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i nvention re ates to a |IQUI& cont al ner equrpped wth a piezoelectric
appar atus therein which det eMINIING MU MENBER ate of liquid inside a

| i quid contai ner which houses the |iquid, by neans of detecting change of
the |l evel of the sound inpedance, especially detecting the change of the
resonant frequency. More particularly, the present invention relates to
the piezoelectric apparatus detecting ink consunption in an ink cartridge
and a nounti n@hm@mmcsnrmmbxcamreﬁlaﬁ@smmw firem frRPRARSe
cartridge se et .regor p in t
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cartridge Qgg?gﬁg on an ink-jet type recording apparatus is taken as an
exanpl e of iquid container and is described below. In general, an
ink-jet recording apparatus conprises: a carrrage equi pped wi th an-ink-jet
t ype recordi ng head : ) ng neans whi ch
conpresses a pressure generatd ; - e openi ng which

di scharges 2r2e 63 SoE Eh@Oﬂ@véﬂ@l@@npressed |nk froma nozzle opening in the
formof iNK

The present invention relates to a ligquid container
equipped with a piezoelectric apparatus therein which detects the
consumption state of liquid inside a 1iquid container which houses
the liquid, by means of detecting change of the level of the sound
impedance, especially detecting the change of the resonant
frequency. More particularly, the present invention relates to
the piezoelectric apparatus detecting ink consumption in an ink
cartridge and a mount ing module member thereof, which are provided
in the ink cartridge for use with an ink-jet recording apparatus.
The ink-jet recording apparatus performs the printing operation
by discharging ink droplets from a nozzle opening, in a manner
such that ink in a pressure generating chamber is compressed by

a pressure generating means corresponding to printing data.

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 ;nd is
described below. In general, an ink-jet recording apparatus
comprises: a carriage equipped with an.ink-jet type recording head
comprised of a pressure generating means which compresses a

pressure generating chamber and a nozzle opening which discharges



droplets; and an ink tank which houses ink supplied to the recording head
t hrough a passage, and is structured such that the printing operation can
be perforned continuously. In general, 2the ink tank is structigfg g%m®
cartridge that can be detached fromthe recordi ng apparatus, & t

user can easily replace it at the time when the ink is used up.
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consumed is detected by directly mounting to the ink cartridge
two electrodes for use in detecting the liquid surface, and so
forth.
However, in the calculation-based method of controlling the
ink consumption by integrating the discharged number of ink
droplets and the amount of ink or the like by the software, the
pressure inside the ink cartridge and the viscosity of the ink
change depending on usage environment such as ambient temperature
and humidity, elapsed time after an ink cartridge has been opened
for use, and usage frequency at a user side. Thus, a problem is
caused where a considerable error occurs between the calculated
ink consumption and the actual ink consumption. Moreover,
another problem is caused in which the actual amount of ink
remaining is not known because once the same cartridge is removed
and then mounted again, the integrated counted value is reset.
On the other hand, in the method of controlling by
electrodes the time at which the ink-is consumed, the remaining

amount of ink can be controlled with high reliability since the

actual ink consumption can be detected at one point. However,



in order that the liquid surface of the ink can be detect F:}Im:gg i nk need

be conductive, so suitable types of ink for use am—:- Vﬂﬁcturegl:gaigwezmat e
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amel | or &t 6768 8¢ Fore bfvihe pripomiars drsaduaniaags: oL 3R o s a
one of thenapopsiodesisestukn Qﬂ&iasﬂﬁgbeﬁgﬁh&re§§@% I ny complicated
liquid sealing structure. It would also be desirable to provide an
ink cartridge capable of reliably detecting a liquid
consumption status by use of a liquid detecting
pPiezoelectric device and capable of dispensing with a
complicated sealing structure. It would also be desirable
to provide a detection device capable of reliably detecting
a liquid consumption status. It would also be desirable to
provide a mounting module for use in detecting 1liquid,
capable of reliably detecting a liquid consumption status
and capable of dispensing with a complicated sealing
structure. It would also be desirable to provide a liquid
container capable of reliably detecting a liquid

consumption status and capable of dispensing with a
complicated Sealing structure.

It is the object of the present invention to substantially
overcome or at Jleast ameliorate one or more of the prior

art disadvantages or achieve at least one of the above
desires.

In one aspect, the present invention provides a liquid
detection device attached to a liquid container for
detecting a liquid consumption status of the 1liquid

contained in the liquid container, the liquid detection
device including: '

a piezoelectric element;



detection device attached to a liquid container for detecting a |liquid
consunption status of the liquid contained in the liquid container, the

| i quid detection device including: a piezoelectric el enent; (277e$ S?E’P 0@5)03 4
an upper el ectrode di sposed on an upper surface of said piez ect ?

el enent; a | ower electrode disposed on a | ower surface of said
pi ezoel ectric elenent; a vibrating plate having an upper surface contacting
said | ower electrode and a | ower surface a part of which contacting the
l'iquid contained iapbbe |éneédreant ainghosWer 6hn A Lepsl ashakhef said
pi-ezoel egliicC B €780 e c+32icd MR L €L ectrode, said |ower el ectrode and said
vibrating plate constitute a vibrating section which is symmetrical about
a center theregf ﬁo%ﬁedr at ngg%doned el ect rgde electrically connecting with
sai d vibrating section.  TRCGASERerd HEPRELY e preent FRYERGP hrittdes a
liquid cBitdihersthttGdPi§™®d Housi ng containing therein liquid; a |iquid
supply opening forned in said housing;, a liquid detection device attached
to sai d housing, wdbtgatinquind alet ebiaivimaeshcapped usinfaca piezoatectidic
el enent ; s&idippereel exteotdeodiesposéd a0nl aneuppair Saké age Partsaifd which
pi ezoel ectorita et engnt healliowerd el @ct s0de qdiispagrd Oig@i HowBhtsUHace of
said piezoelectric elenent; a vibrating plate having an upper surface
contacting sal@ichuar £l eebnode apd 4 | ORCL, U hICE ALIRAE, L bR,
ContaCt'g%ﬂJmabbBHEd(%ﬁgé%ngetntsgiélqﬂbwé¥) éﬂQgEtode and said
vibrating plate constitute a vibrating section which is
symmetrical about a center thereof; and

| at least one electrode electrically connecting with
said vibrating section.

