the tuators, 15, .16,. and 17 c ont.act with the ink-20, which,is housed
in each ik cHE¥b&S e\ﬁta“{lﬁgcat PZ&LIYQ%%‘%I gt,henroe[ lssh%(it)/m”llfﬁ %ﬁeQPei ]Sldrg]é),le

provi ded amtbh@egonbaiher a8tuRabti tbenewahl £ thet iskows fFailha thouhe, is
provi ded each of inside of the ink container 9,10 and 11 as simlar to the

i nk cartric8§&adR6%n Li-n .

However, according to the embodiment of the 1liquid
15 container of the present embodiment, the partition wall prevenfs
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
20 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 liquid-tightly. Therefore, the
partition wall prevents the bubbles to move close to the actuator

25 106 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 relatively thicker

30 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



Fig. 52. The partition walls provided in each of ink chanbers 25 9,10, and 11
separates the each ink chanbers 9, 10, and 11 into ventilation side ink
chanber and detection side ink chanber. Fig. 54 is a cross sectional view
show ng an enbodi nent of a ngjor part 5 the ink-jet recording apparatus
suitable for the 1ink cartridge showmn i'n Fig. 52 and Fig. 53. A carriage 30
capable 30 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 im a.J.quergdace ol thRem3Rl apke Yt 330 MI8QVEEn 198 maldee -8k supply

needle 32 1s provided Iin an ink cartridge nounting face side of the subtank
unit 33. the RigrdSdgtehinl nkr darebriildge magtwovirmli.n Fog. eBampad, Fingteb53adr e

used. However, the ink cartridge hown in other.figures o_can be uysed. 5
When t o SHeh amBrachors bt ST r ey By apRerPIoR L PR et h e T R SR i
suppl y neggh ec1d2 efrttihe suhkank upréfdsabliie ted e rtiodhyord waqedesmagai nst

the spring 5, so that an ink passage is fornmed and the ink inside the
cont aitner f1om |t dift-¢ ichg prkléaarBet 198l matenial el sthélaes Reti RRSEhanber

34 is fil in . egat.l esiﬁg ' | i Z{ eoQpeni ng
of the ré@%ﬁﬁﬁw%gaﬁééﬁ]%fﬁgénasﬁ%gggygﬁ't e ?852539%5] é%ggﬁf?ﬁp?nt.o
Ther eaf t ewall tduwee mends di Mgn ereraahiatreriis lpeof ahaedth¥hennthénemkand thasuned

in the recording head_ 31 b he _ recordi ng operation,_a pressure _in,the

downst r caftBtL TR PEKEbFah B8 VATVE a6 et LaRady  THERE PREFRERTD Bval ve
36 is poshtioned ameyndr ok acyAt VEIHOUYa 38 BOraSy L Be DES@TB@PENed. When the
flexible  valve 36 is opened, the ink in the ink chanber 34 flows into the

recoridi ng head 19 t Hrbuigh a Iperisplegsaysage e85 0fAEBenpaKi earbyidae whakhwhi ch
o | neg L, A0 SSLALIS RESHI, MR ni i Ui A0, oo sl e
sect i onal axtE&rd g ato anokeheodemkadi. rehig. of3 ais iankecaperitdge aseanfeobodi ment
of the | it ueia %i?i%ncgfait%%r top wall 1038 which is located upside of the liquid
surface of ink K among the wall of the container 8. A container
15 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
20 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
25 9,10, and 11 separates t_he 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
30 of reciprocating in the direction of the w.idth 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,



according to the present invention. In an ink cartridge of the 25 present
enbodi nent, a top wall 1039, which |ocates upside of the |iquid surface of
ink K, is sloped to the liquid surface of ink K The actuators 106 are
nounted on the top wall 1039 such that E)the actuator 106 can contacts with
i nk through the through hole Ic provi&%d on the top wall 1039. The
partition wall 193c extends 30 fromthe top wall 1039 downward to the ink
surface. Furthernore, the present enbodi nent has a second partition wall

193d whi chpecextiendshioaLtAtetop 1Wah o 10398 iiMahdenit ke detiectd ABusEdRyi Nk
100 chanber 123b and separates the detection side ink chanber 123b at
| east i nt 6atwos tiée exfl itbie shbeaskainit M3 .chanbBig. 139234 hendnk123dbtrédeh t hat

i nk housed,in_bot h, of %%e %Féecti n_side %ﬁalh inb %h annnk;lzsgrggd 1123b
can conmuff84Pe LACH ot hEPY Eagh of 2 F RS et HRISTET1064A° afd 106b*89Rount ed
on the topnwehl iA080het eaghresfalbe dehewti@segide small ink chambers 1123a
and 1123b, respectively. The volune of the ventilation side ink chanber

123a which is @hesethe iHe SumPlyuppry port 21§ SAHrgerett Rad st hesesFafe of
10 the detgebl.on cldlgakn, Rloa1 830, Wi Cho Il Al Lkekya d Ak fd om bbe 1 nk
t 2. Furt of the T in

supply por ernore,” the volune etection side sma Kk
chanber 1028 @hredtedss cdgsensto the smikirsuppl yopohiet 2ni $nkapgesaghanst he

vol ume of _the detection side s i nk _chanbe 1123b which .is relativel
Vo o EhEte B e s rburte B0k b ore Ry L 5180e B e Be 1 indhets Y
123b. Thegrgformg; d nkdde there/eMd liaki eRagbde bakighambeedlédahi snkpngumed

at first. Wth consunption of ink advanced, the level of ink surface in the
vent i I&it i bRISE deeintieshaitbdér a3kl ek Ereasey zlenoPRE1BEIRY thenaecob@endse the

et L onnuabl 938,200 Ll eRTRLL A0S, a0 20 | LAMbGeAgRLL Y of

the | evel thé rakosdifigacepeeaches isopéhfotwedr end 193cc of the partition

wall 193c. |\]e)(tv’thierfl éﬁﬁ’iﬁ% f%”géﬁgiﬂéé Eget %n&gkgghgggshggdiQK Bga &'
vrec.ording operation, a pressure in the downstream of the flexible

15 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

20 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

25 present embodiment, a top wall 1039, which locates upside of the
liquid surface of ink K, is sloped to the liquid 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 partition wall 193c extends

30 fromthe 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



123a reaches to the |l ower end 193cc of the partition wall 193c, 25 ink in
the detection side small ink chanber 1123a is beginning to be consuned
because ink in the detection side small ink chanmber 1123a flows out to the
i nk supply port 2. Wth consunption of_ ink advanced, the |evel of ink
surface in the detection side small ihk®chanber 1123a decreases. On the

ot her hand, because the 30 partition wall 193dd and the top wall 1039 is
coupled liquid- tightly or air-tightly, the detection side snmall ink chanber

1123h i i i i til .t I |, of i . . t 101
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surface oft ibasdetract ten &itde tsial bidaksnedldnbek chh2®®rg eaeResridlt hebl ower

end 193dd of the partjtion_wall 193d, in in the detection side small ink
chanber 11¥3btr8tHaYs hfi g 6 %%égoé&%%ﬁﬁaesaa_aas% SRR AL GRrBRET on
side smali;ifnk ghambarnibl23h, haweiravhclo ddeni Bknawoply porh ¢ Thgsefore,
the actuators 106a and 106b can detect the ink consunption status step by

st ep. SMoragweEt ot ddiise anlde 196buie mofintee dmkhshivpews lar @0d8sp§nedcsuch

t hat the vol decreases 10.from.t ventilation_side ink chanb 23a,
which is 9 eagggt C{%gte 11 nk* %ppﬁqugor%n , C?‘oam@ﬁérsde le%:??or?ngli dgizs}rr% | ink

chanber 3Raw@neifwrther to the detection side small ink chanber 1123b,

which is farthest fromthe ink supply port 2, the frequency of detecting an
ink by the act f&oV91ve6aCchnt a 06U nteye £ e AnkschrBbsdvAhda Wrichk

consunpt i;on.c1HRES @{0kge LA EﬁBB!’E?”E%r?fz et 8L OP Ohah NEhd NEEEARESOM Lh

the decreasing of residual quantity of ink. The container of the i1nk
cart ADdgelshdahert iPngsids ids chaebegetddd wareh tisomewaltiveAy dahefrom
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SePAr Al ey [ i thall the vol e SF Lhe detact ion oideemall Yok chambex
1123b which is relatively far from the ink supply port 2 within
15 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 is coupled
20 liquid-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 193c.
Next, if the ink surface in the ventilation side ink chamber
123a reaches to the lowér end 193cc of the partition wall 193c,
25 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
30 partition wall 193dd and the top wall 1039 is coupled liquid-
tightly or air-tightly, the detection side small ink chamber 1123b

is filled with ink until the level of ink surface reaches to the



detection side small ink chanbers. Each of the volunes of the 25 of the
detection side small ink chanbers 1123b can be varied gradually fromthe 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
smal | ink chanbers decreases graduall }Oflr omthe detection side small ink
chanber, 30 which is relatively near to the ink supply port 2, to the
detection si de smal | ink chanber, which is relatively far fromthe ink

supply 102 g é“l?. SN J}?%g% £9bn 1061 Canadet epl saihe, AroeRss &fe0r adual

consunpt i on o cartridge. Moreover, ecause the vol une
of the i nl@f:ham}b%xsﬁaazcee dést]gaede*sechlohaslﬂheSm@ﬂdlrrenéte@h@am frléhg he

detection side 5 snull |nk cha ich is. near t S I
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actuator 106 gradually decreases as the ink cartridge shown in Fig. 55.
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of residual, quantity of .ink. . F he actuator 106a is nounted
near by thehopasftllfri orY vvakﬁ %Mpa?ng;t e ac% uator 106b is mounted nearby the

partition wal |l 193kefbier efcbreacevenocrt 1hea barabli® 6B genedatest takm@i ianters
into the detection side ink chanber 123b when the i 1%815 i ns 911
ventil at i cPPRTUER IR HAEr stEPa Pdo85SRot M%ﬁ%ﬂv‘?ﬁ %%alll%?\etr [Y%cc of

the parti téP%‘@hhH@ﬁgméPg DLOR] & 1Grid BYsicH @hbbety@rx%lﬁm@eiec&rmwary
between the top wall 1039 and the partition wall 193c or the upper side of
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Because which is farthest from the ink supply p ] q
detecting an ink by the actuators 106a and 106b increases with
15 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
20 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. A plurality of second partition walls
separates the detection side ink chamber 123b into two or over
detection side small ink chambers. Each of the volumes of the
25 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,
30 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



25 there is a predeterm ned space between the | ower 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 bottomface of the ink
cartridge 220A. A second partition wal 24 is formed such that the second
partition wall 224 extends upward fron1? e 30 bottom face of the ink
cartridge 220A on the nore ink supply port 230 side of the first partition
wal | 222. Because there is a predeterm ned space between the upper end of

the seco%gjo ant i tiAn, 103, %Etagéfl i thesdop-d a¢ec0brbbesd ¢ gaLanbdge

220A, ink'canflows [nto the ink supply port 230 through the top face of the

i nk carteomgen@20dn & vent i K atnoidsi dee | 1kk chanteidg@ba is fornmed rel atively

5 near to the airhole 233b On the ot her hand, 3 H?CEEQnéﬁg%%gﬂ$ agganber
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wal | 224, 34 heghed eatdior nsicdenk o Chashisc22bhe s @b céet astkopishdeigsnl | i nk
chamber 227 are fornmed. The volune of the ventilation side ink chanber 225a
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generate e capillary phenonenon, between the first partition wall 222 and
t he seconthlpantggliyoposal b, 224e Thes efiorexvdheofi aletienttimg a. dearebati oh si de

i nk chanber 225a is collected to tgg gﬁteétion 15 side snalkbink chgnber 227
by the captt Par FhEoreeiRFor HEsractrdny SFaecanar 2T M chiifs?* 2279 he

first pardidy,onmalily 222 caphepseyen! diateAdhfiaas, &f akkebubbheotoignt er
into the detection “side ink chanber 225b. Furthernmore, the ink level in the
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and enters into the detection side ink chamber 123b when the ink
15 inside the ventilation side ink chamber 123a does not reach»to
the lower end 193cc of the partition wall 193c, the bubble G stays
in the upper side of boundary between the top wall 1039 and the
partition wall 193¢ or the upper side of boundary between the top
wall 1039 and the side wall 1030. Therefore, the bubble G does
20 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 inFig. 56 (A)
has a first partition wall 222 provided such that it extends
downward from the top face of the ink cartridge 220A. Because
25 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
such that the second partition wall 224 extends upward from the
30 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



25 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 influenced by the rolling of ink caused by the
rolling of the ink cartridge 220A, and actuator 106 can thus reliably
measure the 30 ink residual quantity. Fuw3ihernore, because the detection side
smal | ink chanber 227 holds ink, the detection side snmall ink 104 chanber
227 can prevent ink to flow backward fromthe detection side ink chanber
225b to the ventilation side ink chanber 225a. The actuator 106 is_pnounted on
the top wavallee® sndttee itol faepEifytieriniogersirdeoss 22hR. dateEanohl ¥ ee i nk
chanber 225b. T 5_ac d C i C i t S;4nsi de

t he detect%%%os?§% %ﬁ% %ﬁéhggr%gggb?gﬁh%ﬁfggggugﬁqugﬁf?%%kggﬁ?ﬁ%&ya%ﬁghe
timng cl osgdctodgbe22mk. near end can be detected stably by nounting the
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of ink Trom cartridge 220A. Fig. 57 shows further another enbodi nent
of the inkislardhdndge agingst hermsed et protd8ingng igae cattichdgen1Baresaomn  in
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and the second partition wall 224. Therefore, the ink in the
.ventilation side ink chamber 225a is collected to the detection

15 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

20 gradually. Because the ventilation side 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 after the ink in the ventilation side
ink chamber 225a is consumed.

25 | 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

30 ink residual quantity. Furthermore, because the detection side

small ink chamber 227 holds ink, the detection side small ink



is separated into a ventilation side ink chanber 213a and a detection side
i nk chanber 213b by the partition wall 212a. Because |ower end 212aa of the
partition wall 212a and the bottom wall |la of the container 194 have a
predet ermi ned space, the 30 ventilation side ink chanber 213a and the
detection side ink chanber 213b commifi‘cates with each other. The actuator
106 is nounted on the top wall 194c of the detection side ink chanber 105
213b. The volune of the detection side ink chanber 213b is smaller than the

vol ume of the ventilation side in hanber 213a. The I ;
det ect i off PHWREY [k “cRARDRT ©¥43b %§k§¥bg§P§b%?C%¥ﬁ£ |£¥¥@h§ﬁgkéé§%é§?0%ﬁ t he
vol ume ofg;the jwenthhabken sédeé the Setlfanben caldadeAi huf fleamdda 23dat is a

concave part for accepting the air bubble which enters to the iﬂk cartridge
180A i s formed The sheuatep Waf Iis192unsedibe W& E6P; Bl 5ildetT ¢ E an’o@f 213D.
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the ink end wongly by the attaching of air bubble to the actuator 106.
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Dot voen (HEpATY (IR 125128 and the 8 de 20 wal | 164b, the predet er i ned
ink qpantity remainedlaftep iheproletdsd iqn tdfe the waklehdldanfbehehdnyed.
Fig. 58 shows further another enbodinq?t ORF Qp 5 .gartr%d £4180. An i nk
cartri dg&ar8oB iSfoRn Pn PIgre88ehas® £NGHT t191V6n 2/l 5 2058" WhF &hoT s-Hor ned
n L-shang. Hhe pastitERE FoaiBld Alahiexierdsel tREl enkopaeklagdamor | over
end 212bb of the
caused by the rolling of the ink cartridge 220A can be prevented
by the check valve 228. Furthermore, the evaporation of ink from
15 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
20 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
25 the top face 194c of the ink contaiher 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 la of the container 194 have a predetermined space, the
30 wventilation 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



partition wall 212b is longer than the |ower end 212aa of the partition wall
212a in the enbodi nent shown in Fig. 57. Therefore, gas existed in the
ventilation side ink chanmber 213a is difficult to enter into the detection
side ink chanber 213b. Therefore, 30 the nmal function of the actuator 106 to
detects the ink end wongly caused bylOhe attaching of bubble to the
actuator 106 can be further prevented. Furthernore, a gap is provided
between the lower end 106 212bb and the bottomwall la. A capillary force,
whi ch can hold ink, does not work on the gap provided between the Lower end

212bb and1Bke bBReomlNag of fhepiefleeol Yhnae it RBFBRbEHEX BR58G ARt of
the ink {6 ”t%ggs\%%ﬁ@- of\nthgkvgﬁﬁiigggsnl@p@e SHOWE i dnibd .2 B9 hasa

partition wall Ich is sloped toward the ink surface. The partition
wal | 212c vexterdsff ridme adébpctabh $94e. iTike diastzace2lbet neeprefierside wal |

194b of the ink cartridge .180 t he artition wall_212c. narr.oms .toward -
downsi de. s?ﬁ‘éﬁ@?of: angh ellﬁ)a]e’;?i%g&lei Pfollﬁ@ev% t@?%t\f%htjgji%tel?nnlf’lc fanber 213a
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side ink chamber 213b. The buffer 214a thereby prevents the
bubbles to attach to the actuator 106. Therefore, the buffer 214b
15 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
20 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
25 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,
30 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



Furthernore, the second partition wall 212e separates the detection side ink
chanber into a first detection side ink chanber 213c and a second detection
side ink chanber 213d. A gap is provided between the bottomwall |la and the
first partition wall 30 212d. Furthernore, a gap is provided between the side
wal | 194b and the one end 212ee of theaeosecond partition wall 212e. A concave
107 part is provided on a part of top wall 194c to forma buffer 214a which
accepts the bubble. One end of the second partition wall 212e, which extends
fromthe partition wall 212d toward the side wall 194b, extends 5 until to

t he positi2d@bkherd jhstbaitdur weRd haff ¢ c2pdd.latheferoee, whiebtcan Hwlkd r st
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can be further prevented. Furthermore, a gap is provided between
the lower end 212cc and the bottom wall la of the container 194.
156 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 194b.
Fig. 60 shows further another embodiment of the ink
cartridge 180. An ink cartridge 180D shown in Fig. 60 has a first
20 partition wall 212d which extends downward from the top face 194c
of the ink container 194. Furthermore, a second wall extends fxrom
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
25 side 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 is
provided between the bottom wall la and the first partition wall
30 212d. Furthermore, a gap is provided between the side wall 194b

and the one end 212ee of the second partitionwall 212e. A concave



entering of bubble into the detection side ink chanber 213b. If the bubble
enters into the detection side ink chanber 213b m stakenly, the bubble is
directly caught by the buffer 214a or 30 introduced to the buffer 214b al ong
the tapered face 1040. Therefore, the malfunction of the actuator 106 to
detects the ink end wongly by the attldhi ng of bubble to the actuator 106
can 108 be further prevented. The shape and size of the buffer can be other
arbitrary shape and size. Fig. 62 shows further another enbodi ment of the ink
cartridge 180. An ink cartridge 180F_shown in Fig. 62 has a  5_protruding
part 214f PRjfi dff BFoY#d8es°t AsPa&tt fk tc%f"ailﬁe?%zﬁo cgr]‘?rﬁ‘ sa?‘efg?rt?*rﬁe‘*% op

val | 194c. ,The, agtuatr Q6 dgdmunted on  the bottompart of the protruding
part 214f. A partition wall 212f extends downward fromthe top face 194c. A
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and 10 the_ partition |, 212f t.ween t he act uat 0] d the side
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19dc wor KeEHE CPRIR &F ZUAOUH Th FeEBGLECBEbOTE Ry L ba ShaURithrcier

ot her jgmbaglimmiyt 0fsd be ichle saebhiddgart8QiohhRainkacast ritge dfdde shawn in
Fig. 64 has a plurality of partition walls 212h, 212i, 212j, and 212k, each
of whi ch éxtdnlds is2eadavpvar dherlonf 6 214 f adBergderss the Ml Wit her

194. The pay LhLi Q0 WAdr 2880 d ScELESL A LhkiAM Wabhg1 9 LHE RAddHi R
of bubble to the actuator 106, which is provided in the second
.detection side ink chamber 213d, can be further prevented.

15 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
194c of the ink container 194. The container 194 is separated

20 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

95 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 214a or

30 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



wal | s 212i, 212, and 212k are the second partition walls. Because each of

| ower ends 212hh, 212ii, 212jj, and 212kk of each of the partition walls
212h, 212i, 212j, and 212k and the bottom 30 wall |a of the container 194 have
a predeterm ned gap, the bottom part of the container 194 comruni cates with
each other. The ink cartridge 1801 hast® ventilation side ink chanber 213a
and a 109 plurality of detection side small ink chanbers 213h, 213i, 213},
and 213k separated by the each of plurality of partition walls 212h, 212i,

212 and 212k. The bottom part of the ventilation sjide ink amber_213a and a
plural i tyzt%ﬁ kft“rifet EHVER S e Shal FhEPFnR™ h%%%r%k 2%%%%1]: (?lréjz?e and
213k commyiiyat es-idihRachagd hela Haeh of the actuators 106h, 106i, 106
and 106k is nounted on the top face 194c of each of the plurality of the

detection side Fsigal | 62 niehewanbEust paBh arprdier 2eBpbodanend 13K, EBSpeldii vel y.
Each of the .uaf or 06h,, 198i . 1A6i d K_j rean on,l

subst anti gﬁrf/tcr}:le eerﬁgo ) thr}\‘érl 'glg]gé face 139(%1%@011‘é§§cﬁh§¥'§t %g g?%r'al%izt %asofathe
det ect bon mictewshmld patk zhafbestsi H 3hrotZidies 2h3jideande d3kaimespert, vel y.
The vol une of the ink chanber is arranged  such that the vol une of the

ventilati G §i B8TEnRECRARDEPP 248 WTidch FBEaRBEURRRT sUPDI VS P UET T de i s
the | argest,e ?%t%%\‘rp 1ar¥th%fltS,h%Obk'H'@rQIi]i_%sepjaP{f shapberp gadual 1on deareases as

the distance from the ink supply port I ncreases. Therefore, the volune of
the det eétli2dh esitéadsndbinivakdchaoherhe 13K Migiash Li9g cf. arbesf féy g4 hd s i nk

| 187, i s th I 1 he vl fthe | 4 20
Becaute gREE AN FodusEaTt PontERe ATt hord TR i SR d b ahd he

venti hat i @hespdet i Bkoaheaien 12k3andbddwedmkhesapphyt poriocl8Adst lde dield he ,
det ection side ink chanber 213k. For exahRIe, the ink in the ventilation side
i nk chanb&ia1d13244hi chTheke %R esthe oPERAPPREYs Gipl §PDorELY87°T s 108nsifined, and

during th ks o g fuenti;l,ation side ink chanber 213a decreases,
the ot he%u etoélc't&leon\b?: éeesma I ?n chanbers are filled with ink. Wen

Fig. 63 shows further another embodiment of the ink

cartridge 180. An ink cartridge 180G shown in Fig. 63 has a

15 partition wall 212 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
§ctuators 106 are mounted on the protruding part which protrudes

20 inside the detection side ink chamber 213b. 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, 2121, 2127, and 212k, each of which extends

25 downward from the top face 194c of the ink container 194. The
partition wall 212h is first partition wall, and the partition
walls 212i, 2123j, and 212k are the second partition walls.
Because each of lower ends 212hh, 212ii, 21233j, and 212kk of each

of the partition walls 212h, 212i, 2123, and 212k and the bottom

30 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



the ink level in the ventilation side ink chanber 213a reaches to the |ower
end 212hh of the partition wall 212h, air enters into the detection side ’
smal | . i nk chanber 213h, and then the ink in 30 the detection side small ink
chanber 213h is beginning to be consu g. At this time, ink is filled in
the detection side small ink chanber g§ i, 213] , and 213k. Furthernore, if
the ink level 110 in the detection side small ink chanber 213h reaches to
the lower end 212ii of the partition wall 2121, air enters into the

det ect On 18k fl g‘:é)f} d'eg%é:lc&q{’)rﬁb fdg]s?ﬂallaqukt PﬁQmBQFS'i‘i(?,H n2t1b>§ ,dgiection

si de smal P in eglnnlng to be consuned his 5 way, ink
hstsequenhnﬂbkyBEOQ?pmrmhéddmyt&he\aamhIoitpduraﬂdeylQK pahambepnzwaélso t he
etection side small ink 213k ach of the actuators 106h, . 106i
106j , andl406k?+<¢* notiht &P %%@‘toahﬁagptfﬁﬁbPSF%eSE ggF Yﬁ%gag?E&?Pon

si de smal L; 5ok n1c bahees- 2 THEr8i0r61 dhel 86§ At ehs dd8det dd6is i dE0BHha1 and
106k 10 can detect the decrease of the, ink quantity step by step.

Fu&theﬁﬂnmekn%h@mbﬁran%lih tHe3 § nie I@anseds 2d8kr 685G NE £avEShE1 theRdfhat i on
side ink c er |ch t I h
shacber 2130, M Ch LS. PEAL 1o hfozfpyl%%gp Ing REEL BfouhPelne

Qetectlon er K “gr ddua Her ore,
interval eh €etecdp nm&@a@mrmmcmf cdfhehienflbsaduagt ofytjeadetetyion

decreases. Th f the f f 1t k d
ot caseds hec AR IRk el et 280 S5 GHoWe FEPRREFBeRer

embodi m‘v‘”éaeifl 5@%1{@%&%{attrd1®§osia801o&g 1@53 Shows 1@ d asSaseehien 6h an

ink cartrrdge 180J. The sem conduct or nendbry device 7 and the actuator
106 aree fen]madanmaﬁhg csaarmmpfdlhet tbpaﬁ@:éﬁl@‘lpr\of lgadnRf ddre PLageliBpl. A

di fferent e Oring 614 is,nount i 1 S th t he
different-% fae Od??%g 512 it ?dﬂﬁi%'t %ﬂgfg% w?&% %igﬁurgﬁge g%d
caul ki ng pagk, 616spectovard. OnmkhemﬂRQEaWElkh%S1b&4bhhmbe®umbearhengedcuit

board 610 with the cont 194.
t he cont aFReR thef phe ﬁfg)a]'fltqr:}gof the vl?g/ntlféjtpiclbr?glgigeln 2a1r3da Q%QC%“ th

locates ink supply port 187 side is the largest. Moreover, the

15 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.