. In another aspect, the present invention provides a
liquid container including:

a housing containing therein liquid;
a liquid supply opening formed in said housing;

a liquid detection device attached to said housing, said
liquid detection device including:

a piezoelectric element;

an upper electrode disposed on an upper surface of
said piezoelectric element;

a lower electrode disposed on a lower surface of said
piezoelectric element;

a vibrating plate having an upper surface contacting
said lower electrode and a lower surface a part of which
contacting the liquid contained in the liquid container,

wherein at least a part of said piezoelectric element,
said upper 1is electrode, said lower electrode and said
vibrating plate constitute a vibrating section which 1is
symmetrical about a center thereof; and



wherein at |east a part of said piezoelectric elenent, said upper is
el ectrode, said |ower electrode and said vibrating plate constitute a
vibrating section which is synmetrical about a center thereof; and 2 6 SEP
2003 4 a . at least one electrode electrically connecting W thy gsgsrd 203
vibrating section. In another aspect, the present invention provides a
nodul e for detecting a liquid consunpgieon status of a liquid contained-in
a liquid container, the nodule including: a liquid detection device
attached to saiad howskRg, ongaidhéétpbdedel EELEPR HGYICELARLUNLENY Rith
vi brating=siefty ooy §YIREL lCal ; gbout a center thereof, a part of "said
vi brating section contacting the liquid contained in the |Iiquid container;
and at | east oqglegegk%%gg eIectrica&hé connecting with said vibrating
secti on, %gg nq¥npln St r QEPEFE of oF HEd RTT 2GR &I Y WA R QRi R ANIflRY 2
det ect i of' deViTe T MftT P daid 1Ll det EeRisoWP thea ce tritws t 19 | Rqui d
'containe%quﬁ%noFR&t%&ﬁﬁ%t,J#he preseuldvemardie imevi deshe | ngdide
det ecti oA feMi¢®n@tt ached on a liquid container for detecting a liquid
consunption status of the liquid contained in the liquid container, the
liquid detectian lilguiae decbuding devhbeatd fgasREHI A CAARIH ShHUsdng,
pi ezoel ecidi € el @ieAt dedlediGast 906:ekeqtrade, %%Ct rically connecting w th
said vibrating section; and a base nmenber on whi ¢h sai d vi brating section
and said electrode. are,di sposed,  said base nenher conprising a cavity
formed at_.a o%’t?gﬁgfggﬁﬁépsafﬁbﬁﬁﬁpatiﬁ§m§8ﬁfﬁ8ﬁ}_ saPBYtavity EBRESELI ng
the i qui Contaf néd Pﬁrgaiﬁf”§ﬁﬁ% vibrating section contacting the

- liquid contained in the liquid container; and

at least one electrode electrically connecting with
said vibrating section, - and

a mounting structure formed integrally with said
liquid detection device for mounting said liquid detection
device onto the liquid container.

In another aspect, the present invention provides a
liquid detection device attached on a liquid container for
detecting a 1liquid consumption status of the liquid

contained in the 1liquid container, the liquid detection
device including:

a vibrating section comprising a piezoelectric element;

at least one electrode electrically connecting with
said vibrating section; and

a base member on which said vibrating section and said
electrode are disposed, said base member comprising a
cavity formed at a position facing said vibrating section,

said cavity contacting the liquid contained in said liquid
container.

In another aspect, the present invention provides a
liquid container including:

a housing containing therein liquid;



contai ner. In another aspect, the present invention provides a |liquid
container including: a housing containing therein liquid; 2 6 S E P 2003 4b
a liquid supply opening fornmed in said housing; a liquid detection device
attached on said housing, said liquid detection device including:SER 2003

vi brating section conprising a piezoelectric elenent; and . at |east one
el ectrode electrically connecting w said vibrating section, and a
cavity formed in a position facing said vibrating section, said cavity

contacting the I| LH&& ontained in f ﬁ%wd cont ai n?b | n_anot her
aspect, the présén qmven‘t"i’% yp?B?Q&ﬁ? © SﬂlénfSFlgé 5 Hy%a 1iquid
consunption status of .a liquid contained in a liquid container, including:

a liquid detecfi ohigB¥Pceiateathen dhe¥are mus?plaed <41 dSpiduikrdetedtion
devi ce | $aditl Liangd dedielmtdtdmgdsetcrod nedmptind ng a pi ezoel ectric

el ement; and at | east one electrode electrically connecting with said

vi brating sectiaon, vabmatritiqg stadiciame fosmpdibnhggraily piidhosnedtkiquid
det ecti o 1davd €€; f @hgmounting said |iquid detection device onto the liquid
container; and a cavity fornmed in said nnunting structure at a position
faci ng said vi yat hng secti gn efgig %%Vltxl @5%%55? tggngc rg cgg%ﬁined
in said l'qﬂid contai.ner ormsof ‘the ent |nve now
be describet. "1PTR lﬁﬁeﬁﬁ‘?ﬂ%?thﬁp t he piezoelectric devi ce further

a cavity formed in a position facing said vibrating
section, said cavity contacting the 1liquid contained in
said liquid container.

In another aspect, the present invention provides a
module for detecting a 1liquid consumption status of a
liquid contained in a liquid container, including:

a liquid detection device attached on said housing,
said liquid detection device is including:

a vibrating section comprising a piezoelectric
element; and

at least one electrode electrically connecting with
said vibrating section,

a mounting structure formed integrally with said liquid
detection device for mounting said liquid detection device
onto the liquid container; and

a cavity formed in said mounting structure at a
position facing said vibrating section, said cavity
contacting the liquid contained in said liquid container.

Preferred forms of the present invention will now be
described.

It is preferable that the piezoelectric device further
~comprises a base plate having an upper surface contacting
the lower surface of the vibrating plate and a lower
surface contacting the 1ligquid contained in the 1liquid
container. It is preferable that the base plate includes a



conprises a base plate having an upper surface contacting the |ower
surface of the vibrating plate and a | ower surface contacting the liquid
contained in the quuid container. It is preferable that the base plate
includes a 2 6 S E P 2003 4c cavity which contacts and hol ds t@é SER QD0
contained in the liquid container. It is preferable that the cavity is
approxi mately concentrically circulascwith the vibrating section.