20 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 thé ventilation side ink chamber 213a which
is nearest to the ink supply port 187 is consumed, and during the

95 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

30 the detection side small ink chamber 213h is beginning to be
consumed. At this time, ink is filled in the detection side small

ink chamber 213i, 2137j, and 213k. Furthermore, if the ink level



caul ki ng part 616 and pushing the different-type Oring 614 to the circuit
" board 610, the vibrating region of the actuator 106 can contacts with ink,
and at the same tine, the inside of the 30 ink cartridge is sealed from
outside of the ink cartridge. A termnals 612 are fornmed on the

sem conductor nmenory device 7 and araumd the sem conductor nenory device 7.
The 111 sem conductor nenory device 7 can be constituted by the

sem conductor nenory which can be rewitten such as EEPROM 5 Because the
sem conductor nenory device 7 and the actuator 106 are fornmed on the sane
circuit boatdesdeletheonsuid ﬁglaéﬁot@S§ha@mIbélﬁhn?%%@@e%tt%ﬁéet]r%e’élur| ng

Tounti ng L eSS Sanduetor. TSNy, deviion T, Ad he actuatr 0B op the | ik

cartri dge e Wor Brocess durin e manufacturing of

the ink 14 tardndidge nk8QGaainek it Iz&3r1ecyal:i| apeaof thbelnhklnatlueudtgteecisﬂ@ucan
be sinplified. Furthernore, the manufacturing cost. of the i %}él dge

180C can bidle 6dadédi B ahe LAdnbe RS TBNRY parke Cay regﬁc
Furt her Mgy, 2 Ra L %ﬁgﬂeﬂ@Hglg%@o%rﬁé‘@%J&Q@hé bentonavabh 49de dewnward

to thé ink“surface. partition wall 15 212J prevents the waving of ink or
bubbl i ng. cﬁl’ahﬂaepar:t]:{a aro viehe déﬂﬂsﬂ:]tntdier@b%e preadeint nkt heharaté et 3'en of the
actuat or 106. t uat or det e.dn Qns t i de

t he contai ner f@'ﬁ: ?ﬁ Lﬁ%%rﬁ c? ?8%@hﬁ% d’eélg é‘n olr&egs]{ ?%%&% %?matl on
of ink suygh @se resh dual 1 quanti by @fachnl§fd@h%Ctd%(iell‘)t102D dihie antaldt 0fnH 06.
That is, the sem conductor nenory device 7 stores the informatio reI ated to
the char athiasiiests ¢ pREARECEE ., StiehaasupherehaPabt eFP&ii c1 B3 i n&kAnt’ ‘f]ﬁe i nk

car t ni, dg_el%a%egeEQEt %@1% agLUALOL e g@ WHRD dRk eChiang {he &PpCoRsuspdh on

stat us Sém conduct or nenory device 7 previously stores t he resonant 25
f requencyrufthemrdenk tirsivid untse ofonhei ek ¢Bdmberéudiecreasesi Eromyjiedr i nk

(5 L QA A sonatner, 106 sulligl ontye or ien.l Bl 0 hAC oo gl e
charact eristd ¢ ghar GIRLRS de BB 18RRI small ink chamber 213k gradually.
Therefore, the time interval of detecting the decrease of the ink
15 quantity 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
20 semiconductor memory device 7 and the actuator 106 are formed on
the same circuit board 610 in the ink cartridge 180J.
Adifferent-type O-ring 614 is mounted on the side wall 194Db
such that the different-type O-ring 614 surrounds the actuator
106. A plurality of caulking part 616 is formed on the side wall
25 i94b 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
30 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



frequency when the ink inside the container 194 is full status 30 or end
status can be stored when the ink container is nounted on the ink jet
recordi ng apparatus for the first time. Mreover, the resonant frequency
when the ink inside the container 194 is 112 full status or end status can
be stored during the manufacturing of iithe contai ner 194. Because the
unevenness of the detection of the residual quantity of ink can be
conpensated by storing the resonant frequency when the ink inside the
container 194 is full 5 status or end status in the sem conductor nenory
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 quantity of ink is decreased to the reference value. 10 Fig. 66

shows further; QideictebodirBrt, ofietheei Nk eamt r bdgecod80itThedi nky carte i dge
180K shown in Fig. 66 has a plurality of partition walls 212m 212n, 212p,
and 212q, sewieasdugiicgh st swhasn®and e ot ¥ h FAER #64EEHRPhe i nk

contai per 194, T AN LSgthecbissinparid tdon wal , d the
partit?onI%gzﬁbe$§hf€%§,1%%§%PW§%% %%%gkgrgét%%ésecéﬁd partf??%n maﬂf§?
Because eante dlordnevieonentls 2d@engi2d@nn, b@dPppsl Gind e epprdfincherqsess ti on

wal |'s 212m 212n,_212p, and 212q, .respect.ively, and t bot t.om | of the
cont ai ner PdY Afad iy Bt iGed 1§p SHHES B%Dtut‘%rﬁnga%eofset e Tt

or
€ container 194

communi cates, Wit Betach othea .10 danear 1okhenl engt tnefcdher pagd itdoan wal | s
212m 212n, 212p, and 212q increases fromthe side near to the ajirhole 233

in order. Mohrervsior ehe etk iold Phecgap BetikeRheHemelw? b\ ehtRI PLe 240NN,
212pp,. .and. 212 t t i f 212n,
PP 18?]‘3 cz':\f:%d:?.% %“‘180'&‘3 aﬁﬁykggg%&fh%ﬁg{r’g%%l ﬂlﬁ f'tea]pd’ldﬂgé) 180712 8n n

212p, guenti a er e ink cartridge 180K has a
ventil ati gie Sidgliifikdcharbeth2tdarandtlae phamafattyuoindetest i @h tSidda rdnal |

[ acTamher 213m. 2o S1%p. and 213, separated by dhe. so6h e platal 11y

can be reduced. Furthermore, a partition wall 212J extends from

‘the top wall 194c downward to the ink surface. The partitionwall

15 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

20 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 memoxry device 7 previously stores the resonant

25 ‘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

30 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



bottom part of the ventilation side ink chanber 213a and a 30 plurality of
the detection side small ink chanbers 213m 213n, 213p, and 213q

communi cates with each other. Each of the actuators 106m 106n, 106p, and
106q is mounted on the top face 113 194c of each of the plurality of the
detection side small ink chanbers 213m2213n, 213p, and 213q, respectively.
Each of the actuators 106m 106n, 106p, and 106q is arranged on
substantially center of the top face 194c of each of the plurality of the 5
detection side small ink chanbers 213m 213n, 213p, and 213q, _respectively.
If ink isfodhsanetysgas ens Fhefoduecarl Har siPrRE AiLF Wb &IP3 FanufR&Gerong i nk

i's consune omthe_venti ion, Sj i Qﬁggg[ i s 83l f 0 the
ai rhol e 2?% géetﬁ8“§%%88 i%%ESi&gééﬁééghgﬁa errET%%§Q>or}§£§%%le, fﬁ% i nk
in the vesfitat iresiside yokntebanberinkldanwh clonipe nsedrees byt st ohengitteol e 233
is consuned, and during the ink |evel_ of tﬂ% ventilation sigg inkiquﬁber
213a decF6&983Ntt FECBEPRFY ddtBt tihen 18K NS HEF 1Ak OPRAADEF s aF e F ifM'ed with

nk. vhencthe bnic)l eugh [dtddies VeRt il | 00nsbdRahako SN RS-yl SadtSaer eaches
to the |l ower end 212mm of the partition wall 212m air enters into the
det ect i onpsidéossall andkrahdirieouZl 8he @amck athéhet hesPnknt rfxdmEueReREN on

side small i nk ¢hapber 213m.i,s beqi nni.ng to, hbe consuned., At _thi i i nk
is filled PR t H%?eEFF8ﬁd§P8eQ§%ﬂ a5k Ehahber 2130 Bi36g25%§%? q. 20

Fur t her noget ekt ethenhbkt hevedsiduk hegdetect y off sirde iwmaldcradeed hamére 213m
reaches to the |l ower end 212nn of the partition wall 212n, air enters into
t he det ecttedarsnge ¥aaME-i nk chanber 213n, and then the ink in the detection

side ggl | ink gRamhel 2130 Lo, DedidtlhlehBoleneRRS TR 1 Lilrs tiathe | Nk s

sequentially 25 consune omthe ventilation side ink chanber 213a to the
det ect i onigsbde Bhalink werthaniser 1208qshBevaus & itche 6§apabet welerrahieceadh of
:E EZ : 8&; pggggt?gg an?fls gcf)LtztmO,nE \fg'lnl, gl%pn,a%%% 1 c&?‘%%aélhl gflw%ltcma e%rt%%rdsf rom
downward from the top face 194c of the ink container :194. The
partitionwall 212mis the first partitionwall, and the partition
15 walls 212n, 212p, and 212g are the second partition walls.
Because each of lower ends 212mm, 212nn, 212pp, and 212qgq of the
partition walls 212m, 212n, 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.
| 20 Moreover, the length of the partition walls 212m, 212n, 212p, and
212q increases from the side near to the airhole 233 in order.
Therefore, each of the gap between the lower ends 212mm, 212nn,
212pp, and 212qgqg and the bottom wall la narrows in the order of
212m, 212n, 212p, and 212g, sequentially.
25 | 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 213g separated by the each of
plurality of partition walls 212m, 212n, 212p and 212g. The
bottom part of the ventilation side ink chamber 213a and a
30 plurality of the detection side small ink chambers 213m, 213n,
213p, and 213g communicates with each other. Each of the

actuators 106m, 106n, 106p, and 106g is mounted on the top face



212mm  212nn, 212pp, and 212qq, ink is consuned in the order from 30 the
ventilation side ink chanber 213a, detection side small ink chanber 212m
212n, 212p, and 212q, sequentially. Therefore, the gas is difficult to enter
m stakenly into the ink chanbers in the 114 sane order nentioned above. For
exanple, even if gas enters into the détéction side small ink chanmber 213m
and 213n m stakenly, and the actuator 106 detects the ink end m stakenly,
the partition walls 212p and 212q, which is longer than the partition walls

212m 5 and 212n, prevents the S to.enter into.the detection side . sma|ll ink
chanmber 21384anaf 233g> QﬁeFE?OS ur ﬂbtéc? at b sA4 6Bt 4nd ﬁb%ﬁ sﬂ%f%ofnk

m st akenl ycﬂs‘%ﬁ&%st{ﬁrh,nkz e, lﬁh';b%, ahf ibﬁqpr%act%@%dj menlen blierast uat or
u

106q detects e ink end finally and nost reliably. rthernore, because
the partitaohuamabts 12BN 12620, 1 Q2pandahtb @12 pravesd crhgubavangiet lynk,

the partition_wall 2m,_ 21 apd_212q al r t .t n tion
of the bubBFEFeﬂbonééF,tfﬁb%ﬂ%e%géé.% %gtﬁggﬁ ggc§9§$Eﬁﬁgﬂgﬁf¥$t§%n€§glIs
212m  22nge2d@pionndi@d 2gmui t hi eachhatbers canzhe eoal , 2and, thed 153gnterva
bet ween the partition wall 212q and the side wall 194b of the container 1 can
be equal . FASPAFEI¥@sY; the capacity of each of the detection side small ink

chanbers 213m 2{8n, 139sC0 Bf Rdsied B A wstinka o hesl ength
of the partitionﬂgaévféégT%ﬁl f%h%gflzpf'and 212q. 50 Fig. 67 shows an

enbodi ment Thepafidra, riedondi agnieadd dirgrathe vént hkat hin cuirde iiddfechhadban i nk

jet recording apparatus which uses the act r 6. In the present.

enbodi nent 2 gﬁé“?H%hdﬁ?Pﬁa&géo EESA?ﬁﬁBaﬁei%?%ﬁﬁ?%%? ﬁgtgggaég ﬁ§$e%?kthe

i nk cafd ri dggnbBy aMyaq of ridieeikBlptar t thdgenishown Hen veing 1158 iba Eige 64kal so
can be used. 25 Furthernore, the ink cartridge of the other formal so can be
used. A pthember2lsfa Whkchats riafgestiBoAhe aisleled2dd theorskmesy and

recording apparat iso whieh Bag aop! uhal i Lx: ofat kn! 8150duEk NhadBEPes 23482 and
1 ea N 0

a hol der h corresponding to the eac
decreases, the other detection side small ink chambers are filled

.with ink. When the ink level in the ventilation side ink chamber

15 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 213qg.

20 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 chamber 213n,
and then the ink in the detection side small ink chamber 213n is
beginning to be consumed. In this way, ink is sequentially

25 consumed from the ventilation side ink chamber 213a to the
detection side small ink chamber 213qg.

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 212qq, ink is consumed in the order from

30 the ventilation side ink chamber 213a, detection side small ink
chamber 212m, 212n, 212p, and 212q, sequentially. Therefore, the

gas is difficult to enter mistakenly into the ink chambers in the



ink cartridge 180, respectively. Each of the plurality of ink 30 cartridges
180A contains different types of ink, for exanple, different color of ink.
The actuator 106, which detects at |east acoustic inpedance, is nounted on
the each of top wall of the 115 plurality of ink cartridge 180A. The
actuator 106 and a partition wall 212&l%re provided for each top wall of the
plurality of ink cartridge 180A. The residual quantity of ink in the ink
cartridge 180 can be detected by nounting the actuator 106 on the ink 5

cartridge 180. The partitio |1 212a prevenis the i u ing of
ink. Fig.S¥8 QAR B RE aPP AR 1 RO HES TS S5t L Hs %E‘qejlgt P?%%’:or di ng
appar at usg hd nid the- 1 &s eita e rdapdilmenlk, chiebefk21gar thddge3d60isshosnlyn Fig.
57 is used. However, the ink 10 cartridge in any of the ink cartridge shown

in Fig. 58d6hRiartusionllds dledes GE6dNIFENAHRT FvteST the H1HEREFtF 1 dGe of
the other  {oroua S%%cg%qa?%io"f;%g?h fgg?ohgégg arf erardiNg; apparahys Haspan ink

i ntroduci Ng nenbé a plate '186, and a nozzle plate
188. A plaalziioy,opreveate thad gasht clerjtetr dutoi tke d3 dat for medeopmahe nozzl e

pl ate 188, The ink introduci ng nmember 82 has _an air su hol and an
i nk i nt r obRYECRGMPRFet 1 AB3Nd ai it F Shot e %%%ﬁﬁlpélaie#%iarn%t %gél(ﬂe i nk
cartridgeyd8Qoe HHEchRknh Pt IRAUCNG Hel £i) 1834l nt raduces i nknd ropesdeci nk
cartridge 180A. The ink cartridge 180A has an air introducing 20 inlet 185
and an i remisephenpothel8Truater 206d ¢t rerueithg 1wk end 48521 hy pedueestair
fromthe aif.y}gly hol e 181 of the ink introducing nenber 182. The ink
supply polﬁ I upplies ink to the ink introducing inlet 183 of the ink

i ntroguci ng nenmert H8Znor By bertineducha gaaitri thirconwa hesi 2k m n2idduc? hap menber
182 to the ink 25 cartridge 180, the ink cartridge 180 accel erate he supply
of ink fRR¥FrPLRE RITRYTHr F%’Fd@’é’lmﬁftl&}%'h‘éh?rlﬂ?ritﬁTtﬁé’&h‘ﬁ?ﬁgs r?r@r%ﬂbr‘?i%‘é' The

orcer AT PSS ko el stmsbierk{ omdnekalusars i doe 1001
Moreover, the intervals between each of the partitionwalls
212m, 212n, 212p, and 212qg with each other can be equal, and the

15 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 213g can be adjusted by adjusting the length of the partition
walls 212m, 212n, 212p, and 212q.

20 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.

25 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

30 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



plate 186. Ink is supplied to the head fromthe ink cartridge 30 180A

t hrough the ink introducing nmenber 182 and di scharged to the recording
medi um from nozzle. In this way, the ink jet recording apparatus perforns
the printing on the recording nedium 116 Fig. 69 is a cross sectional view
of an enbodi ment of an ink cartridge fédiSuse with a single color, for
exanpl e, the black ink as an enbodi nent of the liquid container according
to the present invention. An ink cartridge shown in Fig. 69 is based 5 on
the met hod that detects the position:of the liquid surface .or _an.existence
of |iqui dPlngeddty ¢f qa#op%lamleﬁ@r?eiw[%i%de“f%%??ﬁ&aé‘[orr %%ﬁ‘&ﬁtaf?f”‘éﬁdgﬁw by
TeAsUr N, Lhe 69untefe SLERLIANDLLYCCL Ok G GRNAT Bkednbyp tiheat 25} dfalink

vi bration rémined in e vibrating section anong the above nmentioned

met hod. Theractidatorsds iThelfesisdda quaan ieyboliimnin shet ek ciaglird deensor

that detects liquid. _The ink cartridge of .the enbodi nent.sh i Fig. 69.
conpri ses 18% FheFeaeGhT hbXOWPHPﬂéngia d &K éﬁgx?ﬁc %%egM?BégwéP% 1030

| ocat egl UQ_%ixQ_%i@Eet heol i arhél pefiace olvall ik Koaapréwknssippley weoriing 2néhi ch
supplies liquid outside the container 1, an actuator 15 106 which detects
i nk consutppibddngt @fus nknsi de the container 1, and a first partition wall

193a whi ch part%%%qn%8aghg$§sg 5¥%ﬁ%ﬂKar sueh thatbd o Keini Belih of

t he i nk chanber n conmuni cat e eac othé? i nside the container 1. At

| east two jientk rehamdEnsy iapgadews verlti |ttd arasalet | akbo@imehanbehel123& whi ch
comruni cate wi th at nosphere and,the.detgg}ing Si%ﬁ i chquer %23b.kThe
act uat or £6&tTrddgsUNtEP oFPPWe £Bp FiRal 1° 1030 §FFhe it Chamel 1236 and a

pOfOU%o”E%’%‘?‘frtrliQ%% 19 aR{O¥EdeHe i Mt h_;ealdﬁtﬁfc%é Wh&ide i i chameo ¥23h as a
buf f er menber. coarse buffer material such as filter can be used instead
of 25 thé4patousarebbersd®00 Furtidiesimors! ethe ik gegirdé@eont tHe Popekal |
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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,

15 1is 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

20 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

25 ‘cartridge 180, the ink cartridge 180 accelerates the supply of
ink from the ink cartridge 180A to the ink introducing membex 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

30 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.



airhole 2c. However, the formof the airhole 2c is not limted 30 to the
check valve 228 shown in Fig. 85. If ink Kis consuned and the container 1

i nsi de decreases, air is introduced to the ventilation side ink chanber 123a"
fromthe outside of the 117 container 1 by the airhole 2c, and the airhole
2c thus prevents the pressure inside tiié container 1 to be negative.
Therefore, wth the consunption of ink advanced, air is introduced to the
ventilation side ink chanber 123a through the airhole 20 and the 5 | evel of

liquid surface of ink K decreases. The rt|t|on (%ls coupll?ed with
the top wal | 10869-aff dBde GAPFS BBECSHOIN YHEY f"i“bLﬁ' THRAY-25 gt 1 y.

Therefore, e 0 KedB §Ufffdxcle§‘cﬁ¥n ¥ cabsRE hehdin the
por ous menbe 5 g%gB%BS%dn¢3# ?ﬁggﬁgség?ggtl%n05|de ink c aﬁber 10 123b in

t he cont aiimér ds mnlémibcbré;méret/@f ofhe |1cpl.qtdl¢mrafe%lfmr igfcondirmdireshe t he

| ower end 193aa of the partit 3a. W the ink co ti.0
advances, PAR§ e P¥GREIGR | | ﬁl ﬁhﬂguﬁ%‘% 1€ ?n‘f(w reafg 5 oLgtr%b é(;ewer end
193aa of therparhdthon vald dt93ats GRS 5K £f Sorh ®ff heedel g0t 0susi alee idk
chanber 123b. The ink k 15 absorbed by the porous nenber 1000 in the

det ect i onagi d&iphRNCEhAfbEFTUDBH By LEAEHE SRRt RENEREPY et PpSe fort 2,
and t he %ﬁ)ﬁ@ﬂ%xb?gsg?ﬁ 9und e, AGLUALBE d08nEDANORS{LOML e Qrce

atnnsphere erefore uat can detect that the status inside
the i nk caeheirdged dyi mhenlree;n@ﬂwﬂatvusarafhm riemadMeids irhé HeowsibridinD3aa t o
determ ne which | evel of_the gw d  surf i, nk

f
Fur t her noPECLERE ¢8PHHe CBF F‘HBV d@?BEf?Bﬁgce‘agh?ﬁk c %aecbte%rmﬁoeé;ejt erm ned

by thegposiskitofoofan Rkl t 1938 dha d kenkep wabt d&3&:tdhearpfiare, the
ink quantity remains inside the container 1 when detecting the ink 25 end

can be setl"hbylnheCpﬁértldéﬁ of the gabedinent warewn ol Kig ¢ P aBPIiass 1030
and the hel aBhcQ1nbhe et c%%t%%%%amguw%ddr{degmﬂde\g%b%lfqot?n)e i nk

t?ﬁner %C
surface. ase of 'using an on-carri age type I nk
located upside of the liquid surface of ink K, an 1nk supply port

2 which supplies liquid K outside the container 1, an actuator
15 106 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
20 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
25 the porous member 1000.

The airhole 2c¢ 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

30 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 side ink chamber 123a from the outside of the



recordi ng apparatus, the ink cartridge of which is nove together 30 with
recordi ng head during the scanning process will be considered. If there is no
partition wall 193a in the container 1, or if no buffer material is provide
around the actuator 106, bubbles rmay 118 be generated by the waving of ink,
whi ch is caused by the vibration of i&%7cartridge generated by such as the
scanni ng operation during the printing process because the ink cartridge
noves together with recording head. Then, there is a danger that the 5

t uat 106 d t m stakenl at i S: i ' t
111 e (R R ndosl o RR T RAN 6 16600y EiL ChRvi g o N SVGR T ¢ her o

is littleraoprbselirenknéddé hene airaiaierer 1. tdbiseawesat iher e Theralfereg danger
that the actuator 106 may  detect mistakenly that there iscfo ink if the
bubbl e at ti¢Hes heocepsumetaenuaf of 0B e f dHe FHKIN IUIE % Hive

cont ai ner v]e'ntiﬁg%\églrsié‘gq_q{}ﬂl:ﬂgmbgrt1@3§%%iu%nt§h9faitrhfollei gui, dan g @Al ner
of the present enbodi nent, the partition wall prevents the waving of ink
aroundst héd epiedz ol édtuiic devifeceewdn inre X tleereiaskescartri dge vi brates by such

as the scanning_operatjon.durin 5.the printin rocess,. By preventi,ng the
wavi ng of ink aF%ﬁnBaFHétlﬁpeﬁ%g}é%%i?é&£§9P€%F%tﬁéggagﬁ?t?%%Rﬁ§ﬁ1q%&%a
prevents thg s genekati aboEnbie ikubhd €S gulrdr tiieruid & i GVENy | heheitelfioes:
generate in the ventilation side ink chanber, the partition wall , separates

the venti leweinoihsi deki bk canemierd and't Kelgetetfioheri g JeEomed :
Therefore, the partitio I re: .t he, bu ; £ Ghose @ he

act uat or f6%0§ﬁd%8%%%gc?0§?f%“?ﬁ§w§%%§§%b?hgl %&gﬁ%%%§929¥ fhe po?bug menber
1000 i1s pnovided oime tduntadigieectli antsildehe rlevadlantfel 14238 swrfaterafenakbet ween

th t uat 25 106 apd th tilation side ink .chanb 3a. Therefore,
bven 11t ot sReRreda bhe et FHa bR HaE et ST PR iy oS

enters intgd hgrded aldon Sh devaieanhart He3vaisbakengiid tdherf o s
menber 1000 prevents the bubbles to nove close to the

ink K reaches to the lower end 193aa of the partition wall 193a,

gas enters to the detection side ink chamber 123b. The ink k

15 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

20 is the lower end 193aa to determine which level of the liquid

surface of ink K to be a ink end. Furthermofe, the volume of the

detection side ink chamber 132b is determined by the position of

partition wall 193a to the top wall 1030. Therefore, the ink

gquantity remains inside the container 1 when detecting the ink

25 end can be set by the position of the partition wall 193a to the

topwall1030andtheheightofthelowerend193aa:nithedirection
vertical to the ink surface.

Here, the case of using an on-carriage type ink jet

recording apparatus, the ink cartridge of which is move together

30 with recording head during the scanning process will be considered.

If there is no partition wall 193a in the container 1, or if no

buffer material is provide around the actuator 106, bubbles may



actuator 106 and contact with the actuator 106. 30 Furthernore, because the
porous nenber 1000 is provided in the detection side ink chanber 123b, ink

i nside the detection side ink chanber 123b does not wave by the vibration of
the actuator 119 106. Therefore, the actuator 106 can reliably and stably
detect the ink consunption status in tiHé container 1. The vol ume of the
detection side ink chanber 123b is preferably half or smaller than half of
the volune of the 5 ventilation side ink chanber 123a. The detection side ink

chanber 123b preferahl as a wdth.i.n,a degree not to.arj a.capillary
force suc ea%g{]?)rﬁ%?(g %ngh‘?(.wa?’ﬁ@ga%]g da kdr“qlig%gégn %‘éé%‘%%d g}s?e é’lgr)er%ntsm& nerel y
det ecti ng oft higWwidadd iy ddosttanedriay i 8gcht sel Ehel@clerieig $pea-ddid:d ati on
of the size, thickness, shape, flexibility, and material for the partition
wal | of tIeinime e tPTHYeldd PRECEFBodEFeNSoft el P qGRETESABSI MYV cor di ng
to the pr, t ! - , i : he £ lLh.. can be
made furtﬁgﬁﬁﬂg¥§gggg?n§§% fé?ﬁé$%§£§hig@ﬁ%@ségfg%hggl%gﬁgéé%%;€§$%;5qe can be
made fort ket ushicokaneomayhdanect mEatékenhprehat heheshmpes afndugh parkt iitn on wal |
can be square or rectangular, Furthernore, the partition malkgg%grQ made
ial

from the e FOREACAl Lof If FBRi bPE ARERTTSF . I e RGOt uch as

plastic, tef/ieR onYhRevdol Ypriomd epe, it Phhotan Jrei irash 20 tohttiaepartition
wal | . Preferably, the partition wall is made fromthe air-tight or

liquid-tight Mareevar. whhehedbesahe® pabanganridigh tes st uatqu d.0vBiRgover,
the contaifel c%“%iégglrcgﬁw'éﬁé’é‘ﬁh‘@é 381 o MBAL 11 PHLSBIE, (BN Aln S0 hat the

cont ai ner "and the on wa can ornmed in one body. e manufacturing
25 progesshef atheatok cast eirdgei €anhé hiamlehys bl lediiced. .t i roeorerinetthér.e is no
limtation of the size, thickness, shap%é fle igllitg, apd teri,al for the
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accordingcbgtainex'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

15 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

20 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

25 106 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.

30 Furthermore, because the porous member 1000 is provided in

the detection side ink chamber 123b, ink inside the detection side

ink chamber 123b does not wave by the vibration of the actuator



t he present enbodi ment. Therefore, the size of the porous nenber 30 can be
made further larger or snmaller. The thickness of the porous nenber can be
made further thicker or thinner. Furthernore, the 120 shape of the porous
menber can be cubic or rectangular parall el epi ped. Moreover, there is no
limtation of the shape of the hole indiuded in the porous nenber.
Therefore, for exanple, the 5 negative pressure or capillary force of the
por ous nenber, which includes the hol e of spherical shape, can be increased

by reduci ng the size of the hole. On the other t he ne |v ressure
or capill alr%ﬁforrf@@r@ffot% EB?&@%PO%?EWQJH&%&@ nﬁhﬁt‘%ﬁ C!{aeo
spheri cal &k Chdensiecseased by €0lalgi Agddhgesi ze of the 10 hole.

Pr ef er abl y, he porous er 1000 1s made froma flexible material such as
sponge. MoreoverThd tvosupe ebér alilee d@tsetwlhe81d|earﬁe‘c}<erc1@$m1h©re 1Bt hies por ous

menber to etermn i aneter t hat t rous  nmenber absaorb ink
froma ca\,l%%/fd ag? rﬁﬁbg 5 At pgr \%ﬁla(?hr}lls f?o(rjl‘rflne&hlen Y%%a&g%t ugt gtrhel%
and i ntyr Odk&&llla'i;lldlks&aellm Shipfbyr pontk,. rehedetrg tionfs e InkHeaninsous
menber 1000 of the enbodi nent shown in Fi 69 has a shape of rectangul ar

par al | el epi 3kl PTRfE fedrlouBarenterdtndd ai dC3FEE aPh O AE1 36t 2GRN Qe | nk
chanber 12 uc nber 1100 fills fromthe periphery of

t he act uat%OP C%)Gghz%p t’{? }boqttom wa | a which is |ocated bel ow t he ink
surface in the ’HHd(aC:aUhltbdgEOG Acap)ﬁbkélmrged iarsga dnentk @ fvakvel hotht &5 tarrey
provided in the ink . suppl ort Referrin Fig. 70, the packing ring 4
i s engaged?t Gim‘fllplfarfél?rhlé“s’ﬁﬁ%ty n‘é)ercﬁ to%rﬁﬁl cating with a recordi ng head
25 31,19in a flwT%éﬂéﬂﬁs”ﬁB“@ﬁﬂuIQQ1%%| bogly 6iks, cemnsicimlelsy,anthape,

el asti caIIy contacted against the packing ring 4 by way of_a spring 5. Wen

the ink suplxilnideidhe 32ndsmphssia dfoﬁhéhﬁalwwrﬁ wakl ppEs$EE bk he i nk
suppl y need| ecr?’lzd Seo EB?O%&l%ﬂﬂq fﬁgﬁé%equlégotnlﬂgﬁn'e'}ka&géhﬁlfnéh;%
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thepresentembodlment. Therefore, the size of the partitionwall

.can be made further larger or smaller. The thickness of the
15 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
20 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

25 'process of the ink cartridge can thereby be reduced.
Moreover, there is no limitation of the size, 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
30 canbe made further larger or smaller. The thickness of the porous

member can be made further thicker or thinner. Furthermore, the



30 head 31 via the ink supply port 2 and the ink supply needle 32. On an
upper wall of the container 1, there is nounted a 121 sem conductor nenory
means 7 which stores data on ink inside the ink cartridge. Fig. 71 is a
cross sectional view of a further another enbodi ment of an ink cartridge as
an enbodi nent of the liquid 5 containkt®according to the present invention.
An ink cartridge of the present enbodi nent has a top wall 1030, which | ocates
upside of the liquid surface of ink K The actuators 106 are nDunted on the
top wall 1030 such that the actuator 106 can.contacts wth n thr h t he

t hrough hdRaP$ c Yr oViedPBAOERe TOPRPHAI 1S3 16 KR r 8F parti ?n%% 193c
ext ends fééggii@ﬁé Po¥@l | 1030 downward to the ink surface. Furthernnre, the
present e dinment” has a second partition wall 193d which extends fromthe
top wal 1030 Mcrmcdeexhectwexeemsu oa bidetahkovhahbdie BiBtPeaand §éﬁah9%@s the

det t 123bh at t t k
cﬁaﬁgelrgnjfi %1 dl]ill ﬁ?c%o%%:rf]e n%sho:gégrg% g‘?h%f)r:‘ e‘[‘sf]a%gglet ectl on SI Idg

smal | 5 nknshanbes pkdanandr1d2shl Lany feamsaibitcate machiotkeberThehach uat or
106 is nmounted on the top wall 1030 of each of the detectl n side small i.nk
chanber s HHQ%%@e%ﬁéNHHQ%%Cﬁ?%ﬁﬁﬁ%&?%%ﬁﬁapfe ER OFet Ao 82587 b b nEiPer 1002

and a pOfcﬁ%Jéignsiz@g%f Jc%%%ﬁgee eV e d iR e gk qof th@ené§§t§$e0§ré§§uﬂ§t ection

si de snal hanmber 3a and the detection side small ink chanber 1123b.
Because gais depiilitangdiioedef o brhiltchpoaionisonembes, winkch snadadamedef Rohet he

ventilation side i amber whi ch L s near e 8, to
t he det ec® ﬁﬁh§F&§a5nﬁFFpFnRx¥h§ﬁb%?cﬁi§§% %axg %§f£$r0n1 gkalé ol e
128. jphergfns e, HWHANGHIRK tRe idronehtnkati D@O@lldsemaﬂ& fhamhef 1d28al @hi ch is

nearest to the airhol e 28 is consuned, the detection side ink chanber 123b
is filledray@xind ICh\REN SPRESENK MRYRPVEH: tHe MeREELEHebH S FReSEhkt “hanber

30 123a rc?ac heetselg Ooj_I ffll%ﬂeogl%l’tﬁél%é% n%fmbteh:e tg%EéEEQQrM@hEd@%eter

so that the porous member can absorb ink from a cavity, referring
to Fig. 19, which is formed in the actuator 106, and introduce
15 1ink 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 fills from the periphery of the actuator 106

20 to the bottom wall la which is located below the ink surface in
the ink cartridge.

A packing ring 4 and a valve body 6 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

25 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
30 head 31 via the ink supply port 2 and the ink supply needle 32.

Oon an upper wall of the container 1, there is mounted a



air enters into the detection side snall ink chanmber 1123a, and then the ink
in the detection side small ink chanber 1123a is 122 beginning to be
consuned. At this tine, ink is filled in the detection side snmall ink chanber
1123b. Furthernore, if the ink level in the detection side small ink chanber
1123a reaches to the |ower end 193dd of2ihe second partition wall 193d, air
enters 5 into the detection side small ink chanber 1123b, and then the ink in
the detection side small ink chanber 1123b is beginning to be consuned. In
this way, ink is sequentially consumed fromthe ventilation side _ink chanmber
123a to t heeHeEeRENBROSI RN MINCaNgk7 \Whefb St OrEZ3Bat 200 BeldBud@sédenties t he
actuators I d on the top wall 1030 of each of the detection side
smal | ink %ﬁgn%§F§P¥§§§a and 1123b, the actuators 106 can detect the decrease
of the ink quanfFigy 3lepsby steps Becthenadr &iewhe Vol ufertdiet hendehect i on

Ls snpller than the volume of the ventilation 15_side

side ink cha r 123b i _

o Chan b oShmaRE ok ek AHE ety A e aE BEPErOE St e ThEF T4 N
chanbers 11234t ahfe: 123k adiald ¥ndesreases e ide. deteshkon sideagaml | ink
chanmber 1123a which is near To the airhole 128 to the detection side snal

i nk chanbepf thzabres¢i e kmbodifrgntiiramptiae vt hdl0s 012801 ghdioskdes, uphiede | ne :
interval of; 20, defegting. the, decreass, of Lhg.| 0k QUADELEYogradualdy, degr eases.
h et ect’ F ereﬁy e

The frequency 0 I'nkK quantity i on"can increased as the
ink end isodraw Rgpnearl 1P sé2hstions ther bbenasset hes «arbednarbtsobitie ink
cartridge using the actuator 106. An ink cartrid%e 180A showmn 25 in Fig. 72

has a partiBFonP VRIS Xt SHiUeTe i1dfdd CdBRANAFAEC PBnt PRetPBp " atel AdUc of the

i nk copy ai gen; 194, e £ontahAef 93108, k815 eRYRLEE ddd a Bl MRRL dAhPL-$i de i nk
chanmber 213a and 'a detection side ink chanmber 213b by the partition wall

212a. Bechosth¢ owdr ssnd Z2aaFofrthkempaet i thenpwaken1@abaddmehte o taom 30

wall Ta of Lhe,oMtal 181941121838 PSS &INEd SRACENE P8y wall 1030
inside the detection side ink chamber 123b and separates the
detection side ink chamber 123b at least into two detection side

15 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.

20 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 1is
consumed from the ventilation side ink chamber 123a, which is near

25 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

30 123a reaches to the lower end 193cc of the partition wall 193c,
alr enters into the detection side small ink chamber 1123a, and

then the ink in the detection side small ink chamber 1123a is



ventilation side ink chanber 213a and the detection side ink chanber 213b
comuni cates with each other. 123 A buffer nenber 1005a is provided to bl ock
t he conmuni cati ng port between the ventilation side ink chanber 213a and the
detection side ink chanber 213b. A filter-like material, which includes many
holes on its surface, can be used for b@Rfer nenber 5 1050a if the buffer
menber cl oses the comuni cating port. Furthernore, the buffer nenber can be
porous nenber. Therefore, the ventilation side ink chanber 213a and the
detection side ink chanber 123b connunlcates each, ot her %h h.the buffer
menber  1BYANNBBYatiSePERECHERMER - nEbel M1DOEH T s Halel fr ﬁﬁgSgoﬁg tge

material, n%@@cpygaeélﬁ@%ﬁﬁéﬁﬁ iHR §$5é¥4¥12@%§ aﬁQrEhQBh@re Homawr inkf the
buf f er 1005a holds liquid by the capillary force, the buffer menber

becones aleveghin ﬁh@r@&tﬁ@£1¢mM£iﬂﬁf&malhﬂamKEﬁh£0$@a'déﬁ3§u§§ﬁ€§§sbﬁbbles to

passi ng through the 1050a u [ Oa can
prevents Fh@ngﬁﬁﬁﬁ iggﬁﬂﬁ§ﬂ%5§ %%%%?%ﬁgg-H# gégti%gglgﬁqgg 6 ?%k
chanbey  2188.t Hed dRRL ilhSt d8e td’ﬂr%l(ietlﬁﬁtctl@élnlséﬂa 12%% chadbehe? E3te and
attach to the actuator 106. The actuator 106 is nDunted on the top wall 194c

of each ®f the dedmatisn 6adsi geal hid h&MsERer13423Rd: & REHSRT & SFde 20
I nk Chamggné}}ﬁ a. ThE, vol tie of the, det egéc';&’é‘néigflkﬁrngoﬁgéﬂgérf%é%bthé

smal | er tha e volune of the ventilation“side in nber 213a. The vol une
of the deventibatsodeuchsk mhaa:rlinzanbétialmlastertma detethapnt hedaanfaldf inke
vol unme of fhe vent|I tion side ink chanber 213a in the ink cartridge of
accor di ngcRA™PHE btéiRnt enbodi nent. 25 A buffer 214a, that is a concave part

for agrepting tBe-Rise udpbe M gbreaters 10 tBendutkt €@K tHge ABRALLS
formed on the top wall 194c of the detection side ink chanmber 213b. In Fig.

72, the bupleroReRcH off sheedeascaienneide Peakl cvdr karg@Ffard 2 3fr 8iflt he top
val | 194c. pf ghe g antalngs 434, Ehe [l 8f 21 48n30 REGRUR 1 Ahe BHRDI @

whi ch enters |hto ection si
quantlty'step by step.  Furthermore, the volume of the detection

side ink chamber 123b is smaller than the volume of the ventilation

15 side 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

20 detecting the decrease of the ink quantity gradually decreases.

The frequency of the ink quantity detection can thereby be
increased as the ink end is drawing near.

Fig. 72 shows further another embodiment of the ink

cartridge usiﬁg the actuator 106. An ink cartridge 180A shown

25 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 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

30 wall la 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.



chanber 213b m stakenly when the ink is filled in the detection side ink
chanber 213b. The buffer 214a thereby prevents the 124 bubbles to attach to
the actuator 106. Therefore, the buffer 214b prevents the mal function of the
actuator 106 to detect the ink end wongly by the attaching of air bubble to
the actuator 106. Furthernore, the |ewéB of ink surface on which the
actuator 106 5 detects the ink end can be changed by changi ng the | ength of
the partition wall 212a. Furthernore, by changing the wi dth between the
partition wall 212a and the side wall- 194b, the predeterm ned ink quantity

remai ned after PHEHRRBEMBATOH GG el Mk MR ba O C¢hhg EGT™E 1R 1Mk

cartridge B J%QW%A N FLOvef3 1hiakl $na PHLUSHErDEhe1005s 4 Nyt e cagt ection
side ink gkjlog(r%ber 123 otf-' thgelzlnlg garlt Fi dge 18%A shovvnei n Fig. a72. The porous
menber 10@& eics ibinl Eédei fisk dehanttre: @éBéct i Hnf 5l ter i hike hattseri 21.3whficdm t he

top wall 19,4c to the battomwall 194a. The [ ous er. 1005b _cont acts
with the f&?cj(‘:’fjﬁe?t @?nﬁdﬁﬁeﬁﬁp\gﬁ% SYPICESE 1t ﬁ%ﬁorf%élsggfgg obrué)% %Im%&ﬁcti ons
by thesentiersiong of the abiri&asi dembbe detesdd ophsi deommbn ey p2i3h when

the ink cartridge fall down or when the detection side_ ink chanmber 213b
noves bacKuadeEdees wrae Tufd eramemikge. cat beneorpo s ifdnbe NEIESH TS

provi ded. on, t e, e 81 LA SAe hKnahBEDPeS 1 20 ZkSPne! A O U8 JIRIDEL 005D
top enteril . urtne

captures air reven ng of air 1nto the actuator 106 r nore,
because t it apbeaus23beabenudBsbehotashiotihert hehoragus hee ot e1008mbean

revent the actuator 106 to mml function as tecti.ng the inpk end status as
Pnk exi st 190zfus WHEHSEs %s@#%@r a‘fl?%ﬁan%(ggat Heggi‘?ﬁgeon][gfﬂ@ PETRYuat or

106 whgn tRe ek 1coni nehif ek %}atyigailnli)éjé«@nt:hi’&u%hi Gas canabeieoagumed
after the detection of the ink end can be changed by adjusting the vol une of
t he det ectioweveirdel f rbechufber wergier By 0BRame ¢y Lilkelld BY Hhreereén Lek¥ si de

val | 1940 04,1 e, PRICELLOM ol beR1Ra: FUrtgruor ancbbecheval, ob et our face
ged by adjusting

t he member 1050a can suppress bubbles to passing through the buffer

member 1050a. Thus, the buffer member 1050a can prevents the

15 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

20 ink chamber 213b. The volume of the detection side ink chamber

213b is smaller than the volume of the ventilation side ink chamber

213a. 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.

25 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. In 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

30 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



hei ght of the |ower end 212aa of the partition wall 212a fromthe ink
surface. 125 Fig. 74 shows an ink cartridge 180C, the porous nenber of which
is constituted by two kinds of porous nenbers 1005¢c and 1005d having a
different hole diameter with each other. The porous nenber 1005c is |ocated
closer to the actuator 106 than the porlags 5 nenber 1005d. The hol e di aneter
of the porous nenber 1005c is |arger than the hole dianeter of the porous
menber 1005d. The capillary force of the porous nenber 1005d, which has small
hole dianeter, is larger than the capillary force of the porous nenber

1005¢c, whitehH®s Farge A &0 dibenaterataha0st or BnerREOFRK, t%beﬁf% orfde 1 ows
from the fp%fe%%t@%%f m%\(i@%%c%cli&gh‘éfp%8“§c£@%?8£ %6’@55% 65 NGe oW
capillTary

backwar d t he porous nmenber 5C béecause t orce wofks at the
por ous nerdey wm@@dy Bhetled oitet;adlkteng [edt aus hsahsbéestdzotﬂﬁe amdlaﬂm:qu& events

the attachin ink to the actuator 106 by the i nk and t hereby
prevents tr‘l’éfgC DRATCunEfPohC YT tqﬁg laR:JT FHESECF08™ @ﬁﬂ‘ég E}Pet%t‘f?ﬁpléri’d)'sstat us

as ink eﬁe%%c%%awé 1ﬂ_}leeerRPrc%l1‘15b@E@f9§ﬁ é@(@cc@ﬁ e Qh@eﬂeﬁ?!tltlk@f drateri al
which has a lower affinity for qui d t an the affinit for Tiquid of the

mat eri al mrtthtfl@ﬂnwaiihe?mou§uﬂréﬂﬂmeI605]@Y qhagﬂglm §h@voslfét}mh§a§§ve§ét:t| on of

an ink car i dge, 180D whl h Qis rt 0 f .t
cartridge ?ﬁb %sFﬁglO%C 2l%fd%mjﬁﬁbsgiéﬁd%ggk%%%Epﬁgggggégﬁﬁéé 5Q¥%e i nk
Contalner1nk9éuaatetprﬁ&mdede@nafﬁékinﬁd<a@uydhadﬁ:thehaldﬁkMGMﬂciﬂﬂhmof t he

detection side ink chanber 213b. The porous nenber 1005b which is provided
i nsi de t h&h@®9&6t-i on side ink chanber 213b is 25 gradual |y conpressed by the

ribs 3400 such trﬂatlrhb@a%%ad@fe M@B sAbRAS BREYL ony 9@113% HOrbE9RAl R ane of
t he porous nenber 1005b graduoally decreases downwards al ong the verti cal

d|rect|on10OBMEIBﬁﬁKEdetbethohesddamnﬂechembeheubﬁb@ﬂ%thenbétcaﬁmibd@@creases
gradual |y

di anmet er &@% gﬁéﬁgﬁl %6%%ﬁ%qﬁﬁkﬁ§ gégég 15%%ﬂﬁ1§1§%sﬂ © hote
the detectlon side 1nk chamber 213b from the top wall 194c to the
bottom wall 194a. The porous member 1005b contacts with the

15 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

20 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

25 éctuator 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 213Db
by changing the width betwe-en the side wall 194b and the partition
wall 212a. Furthermore, the level of ink surface on which the

30 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.



reduced by the ribs 1100, the ink, which once flows into the |ower part of
t he porous nenber 1005b does not flow backward to the upside 126 of the

porous nenber 1005b by the capillary force. Furthernore, the porous nenber
1005b of the present enbodi ment prevenfgsSink to attach to the actuator 106,

which is nmounted on the top wall 194c, by the waving of ink. Therefore, the
mal function of the 5 actuator 106 to detect the ink end status as the ink
exi st status can be_prevented. Fig. %A) and Fig. 76&5% shows furth%

anot her enbodi mERE- 6f IS e d FPH@ 1HEPnYB ATt U DTS FIRgPer6PR) is a

Cross SE%Ilettatstébewteteeedtﬂtﬁttvewlﬁdédbﬁ@ox@userﬁém&reflo@slc%&qrofotsudge 10
180E. Fig. 76(B) shows B-B cross sectional "view of the ink cartridge 180E

shown in Fﬁg;n@6a(AﬁffEAemap@01$1@@ametpmowudede@ﬂh ohidrelronefhei perefist he

side wall of .the ectl sid |nk cha r 3b. T f the

det oct; on"SrHE " S LA oh s CgP ot o et P UTEoHA i 8 AT g e e
verti cal memeeklmoobm thEhéaﬂﬂkzEhﬂheﬂ&fTﬁ?&ﬂkﬂ@ﬂmcbﬁem@@kﬁus1UBEbeﬁ51005b
is conpressed gradual l % bg the_ taper 1110 such that the area of the cross
section oA2EHEThERRRORPEI RObE ahEaBEt e heP horiti P HEFe ™

decr eases dauniargscaLong: the usELlcalediseatin PFEﬁft?z{§’srdaQ‘Q{eEodee of

the hol e anete oro er 1005b gradual Iy becomes smallTer than
20 the uppemmskde, oisﬂheghmtehdhaﬂnieapmﬂlahg:@@mnusfneheexniﬁﬁsmembyrthe

taper 1110. Beca se t he | e dla te of .the | r part f

menmber 106885Fed EV“t @rﬁﬁde ”EFﬁé'lnﬁﬂerﬁgPEﬁ dﬁ%% ibmgk So t he
|0“Br1®aranEEﬂBWQQE@MS; g@?éuéQ@%QeﬂKW@S@Qbtﬂh@ﬂb@@ﬁ@%ﬁﬂbéﬁlbb@dUps'de
of the porous nenber 1005b the capillary force. Furthernore, the

porous nmeAbes 1oO5Hlew beﬁwaréséﬁttbﬁbeerﬁEﬁtmem@eéntgoEﬁkbeeaaﬁeaéheto t he

actuator 108,11 blcfl % URuALed 9Rci NS SO0 AL 199659 DY e U ngLRE |k,

Therefore func ron o uat or fo detect 't st at us
as the inpoewiist nsilatns @It d ey emeﬁﬁeplreﬁenﬁsgthe??atstfatn/b&rtgjrdfhemkanot her

erbod msn%:hgf aé@ga%:glé 106 by the waving of ink and thereby prevents the
15 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 1005d.
Fig. 75 shows a cross section of an ink cartridge 180D which
20 1is further other embodiment of the ink cartridge 180 using
actuator 106. Ribs 1100, whichprotrudes 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 detectio:e side ink chamber 213b 1is
256 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 member 1005b decreases
gradually in the direction downward to the ink surface. Because
30 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 flow backward to the upside



cartridge using actuator 106. An ink cartridge 180F shown in Fig. 77 has a
partition wall 212c which is sloped toward the ink surface. 127 A porous
menber 1105e is filled in the detection side ink chanber 213b. The partition
wal | 212c extends froma top wall 194c. The distance between the side wall
194b of the ink cartridge 180C and thé‘ﬁ%rtition wal | 212c gradual ly narrows
toward downside. 5 Therefore, the porous nenber 1005e is conpressed gradually
by the partition wall 212c such that the area of the cross section on the

20BN Lo DSBS RIS, O Sy) Lycos senen e

downsi de. OWer  si er of "t he por ous mnenber

1005e gr aditad Ipsrheegomesiberalilbesot bEnt A8 pheseppesmsodemeont theehohes dimioet er of
t he porous nmenber 1005e. by the partition wall 212c. Because the hol e di aneter

of the | ot atg&ah 6P £He poFeRkCRenber “IDioHe iiss Mosdteed OBy thRet PR3t on wal |
212c, the jg j 0 flows Lnto the af he OfaiFELPOI QYS, £ NENDEN
1005e doesldr}l(lgjt’ \fm)o&v eagl%\?’\é%g }[é% 'ltlﬂgé'upsieego f(teﬁe p%roalljs 18 hember 10056 by

t he capi | laarguetarc e 0 6Fue tdegremr ehet ek pordbes atmenbertHOODE ekishestprasent
enbodi ment priégnts ink to attach to the actuator 106, which is nounted on
the top wald" zmgrQ%FWQﬁa‘maving of ink. Therefore, the malfunction of the

actuator 106 taridet eelal hend @Kg@ﬂdﬁ?ﬁﬁtél&)v@é £URe hietka B¥ E Bé r dr@disi e be 20
prevented. Moreover, gas existed in the ventilation side ink chanber 213a is

di fficul t afo téet érKi aebtr hégdet R Gif iadeoy A chalBer 78138b. 1THRer®fdt®e, the
| f unct i t i | . t b
mal functi %%c%%%g_ci %ew%%og@g?@;gggqutggme & L4 NG, 8¢ AJ%W%%%%%E e

further prevente rthér i's provided between t end
212cc 1and 1tghe .botRigm wad [B) 2ahofst BeBi rmkosar tyd dgeorlB0Fyidw capi Ithar yirflor ce,

whi ch can hold , jnk, does not work on_the' gap provi ded_hetween th ower end
212cc an@aﬁﬁé%ﬂgﬁeiﬁﬁﬁlS@@@%F‘Ff@9'7§62ﬁbms b bR Ldddt herPEmbY %éﬂi of the

ink 30 canld i dgerusidg dhenact Ut Wz1108¢ Al it Larild 49818406 Shawer
213b. The width of the detection side ink chamber 213b gradually
narrows downward along the vertical direction by the taper 1110.
15 Therefore, the porous member 1005b is compressed gradually by the
taper 1110 such that the area of the cross sectiononthe 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
20 the upper side of the hole diameter of the porous member 1005b
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
25 Dby 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.
30 Fig. 77 shows further another embodiment of the ink
cartridge using actuator 106. An ink cartridge 180F shown in Fig.

77 has apartitionwall 212c which is sloped toward the ink surface.



in Fig. 78 has a partition wall 212b which is forned in L-shape. The
partition wall 212b extends froma top wall 194c. A |lower 128 end 212bb of
the partition wall 212b is longer than the |ower end 212aa of the partition
wal | 212a in the enbodi nent shown in Filgz 72 to Fig. 77. A porous nenber
1005f is filled in the detection side 1Tk chamber 213b. 5 A por ous nenber
1005g, which is a bottom part of porous nenber 1005f, is sandw ched and
conpressed by the | ower end 212bb and the side wall 194b. Therefore, the
hol e di a r th i - dhenhRalies fhapet er
of the p%%s?r%fél @?n@%%ﬁ%#ﬁgtg?{%%@@ﬁ% gﬁgiscg?r%e%%l%?aﬁlhe por ous nenber
decr eases 4031 r omhehpapol biien meribe 2 12005kt endis dirdmeat @ weddr b§4€he Hee uat or

106, to the, porous nember 10059 and r rt Qr ous e r, 10 The hol e
di amet er ﬁl$W%%Pﬁ¥e% F %V%Ee#%&? oc#e)(%gga}s%s Casrtr%rgldt%l/e 2?@8 <—ilzlrclf\lj‘l/vnwar d
to the inkcsairbacescThar afore, 2ibe igieduathiychnenesws | @esantdt cides 1dwer part
of the porous nmenmber 1005f 15 does not flow backward to the upside of the

por ous SmerbeerdDDst, the peeceaFianberyl§ored s FarPReFABRETaHE of BYstienber
1005f of the presen ' t 2 Pr Nt oLattaeh-19sL hec@aciyat gr 106,
which is n%?ﬁ%% %Iﬁ ‘%%@%ﬁjé\ﬁ’lcyﬁ&%‘% %ffiet ge\%\l/aS?n%ﬁofci n?(. Therefore, the
mal f unct i oph®f hbke zaetuat opl 6 bd deiecpotrbesi mkemdr ead 0Sbatarsadasathe i nk
exi st status can be prevented. Moreover, t bott.om end 212bb.i s | anger than
the | over @RFE39%R" P2 he PEREHEF on %qeq%ffa e : %a‘?%ﬁ}%%&% in
Flg. 72 te Hh&ed %f_&@P%&ebg,m&@a%ze%b@@@%ﬂa@utahq_yv@él&&@é s 13iegler harmk
chanber 213a iIs difficult to enter into the detection side 25 ink chanber
213b. Mhergformpahe ind famdticohode dhemgteyafédr theeroreuddter?er theP3ek end
wrongly caused by the attachi of b t ' . 196 +§am he. further
pr event ed. *ggﬁ%%rr};ol&el,onawag%%izs? 'prg\g? gﬁebtg}e\t/\gg%lgt l% e%v?/erﬂgert\%%ﬂZb% and
the bottomay@d lof2ahe potaps|theief anose whi cédwasd pt dhienkarddesonotallbrk on

the gap 30 provi ded between the | ower end 212bb ?nd t he bottogkmall 2a.
2f5c the ink, which once flows into the lower part of the porous

4

‘member 1005e does not flow backward to the upside of the porous
15> 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
20 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,

25 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 212cc
and the side wall 194b.