Moreover, it is preferable that the deformation of the vibrating plate due

to a residual @ﬁ@&gogonscagw@tgad HaA 4 f@&eothgn«fdb%%%tm eed m adge of

vi bration .of it rating sectiqn Tocates 1n gutfg

VL e ng
peri phery ot  the ¢ Srt |s ﬁb zoefec ric '
further %%%ag hﬁun? I Avih %ukaé §E££§OO§ an Up 5? u?face
contactlﬁqukpmomﬁPr§GM%Rm bt %ﬁeﬁfqﬁ%ﬁq bFaFet&%ijﬁQﬁ%ﬁ %ﬁ?f%&e
faci ng i fdiddeviheakiog ¢ koheaidver ,tand revd damt VhGrasHeey FasIan2bpeni ng
correspordiay tbada ceft éheofbathe pldtrati Ay sedteon.f Mibowsdonpref ethbl e
is the |iwibshtLogt aseer igpuntlichtde abepvethbe piezaekegct pifc davi ceter
Accor di ng 4101 giet her saspecheof dhei Py esert | nvent heBreirhibiles pEer abhe

that a ”%%50&959&%%3 akhe U ezoeleGl,r | %oﬁ. WiGk s aNdnduRURY NBember
structurq} {g@d integrally with the piezoelectric device for nounting the
ec

liquid d n device onto the liquid container. The nmounting structure
may i nclude a projected portion which is projected inward the liquid
container, and a center of the vibrating section may be arranged on a
center line of the projected portion. Mreover, the projected portion may
be of a circular shape. It may further conprise a term nal which provides
a drive signal to the upper electrode and | ower el ectrode of the



pi ezoel ectric device. Mreover, preferable is the liquid container
nmounti ng the above nodule. Mreover, the liquid container may be an ink
cartridge which houses ink supplied to > an ink-jet recording apppigp 3
Accordi ng to anot her aspect of the present invention, there is provided a
pi ezoel ectric device, nmounted on a liquid container, for detecting a

pi ez0e . ed on a liquid contalner et e e
compr i i i UEKITD AT o Ot 618 A N G at BE LS PBraPFoh e U ng o e

vi brat i ngpo 8 andhgsewie sugtibtacta €0 deiss dehehki Migulid rohheihieqyi ahd
container; a |lower electrode forned in other surface of the vibratin
pl ate; a ths @Bitdag membeyenast df reRREDHNY MOTREROM NG Q8 CRRFER ©

vi brat es I I - 0Sg] Len caused pi ezeglect {&Gig
phenorreno%}?éea\\#ggggkﬂgl EJC%‘% e for %ggggé?he pl ezoe eect ric | aeyer ,dlv\%er ein
it is predeiahiet habutthenyithatabhove selod | phezeeiochetc sdevhee t he

pi ezoel ectric layer covers the | ower electrode and tha]&_{ t he Uﬁ‘g)(tgz-rr1 it

el ectrode coverCINE I AT EsPes Y °§E§%§05§e§ﬁ8 t hEY <t

pi ezoel ecid iG-JrayehlieSt REOLL Hdath1Er OonbhesHBP A he BliRGLEQdR L VBr @Y eEe; It S
preferable that the piezoelectric device further conprises a base plate

havi ng arenbperowsnt fag eteoctace fiornedd nteganaldyr vtk the Phezoebeatrhg

| at d.a | f tacti t | i,qui d t A ' he, Ligxi d
Cont ai ner S HitE g TLRE IBE LT bt TACHIRS SOk S AT Eane ahraihe

liquid atceghtPaseti on of a vibrating portion of the vibrating plate.
Moreover, it is preferable that the area of the cavity |s rfater t han
that of the |8 BPeeEiBIeStrUCEYTRr BRYY 4BICd Ut tWeOJc%%%f B P t he

vibratingupl 4t § duediadiey dugu i bhati ftule gkl filed Nathd Babenebrtbe base

pl ate. The are a“plezoelectric layer "portion generating the
pi ezoel ecthé ovidffact naraye el apprnaxi bat ztyasged as athentef 1iwre|ofethe

el ectrode. The respective nai ortions, of the upper electrode
pi ez06l edHIETERIPH Towel CERELEFodbhg RF0I ected port £00 ey be of a

circular shape. It may further comprise aterminal whichprovides
a drive signal to the upper electrode and lower electrode of the
piezoelectric device. Moreover, preferable is the 1liquid
container mounting the above module. Moreover, the liquid
container may be an ink cartridge which houses ink supplied to
an ink-jet recording apparatus. ‘

According‘to another aspect of the present invention, there
is provided a piezoelectric device, mounted on a liquid container,
for detecting a 1iquid consumption status of the liquid contained
in the liquid container, comprising: a vibrating section which
generates vibration including: a vibrating plate whose one
surface contacts the liquid in the liquid container; a lower
electrode formed in other surface of the vibrating plate; a
piezoelectric layer, formed on the lower electrode, which
vibrates the vibrating plate by oscillation caused by
piezoelectric phenomenon; an upper electrode formed on the
piezoelectric layer, wherein it is preferable that thé vibrating
section is formed so that the piezoelectric layer covers the lower

electrode and that the upper electrode covers the lower electrode



preferably rectangular. The respective main portions of the wupper

el ectrode, piezoelectric |ayer and | ower electrode may be circular. It is
‘preferable that the cavity is substanti@lly circular and thatzggﬁtg@aof a
radius of the cavity to a depth thereof is greater than 37r/8% "I
preferable that the piezoelectric device detects the consunption status of

the liquid .inside the |iquid container by .detecting, c e in the _acoustic
i npedance®h Fﬁ@tvFE?nﬂl? BFEFH b é'tlﬁer% 1§eaﬁ°&{&€ﬁ{]t omp&el%oléng%fri c
device, ig1bsrprglerable that a counter electronotive force is generated

by the residual vibration caused by the vibration of the piezoelectric
| ayer and that Méredvemi dit denpugfiarablst &has thet RéerPglrgtEdnt dPMeEei s