Fig. 78 shows further another embodiment of the ink

30 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



Fig. 79 shows further another enbodi nent of the ink cartridge 180. An ink
cartridge 180H shown in Fig. 79 has a first 129 partition wall 212d which
ext ends downward fromthe top face 194c of the ink container 194.
Furthernore, a second wall extends fror% he first partition wall 212d toward
the side wall 194b substantially paral %2 to the ink surface. The contai ner
194 is 5 separated into a ventilation side ink chanber 213a and a detection
side ink chanber 213b by the first partition wall 212d. Furthernore, the

second pard,i{ iz%b\ﬂs%k_&a-&ezgaa%%&%%awez19:59&%%9%639 deadh Hhechaghereigto a

first detection side i hanmber 213c and a second detection side ink chanber
213d. A gapldisa B3 phevpatedi bedtmeel it Bé 2ot honhevanbb Tt tshewinowerFemd 212dd

of the first partition wall 212d. Furth e, gap i s _provided between the
side wal | 146 LAt e oo PRGUELBEEDEF (A b ekbrd L 154t o1t FOR Se1TC 215, A
concave pafigd S;pf emigdedtomnapart of top wall 194c to forma buffer 214a

whi ch accepts the bubble. 15 Furthernore, porous nenber 1005i is filled inside
the fibst detedtirmrsidessrhad IS Thatibeh 21B8@ Ot @R el oS second

partition wall_ 2 whj ¢h r i tf/pgﬁ:until
to the posr?%r?boenr \]'kégrséf’jh%tsaﬁlﬁgﬁq%hdégﬁﬁf%er&rg%f%b&lﬁ% e?(]:)irgozeb%)el]c F?ét, the first
partition aval the Edigweventozb.20Thhee éatey ithg: obl duhbire tient of the dorsis
detection side ink chanber _213c. |If tggﬁ)a%b |e "enters into the detection

I

side ink CHRHET 10939d P GedkehItyan | 13 BE SEHE BYTOHE FOPSts nenber

1005i . Furdder morgy, gl f chhenbubblgahepehess tont heosecoONfemset idd e edd  212e,
the bubble is introduced to the position which is just under 25 the buffer
214a 1Y t Hersethedppactist nembenrl 10 XDe whilvdy dbgpées pharbibbhe datwatigiht by

e DUt o A TIh e TR AT e U5 5L Bl sl ects,
provi ded 7He tha sSeacanetdet et LB pbdeuknketbanbero 26 3the oty bedrgddes 30
prevent ed'step by step downward to the ink surface. Therefore, the ink,
which once flows into the lower part of the porous member 1005f
15 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
20 end status 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
25 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
30 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



Fig. 80 shows further another enbodi nent of the ink cartridge 180. An ink
cartridge 1801 shown in Fig. 80 has a 130 partition wall 212a as sane as the
partition wall 212a of Fig. 72. The partition wall 212a extends downward
fromthe top face 194c of the ink contiagiqier 194. The container 194 is
separated into a ventilation side ink chanber 213a and a detection side ink
5 chanber 213b by the partition wall 212a. A gap is provided between the
bottomwall la and the partition wall 212a. A porous nenber 1005b is

provi ded iﬁ@@iecﬂ&?w@@@eﬁiicﬂ)ﬂz}ﬁidﬂﬁekﬂgnﬁgaim&fwa&lﬁbromﬁuﬁé hepmaee BaQONCAVE
part is provided on a part of top wall 194c to forma buffer 214b which
accepts t hef bbbbink cantapeesd HaceFrothernors. fr §6raed Wetweshenfe b er

214b and the act, or . Ther re Iaf S it 21

prevents ﬁ%ga g%#%%in%&ggi%héﬁléﬁﬁgtoggég d%?%%%?oﬁgg%d%l?%kmgigﬁbégﬁ%iBb. | f
t he bubbl eswsdtens idaltloy pheadékdct b orhesiidé sukfabanbéthe2t8btannstrakeflis the
bubbl e i s absorbed by the porous nenber. 1005b. 15 |f e hubbl e reaches to
the upPer SSREFaeq At A& ¥EEFONa57 6 Fh7E legaﬁﬁ%'%eﬁ%ﬁ)?aﬁ%‘b Bt o
directly cayght by thg.huEfersZifaporehat rraducedphectibechuf fer1 2bipqal ong
the tapered face 1040. Therefore, the malfunction of the actuator 106 to

det ect s t Hauittiermene w bhgl ysasonde partachiong wilbuBBl2e t eepasabesudit 106

can 20 be rt her prevented,, The shape | S| - ff er t her
arbitrary‘%ﬂﬁﬁ%:b S§¥§é3ﬁhﬁp over,” cégggé%#éggg%fﬁggggﬁﬁ%ian%ggggﬁn?he
enbodi ment21 showt i & E&gond 9d688cbeonr svddednian chiaebenk 2aa8d.r i dgeyakBQils of t he

enbodi nrent shown in Fig. 80 such that the secon gart'tion wa

| 25 212
ext endd f rFAEIES iHedWasar e SREREM w12a2foRBrd RRe! Pt RAI4IHAART n the

di rection pargli,el tR4he igk Wsunf 2684 .1 Nethi Ser@dse, LNeanik Hh28e &g t he
second partition wall 212e is extended to the position just under the taper
face 1040.bdiveer8Xsheisief watlief 94bothdr thabode nend di2eheof e I ri dge

180 using paacrttui%}ioc)rn ]Wg§1 §P2<iar]k I-G%E)tnrcia(\jf ep&?@'&éggmided on a part of top
wall 194c to form a buffer 214a which accepts thé bubble.
15 iFurthermore, porous member 1005i is filled inside the first
detection side small ink chamber 213c. One end 212ee of 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
20 the entering of bubble into the first detection side ink chamber
213c. If the bubble ‘enters into the detection side ink chamber
213cmistakenly, the bubble is absorbed by the porous member 10051.
Furthermore, if the bubble reaches to the second partition wall
212e, the bubble is introduced to the position which is just under
25 ‘the buffer 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 wrongly
by the attaching of. bubble to the actuator 106, which is provided
in the second detection side ink chamber 213d, can be further

30 prevented.
Fig. 80 shows further another embodiment of the ink
cartridge 180. An ink cartridge 180I shown in Fig. 80 has a



in Fig. 82 has a protruding part 214f, which protrudes inside the container
194, on a part of the top wall 194c. The actuator 106 131 is nounted on the
bottom part of the protruding part 214f. A partition wall 212f extends
downward fromthe top face 194c. A buffer 214c is provided for each of the
position between the actuator 106 and ¥} partition wall 212a and between the
actuator 5 106 and the side wall 194b. Therefore, the periphery of the
actuator 106 is surrounded by the buffer 214c. A porous nenber 1005b is

provi ded inside the d i.on sjde ink _chanber B rgyi
Ctuator 1R O ATIE THbt rid hg Sparrier sy CReoBer X BEPRa P AL fbta Thg he
actuat or 19P6. oirHeh@airtik tGanht whlgez 18a I8k hee cmsiveasi €romhenemaopf Batelr i ng
the ink cartridge 180J. Fig. 82 shows further another enbodi nent of the ink

cartridge 480 13 i acttacenteoeerad Fink €8Pt FPAGRIIBDK. Shohh SFRAFRESE82 has
a partition,mall 2129 gxt 6Rds; fdownwal, frOmARe ankop JAGK LML <1 fRe; gont ai ner

194 is separated rnto a ventilation 15 side 1 nk chanber 213a and a detection
si de i Bk cdiantisrr 213b dyythé lperparttiicn wal Walllk a2128 gagney eropaded e previ ded on
the top wall .194c, and.two actuators 106.are ted on the protrudi ng part
whi ch prot TiRI&L tﬁ?}&éqﬁh%a&EFéé CoR3% aElPHkW%ﬁﬁgﬁ-a~21§bP° &° U9 ge par t
of the topygdy 194erawidksd asna dwfdier Rldec e hs 2 acoeptisadidbl 2130 .

Furt hernore, a porous menber 1005b is provided inside the detection side ink

chanber 2E3EtIBETRGRI @ AEREaE PACTULS RPVECEDANthOaFItoPF dimYyapart® ¥ af
detecting {D&diik a £ARFUIPLE OB Al S AN odB1be PReVEOLAdy Ade. nurber
c 1 an three.

of the actuators can be nore reover, as shown in 25 Fig.
81, pa9itingd erowiddd bgtivieenacheabof £&0620abt éwedi ke xardwatchgel ABOK
beconmes easi er when manufacturing the ink',cartridgf 18QK. The nunber,  of

uneven part and TYEFSiSer offithe thRtBarbit168 ¥ahlné 1fer tH&Y S edi®d. Fig.
83 shows fdddempirepruspbedi fEnt Hef dEE@cEgén%’-{&é 1id0€ chafbt802 UshNg Bt uat or

106. The ink cartTtidge 180M shown in Fig.
the bubble enters into the detection side ink chamber 213b
mistakenly, the bubble is absorbed by the porous membér 1005b.
15 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
20 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

25 212e extends from the first partition wall 212a toward the side
wall 214b in the direction parallel to the ink surface. 1In this
case, one end 212ee of the second partition wall 212e is extended
to the position just under the taper face 1040.

Fig. 82 shows further another embodiment of the ink

30 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



has a plurality of partition walls 212f, 212g, 212h, and 212i, each of which
extends downward fromthe top face 194c of the ink 132 container 194. The
partition wall 212f is first partition wall, and the partition walls 212g,
212h, and 2121 are the second partition walls. Because each of |ower ends
212ff, 212gg, 212hh, and 212ii of eachizf the partition walls 212f, 212g,
212h, and 5 212i and the bottomwall 2a of the container 194 have a
predet erm ned gap, the bottom part of the container 194 comunicates with
each other. The ink cartridge 180M has a ventilation side ink chanber 213a
and a pIuré&imqumﬁe@em@cthiwbogid®_§mmuIOfnkh@hgn@@r@dﬂngfpa2§3@l4213H§ and

213i separated by 10 t Iur I|t artltlon vvaIIs 2 2124,
212h and 2 Rk 7! "ﬁ’ld’pt (gﬁf%aﬁ( ‘é?f% m thhe (Ifeotpecf’]l on}élﬁgé l%fﬂ I
i nk charrtmmféﬁimalﬁg pﬁé@bde@nﬂog1aécﬁoasm‘umh@atp@smtlbreaﬁtmdrerche Each

of the actuators 106f, 106% 106h, and 106i is nounted on the top face 194c
of each ofaFHEFILALIE 254 S RBTHEE EERi6H s Rdé213nS R tWe ik T hR ARt 2 3f |

2139, 2313%0@“&?&3& ers§880%5!§' Yoq achThezeEBE acttﬂ%tg{) ljp@l@ 1068,1,106h,

and 106i is arranged on stantially center o the t face 94c of each of
the pluraladtuatodr tive det eurronndedebgndid hufifeghaier.s RU3proRd Jgemix3h, and
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gradual |y gesreases anet hecdligtancerdd o henai rpebertddngl r@é@@seésmio t he
i nner side of the 1nk container 194. Therefore, the volune of the ink

chanbers grasiaiqni nfediaragesnits neheher dsEuaborr bhft e Vemtinatqao sidge i nk
chanmbep) 2 Jt&%oﬁr?etse%%'sq'%rshﬁgp (?\EH-L abPE-ehgmbeL 213f. O§% £ 13y and

213i. Therefore interval nmounti ng~position Lctuator 106
‘1s wider on the&ig.rhdke sH2Bvssi ﬂa«rahelrb@cmtésamaemm«nénmastt hcef dikeaniog from
the airhole incr ases to the inner side of the jnk cont aj e 11890& s?hoown

Fur t her mor€** ot §h&S3EE0 G5 FHEIEEr $0P005T

in Fig. 82 has a partition wall 212a extends downward from the

‘top face 194c. The container 194 is separated into a ventilation

15 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

20 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, detecting the ink

consumption status mistakenly can be prevented. The number of

the actuators 106 can be more than three. Moreovef, as shown in

25 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

30 180 using actuator 106. The ink cartridge 180M shown in Fig. 83

has a plurality of partition walls 212f, 212g, 212h, and 2121,

each of which extends downward from the top face 194c of the ink



and 1005i are filled in the each of the detection side small ink chanbers
213f, 2139, 213h, and 213i. The each of the porous 133 nenbers 1005f,

10059, 1005h and 1005i are filled fromthe detection side small ink
chanmbers 213f, which is near to the airhole 128, to the detection side
smal | ink chanber 2131, which is far ¥¥®omthe airhole 128, sequentially.
The porous nenbers 5 are designed such that the hole dianeter increases in
the order fromthe porous nmenber 1005f, 10058, 1005h and 1005i. The porous
menbers can be fornmed such that the affinitiafor i_nk decregses in fe or der

fromthe GRS Feksd 1808024005 186502 5AH 1HAE3T S BRRAGLE1§HsE
I nt rOduce%?]cg:TgfeT%t gﬁrﬁkﬁtﬂ%ewﬁiﬁs iked,S 21K0; consanpdafir amet hhavegd bbagi on

side ink 13a of the airhole™ 128 side to the detection side ink
chanber 2434t i tForn exddpl. e, Betdnes¢ madmof Heweenenfatd if fsi dé2bak Thalmber 213a

which is nearest..to the airhole 128 is.consumned, during ink_lLevel
of the .§R§;%%%ﬁ%(ﬁ$sﬁ%ﬁ§ P&kggﬁaﬁﬁﬁFlgigg H%gi a%ggg' ﬁéb%thérf%ét%% ion 15
si de gmaliiink sglanpes s pdt3bm 21301 23hof arthe?213bnaaentil legh whkke idk.

When the ink level in the ventilation side ink chanber 213a reaches to the
| over endadatewringd garttit£bs waPtto2mars r ofenfbes FARBAIREY det2tti on

si de Sfm'éor&%fé?ﬁs@%rw%éﬁf eaBRdhen  thed nki ncibe detectisom sile snall

i nk chanber eginning 20 to be consuned. The ink™level in the
det ect i onvesitdiel stnednt dinde ictachemb2i3f1B8hearbyabelinal ot deet edsteectAton hi s

time, ink | filled in fhe detection side Ll in mbers 213 213h,
and 21315.1%?1 s M;]? cf‘ﬁﬁ?b??s%%gnt%%?ﬂ’yzg%ﬁ%uﬁﬁg ?Egﬁ‘n ?%%ar%%%?ikf}éti on
si de jipnk ghapher o’fléauwligg Fepest i oloswae 18MBl 2 £ | nk2g2% chaaber: 2418) .
Furthernore, the porous nenbers are designed such that the_ hol e dianeter

i ncr easesThen ke @oF T tf PéimRt Réupsit oty AEnbee saboeckion19dde, smpbbh #hd
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det ecti orEssiidefsnald aictkiatkhawbenwef, 106g, 106h, and 106i is mounted on
the top face 194c of each of‘the plurality of the detection side
15 small ink chambers 213f, 213g, 213h, and 2131, respectively. Each
of the actuators 106f, 106g, 106h, and 10631 is arranged on
substantially center of the top face 194c of each of the plurality
of the detection side small ink chambers 213f, 213g, 213h, and
2131, respectively.
20 The volume of the ventilation side ink chamber 213a, and
the detection side small ink chamber 213f, 213g, 213h, and 2131
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
25 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.
30 Furthermore, each of the porous members 1005f£, 1005g, 1005h
and 1005i are filled in the each of the detection side small ink

chambers 213f, 213g, 213h, and 213i. The each of the porous



2131 which is far fromthe airhole 128, sequentially. Mreover, the porous
menbers 1005f, 10058, 1005h and 10051 prevent ink to 134 flow back fromthe
detection side small ink chamber 213f to the detection side small ink chanber
213i. In the present enbodi ment, each of the actuators 106f, 1069, 106h, and
106i is nmounted on the top wall 194c ofl®ach of the 5 detection side small

i nk chanbers 213f, 213g, 213h, and 2131 with interval. Therefore, the
actuators 106f, 106g, 106h, and 106i can detect the decrease of the ink
gquantity step by step. _ Furthernore, the vol of the Lnk chanbers decreases
fromthe VeReeat i18t95§i'del(?9ﬁ8'chéﬂg§£‘ ?ﬂ%ﬂg ll[jgg%hea&& e%}i(]o‘:r‘\dsir%(%«?msrﬁef ink 10
chamber 21§étgé@9&§|£ydewﬁa@ioaﬁk ERemberB kAtervahieh idetrehi ng tihe
decrease of the ink quantity gradually decreases. Therefore, the frequency of
t he i nk quanthole détfecticohhe dtetret jaie pédsedmatl tiHe chRTERT £33 dr ai'(/b?Jng1 near .
Furt hernore ach.of the val of, ,t.he Iy id j nmber
can be chah%e ]E)yfrc "éntg?engalt%eqﬁeer%&;gh gg%th%gtﬁggtl?t’i gﬁﬁ%(%]fo%% I#‘ég‘lﬁ%%g

enbodi nent 3 s8Ik i ghdd Guddy thEkgt h84hshowh fmerttereri natdeasesnbodihentrddr t he i nk

cartridge 180 using actuator 106. In the ink cartrigl e 180N %Pown in Fig.
84, por ousfFERTESPOHOBE, MertrEY 109B66H MinP 1668 a7 gp@v:’ilded fi B e ink

cartridge 180N.such,fhal RAGR PALRYS tﬁ%refb%fa 18064 ¢ $0868, i nil 0Gh- &k 4 006i

cl oses the each of the communication port of the ventilation side ink chanber
213a, the tlettéet codesiftenshelpdntkis vhahberld OBI3f 10033¢g,1 QFhandnd ABi . Each
of the ventilation side ink,chanper .213a, .the ecti i |l i
chambers 213f, 21%¢FY9% 933h°and f‘f%\‘lcggm%ﬁfncg?%s%égg%%t ﬁgrgsi?ﬁirrg{ug]}qg(t he

por ousgrenBgh sumd Fofom 4086@nt1066H cansli dOB6ik. cdveseef anea dhehpatiotisovenber s
prevent the bubble, which is generated in"the ink container_194, ta enter

into the veddisude die sikie defiecihiaméldeidak rha"Bereélfon BPUEL XA nk
chanbers 213f 11&%%1—{}%%3%nt§'1%t%%§1' sé&@?irrgi ChEmb3Y £¥8R WHi des b &st

generat es I n one etection side In
to the airhole 128 is consumed, and during the ink le\{el of the

ventilation side ink chamber 213a decreases, the other detection
15 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
20 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
25 chamber 213i.

Furthermore, the porous members are designed such that the
hole diameter increases in the order from the porous members 1005f,
1005g, 1005h and 1005i. Therefore, ink is consumed in the order
from the detection side small ink chamber 213f which is relatively

30 near to the airhole 128 to the detection side small ink chamber
2131 which is far from the airhole 128, sequentially. Moreover,

the porous members 1005f, 1005g, 1005h and 10051 prevent ink to



chanbers, and one of the actuators 106f, 106g, 106h, and 106i 135 detects
the ink end status m stakenly, the other actuators 106f, 106g, 106h, and
106i do not detect the ink end status m stakenly. Fig. 85 shows further other
enbodi ment of the ink cartridge wusing the actuator 106. The ink cartridge
220A shown in Fig. 85 5 has a first pac#éition wall 222 provided such that it
extends downward fromthe top wall of the ink cartridge 220A. Because there
is a predeterm ned space between the |ower end of the first partition wall

222 and the bottomwall 3a of the jnk cartrid 220 ink can_flows .into the
i nk suppl V58t PasE0LFAROHRYR A4 Hot M1 \ﬁﬁ‘lalq%Séng'f é{‘ﬁﬁg?ﬁk%c%l%t‘i?&dbe 220A.

A second td fi: |4 4111 s o, t;hat the second partition wall
‘é%d %%] 11 S OB RYCH 15ha p

224 ext ends tljalﬁ'ItV\/alr rgmt elbotnt omwall 3a of the ink cartridge 220A on the

nmore ink suppl Ynpoud p28Besitdenofdiment i psthpal theiatuadldr2206t, B&fdse

there is a predeterm ned space between the upper .en f t SegGo

partition WEN. 754 Q&% Hé f‘}?blr\%eﬁdl Of’thh(?f e HArK gag(r?;tcr i geeaf%b%:k ]t?lni can
flows §nt@diRe ikl sUgP!SmIor t n23ohidsorg iz 1t3lfe Lopgwad13n 22hdof 1 8 hevii gk
cartridge 220A. A ventilation side ink chanmber 225a is forned rel atively

near to tHetsinvedl-e PRerebarenet Benaet el s o et ect (& sitRM i mdd 2P Chanber
225b is faorned [ y e il 3nteBY -t he secgpd pardition
wal | 224, ct‘-’\hrlrlg (:ééé‘?ée%i gﬁgsiédéggﬁ%i%nhgﬁbg?lez%t}@ éﬁdng ggt ect%gn gi de sﬁmal | ink
chanmber 2ZhratherivoreedthEheoldeteoti the side crmier sidatheadrmas X220 & Heor ned

between the first partitio Il 222 d. the second partiti,on 224. The
25 det ect V6Rtdilgél Ezaﬂdwwq%\ﬁgﬁg@?rﬁ% &% DPREtF U5F O&/F&fiﬁgsr\ﬁgigia&n%‘ whi ch
can geper akg ifae capsll agysphenopenomhheaimmen t hed i tshe paitdtvon wal | 222

and the second partition wall 224. Therefore, the ink in the ventilation
si de ink clegeiosrng2bhei decoiiectadl the inkeTriietty G aduR! KhdlaCTSa& Shanber
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increased as the ink end is drawing near.
Furthermore, each of the volume of the detection side small
15 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 10061 are provided in
20 the ink cartridge 180N such that each porous members 1006£f, 10069,
1006h and 1006i closes the each of the communication port of the
ventilation side ink chamber 213a, the detection side small ink
chambers 213f, 213g, 213h, and 2131. Each of the ventilation side
ink chamber 213a, the detection side small ink chambers 213f, 213g,
25 213h, and 2131 communicates each other through 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,
30 even if the bubble generates in one of the detection side ink

chambers, and one of the actuators 106f, 106g, 106h, and 1061



bubble to enter into the detection side ink chanber 225b. 136 Furthernore,
the ink level in the detection side ink chanber 225b can decrease steadily
and gradual ly. Mreover, a porous nenber 10058 is provided inside the
detection side ink chanber 225b. The volume of the ventilation 5 side ink
chanber 225a is larger than the volunejet the detection side ink chanber
225b. Because the ventilation side ink chanber 225a is forned closer to the
airhole 223 than the detection side small ink chanber 225b, the ink in the
detection side small ink chanmber 225b is consuned after the ink in the
ventil ati gatside e ik ehdnbest 22 dtsakeorisymetle Funéheratpraionshd Ofdvi ng of

ink inside the detection side small. i nk chanmber 225b is_ prevented
provi di ng1PRE pb?Sus aEhHaP 11405t ASFEET tHE dotett dﬁ“??gﬁngﬁﬁﬁ en?&k

chanber 225b. Np&ﬁovsaé shbhe POF oS RIRST e ADO@8nER e\ Efiet hex chubhli@gewhi ch
is entered fromthe ink supply port 230, to attach 15 to the actuator 106.

Fur t her noneinghehe apituatrgr fldiéce Bhet hek perdusi danBePA1ebsyn iR’ fgreaér than

the capillary farce of the detection side i h r.22 por ous
nenbeﬁPloggﬁ ?hgﬁéﬁﬁ ﬁﬁgkﬁﬁ%?qrﬁ?f%(é%%kﬁgégiééér%ﬁ??hgﬂgﬁklgu%gfégggrt 230
to the vepbivhahiranrsbaletRO s8B! balhko £ hatberni? 25a-t dhiye g dA ar Betause of the

porous nmenber 10059 can be increased by adjustingxthe hol e ghﬁgfter.
Mor eover , theKe tapi PrafgtesmeBegrSRARE FETHES nehBeloWtn st fi¢PEased

by conpregsi ~ u e HOGRG: £ din AEd 101 B33 e AHRVicded reagkhe top
wal | of t%ék?%ﬁﬁggrggﬁggg25§%p £€k? Nb#éover, a check valve 228 is p?bvided
on the ai phohe i283cahoflquwaventitie tthe swakingoot 33k thremghhehabphélra 233.

The |eaking.of in utside the i.nk c id 220A by the-roLLi,ng of
the i Hk cﬁ??}i%§é°§igﬁa€éﬁ{S@I§F€§§ﬁtgébéy gﬁé*%ﬁ@%ﬁ%%éﬁgéggﬁgF%l&u?%ﬁernnre,
t he evapogat forn&d duth them the @dddrad ©a233 tabnt hal 302 2 alexaartdd dgea2d0A can

be prevented by providing the check valve 228 on the top face of the_ ink
cartri dgefggmpt;hqa foatiien wathe3d i 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
15 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. On the other hand, a detection side ink
20 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
25 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
30 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.



cartridge 220A is consuned, and negative pressure inside the ink 137
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

val ve 228 closes to accelerate the drainage of ink fromthe ink cartridge
220A. 5 Here, a piezoelectric device asias enbodinent of a liquid censor wll
be explained. The piezoelectric device, or actuator, detects a state of the
liquid inside a liquid container by wutilizing vibration phenonena. The state
of the liquid includes whether or not the liquid in the liquid container is
enpty, anouhtrth@robrehethéeguikd]lebeleln ohetdeté¢tyivn sitdgpeskothamzes 2gabd and
conbi nati on of Iigyids. %ev ngl S§%Cifi§ ngghods realizing for detection of
the state &Pt FETEGEFd STFECde Yt REY PEaPHE6 Kt ai ner  utilizing vibration
phenonena are congirdered., ROpRPIRnber EddRY is soosidedednsndwhicab t he
medi um and the change of its 15 state inside the |iquid container _are detected
in such a WEwestionhatdaniek szhawbsiave SheneFhei YRl WS idle tden8eBREéd 25408 asti ¢

wave i psi he | i gui inec, Qgg refh el 69 waye guhieh; L,s thus
reflectgd %ﬁii g“*i%ﬁ%ﬁk%ﬁr aé%§%rla e%Pﬁg?igggedgcounter theretglel'lsoh
capt ured. Hielkeeink arotbdwer 2mBEbhodBénawke dhheavehanget20nofide cust cbamippedance

is detected by vibratin haracteristics f i prati obpj.ect.. As a et hod
utilizing tHEchENgF BTt S&¥c50stie a}lrfﬁéjglaengg\ﬁ gﬁ@f‘btrr}g? ﬂbfrjé:eﬁ&r]ﬁrbﬁlgf a
pi ezoel ect rdy1deVhgechmpal AL5natGfe A RE ehdi eznederdd i & ement therein is
vibrated. Thereafter, a resonant frequency or an anplitude of the back 25

el ect r onot ichenberca2pkyébocemigmedt @bt Hie ngdsurl et Kenbaért ieneetdénot i ve
force ich is caused resi dual__vi br.ati j enpins. Lh.Lhe yi tin
\Iﬁ“} s(}ngs A grr%gtre?%éstah 1s C%I’lSYllmt%fi. tﬁﬂr%éfm?ré,.ﬁ@hg w'a{hﬁg of 9%? 9 |

portio € change o e acousti c’'i npedance. “As anot her
met hod uti lingiidg the ddwangei owlsiideesasdlsinic dhapedaneesbt e drepedarceby

ﬁgggﬁf}ﬁristic,on 30tadni&pagfeecharacteristic of th nguid iskggaSUEEq by a
g PISpALADgst RASRTLSaRCTRABE NS JRAFJe SRRt e E F AR S PBAR LI rcui t
ink chamber 225b. Moreover, the porous member 1005g prevents the
-bubble, which is entered from the ink supply port 230, to attach
15 to the actuator 106.

Furthermore, the capillary force of the porous member 10059
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

20 small ink chamber 225a. The capillary force of the porous member
1005g 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 providedon the topwall of the ink cartridge

25 | 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

30 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



so that the change of a current value or a voltage value, or the 138 change
of the current value or voltage value due to the frequency caused by the
vibration given to the liquid is nmeasured. In the present enbodi nent, the.
actuator 106 can detect the liquid status inside the liquid container by any
met hod nentioned above. 5 Fig. 86 showsafurther other enbodi ment of the ink
cartridge 180. Fig. 86 shows a cross section of an ink cartridge 180P. The
sem conductor nenory device 7 and the actuator 106 are forned on the sane
circuit board 610 in the ink cartridge 180P. A different-type O-ring 614 is
mount ed orcadrer isigte 2wall e184bds10hsuntedhate tdfe tiief Ebeektvalpe 28§ ) ndie614

surrounds the actyator 106. A plurality of caulking part 616 is forpned on the
si de wal | SPRSAD VB VEoapP PP RS c‘%)pr‘gdir{tr (Sjéf‘rC(?SGférwilPﬁotT‘l ec]tfgh Sie™ By

coupling thezci r gHeh HQarh8i0vM 18 dec-tentainehctdd esicrgr hd@iragalddd ng part
616 and pushing the different-type O-ring 614 to 15 the circuit board 610, the

vi brat i ng afegirgn fafort hdreadimkatcerr tr0glgec@R 0dont acts with ink, and at the same
time the inside ol they;Lokractridas.)s. ol ed Lromontatds: of sihg ik

cartridge. A termnals are forme € sem conduct or nenory evice 7
and ar oun@dri rseni T eroeed D& i IRADr Yritepi eeodl edhei c A tierayi oaladdld ttamnsf er
t he signal between the sem conductor nenory device 7 and outside the.ink jet

recor di ng dgsF&tER B, STRES §’é_rrité?ﬁ’1dh%?1‘6?‘dnéﬁﬁll Sdévi b9 Laf°BE2EBREt iPut ed by
the sem ¢QNqucliQfy V?Bl)éfli%;pﬁlfbr?@rﬁbr%. r eWei £ &P BCRhas] FRPROVNc1Beeause the

sem conductor nenory device 7 and the actuator 106 25 are forned on the sane
circuit bodred &r0er v pbentiqul diocdss 1igandoeoit yirgied saempie, ENfdur i ng

nountipng t em conduct o mor.y . devi.ce 7 an e actu r . QN i nk
cartrilggeogd%?e %b?télo(%’er?e’t’%g Ror Igiq’r?g 1|oquélcl£sdt3{%sngg% hgﬁgra%t%ggélgura% of the
ink cartrdgdgae nk8Q6rand 1heui@sycldaigrefl thech ik ccasthbdgerdB0F. an 3G be

sinplified. Furthernmore, the manufacturing cost of the ink  cartri d%e 180P can
be reduce@65§@5u§§1pﬁéﬂﬁgﬁﬁéﬁ§zgﬁ the k%9%¥9 inside the liquid contailner

utilizing vibration phenomena are considered. For example, a
method is considered in which the medium and the change of its
15 state inside the liquid container 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 disposed counter
thereto is captured. There is another method in which a change
20 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 frequency or an amplitude of the back
25 électromotive 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
30 admittance characteristic of the liquid is measured by a measuring
apparatussuchaszn1impedanceanalyzerandkitransmissioncircuit,

so that the change of a current value or a voltage value, or the



can be reduced. 139 The actuator 106 detects the ink consunption status

i nside the contai ner 194. The sem conductor nenory device 7 stores the
information of ink such as residual quantity of ink detected by the actuator
106. That is, the sem conductor nenory device 7 5 stores the information
related to the characteristic paraneterl3&uch 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 conta ner_ 194 is f that is, 10

|
when i nk |%h4111$‘Fé>cf F e tHE o Ht APAEF ‘i’@&-’ ci'd Pﬁﬂu%F%lé‘ﬁL%rrﬁguﬁrfo he

container 194.38 wNenet Habrheioh Nt Jdh therront ahned iteaksreanNsuf@tnas one
of the char acterl stic paranmeter. The resonant requency when the ink inside

t he cont ai preesd® emomknlenst, att s ac{ama@@@r L ataas dancpe tdreot eduB et athes i nk
cont ai ner u 15.the | recordi a ratus f e first

time. I\/breb%fgen? fje% Jn%nﬁoqt?%]cfhency when ﬁchq?d;%nra]taodqe r?é)oglont ai ner 194
is fulg status Mg.ee@ Sh@h ¢ Fueahekeo Shor ethbddiimeg tt b8 tmnuhRAartimgigof the

contai ner 194. Because the unevenness of the detection of the residual
quantity o¥89nk Fd&n Be LEMFeR<HiE B§CELBPi Mg atntreFaréddngst 180Rquels when

the ink 'niéérﬁfcém %e’ﬂ%rrylgéviéefw g 8hat 4St @4t SR ot aLHSE b And A%n

sem conduc menor evi ce previ ous y and reading out the data of the
resonant ftlesusaoy caircmhe bokrd etld aaorujimgiréppai’ra?tmisi% de30H.t can be

accurately detect that the residual antit ink_is de rea t he
25 reference valtig! gﬁ?ﬁer%?té(HSv% it ﬁg? ot W@%ngﬁ% Fré Z?dlrﬁé%

cartrigge sd89. cEEhe drak g6 @rlehicdige t%%@Q)SBQW@ 504 Fskxgrr&YncH@Strae rzaldtruasludry of
partition walls 212p, 212qg, and 21 The partition walls 212p, Vhagl,lcand

212r separbl®s Phelivrrlébrtel seulkdng pret thed 36 (RRPeP a1 6ResTHEE | hamber
213a and the k?ect eg%hpﬂeskﬁg SEds e K AheTHes: Gl ke 20302188 287 plhe

partltlon
coupling the circuit board 610 with the container 194 using the

.caulking part 616 and pushing the different-type O-ring 614 to
15 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
20 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
25 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
30 be simplified. Furthermore, the manufacturing cost of the ink
cartridge 180P can be reduced because the numbers of the parts

can be reduced.



first partition wall, and the partition walls 212q and 212r are 140 the
second partition walls. Each of porous nenbers 1005p, 10059, and 1005r are
provided in the each of the detection side small ink chanber 213p, 213qg, and
213r. Furthernore, each of partition walls 212p, 212q, and 212r are provided
on the top wall 194c with 5 substantial ly9equal intervals. Furthernore, each
of the partition walls 212p, 212, and 212r extends fromthe top wall 194c
toward the bottomwall 2a. Each of the partition walls 212p, 212q, and 212r

have different | th. Moreover, .the length.o the partition walls 212p,
212q, ;nd 212r iﬁggéﬁgéEHVHfgﬂé Fdertad lPke¢?ﬁﬁT$@?%ﬁP| qtuflig?léfgq, and

212r . Ther gher&n€yaiet 194 .| NtRE WA neiveent dheearely gbvihe Patidrdsonnhwal | s
212p, 212q, and 212r is different, the volunme of the each of the detection

side smal infakmehaahers iare sgichf arenes itital caernoi herof Badadeseched Brgt h of
each of th artirion S 2n, 212 1 n Lpc | h
i ncrease oghgh%&EFg gﬁggb%foﬁ#Q%kalézl'lé éngﬁgoﬁéééFépn%gﬁég?fﬁ%%g % ?o ent er

into the detegékonhe sifieomiad 1on Melchanben 2h3r chhirabtesibatthpstamhevart he
airhole 128. Therefore, the actuator_ 106r can detect the ink existence npst

accur at el ySFBRF tthe sBeyactrEisbsp, i oe 2aAdtEest fufiadiF 2e9% UREEnt 8 on the
each of the,delactd - SiodewsoR!dedd¥s @h%ﬁn]@&ﬁs@r&or@%@a%%%ru the. 88

shows an enbodi ment around a recording head of part of the ink cartridge and
an ink jetseetorddngtappacaduy vhivécheuSepreviousdtuatorredethe nrepenpniesent

embodi mrent ._the ink cartridge, 25 180A shown_in.Fig. 1S d. ver, the

i nk cartriﬁﬁ%q?%n%%fj g%ephgnrnﬁﬂ%h‘%ﬁ?ﬁbgogﬁgﬁﬁegnlé%g%s?gﬁﬁd EF%%eég'also
can bejguseghen A4k her DI Bed tikec hakearatd indige saf stheietbrt 1y orgp ahsa ok be
used. A plurality of ink cartridges 180A is nmounted on the ink jet recording

appar at us Whi e N Ier 94 yi ofrichk thatr d8ucithl 30 RBRLEPRtaABReENE"4 hol der

184 each cof LEARANALNG  BnbRE CRACBNAkack Rt GRILD Ay . | ABReFLLYSAY: FaCh
of the plurality of I'n

frequency when the ink inside the container 194 is full status
or end status can be stored when the ink container is mounted on
15 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
20 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 quantity of ink is decreased to the

25 reference value.
Fig. 87 shows further other embodiment of the ink cartridge
180. The ink cartridgé 180Q shown in Fig. 87 has a plurality of
partition walls 212p, 2i2q, and 212r. The partition walls 212p,
212g, and 212r separates the ink container 194 into the
30 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 212g and 212r are



cartridges 180A contains different types of ink, for exanple, 141 different
color of ink. The actuator 106, which detects at |east acoustic inpedance,
is nounted on the each of top wall of the plurality of ink cartridge 180A
The actuator 106, a partition wall 212a, and a porous nenber 1005b are

provi ded for each top 5 wall of the pIdﬂé%lty of ink cartridge 180A. The
residual quantity of ink in the ink cartridge 180 can be detected by
nounting the actuator 106 on the ink cartridge 180. The partition wall 212a
prevents the wavin and bubbl i foi Qﬂﬂﬂf t he
head menb trr}l SFEPREY R CH0t )8 Wargégor Fhy afg% (? hr%I ne?hsgfgﬁagéeﬁt

enbodi mentand hedgik axcearptrrdvd@%dlgaAtahomChnoﬁ the 7&emcu.ts@d s:HtB/vesner],l t he

ink cartridge in any of the ink cartridge_shown in Fig. %o Fi 84 al so
can be usedX FhpTRermd t2Héqi ¢ BREE- dg%uﬁ?h?ﬁf@%?hé%achra RS Ch be
used. The |nk j et -rec n t Nknd HdOdUEh Ngo AEeRPEH 182, a
hol der 181kﬁjJ%%1 bplgggh 3% yéegﬁgﬂgﬂgkgﬁg %é% &?p ural?ty of nozzle

190, whai cheysttanitidnky eqmaﬂormadeonaﬂhe nof@t@hﬁtapéel88ea¢he ¢dk the

i ntroducin nenber h i.r,_supply Ie 18 nd an ink intr i ng

inlet 183. ‘%ﬁ%ﬁ??ﬁﬁ %fgﬂ'sggs 2 ra?? %r?%ﬁﬂ%affﬁ)gge%18o 20

The ink i rhtsf&d%wagdl thebot83m Wdrvduceses ok I on?etmu:rﬂmmaausdg@pwop\

The ink cartridge 180A has an air |ntrodu0|ng inlet 185 and an ink %gﬁply
od

port 187. Zﬂtibg,alafnd Rl2od deivieg diifferentgbenat Rod MERSCRY R T f ridif thfd ppl y
hol e 181 f r%QElﬁhpg%ﬁqgcbﬂanQﬂggé %$%32EB? HHEréH@QEy1HQH&3%ﬁ%képppl'es
et t

ink to 25 introducing in he 1 nk 1 ntroduci ng nenber 182.
By i ntuwpodusf m@eapartliombhhealhlemmi r otngi r@qcﬂ‘rmmecr 18Betrefbhe, iekenddret ri dge
180, the ink cartrld e 180 cel erates. the su e ink

cartri dge ¥BOA R OFEWSH F fr Cﬁgtﬂﬁdﬁﬁ?t “%H@jhgﬂ%é %% and

conmuni cates i Nk qwhirehen® ,SURR! v&TuhE WA the eBkn30CaRt rdetge- t18QA dieough
the ink introducing nmenber 182, to the head plate 186. Ink is supplied to

the head famwahl Hel harekaws dyee different with each other
Becausethelengthofeachofthe;mrtltlonwalls212p,212q,

15 and 212r increases with the increase of the distance from the
airhole 128, gas is most difficult to enter into the detection
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, 106qg, and 106xr which

20 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 apparaﬁus which uses
the actuator 106. In the present embodiment, the ink cartridge

25 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.
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

30 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,



180A through the ink introducing nenber 182 and di scharged to the 142

recordi ng mediumfromnozzle. In this way, the ink jet recording apparatus
perfornms the printing on the recording nedium Fig. 90 is a cross sectional
vi ew of an enbodi nent of an ink cartridge for use with a single color, for
exanple, the black 5 ink. In the ink c&¥ridge shown in Fig. 90, the

detection nethod inplenented is based on a nethod, anong net hods descri bed
above, in which the position of the liquid surface in the liquid container

and whet her, not the liquid.is ty are detected by receivin t he

refl ected CTIG ﬁ@eiQIra%giW%vgggécﬁu%%é%éor%éﬁgr%%%Slgta]n%asrtecei vi ng
the el astigcayeic Amfl@stide, ey endenesatdnedL£en S i topitudiZzese e | Nk
supply port 2 which conmes in contact with an ink supply needl e of the

r ecor di ng RPpalEts ofniaksearedigaantdor i s Theogcdagtion aleond &raveritigwhi ch
houses the jnk.,.ln a tsi Porti b o] - ai ner

1, the eldg%ﬁ%:%%%@ %ggh %gffﬁg% é%%geg 0?2 %%%n?%égg§%%a§ﬁété%ﬁ%qg astic
wave can heaxlXosfurheatpEdraliic ¢t hef cankaidwrt riidnd hes 0nk | miederddiedcant ai ner .
In order that at a stage at which the ink Kis alng%i used u%, i . e . at the
time when T4RNGHRY Bééégménéﬁeiﬁ%i5ﬁ6t§%§98,18t0n%aPP FeFClof LY BIEStT ¢ wave
can change. fd o g dr QWed dr0 e i 9RS cak B d8eCh 881 1 OrM@ve, gener i g devi ce 3
is provided 1n a slightly upward position ffromthe ink supply port 2.

Mor eover, Zdfaelmshiantsavdie veceaing rapdréad g sef slepgar at el y provi ded i nst ead,
so that the elastic v enerating.device.3 1is used a n_el i C Mmave
generating devi éabnp§?s%§ R Sag #ﬁglr?ﬁﬁuﬁda%heaH%%gv%é%§%§ %ézﬁgaﬁﬁg%ided in
the ink suppldye@srdiy &eperstng. t orfri ghe Iprebbatpaaloddmenty 4Hes irtlgaged
with the ink supply needle 32 communicating with a recording head 31, in a

fluid-tigha - HBQA vahewnhddy Bl9s dndEarti8A andHOWRYSY i c&PPy idBht act ed
agai nst t ggq i N 4 _by Y : i 3 e 4 y needl e
32 is insggﬁe ,K¥#§165%%g'8§d§wg l?g g?ggggggﬁyg?ﬁ%ninﬁn%% b|§?§§§§ﬁ§*32 S0 as

t o open ar84 nkspasmadpe, used. Furthermore, the ink cartridge of the other
form also can be used. The ink jet recording apparatus has an

15 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.

20 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

25 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

30 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



so that ink inside the container 1 is supplied to the recording 143 head 31
via the ink supply port 2 and the ink supply needle 32. On an upper wall of
the container 1, there is nounted a sem conductor nmenory means 7 which stores
data on ink inside the ink cartridge. 5 Furthernore, a porous menber 1050 is
provided inside the container 1. A gap!%$ provi ded between the porous nenber
1050 and the elastic wave generating device 3 to forman ink |ayer. By
provi di ng the porous nmenber 1050 inside the container 1, the porous nenber

1050 prevents the waving. or._bubbli of ink_ insid the caontajiner .1 when the
ink cartri dg&® &8?‘?%%%?%5?%&??3?%%‘ Fébg?ﬁ?né“ﬁeégeb§§%ﬁéﬁéggﬁﬁfﬁbng

operation dupbbRgttiBepprEstnBgcher peessindher ef 0e eretbedbuybhedand. wave of i nk
is difficult to generate around the elastic wave generating,device 3, the
elastic wave gehéBat PAgleeli COT EaTdEdlaivéley gét 88t ehe i AR EoRSUAPt i on

15 status. .Eyr e, bol ' f.oaQrous, prrber 105Q iS58k such
that the péggdégﬁ%ﬂgggzf%%bu%%ggiﬁggmg%ﬁ%%%ézink'ex?sted I EheeinE %gyer
1060 when tih&.i nkn sinef ok gaeachiekyd shblve imEilcayep, tlsdehycthencoasbogpti on of

ink inside.,the container 1. In other 20 word th or o menber, 1050
desi gned sﬁ@ﬁ??WEPtFﬂé“%gﬁﬁﬁpa?9EiF@Fé@dmo??§h$ﬁmﬁﬂgx%%5%§§rggﬁgé%bﬁﬁ%bsdoes
not hol d i RK i dthehe ¢RtiRIIREN oA £ hENET /I BurFAke deEEhAAL iEBESNE A1 hEL POr OUS

menber 1050 by its own weight and remains in the ink layer 1060 when the ink
i nsi de t heapgnitléesr Py soknthe Jimkitkds enatgtatusletzstad Ryrrefelvieg shown
in the fioupe. 48 Aoy dedof Lhe o conialperel. e AlLfole.d soRcoylded on the
upper side of tHe “ink sdrface to connini cate w'th outside of-container 1. Air
is intgoduaadrd tisivdend hrecod s inewatebhyant héaakihobeye gatharak iflgodesyidewnwar d

by its own_wei ght with advance of ink consunption. The 3Q residual ink thereby
stays in tﬁel$g%3qkﬁﬁﬁd"1oé§.1@% XI@?rtpar%ﬁ%éhnﬁﬂﬂﬁs f@SﬁOPEaBFoW%EQd

i nsi de thesgoihakgp1d nddifl EbAHNE recording apparatus in a sealed manner
is provided in a container 1 which houses the ink. 1In an outside
portion of a bottom face la of the container 1, the elastic wave

15 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 ligquid to the gas, the

20 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.

25 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
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

30 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



wave generating device 3 can detect the ink quantity only when 144 the ink
status is near to the ink end if the wwdth of the ink layer is small

However, ink does not wave by providing the porous nenber 1050 in the
container 1. Therefore, the elastic wave generating device 3 can detect the
ink surface accurately when 5 the ink std4¥ace inside the container 1 reaches
to the lower end of the porous nenber 1050, and ink surface exists within the
ink |ayer 1060. Moreover, the width of the gap betmeen t he porous nenber

1050 and the elastic wave generating device not limted. To_ 10 suppress
the bubbl i AgAor3 1 ik 2ad brudR*a8upBSYiBE; 4 r?él%tgﬁ 1k PHRPLYyRFC48803% s
reduced byopray difget NeAAr o4 TBeL o 1020nep ﬂow@5e§bdel§f mblgteant i ner 1.
If the mndth of the ink layer 1060 is small, the elastic wave generati ng

devi ce 3 cmemietrdtcitdne neroryquaansty winlgh whemeshdatalomstiakusnssdaeairet o t he
ink end. However, 15.ink does not wave inside the container 1. Therefore, the
elastic wH fﬁ%ﬁﬁ%ﬁ?%g device 3 can accurately detect the ink quantity and
exi stence of i nkryheiederd Nle gRRSHEPheABeSt abBs 15 peavided iheidakogad
status. Therefore, the porous nenber 1050 is preferably |ocated nearby the

el astic mﬂ@@n@@h%ﬁ%I%ngAdé@PcéSSPQGV%ﬁ?ﬁoh?tW?ﬁﬁtFh@ @?%PVWCW?WQﬁrg%$5 et ween

the porous H@”@%ﬂé 024 ; and gl %%B'e‘ia‘é@\é% QEOEE@ b”?o i‘{hﬁear? iy even
the bubbl & i nk generates, because the bl'e o I's absorbe |n t he
poroustnenhﬁmniﬁ&@%m@?ﬁhbupbteudomﬁgmatIgggysEuﬂmhndheheoetasnec tmamme
eneratin evi ce rous mne t her event e elastic
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Fig. 9b st GOSISRGE i10RRAenVEAW $hRW A ANdgabag B Ntopét her MRt gt of
the ink-jet recordlng apparatus suitable for the ink cartridge shown in Fig.
90. A car riegrdm almﬂ? ebvftRe peenpibgabPrgathonhdudiingcttiien RIFLIRtHEG dt h of

the recor di0g. BAPer rrieaYLPPERe hifh Ao SHR /M 0t 377 5 ) £ 116y £ 4591 di ng

generate around the elastic wave generating device 3, the elastic
wave generating device 3 can accurately detect the ink consumption

15 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

20 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 member
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.

25 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

30 residual ink thereby stays in the ink layer 1060. Because the
porous member 1050 is provided inside the container 1, the elastic

wave generating device 3 can detect the ink quantity only when



is provided in a |lower face of the subtank unit 33. Mreover, 145 the ink
supply needle 32 is provided in an ink cartridge nounting face side of the
subtank unit 33. While the recording apparatus is operating, a drive signal
is supplied to the elastic wave generating device 3 at a detection 5 timng
which is set in advance, for exanple, &at<4a certain period of tine. The

el astic wave generated by the elastic wave generating device 3 1is
transferred to the ink by propagating through the bottomface |a of the

container 1 so as . to be, propagate to the.i. 10 By .adherjn he el astic
wave genefF8€i WY G&#tESE 3gﬁﬁfﬁh50thhﬁ&#ﬁ%?df?¥§Pﬁé%“éij céé%qﬂﬁzgﬁﬁgading
el ectrodessf ghatise I MowdelLCtiNg dbes | hati Basarbacsrbei NAGCEASAEYrblst he

course of formng the container 1, an injection nolding process can be
si npl i fi edembdrt A@SPedkagdreofcart@inaid f ridmzeiteee e whiedt1s whee

el ectrodes are_supposedly enbedded .ca avor d t.hus . | hk0g. th
reliabiIi??nsra?ﬁggiﬁﬁvéé?tri%ﬁéfﬂfﬁ¥¥h3§ﬁbﬁ§¥ g%ggﬁgﬁsaﬁgg%égg}85gﬁ?§

provi ded tRsi gdektder f sontiaigiele theByoptavhdirng tdwecipes aus trenhewe060di nsi de
the container 1, the porous nmenber 1050 prevgnts t he wavin oré%% bubbl i ng
of ink inefden® ROLJHt FEHELT1L GRn AHE LNk SEAF £ FPITE AbY &8 PGy &t et i t h

t he recorﬁgpgrhg@goby the scanning operation during the printing process.
Because t he” bubble and wave of ink is difficult to generate around the

el asti c wave geMeraviag, dekéceidd) athdhsl geop belweergeher apiragsdeeinber3 can

accurat el y dei ect fie_ 25 | nk consunption, statys, ol g. 92 i3 daf ai bed

Cross sec e subt ank uni't conprises

the ipk supppyepseghe Babblheg dnkirghaberucdd asapblsexihlee vakveid6haad a
filter 37. In the ink chanber 34, the ink is housed which is supplied from
the ink 36nkakaYsHJOEA aSi ARAYEPPIBY REQYIIE1TY LRRPPTLIXF BIFRAN ¢+8°86%s so

desi gned §paL thesd Lexi bl & oal46e3611 s ppengd, aieh Josad Dk MRS 1060

is small, the elastic wave generating device 3 can detect the ink

quantity only when the ink status is near to the ink end. However,

15 ink does not wave inside the container 1. Therefore, the elastic

wave generating device 3 can accurately detect the ink quaﬂtity

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

20 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

25 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 part rof the ink-jet recording apparatus suitable for the

ink cartridge shown in Fig. 90. A carriage 30 capable of

30 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,



of the pressure difference between the ink chanber 34 and the ink 146 supply
passage 35. The subtank unit 33 is so constructed that the ink supply passage
35 is comunicated with the recording head 31 so that the ink can be supplied
up to the recording head 31. Referring to Fig. 91, when the ink supply port 2
of the 5 container 1 is inserted throuﬁﬁsthe i nk supply needle 32 of the
subtank unit 33, the valve body 6 recedes against the spring 5 so that an

i nk passage is forned and the ink inside the container 1 flows into the ink

chanmber 34_. At, a stage. where t L . 34 i.5.f1i WA i :
negative pragsdie®! ggﬁpf?%%“%§5a£%§?§$§n§§{5Bé%?ﬁgﬂ%?gkﬁgl?%%g?%?%%lﬁ%ad 31
so as to fihtetdeds esorhagshienghk wiite i3k. Thereafter, the recording

operation is perfornmed. Wen the ink is consuned in the recordin ,heaP 31 by
the recording og®thts &he BepPELLlP ARRA4AR UGN TEAN BF - t’%@rfli"@x PP val ve

36 decreases .o R8N ed 06 Xl Bhei ¥alMe 36nksapositdanad 31 awayrdeoma val ve
body 38 so as becone opened. Wen the flexible valve 36 is opened, the ink

i n the & nkt chambpevhidh fikosst i it @dvieecer, e€or dexihkbad &1 at Aesbghntver i ek
passage 35._Acconpani by .the . ink _which has .fl dintot recordjng head
31, the inkfiki¥e cﬁﬁ?aier%ear;bf‘% BARS] BRSSPk i telig§tglga ‘?%%gi nk
supply neegéger20id3. dLeLes di ngst ertihe frerbedi gBntchehawk iy RbxppLdaaney Fi g.
92, the elastic wave generating device 3 and, the porous nenber 1050 re

provi ded atlerugh the Ratamkaghi kBl theeC Pt diReHende A S18BHe RIORAFR Hed

near by thquhgﬁiifnw@ve generating device 3. A gap 25 is provided to forma
ink | ayer 6 etween the elastic wave generating device 3 and the porous
menber101050, TheBweladitdcimavehgeriarstingadey igmeraistertdetine ihko dquatity or

exi stence of ink inside,the subtank unit 33. In cas f_the present
enbodinent?o%%%ﬁﬂ?%JVhélﬁGFoBspﬁ%ﬁ%%?c?%ﬁﬁae§d§6@b?§$F%§8dFﬁs?85 tHe Ylbt ank
uni t 33, iéeﬁé&ﬂggtih@fliﬁﬁi&ngufﬁaéé 1406AnbeecerBSySAR lthd henalastdf wave
generating device 3 can

forming the container 1, an injection molding process can be

simplified and the leakage of the liquid from a place in which

15 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 wmember 1050 prevents the waving or

20 bubblingof ink inside 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

25 1ink 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 éhamber 34, a flexible valve 36 and a filter 37. In the ink
chamber 34, the ink is housed which is supplied from the ink

30 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



detect the ink quantity only when the ink status is near to the 147 ink
end. However, ink does not wave inside the container 1 because the porous
menber 1050 is provided inside the subtank unit 33. Therefore, the elastic
wave generating device 3 can accurately,detect the ink surface when the ink
surface inside the subtank 5 unit 33 reaches to the |l ower end of the porous
menber 1050 and exits between the ink |ayer 1060. Moreover, the elastic
wave generating device 3 can detect the ink quantity and exi stence of ink

i nsi de th%u%%@&aﬁ&s%@bk 33 . acen ah@dvandhneaven, ikecausenshe weltast ithavave
generating device 3 iS 10 provided inside the subtank unit 33, the elastic

wave genertdtsi hgk sdmploeprdseage didt é@tC@Wéuﬁlwa‘a%%ﬁ’tlittkyt]éﬁdr??fér@ﬁ%P@ﬁée of
ink inside. the suptank unit 33,ev t L bk dhside thed Mecaryri dge
180 is usé& ﬁﬁ.tﬁﬁgr% %r%ﬁkfﬁglF%kgpgpﬁsggoggi%g appar at us cé% i°udge

whet her the pri peifegrphocessFéan be,cehennted dnknetippls TPheteRasti ¢hwave

generating device 3 and the porous nenber . 1050 are provid i.nsi he
cont ai fer CPGRiTIGE ﬂnksc%?%?¥iﬁﬂaé%?fngﬁbt@ﬁbba nﬁﬂ?pgﬁdﬁﬁegﬂeﬁggFggf%e

Mor eover , s%é)t%%@wﬂniie Ebg. £ 94 v AN By 82retbgegl 8541 €s it GoNENR] iSNY
device 3 and the porous nenber 1050 are al so provided inside the subtank

unit 33. 20 Therefmrek phesepastd Eowaed geddis ing Hevide Han@ R 5ér ous
menber 1050_are prqvi ded on bot h, of e i C i j i 1 and
The. subt arkE GHFE ST St h SR o2 Fovar L ihe Y aCPrE Ly shedbe i g
devi ce 3 andithe PrEdus tremhrr Al0sgatdve peepsove ded appldeldytore nofzzllee i nk
cartridge shown in Fig. 91 or_ 25 the subtank uniLt, 33 shown in Fk% 92.
Accor dPng apsTiRE eftide memordiamnheAdF §So03s 9 fifd FRR TSHTiv &er?énber

74 and 75 05&d r ophLhe EpK, DY RENSUEBLEOAG ObpetakibASE deptheceanaai ner 1,
i nk contaﬂﬁé ?ﬁk{heﬁpnk gbsofbing menber 7 a%d 75, mhichpis made from a

porous mat eri al Whithowheodnk30s bgonemedni netiiphtregrrdinsdpad ed ty the
;ggg: gisntgﬁh%a{)q:dal]ﬁg clagjerjaglfoh,s augggsggretir}lethglﬁﬂmgga{wo'fem&rflé&i%ﬁ@ 75
valve 36 decreases. Then, the flexible valve 36 is positioned
15 .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
20 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

25 ‘'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 1is

30 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 guantity only when the ink status is near to the



ink remained in the through hole Ic, the ink is thereby drained 148 fromthe
concave part of the through hole Ic. Therefore, the condition of the
reflective wave of the elastic wave generated by the elastic wave generating
device 70 at the ink end status changes, and thus the timng of ink end
status can be further 5 accurately deté%ﬁed Furthernore, the ink absorbing
menber 74 and 75 are designed such that the capillary force works in the ink
absor bi ng nenber 74 and 75 is equal to the capillary force which can hold ink

or gr eat er, {hant he, Ganyd| aty, 1.ce, 4PiEh e ol dnd Byt T Rl AbSQLDI ng

menber 74 Hid°7 there absorh 1n mal ne int t hrough hole 1c. Figs.