det ect ed etecting a change i he aco i.C.I . :
pr ef er abl g’xfgg‘?:ﬁecq"ip i°F Sc%%t alenggakrzrre)ﬁfh Yhfg‘f%‘k‘eu%@%ﬁ%%r}%%‘é:z%‘g?gg%{??%ng
device. Acgerdbpert gusthbé amother vagneatinef giheepraserd lowvent sapfaceéhere

is provided a nodule, nounted on a |iquid container, for  detecti g a
liquid coreumRE bRd $thet hsqmdtcmpqalqtﬁdj1@&h%i1ﬁ§alﬁrf:qn‘2asn%@32‘638 hehe

| i quid copt ai g{g%{i. I-RQ; [ cid &n dew g 1deted sict he
l'iquid coﬁ%%rr%%%r‘?cls at ﬁzlcggldge%ngrgté?%ﬁ‘h%ig%unt et%%eg]ectrorm%‘ﬁve force by
t he resi dbasivibdnatfi owinkethngeraitiomdf ehe vilarat imn plat@unVMprgoseruct ur e

formed integrally with_the i ezoel ectric device, wherein the piezoelgctric
devi ce  chimrd 2berab16 thaf I Braaeohiots o ¥t T SR er AREE LRal
liquid inothe,d nguied 608taLHEE: ard Qweprekeehboder o rk icdn@iliemcesuEf ace
of the vibrating plate; a piezoelectric |ayer formed on the | ower

el ect r odetharyilyedr ng ekatodeef be mes ishalheibpreroriccgreateaydian fhakein

it is pref rg@lethat h pi.gzoelectrig layer, I Ped $9.8% EBr‘E ¥gr the

| ower el e%fr %,ba?%§%%§%r e e%tarrgee %ov%%l%#é&r%%r &l ectrod ang t he

pi ezoel ecdenerhayrg e pietbeledtirienef fiectippsr belaniradioma bl g esars athe

nmounting structure is preferably such_that , . .

, : that of the lower electrode. The respective main portions of the
upper electrode, piezoelectric layer and lower electrode are
preferably rectangular. The respective main portions of the
upper electrode, piezoelectric layer and lower electrode may be
circular. It is preferable that the cavity is substantially

circular and that a ratio of a radius of the cavity to a depth

thereof is greater than 3n/8. It is preferable that the
piezoelectric device detects the consumption status of the liquid
inside the liquid container by detecting change in the acoustic
impedance in the vicinity of the vibrating section. In the
piezoelectric device, it is preferable that a counter
electromotive force is generated by the residual vibration caused
by the vibration of the piezoelectric layer and that the liquid
consumption status in the liquid container is detected by
detecting a change in the acoustic impedance. Moreover,
preferable is the 1liquid container mountihg the above
piezoelectric device.

According to still another aspect of the present invention,
there is provided a module, mounted on a liquid container, for

detecting a liquid consumption status of the liquid contained in



t he upper surface contacts the |ower surface side of the vibrating, which

is in contact with the liquid, the lowg surface has a nounting nmenber

-~ which is in contact with the liquid in%he liquid container, and_the
‘mounting nmember has a cavity which is in contact with the |id® 8EBt20®

position of a vi brating portion of the wvibrating plate. Mreover, the area

of the Catgl et f%ft% r,| 859 gL g*ﬂﬁgal gjﬁlgéoé scmgrdﬁvg&ém% nlt is

pr ef er abl € cavi y i's su stan crrcular an aratio of a
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mounting structure of the mpdul e may have an opening .in.its center_. and
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ef fect generating ‘portion o pi ezoel ectric |ayer.” Moreover, the
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preferable is a liquid cotalner i.n which the above dule is ed I n
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liquid, ailday gndl,ertl@qt:ﬂcﬂﬂdjébﬁh‘églﬁgk'maedowte(i shect tagé E emiai nestiend a
mount i ng rmdule t herefor” which are 8 6 S E P 2003 used for detecting the
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out put s corT esponai ng %" th consunption status by
conver si q;’hezbﬁm&ﬁfrﬁ eclayer enaft@reind vitbr aid orpmteé:g@blérhetkmtezoeﬂlect ric

elenment is forned on a_base menber. In particul ar, gpenl gg} caw%g
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counter t éh%pﬁe%zogl%@trfoﬁee' %G%Ekssothés 1 BwEPNMHENEERLEM tEn@n tréeri or
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the upper surface contacts the lower surface 51de of the vibrating,
which is in contact with the liquid, the lower surface has a
mount ing member which is in contact with the liquid in the liquid
container, and the mounting member has a cavity which is in contact
with the liquid at a position of a vibrating portion of the
vibrating plate. Moreover, the area of the cavity is preferably
larger than that of the lower electrode. It is preferable that
the cavity is substantially circular and that a ratio of a radius
of the cavity to a depth thereof is greater than 3mn/8. The
mount ing structure of the module may have an opening in its center
and that the piezoelectric device may be arranged in the opening.
Moreover, the area of the opening is preferably larger than that
of a piezoelectric effect generating portion of the piezoelectric
layer. Moreover, the piezoelectric device may be provided in a
detachable manner. Moreover, preferable is a liquid container
in which the above module is arranged.
In a preferred embodiment, there are provided a liquid
container housing the liquid, a liguid detecting device mounted

to the liquid container and a mounting module therefor which are



progressed, the inside and outside of the opening cavity are filled with
the liquid. On the other hand, when the liquid consunption progresses, the
liquid surface is |lowered and then the8opening cavity is exposed. Then, an
approximately fixed anount of the liquid remains in the openi2riySERVAMy.
Uilizing the fact that the output signals of the piezoelectric el enent

differ in these t states, the l.iquid consunption state can _be .suitably
det ect ed.ui%gof‘ar\rll%?%c?w p‘}l'é%éyﬁqqﬁ‘rgéiﬂl}sd}ﬁ“%dﬁ“e%& ivent {’ﬁgr &% %an’ be
desi gned g@nthaheg! I ONROUS HEHESGE t &P kg deritduhal €desld gikdovaveteadsed
by provision of the cavity can be avoi ded. Moreover, according to the