94 (1) - 9{d)pstmwe mwj‘ea:ctumrsmngsnprboddedf ithideetbst sebwane generai i ng

device 3, 15, 16 and 17. A base plate 20 is forged bg gaterlal such s the
EY§

bur ni ng- entRAEDIF Tertdlf &laskdfCeAlRgIFBEERGINE4CE T BICHITE

conduct i vey {Fgfg'éﬂe AN L F a2k Wﬂbﬁht9509ﬁﬁss§£f§&§0$ﬂé&@bEﬁhé”EhﬁﬁéHkJ S
formed on t as plate 20. Next, referring to Fig. 94 (I1) a green sheet

22 ser i ngunis 38 ezeelhect rticc timet &pivak gsdpbacelde apoxdies corisR i 425 treaned i al

| ayer 21. Next, referri to, Fi 94 t reen sheet 2 din a
pr edet er ni FEd S RGP B q‘grb eg g]i'a%e ssj%dnég0 or Qf%r% g’(‘?r’ LEZI an ?alssél?rca \i@;\t o the
formof a gdd¥adtoing areilce ai dfardrdie@éct Ther £ait teranttihg bndnemgstsncperdﬁ)r med on

the green sheet 22 at a burning tenmperature of, for exanple, 1200 C. Next,
referring il mgidosiq WUbtad'”%dﬁt}tfcﬁ%/@%@rtl%Y 1ayer 23 serving as ot her

el ectrode is for M&%ﬁqga %fe%'aﬁts@CFthefa'@cﬂé SRR S beekrd? %9 asviset9 fie

polarized in a capa I'exural -oscillation manner. Finally, referring to
Fig. 94 (\Hrovidel baxssedp:—tl ghe Adtankcunisl dhg teachaskepentve BEfan6HgT he base
e or the

Pl ker ¢ ne radld § Sve dens B iy et L AR RS Fhef SV B o e
face 30 of e gantal nericand theni nkefathei dgR i9s Cosmired echmiaah hiakea
built-in function which detects the ink renaining anount.
180 is used up. Therefore, the ink jet recording apparatus can
judge whether the printing process can be continued or not.
15 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.
20 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
25 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

30 by the own weight and is supplied to the recording head 31. If -

ink is used up, the ink absorbing member 74 and 75 absorbs the

ink remained in the through hole 1lc, the ink is thereby drained



149 Fig. 95 shows anot her enbodi nent of the elastic wave generating device 3
shown in Fig. 94. In the enbodi nent showmn in Fig. 94, the conductive
material layer 21 is used as a connecting electrode. On the other hand, in

t he enbodi nent shown in Fig. 5 95, connecting termnals 2la and 23a are
formed by a solder in an upper positi of% han the surface of the

pi ezoel ectric material |ayer conprised of the green sheet 22. By the

provi sion of the connecting termnals 2la and 23a, the elastic wave

generatin devi.ce 3 can be directly nounfe I,r Cujst . | t hat 10
i neffici e%“tr%%ntnkéect(f%[hc (e P A" oonge %Y;l/e Iée@%p‘%é gééggnf%é glt/%?%ggﬁjr%’@%e t he

el asti c waysnd st ot e tofe Wavrescthivehwaea propagatkast he oughe gasmeddtgd d and
solid as nmedium Thus, the wavel ength, anplitude, ghase, . frequency,

propagat i iy difre @Last ighdavisr G6RGARTAGIVEFSEFEyY 7 Bf 2t hel I 38 | R dhaifet [dange
based on t&?aergg?e§h Qumediding i IS 590 O theQid&tahand s hhg st at e

and charact stic of the reflected Wwave of the elastic wave change
accor disng aacutet €hadgeect etherumsthammorthushebynluebbprzbagatimmbare? egtded wave

whi ch changes basged .on the change, of, the_nedium §hrough ich the elastic
wave propabat®Es f%égﬁeé?«?ugp Fﬂé‘tn&BFuﬁ?%ﬂ%ﬁYbéoﬁﬁ%g”#%%%? h tgl%als wher e
the state Disdh8idd aldintbdrnNSideng the iki gl cant-aienetplis 1keybeoses eatieth by
this nmethod, an elastic wave transmitter-receiver wll be used for exanple.
Let us expimihelithilekbyrrefertehghan édiSoGrReALe T¥hERKCPNWIKi g8 .cayp holgh
First, the tyansmitt r Lyer gi t t,n asti t di um
for exarrpllelj,i}{'thzﬂ}% qﬁlﬁﬁ %gg?ﬁggpgqﬁggbggnt% ‘ra]aer?# ?\I'%e%h%%éﬁg glbtgg)?lbg%vrvge

pr opagat esrdnminegh irhechedimwgid rarlrd Vies. at the surface of the |iquid.

Si boundary_is fogned bet the Iiquid and th the i quid
surface, the reflidted hhve s irddud (EHHER T 4HSH ¢ PeF oPatelferiThe

transm tt efrdAcRl YRV drRaeitiey e ikef hected wavendAldi stansasdeimeen the
liquid surface and a transmitter or receiver can be neasured based on an
overal | tr2védlsedormag by ndeered) ctcdd afavee iral ANy dake sleramic.

Referring to Fig. 94 (I), first of all, a conductive material layer
15 21 which becomes an electrode at one side is formed on the base
plate 20. Next, referring toFig. 94(II), agreen sheet 22 serving
as piezoelectric material is placed on the conductive material
layer 21. Next, referrihg to Fig. 94 (III), the green sheet 22
is formed in a predetermined shape by a press processing or the
20 like and is made into the form of a vibrator, and is 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. 924 (1V), a conductive material layer 23 serving as other
electrode is formed on the surface of the green sheet 22 so as
25 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 in a 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
30 of the container and the ink cartridge is completed which has a

built-in function which detects the ink remaining amount.



150 of the anplitudes of the elastic wave generated by the transmtter and
the reflected wave reflected on the liquid surface, and so on. Uilizing
these, the state of the liquid inside the liquid container can be detected.
The el astic wave generating device 5 3 nay be used as a single unit of the
transmtter-receiver in the method utiffzing the reflected wave based on the
change of the nediumthrough which the elastic wave propagates, or a
separately provided receiver may be nounted thereto. As described above, in

the el astic wave, ge ated by th 10 el,asti ve -gener at. | Vi 3,

pr opagati ng thr%ﬁ&h the Fﬁ%ws|ﬁ&ﬁﬁﬁfrtﬁ% fgvglﬁgggfiﬁgm%fé%%%tggfrégféd wave
occur ri nggemetrhe ingnehiigei d sHokacentpigrrove an ithe ehasidimesayvehgemerating
device 3 varies depending _on density of the ink Iliquid_ and the liquid

| evel . Thd® Fig- Phe tduhposirrbhvematsripd Fayeid2 HifcuEpadd & fGTIS SR of t he

ref I ect ed wake Walch G6CUAEL e by Uind K| Teil dnbididie VS sdependi ng on
the ink armount. Therefore, the ink anount can be detected by detecti'ng the

time period,deohngcutinghtelheinelastie e Yereratingnabixe Sogeiwer ates t he
el astic wave and then Ihetggve reflected fromthe ink surface arrives at the

el astic 26 WARRSHERT T MYy taev bR $H ceeo%r{%? e ST ey BB At es
particl es)ggat-abBRfri Behih8ri filfe ghiits, shized 08S€ BY tisd NGrowiPrentof itke i nk
whi ch uses pignent as a coloring agent, the elastic wave contributes to
prevent preangictanrBokesminad spRgrennd 8eay hEhPi RéASESCRYAYFOFPHPAG LLRE

el aSt! C WaLE i 9ansr éghn%%dgilfggtf’y'rg?ﬁlb@ed Ccckg'ttﬁ{ gir%ui‘@'%a% Ik tfﬁfatt he ink
cartridge approaches ecreases to) an Ink-end state and the ‘el astic wave
gener a i ngnedévicéen8 cannaotliongearch ecedne hhé eeef Wértedcawme avbided).udged

as an ink-near-end and th cgan gi i ndi cati t ) th 30 trid
Fig. 96 shove alOHniRaPLARUGE YEEORd REIES AhORES BABOGHORECRRSERE

present i pueRLEANgaE! Ul Bhu el asld Go¥@¥eas medium. Thus, the wavelength,
amplitude, phase, frequency, propagating direction and
propagating velocity of the elastic wave change based on the

15 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

20 can be observed. 1In 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 - 91.
First, the transmitter-receiver gives out the elastic wave to the

25 medium, for example, the liguid 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
liquid and the gas on the liquid surface, the reflected wave is
returned to the transmitter-receiver. The transmitter-receiver

30 receives the reflected wave. A distance between the liguid
surface and a transmitter or receiver can be measured based on

an overall traveled time of the reflected wave, or a damping factor



151 generating device 41 - 44 are provided on the side wall of the
container 1, spaced at a variable interval fromone another in the vertical
direction. In the ink cartridge shown in Fig. 96, whether or not the ink is
present at nounting |evels of respectiygy5 elastic wave generating device 41
-44 can be detected by whether or not the ink is present at respective
positions of the elastic wave generating device 41 - 44. For exanple,
suppose that the Iliquid level of ink is at a point between the elastic wave

gener ati ngrdgyd eRpt4tands4E chballaddie shastdenaranedbpeartat tngnibideerce 44
detects and judges that the ink is enpty while the elastic mavea_gnerating

devi ce 41and2thadraBlaetedtwairl JUdgs red e tiffelly T Raf WAE k3PS FPesent .
Thus, 1t gan B8 koW, S haleddie chicaubd. ol s¥elnof idlid e%side 2nkeyebubgt ween

the el astic 'wave generating ‘device 44 and 43. Thus, provision of the plural
el astic wavatiingeneaat bagielewiced 41 Thed4 laakes pevsi beeeratdapedevifne ink

remai ni ng_anount in st ep- by-step manne Fig. 97..and Fig. 98 show_ink
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an enmbodi medt usHgwPugh Fhgchaghe gd asLast Vv aRFOPGERerat | A WEFPeEat66Yof an
el ongat ed_sha i.n_the. tical . di i i ided in the vicinity of
t he bottoRFPngegfrg S%gggmggﬁ P%.&§g%%§§i%ge?%e¥he embodi nents shown in
Fig. 97 and Fi gasQ&scR2bhadierbpart iof thhee bhaist ¢ ovanee gperreratachdpydeece 65

and 66 is exposed fromthe Ii uig surface, the tr veleg tine oLhthe "
ref | eé? edew@vEiCaNavVEngeRESASLNE PRPedante BFOPﬂ%agﬁﬁgt RERHTBs tH8ndPht ed by

the el asgi g, WAVe: 9eRGLALINGIEYHE & BBheoRt i THtaUSd WathaBgeureohgespendi ng to
t he change (Ahl, Ah2)of the I'iquid surface. 30 Thus, the process fromthe

i nk- near - éndt statiel sorfheeittkasnivetaft ehesflasid G BAHP H 9 ottt A84ACBe
accuratelg 93%?8&e§e8¥ng§5805£ré%ﬁé%%y of the ink liquid and the liquid
level. Thus, if the composition of ink is fixed, the traveling

15 £imeoftheIeflectedwavewhichoccurredjJ1theinkliquidsurface
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

20 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.

25 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

30 cartridge.

Fig. 96 shows an ink cartridge according to another

embodiment of the present invention. Plural elastic wave



the degree of change in the traveled tine of the reflected wave or the
acoustic i npedance of the elastic waves. Furthernore, a porous nenber 1050 is
provi ded inside the container 1. The porous nenber 1050 prevents the waving
and 5 bubbling of ink inside the container 1. The porous nenber 1050 thereby
prevents the elastic wave generating débice 65 and 66 to detects the ink

exi stence m stakenly. In the enbodi nent shown in Fig. 97, the porous nenber
1050 is provided in the container 1 such that the slope of the bottom 10

face 1055 of the, porous. nmenber 1050 is paral to, .the sl.ope the elastic
wave geneﬁ%&l?ﬁﬁtﬂggi SVESS W gaptd S5 iod'éége‘?eto\ﬁeé © tgﬁgebgta?gmogatégem%
and the elLgsthen¥ave &4 i \g dewirGefi% iardfhennsran bkel ayethé®60n
Therefore, as the enbodi ment shown .in Fig. 90, when the ink surface in the

cont ai ner tie reactiesal dirsathen .ondn the DK t4Rr oI SHBeAr1650 - aff- exi st's

within the ink |ayer 60, the el asti rafl i 0., det ect
the  Ink SOrFAEE BUBCF U8l J7eITF BReerBat: HonT ansue ot £oF fEaPetil e
face of theaspocous/daeeberatioly abonbeiqn the thguve,ddtseqralibgedheénhehe 20
container 1 such that the one side face is paralle] to the ekast'c wave
gener at i N9 dt’G E&eeBNKAL AT 9SS 6% HBEPHEE W8 PR tfeS SiTg&hes ‘3%%85?18 t he
side wall la. Lo Lhe present; sbodiment, whenekBkpikS bupbedei pRhEechbe

container 1 and gap between the one side face of the porous nenber and the
side wal | liguidhéerell| edt i ek wave a25 aofpeirt ePatveenwdhe (rrrgt@dvdyet he

el astic vave generaling .oy g8 60;dos Mot Sfiange. . Oa Lhs oLber fandy 11 ink

i nsi de th@s"t e 'he 'gap between t he”one side~face

of thg pogevscarrhest etk bR jaidi swhht Itheathis €s, erigtey whi l ectievelamave of the
el astic wave generated by the elastic wave generating 30 device 66 iadually

changes. Whee Sleaeaating epuses ¢ lnate argeht Fatieng ¥eYidaser eancdet €LYt he i nk
fgﬂ;?gpx %Satg;&&%ér%q% p‘i@%e.h@l? senface @d St Hamdim thecr egbonighighe
level of ink lies in a level between the elastic wave generating
device 44 and 43. Thus, provision of the plural elastic wave
15 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. In an embodiment
shown in Fig. 97, an elastic wave generating device 65 is mounted

20 in a bottom face la formed aslope in the vertical direction. In
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,

25 Whenpartoftheelasticwavegeneratingdevice65&nui€6isexposed
from the ligquid 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.
30 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 elastic wave generating device 66. The length of the elastic wave
generating device 66 is not limted. Though in the above enbodi nents a
flexural oscillating type piezoelectric vibrator is used so as to suppress
the increase of 5 the cartridge size, a vertically vibrating type

pi ezoel ectric vibrator may also be used:®dn the above enbodinents, the
elastic wave is transmtted and received by a sane el astic wave generating
device. In still another enbodi ment, the elastic wave generating device nmay

b id t el f int MLt [ d
ot hor for TR SRATS PheC BFALE £ vilo "EY S FQ el et LRy e e ng.

amount . Fig. 9% showsw@in iinpeeriddd dge mecendistd d avestdd .l anot her  enbodi nent
of the present invention. Plural elastic wave ﬁenerating devi ce 65a, 65b and
65c on the bot t dMrtaEEToxr el ornBAT PHSaBFBBETT h0f hel & 1T et edi It It Fpaced

at an interval._. provi.ded. i SON 2l PBEQ Lo EVELPET BBEE wad iPQr Qs Menber
1050 is pf%?%:é%kﬁﬁé%deV?ﬁ%qx%gﬂ%gﬁﬂer 1. A gappfs provi ded ggt&egﬁ t he
por ous smergsb 11iGED ofandkt hes eflasthe awave igenerlat | Afe devi@es 6Bab&E5H,05hd 65¢

to form20 an ink |layer 1060. By providing the [ ous. nenber, 1 inside the
cont ai ner qneEQFy'BSF%G?tﬁeﬁ%%ﬁggﬁéﬁf‘bﬁgygnggn?ﬁg R WY o 6§u%§gi%§§%ﬁ i nk

i nsi de t he;gantal nefe i MheAitdierdik wadidiay moves | together with ihe
recordi ng head by the scanning operation during the printing process.
Therefore, the Bubbhe efboakmert dgifduredmt F2g. 197 géhsr BPECREIIRIPE R B1sti ¢

wave generati@%vq%%%p%n6 & égﬁ%aijﬁﬂq16§8cggéé§@QﬁﬂprgoF%V8? $he the (Rusbbl e of

i nk generéf%?, because thé porous nenber absor he bubbl e of ink, the
bubbl godoesadwtl 0stsay fac hangot hies ehasiiérc Weble igeperafilrg tevilte sBHsw @5b, and

65c. The el astic wave generatin device, 65 65h, 30.and 65c.can thereby
accur at el Y hfefeBe L ERevT Hk g@é‘ﬁ§ﬁ%ﬂﬂgoﬂe‘§’fﬁ? %55 ' g‘ & '13tfﬁr(8Yl?%§b &8

e
InK 1ayer
1060 is nqtnd igddesh asdhe osenhadi ARBt el 2 5HoWNyaFe Ridhe &t iddHevice 65

and forms a ink layer 1060. Therefore, as the embodiment shown
.in Fig. 90, when the ink surface in the container 1 reaches to
15 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
20 container 1 such that the one side face is parallel to the elastic
wave generating device 66. A gap is provided between the one gide
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
25 of the elastic wave generated by the elastic wave generating
device 66 does not change. On the other hand, if ink inside 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
30 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



According to the present enbodinent, the arrival tinme (traveled tine) of the
refl ected waves of the elastic waves to the respective elastic wave
generating device 65a, 65b and 65c in the respective nounting positions of
the el astic wave 5 generating device 65a 65b and 65c differs depending on
whether or not the ink is present in the respective positions of the plural
el astic wave generating device 65a, 65b and 65c. Thus, whether or not the

ink is present in.the_respective nounted positi.Qn |eve f .the elastic
wave genelst G av 18V B ety IR CEAE be 10 AEIGEredt B LEhARIRG each
el astic Q@é\@éa%érﬁ@rﬁ@ﬂz’@ §658ce 650 BE0hoB5T)matkld by detecting the travel ed
time of the reflected wave of the elastic wave in the elastic wave

generating deviteowHa inesle apeyeemrbodHemrr s ehll ¢k ¢ begiciildg tdmsuhrPean be
detect ed |1 foc BLEPEDY SR JEANIEM o £Q1e LXATPL G 5RR0S € dahclBg LT Gl d
15 i TRk a poin e T

| evel s a ween the el asti ve generating device
65b amd 65t dowetwiddie €l asiis wewei gehby atibugg tdiavdg ceytd cp et eel sctand
judges that the ink is_enpty while the elastic ve. generati evi ce 65a
i 65b. AR ALY RO R BEGEr vel ) HRafDEHS STHOT ST es 6AE € B5E by ol
eval uat i ngh$dese: £ £54thi St ed hnBELOFERSy &NBYL 3Amkhal a dthec hiafidl gehevet 1 6§ 1 nk
lies in a |level between the elastic wave generating device 65b and 65c.

Fi gs. 10CGiemirei . Irost shbwietdes erleedbpenior threel okt @Wavieegonel qiging
appar at us, acc i.n o] i 0 i .nr j i on.
25 Fig. fﬁaﬁgﬁ%ﬂgwgb%r%§év%%%?ﬁgﬁﬂﬁ%ﬂﬁﬁgp9ﬁﬂ$ﬁétﬁ$%éﬁﬁa}ﬁdﬁ§§%%g%§¥us al one.
Fi g. 1001 tilse alasass weeki andaftide fiomkrpeeivengridiegel appar atwe ,t sowls ch t he
ink cartridge 272 is mounted. A carriage, 250 capable of reciprocating in
the dirediq St Hes titlh B3 WD TR}t recordi ng paper includes a

recording head 252 ig» anbowern facedhererfe sThereany agesebincdudes a
subtank unit 256 1n an upper face of the recording head 252. The subtank
unit 256 ergspdiment of the present invention. Plural elastic wave

generating device 65a, 65b and 65c on the bottom face ia formed

15 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

20 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

25 to generate around the elastic wave generating device 65z, 65Db,

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 6S5c. The elastic wave generating device 65a, 65b,

30 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.



has a simlar structure to that shown in Fig. 92. The subtank wunit 256 has
an ink supply needle 254 facing an ink cartridge 272 nounting side. In the
carriage 250, there is provided a convex part 258 in a manner such that the
convex part 258 is disposed 5 counter to a bottom portion of the ink
cartridge 272 and in an area where t hé>ftnk cartridge 272 is to be nounted
there above. The convex part 258 includes an el astic wave generating device
260 such as the piezoelectric vibrator. Figs. 102 show an enbodi nent of the

ink cartridge syitabl 1Q f th ' di tu own | Fi 100.
Fig. 102 shows gﬁggﬁggaﬁngﬁ%q%(atﬁgégﬁﬁgcgggP?gggh ér§ﬁ§£ ﬁgffﬂaa g?HSIe
col or, for(ticastaeaeritbe bFacke codHrectld vakes cdr thiedgd a272 cageoedi hg to t he

present enbodi nent, conprises. a container which houses ink d an ink supply
bort 276 WHECHCEBRES LTS £ HaBoHE 463V g S HIE SUBPISF rfeadl & F58761 5Phie

recordi ng ;appggat %saé&tqv%easnsgng@ﬂgerpoairtit&% cemt ai er Akt ithengviks
provided the concave part 278, positioned in a bottomface 274a, which is to
be engagedewetrhttihg dewives Pzat 6258asHodhcidi FHers HrpertHa\x ercapethpart 278

houses ul trasound transferring material h el at.e: i . 20 The
i nk suppl?rdHWit%?é“%ﬁ&?&&ﬁf%b%é@ﬁ?ﬁ@ngﬁécEg%?%?%%ﬁ%é“gggg%k%é%ag%é a
spring 284)akhecprgkengenéngr 282 dsriengaged ebbhand hesd nk Thuppl vhaekedke 254
ina fluid-tight manner. The val ve body 286 js constantly and elastically
cont act ed cagerthEhetik bﬁd}éer?_@ntr+%éjh§812e9ti§/e‘9\‘faﬁ/v%f“°flﬁée§pﬁ$/§fgt12@4.16W‘i A the

I nk SUpplgfn@ﬁglglggt%§4¥%§e!5§ﬁékggi58 be;:bBkeSHPPEYLPARE 226, chhepyal ve

body 286 'is presse e i nk supply " needl e 254 so as to open an ink
passage. déneanedppersamidingf eahb ebnttal n@erZzat itigemeans hphmit édbaand

Ser conOusel SR IR 208 M D PLES SR OB NG MILR, UB BEK
274. A gapel 81R60YVEORE Detneer thaspoeousvaritesradhly atd iidee 6gel, ated
material 280 to forman ink |ayer 1060. By providing the porous ,
and 65c. Hence, the ink remainirig amount can be detected in a
step-by-step manner. For example, suppose that the liquid level
15 of ink is at a point between the elastic wave generating device
65b and 65c. Then, the elastic wave generating device 65c 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
20 that the liquid level of ink lies in a level between the elastic
wave generating device 65b and 65c.

Figs. 100 and Fi. 101 show cross sections of the ink-jet
recording apparatus according to still another embodiment of the
present invention.

25 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

30 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



156 nenber 1050 inside the container 274, the porous nmenber 1050 prevents

t he wavi ng or bubbling of ink inside the container 274. Therefore, the

el astic wave generating device 260 can accurately detect the ink consunption
status as shown in Fig. 90. 5 As in the enbodi nent shown in Fig. 90, the
present enbodi nent of the elastic wavelsgenerating device 260 can accurately
detect the ink surface when the ink surface inside the container 274 reaches
to the Il ower end of the porous nenber 1050 and exists within the ink |ayer
1060. The width of the gap between 10 the porous nenber 1050 and the el astic
vwave gener@$my Hievileaey 280 udtainfotq thptednoPpetBr BbBy, he T i GfHber 1050
i's provided. . ViGini .t he i ve n i hC ; f ing to
Frg 101, Weh e r e A 5 Rar A 2P et O iR At dhe 2 & nsert ed
t hr ough t heowmtki sy alde .negdl eh@5dardfagd 2ttlte shbtranksuprov8éd 4 nralxve body

286 recedes agai nst,  the spring 284, so thﬁt an ink passa is fornmed d the
i nk i nsi deP2¥he ThKi b &r PRage S¥shf FBRE At oCPREST E%a%‘%%rlsz SPRSSY st age

where tshe idkychaners 262 tioh LidrkednWbkh: hokinR #esetid8e PEESHNE id Srappl i ed
to a nozzl e opening of the recording head 252 so as 20 to fill the recording
head with drde Wimredheednk herteddodi Ag2 bperathomewnrg figranal ab@En t he i nk

i's consu i n the cQr. di . 2_by I tjon, ressure
in the downst rceoé%e){)%a(%tf ngi Pgﬁggggem&&f%%é{r%ggge\g% ré%]rge%%ﬁhdegoﬁeé’% e val ve
266 is pasddingd awahd oesalalata ihody b2E@csa as to becone opened. 25 Wen
the flexible valve 36 is opened, the ink in the ink chanber. 262 fl into
the recordi ng hdad@o2520¢nFiRIgR1 ﬁ@?ﬁ&mﬁﬁgﬁééi%?nk&%%‘?ﬁ’%@%a% i nk

whi ch jgas ddovedl UL e d %waqia%sh%@wﬁ?% Fil@ i nlpd.n the ink cartridge

272 flows 1 nto the subtank unit 256. 30 e the recording apparatus is
operating, a driRig .sil§lakhows asuppibcstinentt o thasink ewwler idgrerfaty ngedevi ce

260 at a wdieéheca;[ isoinng}liemcn omp,i CI:hori Sirisseéarlicr]e ,adc\flaén%el’acf]grco c?‘rr'r.pl eTh%t i%kcertai n
cartridge 272 according to the present embodiment, comprises a
container which houses ink and an ink supply port 276 which comes

15 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

be engaged with the convex part 258 shown in Fig. 101. The concave
part 278 houses ultrasound transferring material such as gelated
material 280.

20 The ink supply port 276 includes a packing ring 282, a valve

body 286 and a spring 284. The packing ring 282 is engaged with
the ink supply needle 254 in a fluid-tight manner. The valve body
286 is constantly and elastically contacted against the packing
ring 282 by way of the spring 284. When the ink supply needle

25 254 is inserted to the ink supply port 276, the valve body 286
is pressed by the ink supply needle 254 so as to open an ink passage.
On 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.

30 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



157 period of time. The elastic wave generated by the elastic wave
generating device 260 is radiated fromthe convex part 258 and is
transferred to the ink inside the ink cartridge 272 by propagating through
the gelated material 280 in the bottomface 5 274a of the ink cartridge 272.
Though the el astic wave generating deviTe 260 is provided in the carriage
250 in Pigs. 101, the elastic wave generating device 260 nmay be provided

i nside the subtank unit 256. Since the elastic wave generated by the el astic
wave 10 generating device 260 propagates through the ink liquid, the
travel i ng W?Wﬁﬁ%flgﬁ% tefidet bAcwayB 6&68Fr?ﬁéroﬁhﬁh€qﬁﬂ¥%i%%l T sk¥hee to
arrive at i enenati ieC Ay i density
of the | nETTEar e e e at d e Hhie e e moa T srar Tk 1 s
fixed, theThewwbbiagthiemelast {hevalie pehkbretedovwdarel whi2éld ogowra@mtrdtrelihe i nk
liquid surface varies, .depending on the ink amunt. Therefor t he i nk anmount
can be d¢ "‘éti:‘?%tda\bt\}e SR T HYP MR T i acﬁﬁsatelsoﬁc’h}ﬁ) ng" '%hegt%'e refl ect ed
wave arsrives at gdiejal asid c wdvgigener athdgn davi ceig60 dor,omhbe priddedd quid
surface when the ink liquid surface is excited by the 20 el astic wave

gener at i ngeteed deeds0 CfvbEroyv &l atHE ela¥ei ISREAL HheF&Vddeby26he Fasti ¢
vave generall g doy) 6e:200 vibranes, Partioles aant gk ned dnd hesigk cofhus, 10
a case of using pignent-Tike in Whi Ch-Uses pignent as a col oring agent, the
el asti ¢ waventcoier PMsesebohpeeventhepilegep éadich thfe pheopsgnemiber 2 5r t he

like. After the printjng operation and nai ntepance operation or . the |Iike and
when the %k 6F1ERE W%F[l“gléhggfildﬁie?%}ﬂ_ﬁi‘&aocﬁr?es R At HLes 1 98R RSEHY state
and theg el@ast e MRALENSRPEF Alogtland ML 1360 1 6T JeRdRGR ihRCaEVEcE N850

refl ected wave even after 30 the elastic wave generatlngadeV|ce sends out the

el astic wale noti fimgteddgelire haralkhe itile PPTONSameMRRINERP 0 ehdl Itaticlashd t hus
this judgnpit; c4n, A&l CA O J&d PUAGR NG GRIdAGR Anew

Referring to Fig. 101, when the ink supply port 276 of the

.ink cartridge 272 is inserted through the ink supply needle 254
15 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
20 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.
25 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.
30 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



158 Mboreover, when the ink cartridge 272 is not nmounted properly to the
carriage 250, the shape of the elastic wave fromthe elastic generating
means 260 changes in an extrene manner. Utilizing this, warning can be
given to a user in the event that the extrene change 5 in the elastic wave
is detected, so as to pronpt the user tv’check on the ink cartridge 272.
The traveling tinme of the reflected wave of the elastic wave generated by
the el astic wave generating device 260 is affected by the density of ink

housed i 0 i.ner 2 i - ensity. oh..) Ltfe t he
type of i épﬁggdygggta'on%ﬁﬁe§i€§€%éhg-%gﬁgaar§n§¥gggh@hﬁngxggkg%o%ag%tor
menory negaseZ88ing detidd 26 dletectiddn teel fenoe thancbaveet phasedsenahie dat a

and thus the ink _remaining anmount can be_ further precisely detected. Fig.

103 showsi@intrARSESFERPAGE 27D adddr it SR 111 5CaRbrhEPSerfodi REnt ~ of

the pr eseﬂfo% S hPEh A @ HeNKe CRLERI HY€er 242 SAWWH, kR eFhBtrf3Fatbe

bottom f ace 4a 1s formed aslope 1n the vertical direction. In the ink
cartrisdge2 242 ofhown ink gt r1d8; 2RRen Theudghk her ehas i ayaxeoaener st begoni ng
| ow and part. of radiatin rea of 20.the stig wav enerating, device
260 |5 eVSBLHT PO ReCYTaeRdToult seariene TroThrast Palor e e foct eq
wave of trevebasikiretinagv@sy penersated, by pher fdasdtine ideviehgendtankngntevi ce
260 continuously changes corresponding to the change Ahlof the liquid
surface. ZHe- Ahl denotes change of the height of the bottomface 25 274a in

both ends of the gel atgd rmateridl 280 JBHS, atB8 RLPCERS LePideyave

i nk-near-end state to the ink-end state”of ink remaining anount can be
accurlat elgemtaciey dyv et e260 ngropegdegs eehobugbhahge iink tlhieguidvetled ti me

Fur t her o [ QUE nBFuRr° 2000 L6 BUr Boot THeT HES (b QAR Rl HFO HFa. The
porous neftheraddsl premants dieevartig wive §ehbrhBgnafadnikcd nsodea £ hes
contai ner_ 274. Therefore, the elastic
depending on density of the ink liquid and the 1iquid level. Thus,
if the composition of ink is fixed, the traveling time of the
15 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
20 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 coloring agent, the
elastic wave contributes to prevent precipitation of the pigment
25 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
30 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.



159 wave generating device 260 can accurately detect the ink consunption
status. The porous nenber 1050 is provided in the container 274 such that
the sl ope of the bottomface 1055 of t@g porous nenber 1050 5 is parallel
to the slope of the bottom face of t hé >font ai ner 274. A gap is provided

bet ween the bottom face 1055 and the elastic wave generating device 260
and forns a ink [ayer 1060. Wien ink is filled inside the container 274 and

|k ) ayeno d060.. L g eLhect e yewe olo the sbashi cusve.agnealed by (e

10 el asti c wave genérating device 26 es not change. On the other hand,
i f ink i ndideatrhd agentadneth Bhape obnshered,agalr arveeSrom theheliasicilcayer
1060 instead of ink. Wth th arisig\g of the rﬁa% in_the 'knr.la er. 1060,
the ref| ERTAR WREMBADE & CeF 2RI Wi SYEheTalBE 6y t et &t h&tT'E e
generat i ngydeMiEea260: ghiaduald ¥ e £hanges evEREr ehof ehet &gt dms ichangry e
generating device 260 can detect the ink quantity when the ink status in

t he cént aiméhe2giastsc neaie L8 datle @ sfatas LOTRECHPEtHe et Heo ichedkayer
1060 is not_Jlimted as the e di ment shown in Fig. 97. Fig. 104 shows an
i nk cartr?rblgtehezfilkancaarztnrtll@r%(e-j@e)%'r ecording 20 apparatus according to still
anot her enbodi neni tebvebengresentt theveaf 1 eotedhavienks jtéte ¢ koot d ngve
appar atus shown in_Fi 104 includes a convex pgrt . 258! g’)n, a sfi de face

274b in e&‘ﬁﬁ?ﬁ@%ﬁﬁ)ﬁyy%hﬁo?%a%‘?%c e GENERE L SYLFE QR0 2P AHFRE TEGhvex

part 258, ingl utes an, el astiic maus generatd navis 2600 . . sGalcat @the25
material 280" is providded in the side face 274b of the ink cartridge 272
so aslit o dampEigey it Hkheagodiéfepaby £B8' typacebridihgigesi+ Wats pi E&etri dge

272 sho in Fi 104, when the ink r ini i i I and .
ot or kg ot Ai%ared SoteE 45 PEMRERLRACRR ARbpo Ly BEGRTI, BY 2
exposed fuyyn thaetieqtiidnsyefacacet ben 3k tgeavekeddt bretloé ddren reefd edtuisd wave

of the elastic waves generated by the elastic wave geggr at n%[Cdevi ce 260

and the ddtustife T§RpEHdKE SBMYE FFsuISy TREhGE BsEeS ﬁ(didﬁ§ &SChe change

An2 of Fig. 103 shows an ink cartridge 272 according to still
15 ‘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
20 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

25 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.

30 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



160 the liquid surface. The Ah2 denotes difference in the height of both
ends of the gelated material 280" . Thus, the process from the ink-near-end
state to the ink-end state of ink remaining anount can be accurately
detected by detecting the degree of 5 thange in the traveled tinme of the
reflected wave of the elastic wave generating device 260 or change in the
acoustic i npedance. The ink cartridge according to the present enbodi nent
further has a porous nenber. 1050 provi ded inside the container 274. The

i nk-j et rWaY%EdiH BT usSVACPUdEEC a CéonveXCPRRE 2R detgrt n thes| dBkf ace

274b in agohggm%gpghysp€558276 side of the ink cartridge 272. The convex
part 258" 1 ncludes an elastic wave generating device 260" The side face
1056 of the porBus prewher medB& 1i0S Opas girelided 1hehsi denfatee2 2413 efichhe

container_274. An .ink layer 1060 is for n ap between the_side face
1056 15 BAAHEE SRS BEuRUE RHETLERAG GL9 cet Jat PORRGORBRE TreiBtr 1050
brevent s {beuaing o6 bubidie: of cholkdishieatheosaniatontadhts Thet ef ore,
the el'astic wave generating device 260" can accurately detect the ink

consunpt | BroaBt uEr oG amhdre iRen $hei bpegomnsprae LAEScanfabheredFataad ink
|ayer 1000, the,LeLL &6 '&&X‘@ge%gé %@& f%lan?é'% W%g@ﬁr%@@ by the
2 oes not change.

el astic wave generating device the other hand, if
i nk i nside the Womt airmen 274 liledconsided; hgaprard isesr i2v4 the paktlayer
corresponding tqlthe | which is a mjg%h En t he hei ght 25 dirgction of the
gel ated mbt@Yi AHPOSFIIGIHE 'S A FB5eR12666° w@Vgthﬁ@raF? i Wy Bt he

gap i th@lé@%i&@&ﬁﬁa%Qﬁ@ra%hﬁg&ﬁ%ﬁﬁﬁébgg(ﬂﬂﬁyﬁoncBQﬁgéla&ﬁi@hﬁayﬁher
generated by the elastic wave generating, device 260" gradually changes.
Ther ef or ehande idl agki enpbve threvordeiing rdeve ces Ze0swrad doepcari hesi bk

consunpt | o, St ysahen o33 (N8 Laal Ok ST age W Lhin the widlp A2 bg,the
eight direction. “IT the ink surface 1s wthin the region-of the . the
el asti ¢ waveclgenetatliaygrdavieoe 260 redhedeieetwihe ofiktsdrébestic wave
generated by the elastic wave generating device 260 gradually
15 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 embodiment shown in Fig. 97.
Fig. 104 shows an ink cartridge 272 and an ink-jet recording
20 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
25 material 280’ is provided in the side face 274b of the ink cartridge
272 so 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 liquid surface, the
30 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



161 According to the ink cartridge according to the present enbodi nent,
there is a gap between the side face 1056 of the porous nenber 1050 and the
el asti c wave generating device 260' , the elastic wave generating device
260' can detect the ink surface withinl¢he 5 region of the Ah2 even if the
porous nenber 1050 is provided in the container 274. Therefore, by w den
the wwdth of the Ohl, the elastic wave generating device 260' can detect
the ink surface when ink is filled in the container 274 until the ink
surface whBA ligkid surieceont Ahaeth2 Aenos esedi fesraCe 1D Ithe helghbvet

nmbodi h I d
€mo InEnEgthtegag q?%g% &gte§6%5 Q%Q&%é%ﬂ) anqﬁ{gge%%% PQ&CEQE f?gﬁ

el astic wave genera i Vi ce an when the ink remal ning anount
i s detectedebasrdneartbad sekkected thayve rii- dﬁ&aduanﬂchuxmhceemahﬂlpgesent

invention is not |limted thereb for exanp] e as st|II anot her
enbodi nenf™e80E hE2B| 28t PE%@&G&X{@F&ECE&%@M pToH Hedot

separ af el yy Age oe Y cv8gehBat ¢ ARSHL Tth@@réh@eél;é@%&véﬂ@fe tﬁ@depageicf or
rece|V|ng tﬁe el astic wave, SO0 as to detect the ink renalnlng anount . Flg

105 i s a weRUSSISETIADiTE AFvEWeOR 6ANOENBRIgR N @heaacogetﬂﬁklm9¢@an©ge f or
use with a single color r e bl i_nk._The .i nk Lt ridge
shown in Fig. 1 héig(;2 %ﬁéﬁﬁﬁﬁ%e]iﬁsoaéann Osﬁgﬁlfmgﬁ%n% m%§§ l@%ﬁ%s in
contact Wetbrpbrihks s soneedn®erofl oshe pir-eceadingnappar ahescont aiseal ed
manner is BrOV|ded in a container 1 which houses the ink. In an outside
portion ok’4 ZST%FPBW?ECI@CF%T%WQ REPEBAEHFNEICHUAqHE Rt R 06 F s

mount 6l sych Lhal phecastugten 106 gpns &gﬂ%@%%tmn&a@saﬂecﬁ@emk

contarner 1 via't oug C provij in the container 1. In order
that at acstagidat mm2chfﬂh£ ¢¢¢N¢&|pamnrﬂﬁﬁ usedlugrs dneclattihewayere when

the ink b k-end state, the status 3 the actuator. 106
change 1 rBRNERRS HTGUIST 105 RO gasThe CHE GEraa: BPCION I DPooT S PG

slightly wupwerts pRsiainen toofhe tdidd %o%upphb ®Prohe cdioimq@mr 27an aghuat or
106 may be separately
ink layer 1060 is formed on the gap between the side face 1056

15 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.

20 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

25 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 éhanges. Therefore, the elastic wave

generating device 260' can detect the ink consumption status when
30 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.



162 provided instead, so that the actuator 106 is used as an neans for
detecting liquid only. Furthernore, a porous nenber 1050 is provided inside
the container 1. The porous nmenber 1050 is provided around the 5 actuator
106 inside the container 1. A gap havil®l a sane depth with the through hol e
is is provided between the porous nenber 1050 and the actuator 106. By
provi di ng the porous nmenber 1050 inside the container 1, the porous nenber
1050 prevents the waving or bubbling of ink inside the container 1 when the

i nk cart ARREALNHBda bk Rer rAdER 3FROTECYT BP g ehRBES Byt EHESdatiitng
operatio i.ng t Fintj C e , %99! f S

di fficul [Hf%u%el%raa %pgrbglr}w&%?hgkgc?zg?o??%&iQﬁ'ﬁeoggﬁj%t or C%)% m%ﬂggr(]eft her eby
det ect thednkndailsaigpbican cSiataigeaeetahgldevivy e6ver tichelauidtih wivd he gap
bet ween the porous nenber 15 1050 and the actuat % is not limted. To

10
suppreSSQQR?QﬁHﬂﬂqrﬁfv%ﬁei%ﬁoéscﬂﬂcﬂeé§cbo§§FbP8?rFH§ RiCGt W Is iy er
1060 | duced Ldi t 5 | f th
cont aPner oo o1 g Ripptn 1€ B AT RRRE0080 1 O B oP 8 tn " 06

can deteglhd henkBknguantity ORI fMIRN HD6y ] ddn $1REUSALR de@hel AnZ20 dihe ink
end. However, ink does not wave inside the container 1. Therefore, the

act uat or €lG6stolan weotuCENEing tdegedevithe RAR’ qoant @¢yecthare thek imkeface

consunptiqgn status i ear.tq.the ipk.end tus., fherefore, .th Qr ous
member 10587 %n%rle gﬁ‘&gle f%gc eeaoﬂgﬁ?ﬁye/r ﬁ]‘guggtl&art%? lf&swrgﬁcé%tvﬁ? i'mi ting
the w dthof igapHetamanihe 26 0¥ elssdBerd 1050 and the actuator 106.
Furthernore, the hole dianmeter of porous nmenber 1050 is set such that the

porod8 nenber Fa56hgorBOKEtCBRRBITRE Hk thE SLagLilR WaKe thridiRgFHA e ¢
bef t i t t h k , th
efor e tNgd BEBILLACH T PACNES] Q1INE JNGANANGROLEL L6y AdyPLOGcdarde. the

por ous ne esi gned suc that the capi y force works in the
porous nexeiver WOS0 tlsesiakl erenatindngt kenccayti | 1argeforced waaehdcan Hdla i nk
|185t0hgy0?rtnetsfaferg: re Wav-le;hg(:eff;lgé ’icllunikd %%er arg:oet. r%{’{gl ;Elrésneltlt?ei \%r(l)tuigorrlr%nsber
not limited thereby and for example, as still another embodiment
15 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
20 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 housegs the ink. In an outside portion of a
25 DPpbottom 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
30 around the actuator 106 can change from the liguid 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



163 own weight and exists in the through hole Ic when the ink inside the
container 1 is in an ink near end status. Furthernore, an airhole, not
shown in the figure, is provided on the container 1. The airhole is

provi ded on the upper side of the contl&2ner 5 1 to conmunicate wi th outside
of container 1. Air is introduced inside the container 1 by the airhole,
and ink flows downward by own weight with advance of ink consunption. The
residual ink thereby stays in the through hole 1c. On the other hand, the
hol d di ametceridsfd tilmes teacousonehber theoaabsatean Yo otUSKE RS B "ERESpor ous

menber 10 in 'EXix§%9ﬂQl” t he through hole | c when the

0 ar hys.
pr edet er {ﬁ%gﬁhﬁﬁgﬁfmbf:¥%€'lnk i's consuned. That is, the hole dianeter of
t he porous nenyertHibhores sepoirbat hémebeapl 0% @rys frorael dest ksrsiget depor ous

menber 1050 is equal to or |larger than th apillary force_whic n hold
ink 15 i @ iRE chnt af per P2TOFRe ™5 SEslﬁgﬁbéﬁ3ﬂ%§%VV%% e%§oﬁﬁgo% S ink

exi sted in.dhe 3,hneRna0ke EEeWask: 4 te Priedenes abnesh an@untsanef dieplehi nsi de

of the container 1 is consuned. Furthernore, the hole dianeter of the
porous nenhdr tIR5@hofoughpariiengar by phevidhd kafsn fdra PRI SHEGELSFal | er

than the hol e dianeter of the other 20 [t t nRher . Ink
exi st ed ﬂﬁ”ﬁhé”@hggﬁgﬁcﬁB?%or1%§$s Fﬁé?§§y5§§§8r€§%R%§9#%% porojékggﬁber
1050 and fuyidietheotpldiatkd 0, the pokosspeinpepor 05 @ pireornitiset ipoways ngember

1050. For exanple, the hole dianeter of the orou% nenger.%gSO .S (designed
such t hatoxt bebpdregsOfreheri NG5G 5BEoTHREFHET niPRBd125 1 SARE TeRESugh

hol e}, %(ﬁ&ié le%.gie@%e U‘g{]“ltt%é. get:ggd:iﬁﬁ K&t d HydgBe becomesnds Bplelr agT@kint i N

a degree t prrnting becones defectivé. Furthernore, the hole dianeter
of the pahotismgrertrerpdBling puesigned Theckfons: the popbis eénB&K 1650 can

e
detects the ifik-and acuiately wherdihanpradet erricned samouatedfy .ink is
consuned and prMeoVreergvseIF,het:hcciaetﬂ?L(czlttlhvgfptrzll'lgtc_lzjgg'bel\{:bvgeeerfptel'% fplocraol'ulgl’member
15 ilOSO and the actuator 106 is not 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
20 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
25 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 1lc. 1In other words, the porous member 1050 is designed such

30 that the capillary force works in the porous member 1050 is smaller

than the capillary force which can hold ink in the container 1.

Therefore, ink does not remain in the porous member 1050 by its



164 the hole diameter of the porous nenber 1050 nearby the actuator 106
is made larger than the hole dianmeter of the porous member 1050 around the
i nk supply port 2. The porous nenber 1050 occupi es nore than half of the
volunme 5 of the container 1. However16é& relatively smal|l porous nenber,

not shown in the figure, can be prOV|ded only around the actuator 106.

Fig. 106 is a cross sectional view of the bottompart of the ink cartridge

of the present, enbodi . t f i
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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

15 inside the container 1. The porous member 1050 thereby absorbs
ink existed in the through hole 1c 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

20 part of the porous member 1050. Ink existed in the through hole
1c 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 diafneter of the porous member 1050

is designed such that the porous member 1050 absorbs ink remained

25 in the through hole lc 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,

30 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,



Fig. 107 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. 105 and Fig. 106. A carriage 30 capable of reciprocating in the
direction of the width of the 5 recordiithf§ paper is equipped with a subtank
unit 33, while the recording head 31 is provided in a |ower face of the
subtank unit 33. Mdireover, the ink supply needle 32 is provided in an ink

cartridge nounting_ face side of the subtqgﬁ?unit 33. Wile %Pe recogding
appar at us the BpéFati Macter it &esPeRals BemPer st iNeR Y he 4EFHaFBF 106

at a det eqlyson gt | ARG YWPhLED {San S@le iMb1RAVARGR L SHOLEXarPberodk AckBERAI N
period of tinme. By adhering the actuator 106 to the container 1, a process

of enbeddilng Oelectinddésef onkusepphydpbsttng the liquid surface is
unnecessary in e course of form t he cont ai ne . Therefore; an
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avoi ded, thus inproving the reliability of the ink cartridge. Fig. 108 is a
cross sectiosnahovnem sheahbwes, empole RNV 1IY 6P 1Y STDRAKEREEE3tOThe
subt ank unit. 33 shown in Fig. 108 conprises the actuator 106 and a porous
menber 10 8.'In the enbodi nent shown in Fig. 27, the actuator 106 and the
porous nenber ¥AB50 ape psoxicedss rsddiel @it aiirer of ¢het betitpk partr pige.

However, s shown in Fig. 108, the actuator 106 and e Porous Ther 1050
25 can betgﬁoﬁpgeﬂa¥?ﬁﬁ%é?ﬂﬁg%gﬁbpﬁﬁﬁeﬂ i?ééﬁﬁ1$%? heh&ﬁ?é? ﬁ%rggé d&t or
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container 1 of the ink cartridge and the, subtank unit 33. According to the

enbodi mentlaskéwhhencengaines, 1 hehheh wawraind 106 cIhedepEEr™ RarfnkE
the. por bug e FbEr CRBs0Ctan" Cpt VeHt s R VEE 5 o Bubbl) Raof Of Bk Ret de.
t he subt ankkusitobritg part.

The ink cartridge according to the present embodiment has

15 a porous member 1050 provided inside the through hole lc. The
porous member 1050 thereby contacts with the vibrating region of
the actuator 650. By providing the porous member 1050 to contact
with the vibrating region of the actuator 650, ink does not
remained in the through hole 1c.

20 For example, the hole diameter of the porous member 1050b
provided around the through hole lc 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 1lc thereby becomes smaller than the capillary

25 force of the porous member 1050a inside of the through hole 1lc.
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.

30 Therefore, the accuracy of detecting the ink consumption status

inside the ink cartridge by the actuator 650 can be improved.



33. Therefore, the actuator 106 can accurately detects the ink quantity and
the exi stence of ink. Modreover, because the .actuator 106 is provided inside
the subtank unit 33, the actuator 106 can detect the ink quantity and the
exi stence of ink inside 5 the subtank H t 33 even when there is no ink
inside the ink <cartridge. The ink jet recordi ng apparatus thereby can
judges whether the printing operation can be continued or not. |If the

actuator 106 and the porous nmenber 1050 are provided  on both inside of the
container 1 of FfRe itAK ¢&r Br FHYRS aRECt HePah0v &bt UMY 23 MAE e uat or

106 can dgt ach, 488 hOKe CONSYIPE RN SLabUsoPBE By ag5HE AL ELY - s FUrdhes rpe, the

actuator 106 ca%ggeéect the timng of ink end”inside the container 1 of the
i nk cart tihedgénk EFagtrid@e sttoown rik Eaptridgesn@dtar.dilhg -t oA stadtiagwtIter
enbodi nents of the present inventi.on. . ln an enhodi t .sho in Fi g.
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detecting the change of the acoustic” | npedance. For exanple, the actuator
106 can detrect dgke monkt isyr fface whidee offhéhienleubtteh&cangxi 883s within the

regi on of the .. shown in Fjg.109, 25 In the enbodi nent,  the paqrous nenber
1090 1's pr ovi dBR iR ORh g S isbrDRa SRSt GRE TRiE 3050 1 BIGRES 1 he

wavi pg and shupkkeRgcef chakaipgidsrthes %O@taaid&recloioﬁh&mrr@g%m% 1050
thereby inproves the accuracy of detecting the ink quantity by the actuator
106. 30 Bett ha eAbedicsentozhewampPAcki gt 209erthdnpoesdednedbEAMER50 s

provided near by tQ&%ﬂ%H?%%&é%QUa!‘E%\QB¥ﬁg’ c%[}%epESBi?QEne%"PPdé PRl .des not
provi de the porgus nenbe i'nsi de etl
of embedding electrodes for use in detecting the liquid surface
is unnecessary in the course of forming the contéiner 1.
15 Therefore, an injection molding process can be 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.
Fig. 108 is a cross sectional view of another embodiment
20 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
25 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
30 106 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



t hrough hole Ic. Therefore, ink directly contacts with the vibration
regi on of the actuator 106. Thus, the vibration region of the actuator 106
exposed to air with the increase in consunption of ink. Then, the
vibration status at the vibration regi’é® of 5 the actuator 106 changes.
Therefore, to detect the ink quantity by the actuator 106 becones easy. To
suppress the waving and bubbling of ink as nuch as possible, it is not

preferable to have_a_gap_between th 5 i he agtyat or
106. On the off &reﬁgﬁg/ Fgei%C%Lf%%oﬁ&%%gt%g%r%?g{r}g%%i?h%@% e porous menber
1050 adhegigaritoitiihe ¥h8r @hiengexragirne 0bft Hakact watwroids, | heaadegr édet hat
the vibrating section of the actuator 106 cannot vibrate. Thereﬁfore, t he

|

por ous neaferatorns6i ks prevecss] ene s o Bl arb i & e VBT &GHE %&gi on
of the afdelalal a8 Houev 1§hc}emtplw%drre;m_eéxigégngarb@_qrg@ritr@qrd% 15

with the vibrating region o actuator 106 if the vibrating region of
the actuatior Sfifcaan willr at® evendebect théeei bk BRI $nEndasided thige lindk

quantity. Fig., 110 shows.an ink cartridge according to still

embodi nerft? “tcilfée pr gg@nf“?n% t?%ﬁ?ré’}%?a?p%a&%a %rtshel%éa?% Ci%gg %5 and
106c on thedatt aRd 366 da dPrapd-aa igoper e hentdruetalordincect i on spaced
at an interval are provided in the container 1. Furthernore, a porous

menber 1050 i s I 6RPoRet 43sr é Ofhene GAeaPREPUS TeMaRE p8PALRT Frétfser S50
prevents g 4Gt Ualars %QG%helgéHEa%grt %ng;_ﬁg@e W Ongl et Red e dHek

consunption status as expl ai ne 51n e Fi 109. According to the
present esfiscinienini tdependse artwiadeblet 06 hean idekeics eRe st donsmetsumt i ng

position of each of the actuators 106a,. 106 and,_106¢, .t ampl i.t ude of
t he resi dUEATYT BPAEIAGHF Mt S r eEBHBﬁ?r?‘PEGUe eyaSFu?E%r dac C%n%t tee%q

act uat or s. 106am; 186bs ianden iHBG At hE efsn@atireach &f thbei Mbwalrtag deesi tion
of the actuators “106a, 106b, and 106c. Therefore, the existence of ink at

the level of tHie noW# isipyposik it tatl daseh asicomid nge tteatdrid 11 6EL REG6D,
and 168 :

embodiments of the present invention. In an embodiment shown in
15 'Fig. 109, a actuator 106 is mounted in a bottom face la formed
a slope in the vertical 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.