present ievenenbn, dydpridwe dimigzadHecandia y allfmeninbouteltPenBer §1g82be
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consunpt i par wéahe it e BHerBoranehiabby idet eséegy . Muropeezoateording to
the present invention, by providing the open&ng cavity locally, ggin
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outputs a signal indicating the residual vibration state after vibration
has been @bp@tégd t qWrerd éﬁriejdaltani@rapp_@ﬁi_@n phetpe eifde it iney &Rt
changes . ESPEOEAIAB0LL G IRALIG AL FR O sl Bspemiaiel
and when the snehl tAasowttatef Wheps dche pigaedt cohsumptiiorbdsetl nott lyet
phange iQpéggrgggggfi%hgﬁggg%g%eg%gxg£¥§¥%é(%gf%%e opening cavity are
filled with the liquid. On the other hand, when the liquid
consumption progresses, the liquid surface is lowered and then
the opening cavity is exposed. Then, an approximately fixed
amount of the liquid remains in the opening cavity. Utilizing
the fact that the output signals of the piezoelectric element
differ in these two states, the liquid consumption state can be
suitably detected.

According to the present invention, an embodiment thereof
can be designed so that erroneous detection due to undulated
liquid wave caused by provision of the cavity can be avoided.

Moreover, according to the present invention, by providing
the cavity the number of members to be placed between the
piezoelectric element and the liquid can be reduced, or the
thickness of such members can be reduced, so that the liquid
consumption state can be further reliably detected.

Moreover, according to the present invention, by providing
the opening cavity locally, an appropriate.liquid sealing state

can be realized by utilizing a surrounding base member thereof.

Thereby, exposure of the piezoelectric element to the liquid can



i quid consunption state. Thus, the liquid consunption state is detected
utilizing the fact that the residual vibration state changes according to
the liquid consunption state. Here, it9s to be noted that a Ii A g gppunt
of liquid in the close vicinity of the piezoelectric el enent ii;eone t hat
substantially affects the residual vibration. According to the present

i nvention, by proyision of,the aqpening cavity +ihe . ,Qf igternsdi ate
nenbers t beaﬁ?h%% " bet wte”élﬁst he i €20e lecclflralyrcl}’heI g?}eg%?{:éﬁg tﬁ%El iquid can

be reducedbndtctife thikknessud suah adreirier s can be reduced. Thus, the
limted amount of liquid affecting the residual vibration_approaches or
conmes in cont adreffnablvhe pita2ésisgt rike ePér%ﬁ@.lePr’Fé’H@oy?l?ﬁénEharfg? of

the residual: vihrati : I nein | O u '
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reliably geheatiedi mpbdenyercorrtesurezor) o thiecl sfehd consayptépnatatus.
generate the elastic wave through the openjng cavity, .but _also, o%[put a
signal cdtTESIGRIhgthe RIRZ I Sdticie i@ %nV\ﬁl%(%mit? %/@fllgéj@tlejdlcg]a%? %hr ough

the opening Gaitda1l Bttt GRS & the@ agtBeeyviBaViBhahh8MbeésS applied.
satisfactorily transferred in between the piezoelectric elenent and the

| i qui d byrher oveslidgal heibpetiiog cHvitlye déeecelentidc? egementp dogmes

capacity can be inmproyed. How the.piezoelectric el enent pl in
the cour sdgeQﬁn%él%@ﬂ ‘rélg‘et ﬁ‘érr?aﬁgﬁgg(ﬁls%% i on st Sfcgmptrlrgy gﬁe{éd%%{r@ndaﬁled
accor di ng,tr-dthiers ReGitdCcatirgrs BEtivben|uigen dthe Qrirgjenamoand af retmiidd
nmeasur enment accuracy. The liquid detecting device accardi to the present

i n
i nvent i orS waPsgaterafevwheRct R (o 1s PRRENTI Al e iy 1tsn8rgFE§quaT_ls
vibrati 0%«?%@%@&?#&-?&%%@% hg éﬂ@alcbﬁgtﬁc' N8 hBE 2 QR MY E8VERY when
the liquid comes to a state~of being held inside the opening cavity in a
det ect i or-itcarigbted spmpddioer ataed. | iGuis, tbenbimmpid oorstunpticrhetapenisg

cavi ty | Sdeptreegteercflbde/ilongngshtal'?ee %@c‘:tcmﬁlaot‘l cLshet hleesidual vibration state
changes according to the liquid consumption state.

Here, it is to be noted that a limited amount of liquid in
the close vicinity of the piezoelectric element is one that
substantially affects the residual vibration. According to the
present invention, by provision of the opening cavity the number
of intermediate members to be placed between the piezoelectric
element and the liquid can be reduced, or the thickness of such
members can be reduced. Thus, the limited amount of liquid
affecting the residual vibration approaches or comes in contact
with the piezoelectric element. Thereby, the change of the
residual vibration corresponding to the liquid consumption state
becomes clearer, so tha.t the liquid consumption state can be
further reliably detected.

Moreover, the piezoelectric element may not only generate
the elastic wave through the opening cavity, but also output a
signal corresponding to the reflected wave which is reflected back
through the opening cavity. Inthis case too, since the vibration
is satisfactorily transferred in between the piezoelectric

element and the 1liquid by providing the opening cavity, detection



liquid in a predetermined liquid state. The opening cavity is preferably
of a shape which still holds the liquid in the detection-targeted

“predeterm ned |iquid consunption statelOThe opening cavity m\iégggeﬁé&ﬁte
the base nenber. An internedi ate nenber nay be provi ded bet
pi ezoel ectric elenent and the base nmenber. The internedi ate nmenber seals

off the openi hg cavi and vibrates together with the. pi ezoel ectry

el enent . %C‘e]r%blciﬁn %t%elmpgf&?ldecté?g g_ﬁ%r@h‘f’z?% ?%%%ga%%r&élrgg éjf%%?rode
formed on, the base vbelrsa Bredeekeet higCthay®iqhod neshs@npt hen | svete

el ectrode, and an upper electrode fornmed on the piezoelectric |ayer, _ An

openi ng anaa bef deteroporidngccaviingite thre spesiddicasione efehBhtl 5Tl s
set to be greater than that of he over | i of the piezoelectric
| ayer and tea]trb%ramglaecﬁer%ﬁle’fe retera ?@e?rp’?ﬁae&gie%%cﬁpbf the cavity is set
to be | ess thamhd hgigaiaowRsledtitid @évaceavddaprdieri ngo Rhef epadssntt he
depth of the cavity is less than one _third of the narrowest wdth of the