20 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. |pqg,

25 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.

30 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



106c can be detected by neasuring the counter electronotive force of the
residual vibration of each of the actuators 106a, 106b, and 106c.
Therefore, residual quantity of ink can be detected step by step. For
exanple, if the ink surface is at theltéevel 5 between the actuator 106b and
t he actuator 106c, the actuator 106a detects non-ink status, and the other
actuators 106b and 106c detects ink-exist status. By conprehensively
judging these detecting results, it can be known that the ink surface

posi t i onshriegmebnleheé cnoumhiens fegsi t i Bk ofl 1 FREL A¥t GRUGACES6 MY Bt uat or
10 106¢c. Fig.. 111 shows ot her i t. Of t I o each
of Fig. ‘ijikirq"(‘tb&or,l ) I %%&%E 5@8&1@?{1&6’? htgﬂgsérﬁc}ggg? b’? %écgfo :ng}fjeréaporéhows

t he statys tthkadcther®r 18 snxpgddeXKebmihei t hitduwghndoeéesé dn camsutpel on ght
hand side of the figure shows the status that in IS renai ned ip t he

. . k 15 K
t hr ough @Bl &% c. Theluh&henNeBrAEACToFtRFYS 258t NENEIRFABIPRCES B O HR
t hr oyugh | e i blget écFitthe 1hk( t heysi de
face%lgd %ﬂ?é aée&%%tfoo%gggﬁ%???‘%g i \g@geltfg(r??g(je :NE vdePFti cal (;ei rect?%?lnanlgyopens
wi th expayding &ottdteor oL@ &iloecomes By 111(13), a stepped portion le and

if are formed 20 on the si face.of the, thr o] ; e p
portion If, wh? cﬁngr%?%vgggdwz%’&\?g FHE shf%%?)%g“%o%?i g(r;]lkl gé in?c\?rmpdig t han
the steppediPps!ian ilenoknpregerddleéGo Haree thoeapgbehakenl thagsorougroove

| g that extends to the direction in which ink is easily di schargejcei, t hat
is, the memeerilibq and FhR 2TpPR§PPHAC 2. OPsthg E A t A& $Rape®df the

thY oo RO GG 3N Lk Flife C%Wﬁgmgogr(fag,o LRGN iche Pfptakidgin the

i nk storing“part can ere eref.ore, because the M cav can be

smal | er tdghon ket thenmxt expbailoedinm Begre22thaad thiggviPBatihe S¢BFa®on
characteristic of the actuator 650 .at the fime of the..ink S 30 can
be great?l et FEFEATOWICR ERRQE Dr&YASE 'chibSEFgPirgt’ ?tche ggg%gn%ug &r

quant i ty; @f o isnkpKe EOFaBI & Hd BgokS dear@iAedd ithet febeapi agnasgidh odnthé hus
the ink end sta?us can be rePiany detected. 169 '
actuator 106. However, the porous member 1050 can be contacts
15 virith 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 actuators106a, 106D,

920 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
106c to wrongly detect the ink consumption status as explained

25 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

30 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



Furthernore, in the ink cartridge of the present enbodi nent, a porous

menber, not shown in Fig. 111, is provided around the through hole Ic of
the Fig. 111 (A , Fig. 111 (9) , and Fig. 111 (C . The porous nenber 1050
beconmes easy to absorb ink inside the 56g8hrough hole |Ic by form ng the side
face id, stepped portion le, and if, or groove Ig. Fig. 112 is a slant view
of the further other enbodiment of the actuator. In this enbodi nent, the
actuator 670 conprises a concave part form ng base plate 80 and a

pi ezoel eclPbe el mentelociBad byhee aohcHve thar €081t ¢35 Sflear@Tern ivitef @hee si de

of the fage gL Lhe:GONCAVE,PAlLo] UM base Rlabe 8. By t hgclechpigue such

as etchlng plezoe Fic el emen I's nmounted on t St de of

the face ahdtmeseoncnwﬁr¢ﬁwfef(ndnndmaha@aamkatg ad. 1ﬁkecabobeo@ep@cte@n of

t he concave part 81 operates as a V|bra%b%g,l region within the concave
e

part formSREPbA¥eShPRt e BRF CHidIRdfor &t 1pFpPHEFAGSr &5i Bh bRCtheveatt uat or
670 is5 de%@&%eﬁ%rpé/arceaategr:ﬂd%eéﬁfdcefhet Q&&Q@@ﬂ%&arm@%ﬁwﬂew&e the

actuator 670 has the simlar structure with the structure of the actuator
106 showdetrcEsgnoR2inknsthhtuh, téedbiase @th@é dgguatpolr s hk0 & baad i hge 0

plate 176 ,is fornmed.as ane body. Therefore manuf cturl Cess
during th@eﬁﬁﬁgFaé¥ﬁ?fﬁﬁ'§n qéé%ﬁutr %ggogg Egnségﬁcgdjuigi?é)éh%%%t f or
manuf act UgkRgc8AngNke @t $ ) dgecah e kadwhe Heduhedink Ehe fackusd o t 63 has a
si ze which can be enbedded into the through hole |Ic provided on the

cont ai ner PEEWBET RS AN §OFE 68850t 2B i ey & Ofdr BP812Ei bper at es
as the,caypty.. The actuator 106 shown in Fig. 22 can be forned to be

nbedded into through hole Ic as actuatpr 670 shown in Fig. 112.
Furt hernore, a Emgowﬁjnehb@s<ﬂﬂﬁ5ﬂemboddmehdemf&t@uhhrohghémﬂuaﬂor 610. The

fhe sl de aaen G i CUpPR by St dhes e 6B rtittier i sk ERAOAT o los
can be noypbted Retdeasidan! kheee bothombiace iof thaethmsuganh@werc 194 if
the actuator 106 is 170
and the right hand side of the figure shows the status that ink
15 K is remained in the through hole 1c. In the embodiment of Fig.
28, the side face of the through hole 1c is formed as the vertical
wall. In Fig. 111(d), the side face 1d of the through hole 1c
is slanted in'vertiéal direction and opens with expanding to the
outside. In Fig. 111(B), a stepped portion le and 1f are formed
20 on the side face of the through hole 1c. The stepped portion 1f,
which is provided above the stepped portion le, is wider than the
stepped portion le. In Fig. 111(C), the through hole 1lc has a
groove 1g that extends to the direction in which ink is easily
discharged, that is, the direction to a ink supply port 2.
25 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
30 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.



nount ed nearby the ink supply port 187. The actuator 106 is preferably
nmounted on the center of the width 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 5 uré%l the timng of the ink near end by
provi ding the actuator 106 nearby the ink supply port 187. Therefore, the
actuator 106 can reliably detect the timng of the ink near end. A porous
menber 1050 is provided around the actuator 106. The porous nenber 1050
prevents the\Mﬁﬂﬁﬁﬁ%ﬁmpmmelDUBbﬂ1@@C@ﬁtrﬁ@9§ﬂwfth@ﬁﬁﬁﬁqmtpm@@émmgnthe

act uat or 6 an det ect k ns ti n sia Furth
provi di ng t ertog%: ua“% r1’0610f;tearht()m“’%t ﬁgl F%% gggmg p%ré"ﬁ%d he" set

posi ti on wirdiish dclleal 6rofl@Get Pighe 11c@NNestgon. poiB), ehd F@gCaII.l@@ﬁ‘ 0” the
i nk contai ner becones 15 reliable during the nmounting of the ink container

on the ca?li‘?'lﬁé@’eougrlo‘l‘%@k?e’éfl@ﬁ% Eﬁ??i“ﬁﬁeeaﬁﬁ’ te FeERide e Yesiddithey of
coupl isng ¢ et waemte; Enk %OQHe Wk 5B £ A 1K %H%B@édnﬁgglﬁohslémﬁ

i nportant during the coup |ng o he i nk cont ai ner’ carri age
there is averlfa shaldrarape tde tip of the |nk supply 20 needle will be hurt

or a sealing st uct yr, such as_O.rin othattemkvmll
be | eaked. To pﬁ&/eﬁt %t Ai's ki zanto?’l%‘flo ]E the %Lﬁ%t}ll TS hr TR TRl 1y

has a spefi aheshctichtive. tmatthaanerab@cﬂmaéﬁty wlatzlt@mt@g the ddtkpeDsd @l ner
during the nounting of the ink container on the carria Therefore, the 25

posi t i onl%ﬁoéhcaﬁ’ﬁep%é’f R inDbaAsechhaEe &l iag 8 Byeawg%@mgcwﬂeem%% uat or
nearQy the | nlfhéueghxaggr arEUéahﬁgn%@meahsna@ﬂélaéﬁé s 1P &m}p?e E%&é her

reliably positioned by nounting the actuator 106at the center e width
di rect i omfoftheheohnkveopéat nerriddg baste ipéaht@catosbyt biee riotdhmiies 4ihsh
smal | est whe nk ont ain rerCSt an axis, the celgt er. of which

is center3F ggkéflgt haén R id ﬁ eﬁ‘ﬁpl ng2t]hsé R Echg ot ¢ e Hk

cont ai nersi@r biiethbotdes .oflthe concave part forming base plate 80. The

bottom portion of the concave part 81 operates as a Qibrating

15 fegion 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

20 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,

25 the concave part 81 can operates as the cavity. The actuator 106

shown in Fig. 22 can be formed to be embedded into through hole

lc 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.

30 113 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



Fig. 114 shows further other enbodi nent of the ink cartridge 180. Fig. 114
shows a cross section of an 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 1800. 5 Fig. 115 showsofurther other enbodi nent of the ink
cartridge 180. A plurality of actuators 106 is nounted on the side wall
194b of the ink container 194 in the ink cartridge 180D showmn in Fig. 115.
It is preferable to use the plurality of the actuators 106 which is forned
i n one bodgpuaseshosarby Ehg i2¢ fornhesert0 I W alfhey afturtenatb?s 196. The

plurality of _actuators 106.is rranged on the sid .l _194b w i nterval
in verti cglreéfafggﬁlorﬁpun f?da?rr]a%é? ny etheer fﬂfhrtgllei f”&géﬁﬂ‘ééfﬁg ors (536&6% t he
si de wal | i394knoM trted nber vagedduaeihikciad sdppecéd @ theuresiddughraugnt i ty

of ink can be detected step b\é step. 15 The ink cartridge 180E shown in
Fig. 115 fbaniBkasuRRMARSTE 666 Wt RS aGMRHAT Ot FRAL2BLY e8P ToRCo t he

side wal 4 .1k F exshange; af LLhenL esi
gquantity 8ﬁ%l?ngg?ngpﬁleh$hoegi n é?lcl(r)}ﬁ{ ar}]e%g} e1f-§4bga% %elge?gct e%j %%%?%%%usl y
by the actdatesriopGhehiak ssppbypgant 1efti CBhexkfacot | drihe &heukengt h0R0 of

t he actuat or 60§,ig grgferabl Ionger, tha? tge hal f of the _height of the
si'de val | CP04EELiRDEYqOCEE50 LHE hoPGAPoP: 6bBShAE<t RE=TeRGEN  FromtoRe

subst ant i gklyelr aBsbhe st p-RNGdD dhuotdrem andifor heoe Si denavapdrd4b. The
ink cartridge 180F shown in Fig. 115 nounts a plurality 25 of actuators 106

on the sigempak|l0Efuprevenhe thekwavhiairRarcohubhsingef ark éad: themeb180D
shown_ in Fig. . e i C rid t |.se v

preve%l i narg/};{ ?‘%%9?%-@%#%%0?%&?99% Vl}(\%lg(ﬂ%; (L%lt%g{tr gg{eflp(%hﬁ %?%%gn}%é\%eg%i de
wal | 194bswhthspredeterm ned space with the side wall 194b such that the

wave preventing wall 30 192 faces directly to the plurality of actuators
106. It is prefeFaBFETPHS usy tHOPIUTA F%@ ST HE B AU DGPE DYORARRI R | 5

formed insopg1Poslyr@s sshowRel Beft Ong 3% d i@ drheger Bk Whido:©fh k720 the
connection point on the carriage on the ink container becomes

15 ;reliableduringthenwunthx;oftheinkcontainercxlthecartridge
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. If there is even a small gap, the tip of the ink supply

20 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

25 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

30 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.



actuators 106. A gap which is filled with ink is forned between the
actuator 106 and the wave preventing wall 192. Mreover, the gap between

t he wave preventing wall 192 and the actuator 106 has a space such that the
gap does not hold ink by capillary forcel 5 Wien the ink container 194 is
rolled, ink wave is generated inside the ink container 194 by the rolling,
and there is possibility that the actuator 106 mal functions by detecting
gas or an air bubble caused by the shock of the ink wave. By providing the
wave preventi ngigalll4igizows Akrigees erlmingmbhdinentarorhedelcanrbeidge

prevent ed that t mal.f unction _of th uator, 1 can_be. .pre ed. The
wave prev%gﬁi ng Al r31%942 Szﬂoswos Sr events °t ﬁ%ﬁ %tfbﬁgb?gkggﬁgfpgtlggebégpEé

rolling ofhéneniz@twitdomthergaaates 7 408.cHuethanaviel 0@ 3@ 6osmagmber
1050 is provided around the 15 actuator 106 in the enbodi nents shown in

Fig. 115 PR)Cheppyme 1957 ¢t Pogrd F1§. 1115¢€) 1nitheapbf vt mefiber 1050
prevents the wayingi95 s URDELRIREL diHe ABALBASHERL S PReaGIALPE 188t 0

wrongly detect the ink consunption status. The enbodi nent that the actuator
106 i s noudd ed Zoplaraliky 20 eattritdge dO6aisampiaged pn thichidhewahk

cartridge |s a ar at body. with the carriage and nount he carri age,
has been 1%%@5%@& éBEvcé(?mr—%jV\%%P{gl}t Hé& gé?uja rcaf%glcé%e §%O$qoﬁﬁ%va‘ ol the
ink tank mhgchiiss nmount £¢reF g lienko] 8de teOpTLAY] apPpTRLUS atOgetbEE W th
a carriage and forned together with a carriage as 25 one body. Furthernore,
the actuat®f obckahs bEowaRMtEY e thrAY | #k KD of Nt kg of 6 chP¥ i B@SEype.

The off - j ype i is a a et arriage.a
oot ke FLHESRLIOE Lokaanle ok 8 aR0%tpsboly veihotugpiebanneand
t he presemtramydddinnerd stda wied Inbeuid @d tbni ithervank ipardrtiidgel donsttiahed so

that 30 ding head and an ink_contai f or ed dy, and
posi bl € b ¢ EHIENGRA S 175 LA RAUGhT LRECHP P Toerti i “Aad. B3R

descri bed,yh Wa¥ erval in vertical direction, the residual quantity of ink
can be detected step by step. ’

15 ; The ink cartridge 180E shown in Fig. 115 mounts a actuator
606 which is long in vertical direction on the side wall 194b of
the ink container 194. The change of the residual quantity of
ink inside the ink container 194 can be detected continuously by
the actuator 606 which is long in vertical direction. The length

20 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 194b.

The ink cartridge 180F shown in Fig. 115 mounts a plurality

25 of actuators 106 on the side wall 194b of the ink container 194
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

30 192 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



of exenplary enbodi nents, it should be understood that many changes and
substitutions may be nmade by those skilled in the art w thout departing
fromthe spirit and the scope of the Eresent 5 invention which is defined
only by the appended claims. The |iquid®container according to the present
invention can reliably detect a liquid consunption status and di spense
with a conplicated sealing structure. The liquid container according to

the present inventi c 0 preyvent A. I o M MToE of SN W Wa 1] o
ar ound tﬁ@EH@E?SEI%ggfigpgﬁéngésx. J%tqé¥ﬁ§%gg ? Ebﬁ?quid cont ai ner
accor di ngHeOa ¢ hea ps LB andnitentvaon hasventpiey oelldcl $2 ¢ deviccerashi thecan

reliably detect a liquid consunption status by detecting the liqujid
surface &¢ENPEEVERNIHIE WAYE RFRYCHT HRA d’aﬁbrs?a% atrﬁ:g t?ﬁeqﬁ?gu%tb?ﬁ ojﬂ'o%g Raves
and  bubb Sgacéu%&gﬁ@%@,tﬁéﬂ%a'p' Aved £8PtRLNEriAEey diaRd 1iaryhecpresent

invention can reliably detect "a"liquid consunption status in the |liquid
cont ab nemhevienhé firtkheopt @zoet dctdr i s mpdliech EBkmanet 8 NG i0ppEr si de

f the liquid surface in the |jquid container. th e biquid
Cont i ner” Mo eBRIFRGCESPERe. o oRBrts® Frventon S4h WEEabty CASr ot 71 qui d

consunpt ir@R tSt-akusS dratte 1lbisquiad Faoptabner bgvaatiekbttihg peezoel eat riie
device is mounted on the top wall which is | ocated above the liquid

surface bmbbRe ¢ryerd asthermhndiert tHRiafordYe t hEYIBEPYL ORI frEeYBHPt o
desi gn th%ev%‘[ilﬁq NG R9Si 10N Qfic the, PiLzaheCtkhd CadeVh €Sy CaP6 b8ahNsEEaSEd.
re e

Furt her i quid cont'ainer according to the present invention can
reliablypdetvected lsoquitchtcorfsumml omatiatusof nthdeacB@atdyul @6 coanabher by

Consumpt REFTERe | FhE WV RSPE ERO TS AU onCA ot YA =1 ST i o
Containe%u%%q%rb%h@gét@dhgyséﬁélﬁayﬂﬁﬂgqbﬁgihheEQiéh&éﬁﬂﬂdtthe actuator
106.

Furthermore, a porous member 1050 is provided afound the
15 ‘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
20 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
25 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
30 a recording head and an ink container are formed as on body and

possible to be exchanged.



a liquid supply opening supplying liquid to an exterior of said housing; a
detecti on device nounted on said housing, said detection device conprising
a piezoelectric element for detecting a I|qU|d consunption status; wave
preventing wal | extending in an interibt®of said housing disposed at a

pl ace facing said detection device; and wherein a gap is defined between
sai d detection device and said wave preventing wall. 2. The liquid

cont ai ner accor im1, wherein ald det i on _devi ge conprises a
cavity for confggﬂgﬂﬁﬁéaqf PrGEeAE 18XEg &§VIP§Sb§Fﬁ8 gS?ﬁﬁ& £ B%e%a¥omard
the interdprefmsed ey AbsdNgenss, The diduid Loni@idest G6€ of gk hond Qy cl ai m 1,
wherein said gap does not generate a capillary force for holdin

liquid. 4&hanges e@@a dubshi Bl hépnadent BentRrdo B AhReE, S}@\hblﬁ%(ﬂnlfségé alp
t | er st f ' h
genera e§7 %Il'ﬁch% i q%%fe; g{rﬁceﬁ%ﬁd Ghel % %lc &ha Pﬁ@ Q%Béc&f Ole Sggf%gér?@ the

l'i quid. arner accor. |ng to clarm wherern

det ecti onirdeatitcieorc orpirdls eiss adeefavidd drary donttact iappesadet |a¢puirds. sai d cavity
being formed to opgn toward the interior  of salg housi g 175 6. The
liquid contai néSétardfriP G I AFECTAABE it 85iRF lBF’@\?éﬁf’Pn‘“ga%I | is

secured 1,0 1804 gxtd%%%tf BOM s ANt Sk d ipvedh Qfar8RlathdhaysebRase/widhe | iquid
contai ner according to claim1l, mhereln said detection device is attached

to a fi rsqomwdlﬂcacﬁeéeaeﬁlwmmsfgrmm extends in a vertical direction of
the Tiquid lev%ﬁk?flg oﬁ%%lne égggﬁelp éh %égggi 1Hv8%% lh%l W th

said first wall ousing al ner “accor |ng 0 claim
1, wher eigresairt tHetmxtimg\odehfm@}enng@tftht@eﬂdta&oalrhbtherpMdeJ(ﬁctsmd
housi ng, and
device.
Furthermore; the liquid container according'to the present
invention has a piezoelectric device which can reliably detect
a liquid consumption status by detecting the liquid surface even
15 in the case that liquid inside the liquid container waves and
bubbles. 7
Furthermore, the liquid container according to the present
invention can reliably detect a liquid consumption status in the
liquid container even if the piezoelectric device is mounted on
20 the upper side of the liquid surface in the liguid container.
Furthermore, the liquid 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 topwall which is located above the liquid surface in the liquid

25 container. Therefore, the degree of freedom to design the

mounting position of the piezoelectric device can be increased.

Furthermore, the l1iquid container according to the present
invention can reliably detect a liquid consumption status in the‘

30 ligquid container by reducing the amount of liquid remained inside
of a cavity after the consumption of the liguid inside the liquid

container.



said wave preventing wall extends in parallel with the liquid Ilevel. 9.
The liquid container according to claiml1l, wherein said wave preventing
wal | extends in an inclined direction with respect to the liquid |evel.
10. The liquid container according to ﬂ aim1l, wherein said wave
preventing wall extends froma side wal of said housi ng which is

perpendi cular to the liquid level. 11. The |liquid contai ner according to
claim1, wherein_a capil Itar.ﬁ force i.s.generated between at |east a part of
sai d wave: pr e@‘eﬁfglﬁb‘?vﬁq 23RE" S EAAEF "hal | of said housing. 176 12. The
| i qui d contai ner  _accor di ngl to cII1 aitr‘kqe}:, i\I/I\/nflr eiirgi_sai d wave preventing wall
conpri ses a beAdiAYS SELECONMATEh TS FoF netIby”’ bending at |east a part of
an edge of said ve, preventing wall _toward a .wall i j tection
devi ce i s nounted TaHd AT g og%?linr?eﬁuﬁﬁ %%?%%ﬁﬁléﬁnggs%@te%gﬁ]?ggg ésjgi d
detection_d vki1 ce i\ﬁl’generat es a capillary force which the gap defined by said
wave pr8GERtT NG WAl and said detection device does not generate a
caplllary forc%‘dlgécglgaldegyhgl&gﬂﬁ%hngﬁ ggqpﬁgk@?ngg gﬁfﬁ'@e%ecwb@ﬁeln
said wave preventing wal | conprises a plurality o ve preventing wal l

pi eces, and.at |ea of .sai gl i & RLeYenting wall;gpi eces
ext ends fTom sai‘ p\?vg ?H(%fa s‘f)all(Se O%(l)%s%lgé V\%lxgﬁé?%va%peiaggnd?cuq]ar tg tlhe
liquid I ecgggumgtﬂionngaL&gui d contai ner according to claim1, wherein said
det ecti on device conpri ses a vibr ating section which generates a counter
e! ectr On?lg{lge EeWe%%'gg %flore%@ﬁgi%tihl Anl ?ﬁkgyﬂlr oH Q%@H'@Jhsqfngsa' d .

vi brating séction. 18; e l1quid container according to any oné of clains
1 to 14, 4;uperel ndt heph i quid 0ont i nerades HRURL &M, Q2 ;arnink-j et printing
appar at ugl%g% ng at erntﬁ%a% whzach e] ect sci nk dr opll ets, rland the liquid

container suppljescthe, liguiid goptaled t,bereidid QekBetion device and

said wave preventing wall.

2. The liquid container according to claim 1, wherein said
detection device comprises a cavity for contacting said liquid,
said cavity being formed to open toward the interior of said

housing.

3. The liquid container according to claim 1, wherein said gap

does not generate a capillary force for holding the liquid.

4. The liquid container according to claim 1, wherein said gap
generates a capillary force which is smaller than a force for

holding the liquid.

5. The liquid container according to claim 4, wherein said
detection device comprises a cavity for contacting said liquid,
said cavity being formed to open toward the interior of said

housing.



printhead through said |iquid supply opening.
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6. The liquid container according to claim 1, wherein said wave
preventing wall is secured to and extends from an interior wall of

said housing.

7. The liquid container according to claim 1, wherein said
detection device is attached to a first wall of said housing which
extends in a vertical direction of the liquid level, and said wave
preventing wall extends in parallel with said first wall of said

housing.

8. The liquid container according to claim 1, wherein said
detection device is attached to a bottom wall of said housing, and
said wave preventing wall extends in parallel with the liquid

level.

9. The liquid container according to claim 1, wherein said wave
preventing wall extends in an inclined direction with respect to

the liquid level.

10. The liquid container according to claim 1, wherein said wave
preventing wall extends from a side wall of said housing which is

perpendicular to the liquid level.

11. The liquid container according to claim 1, wherein a
capillary force is generated between at least a part of said wave

preventing wall and an inner wall of said housing.
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12. The liquid container according to claim 1, wherein said wave
preventing wall comprises a bending section which is formed by
bending at least a part of an edge of said wave preventing wall
toward a wall on which said detection device is mounted, and a gap
defined by said bending section and said detection device
generates a capillary force which the gap defined by said wave
preventing wall and said detection device does not generate a

capillary force.

13. The liquid container according to claim 1, wherein said wave
preventing wall comprises a plurality of wave preventing wall
ﬁieces, and at least one of said plurality of wave preventing wall
pieces extends from said wall of said housing which is

perpendicular to the liquid level.

14. The liquid container according to claim 1, wherein said
detection device comprises a vibrating section which generates a
counter electromotive force in accordance with a residual

vibration of said vibrating section.

15. The liquid container according to any one of claims 1 to 14,
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.