cavity. I¥NVeREIQvI t PaYys SN RS cd afeERGHEON e Bieni AFILIAALIERest S dt h
will be REN Y54 0 el Langt 85) o Ref eabh 1hBegapend ng
cavity hg%% S ai;g’l?tfb%?pg?t ?5%?3 géggrerg??ﬁg%ﬁéa%%t}th%t heacént ér of the

pi ezoel ectpdrci red eaptty wher?t be SEBUAA0SoRe eterabt gt etdfebepeaihed cchnsigei s of
a substantially circular shape.. Preferably, an apeni area_of, {he openi ng
Gavity | HEiODREIG BAY A Hets P SELECtd g8 "G raater PhatCrRET LR hudut®

pi ezoel et &t fENSeSigde. The opening dinension in the piezoelectric
element side is preferably greater than that inside the container.
Configured in tHisopenieg, cahetygenpugfeaabily 9% aoshaps gpech el dsr Bagat es

i nwardly towa.réi_ the i nsidjee%

t he openiln]gq%law]tri/ an'é’yrebe 0] fméL ggpgggéﬂ‘g:%%3.%“%%9%;%}19%%%? |é§3§?g§§8 8;
t he openipiefandlb)y "By ke ofiape swipped still holds the ligquid in the
detection-targeted predetermined liquid consumption state.

The opening cavity may penetrate the base member. An
intermediate member may be provided between the piezoelectric
element and the base member. The intermediate member seals off
the opening cavity and vibrates together with the piezoelectric
element. A

Preferably, the piezoelectric element includes a lower
electrode formed on the base member, a piezoelectric layer formed
on the lower electrode, and an upper electrode formed on the
piezoelectric layer. An opening area of the opening cavity in
the piezoelectric element side is set to be greater than that of
the overlapped portion of the piezoelectric layer and the lower
electrode.

Preferably, the depth of the cavity is set to be less than
the narrowest width of a cavity opening. Preferably, the depth
of the cavity is less than one third of the narrowest width of
the cavity. If the cavity is of a circular shape, the opening
narrowest width will be an opening dimension (opening diameter) .

Preferably, the opening cavity has a shape substantially

symmetrical about the center of the piezoelectric element.



shape. A conmuni cating groove which communi cates with the opening cavity
may be provided in the base nmenber. The conmunicating groove being _

provi ded on the base menber is providedlin a portion facingt é si-de of
the container. The conmuni cati ng groove nmay be provided alon&pg 5i & on
toward a supply port by which the 1liquid container supplies the liquid to

t he outS|dethereof e gui d detecting device be f dintegrally
with thésffdk fstﬁ-gl?ct%eéufr&ﬁ SUHRY g 1 the %‘iﬁ‘btb%i%‘?&gar
modul e i g tructed by integrating the liquid detecting device wth the
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there is partl cularly provided an openin cavity. Still anoth enbodi nment
of the pR&semt henateRtr ﬁC?SOfathPl%r’c}n@o "f“é?'ﬁ%lma\hﬂ#%l’? T %esrll?%%l d.
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invention is not” limted thereto. The liquid container is equipped with a
pi ezoel ecthdpe .devi ce used for detecting the consunption state of the

l'i quid contained in the container enln ) t ;
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pi ezoel edah ity may be provided in the base member. The communicating

T

groove being provided on the base member is provided in a portion
facing the inside of the container. The communicating groove may
be provided along a direction toward a supply port by which the
liquid container supplies the liquid to the outside thereof.

The liquid detecting device may be formed integrally with
the mounting structure for mounting to the liquid container. A
module is constructed by integrating the liquid detecting device
with the mounting structure.

Still another embodiment of the present invention is a
ligquid container equipped with the above-described 1liquid
detecting device. The liquid container may be an ink cartridge
mounted in the ink-jet recording apparatus.

Still another embodiment of the present invention is a
module for use in detecting the liquid. This module includes a
piezoelectric device and a wmounting structure. The
piezoelectric device is used for detecting the consumption state
of the liquid contained in the liquid container. The mounting
structure is integrated with the piezoelectric device, an the

piezoelectric device is mounted to the liquid container. In the



device and the container wall. The internedi ate nenber seals off the

opening cavity, and vibrates together with the piezoelectric device. A

- concave part forned in the internal surface of the container Ié 3
serve as the opening cavity. A conmunicating groove which comzj\ﬁi (,EgtT@é W th

t he opening cavity may be provide so as to face the inside of the

container, The communicating .groove { de i !
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t he outsiggvitygreof. The piezoelectric device may be inserted into a
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menber . e piezoelectric device may. include a piezoelectric elenent and
a base netiberloguiMii contaenedeioetleet¢prteiraent is formed, and the
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recordi ng appar at serv as a suitable Fiquid container. The ink tank
may be plevided dn eomeave goprt ofamed imethecbntengaheadrfacepaht sde
container wall may serve as the opening cavity.

A communicating groove which communicates with the opening
cavity may be provide so as to face the inside of the container.
The communicating groove may be provided along a direction toward
a supply port by which the liquid container supplies the liquid
to the outside thereof.

The piezoelectric device may be inserted into a through hole
provided in the liquid container in a tightly engaged manner. The
through hole may be a hole formed by that the piezoelectric device
breaks through a thin portion strained in a set-up position of
the container wall.

The opening cavity may be provided in the close vicinity
of a liquid absorbing member provided inside the container. The
liquid absorbing member may comprise porous material member.

On the other hand, a liquid absorbing member which holds
the liquid may be provided inside the opening cavity. The liquid
absorbing member may comprise porous material member.

The piezoelectric device may. include a piezoelectric
element and a base member on which the piezoelectric element is

formed, and the opening cavity may be formed on the base member.



The ink tank may be provided in a fixed section of the ink-jet recording
apparatus. The ink tank is provided in _the close vicinity of the recording
head, and may communicate with the repfaceable ink cartri dge.%'ghsagyi nig3 t ank

includes partition nenbers which divide the inside of the tank into a

plurality of chanbers, and a plurality of the piezoelectric devices may be

tivel i ded i lurality, of the chanbers.. Thi f_th
nvent i on does Tt HEASSHRTTY Glt 165 mall PeBERESER, okPl S8BT Or R

present immentigy. mdBe1er €5eBHraktBUERLItON tRY b &t fiey assHhiceqrbi nathen of
t he above described features. The above and other features and_ advantages
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Fig. 2 shows an enbodi nent of the ink cartridge which houses a plural
types of MHRELNg gnodiilehows an ink-jet recording apparatus suitable for

the ink cartri S; oy i N ElLg gnd 9. 1 - 2GC oL L N3 .95 ahn £PREdL ment
of the present Gl?&relv]énti onI.1 12‘53 geé EP 2003”!% & 4qirs a deI?%i I%%I Cross
sect i onal sanexs ofs aassHttad euni 1831 Eogratnét) - The( Whkshamkramyf alee uri ng

met hods o el astic wave eneratin ans. 3, 15, 16.and, 17., Fig. 6 shows
Trot hor SHEBAdAE o Rt o e WY bBReFatPRd i SRESY SROIRTTCR 5. 5.
Fig. 7 shovws ialk ivdniCaldy iBi0er2aaadd na horarelhsect esRodENent ohkt e

present invention. Fig. 8 shows an ink cartridge according to still another
enbodi nerfeFrdHg preBendttAvenfhenink tank is provided 1n the close

vicinity of the recording head, and may communicate with the
replaceable ink cartridge. The ink tank includes partition
members which divide the inside of the tank into a plurality of
chambers, and a plurality of the piezoelectric devices may be
respectively provided in a plurality of the chambers.

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

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an embodiment of an ink cartridge for use with
a single color, for example, the black ink.

Fig. 2 shows an embodiment of the ink cartridge which houses
a plural types of inks.

Fig. 3. shows an ink-jet recording apparatus suitable for
the ink cartridges shown in Fig. 1 and Fig. 2, according to an

embodiment of the present invention.



Fig. 9 shows an ink cartridge according to still another enbodi nent of the
present invention. Fig. 10 shows an ink cartridge according to still

anot her enbodi ment of the present invéftion. Fig. 11 shows 6i EP
cartridge according to still another enbodinent of the pr esggt $ ng]nPi on.
Fig. 12A and Fig. 12B shows anot her enbodi nents of the ink cartridge shown

in Fig. 11. Fig., 13A and Eig..13B show ink cartridges accordi to stpll
anot her embodi meh?" éfl?ﬁedﬁgaéiﬁg qWésnPFS'ﬁ.lOEthle’gel%K% s a_r%%nﬁ&ﬁghow

pl an viewss of the through hole |c according to another enbodi nment. Figs.
15A and 15B show cross sections of the ink-jet recording apparatus
according to stFig. &ndhers Evbadiowenensfackuripgegerbodf e flrshicrrg¥e 16A
and 16B show an_enbodi nent,of. the, in ridge suitable for the recording
appar at usg%lﬁ%ﬂ%tll%glff‘%%ml%%\ %1%’(1 jl%BA%&g{% 17 shows an ink cartridge 272
according to stFid. @noihews eabedhaentemibodhtept esnt thaveliasanc Fwgvel8

shows an ink cartridge 272 and an ink-jet recording apparatus according to
still ancidReraehPdieRnt 3f SEAER ptRsBH- Pnvention. 15 2 6 SEP 2003 Fig.

19 shows still gnother epbadi ment sof {0artakage! ldddneidf 2 cehoufiotAcEl 0.
16. Figs. 20A, 2 and 20C show details of the actuator 106. Figs. 21A
21B, 21C e@i®jiiRdit anfi 24i¢ sheveperiphentyiend equivalent circuits of the

cctuator 100, RS, £2000 00 hou L0 R LI e oL 06y iGgRRRl 1Y
show wavel @i aént Ner COHOt SFcBiBEt 1 9PO®LE Venf Or ce of the actuator 106. Fig.
24 shows anot her enbodi nent” of the actuator 106.

Fig. 9 shows an ink cartridge according to still another
embodiment of the present invention.

Fig. 10 shows an ink cartridge according to still another
embodiment of the present invention.

Fig. 11 shows an ink cartridge according to still another
embodiment of the present invention.

Fig. 12A and Fig. 12B shows another embodiments of the ink
cartridge shown in Fig. 11.

Fig. 13A and Fig. 13B show ink cartridges according to still
another embodiment of the present invention.

Figs. 14A, 14B and 14C show plan views of the through hole
lc according to another embodiment.

Figs. 15A and 15B show cross sections of the ink-jet
recording apparatus according to still another embodiment of the
present invention.

Figs. 16A and 16B show an embodiment of the ink cartridge
suitable for the recording apparatus shown in Figs. 15A and 15B.

Fig. 17 shows an ink cartridge 272 according to still
another embodiment of the present invention.

Fig. 18 shows an ink cartridge 272 and an ink-jet recording
apparatus according to still another- embodiment of the present

invention.



Fig. 25 shows a cross section of a part of the actuator 106 shown in Fig.
24. Fig. 26 shows a cross section of the entire actuator 106 shown in Fig.
24. Fig. 27 shows a manufacturing nethéé of the actuator 106 58% 50'33 Fi g.
24. Figs. 28A, 28B and 28C show an ink cartridge according to t

anot her enbodi mrent of the present invention. Figs. 29A, 29B and 29C show

Accordi ng Lo angBner” UL <20 0ae ™ STRBHTSTEC EalE ARRATLA B 70

accordi ng 10 gHdud iranotfierienbodi ment. Fig. 32 is a perspective view
showi ng a nodul e 100. 1g. 33 is an exploded view showi ng the structure of
the nodul e 10@‘19}$om0|An R0g. asd. 2pLgshgw dabaslanef helke edpbarheht1YF- t he

nodul e 100. 35 .5 a p d o] g e
nmodul e 100 sho 95 IgllsA.’ %&%X E%Ee shog\ggs%ﬂa 2%1%0’?1?1 rué%g%@?rre tﬁgt% t he
modul e l%ulk,&l%rft Sﬁl?:cﬂﬂﬁ'?s . th’:’e? échm/wt@m ¥enpl ary cross section of t he

nodul e 100 shown in fig. 32 where the nodul e 100 is nounted 5& t he,
contai ner. Fi g§lg?8AzaﬁcPI§%@2§h%k)\P‘§tIielhatdﬁé‘tsﬁ’éP Beab¥aFREME 4t %%ljsﬁ%lul e

100. Fig SRR Yy WhodlaEnic oF ihe, rodul e
100. " Fi gsanli%%%hows an en%g% nt %% die an | cartridge using the
actuator 106 shtws.in2Birg. 2@ armBE-i (sh@d aredvesfrormek - | @f tlee or cbuygter

gggg: ZE 3zefer]cetrr%cnloc>rt1vel orcle Sohfov)éshea agc?éuaalttor té1e I nk-jet recoding

Fig. 24 shows another embodiment of the actuator 106.

Fig. 25 shows a cross section of a part of the actuator 106
shown in Fig. 24.

Fig. 26 shows a cross section of the entire actuator 106
shown in Fig. 24.

Fig. 27 shows a manufacturing method of the actuator 106
shown in Fig. 24.

Figs. 28A, 28B and 28C show an ink cartridge according to
still another embodiment of the present invention.

Figs. 29A, 29B and 29C show another embodiment of the
through hole 1c.

Fig. 30 shows an actuator 660 according to another
embodiment.

Figs. 31A and 31B show an actuator 670 according to still
another embodiment.

Fig. 32 is a perspective view showing a module 100.

Fig. 33 is an exploded view showing the structure of the
module 100 shown in Fig. 32.

Fig. 34 shows another embodiment of the module 100.

Fig. 35 is an exploded view showing the structure of the
module 100 shown in Fig. 34.

Fig. 36 shows still another embodiment of the module 100.



Fi gs. 42A and 42B show anot her enbodi nents of the ink cartridge 180 shown
in Fig. 40. Figs. 43A 43B and 43C show still another enbodi nent of the

- ink cartridge 180. Figs. 44A, 44B and 4%C show still another eﬁ‘? i of
‘the ink cartridge 180. Figs. 45A, 45B, 45C and 45D show still~anot her
enbodi mrent of the ink cartridge 180. Figs. 46A, 46B and 46C show anot her

enbodi nents of the i cartridge 180 in_Fig. 45 ki , B,
47C and 47D shoILV\}%'t i3{)’rsgﬁ‘6’tshae? %(rﬁ)mc}jgiaﬁtg%osfg Fggg%ﬁﬁ Cgca;:lrttﬂﬁgg‘agﬂééi %ggt he

modul e 10&howh 0in48ighowe amedanghe mbdite t heoopenmagint@d tyyo itshe ciomipri sed
of a concave part of the base nenber. Fig. 49 shows an exenpl ary opening
cavity coppriaEE®f a concave part provided in a wall section of the ink

cartridge. Pl gs; o004 a00,2058:5h! UnblAle a9V SAREGEn ORI A1 figd when
t he opening cavities are of a tapere orm and of a stepped form

respecti vebguldigoo 51 shows an exenpl ary comruni cati ng groove suitably
provided in the periphery of the cavity. 17 6 SEA 2003 Fig. 52 shows an
exenmpl ary conmfit %t ?ﬁ&'g??)%\)aél{a??aﬁ‘%w i 4ed ﬁrt?{gb%%ﬂ?%tm@ 5P+t he
cavity. FRigaup3 shwws an exenplary structure in which the nodule is
inserted into the through hole of the ink cartridge in a tightly engaged
manner. Figs. 524 arkd 54Bwshew exbapiaept sof udiaurces infecarthedgaviteingi s

Ccerpl aryt 88 rUREF & rt b BROVRe Bo8Pbi A AEBER T s T VI bR | FERdL T he.
cavity. Rr&cob®ishoysparstisiCthiéeefsrwhi ch the piezoel ectric device is
nmount ed by breaking through a thin portion of the container
Fig. 41 shows a detail of the ink-jet recoding apparatus.
Figs. 42A and 42B show another embodiments of the ink
cartridge 180 shown in Fig. 40.
Figs. 43A, 43B and 43C show still another embodiment of the
ink cartridge 180.
Figs. 44A, 44B and 44C show still another embodiment of the
ink cartridge 180.
Figs. 45A, 45B, 45C and 45D show still another embodiment
of the ink cartridge 180.
Figs. 46A, 46B and 46C show another embodiments of the ink
cartridge 180 shown in Fig. 45C.
Figs. 47A, 47B, 47C and 47D show still another embodiment
of the ink cartridge using the module 100.
Fig. 48 shows an example where the opening cavity is
comprised of a concave part of the base member.
Fig. 49 shows an exemplary opening cavity comprised of a
concave part provided in a wall section of the ink cartridge.
Figs. 50A and 50B illustrate advantageous aspects obtained
when the opening cavities are of a tapered form and of a stepped
form, respectively.
Fig. 51 shows an exemplary communicating groove suitably

provided in the periphery of the cavity.



wal | . Fig. 57 shows a structure in which the absorbing nenber is arranged
inside the cavity. Fig. 58 shows an exenplary structure of a case where the
~present invention is inplemented to an 4i’nk cartridge of a offg gasrl#%
type. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The i nvention 0 e
descri bed based on the preferred enbodi ments, which do not |ntend tolimt
the scope of t r nt. __1inventi em LiLfy, t ] i QN of
the features arrl%lé)t ﬁ%ecgl NI (oer}l{smp% ?’é esg%Fégéggnbgégoén%gﬁF%% are
not neC%ﬁ@ficﬂe’deﬁﬁe@Iﬁéaﬂ)epoﬁ@ﬁylcﬂf/etﬂlhéO@avil'thje basi ¢ concept of the
present invention is to detect a state of the liquid inside a liq fl
contai ner by utfi9ziTt) SRAY &1 SFePdRee S&TUTRETSt ATeWBE CRNENE] 'aﬂii‘d e

i ncl udes r e t Liq i

anount ofwﬁhg%htg% dﬁ] 9‘%5\%% tﬂ]#&%gqolrigu??,tﬂtey%@g 0 {Iﬁg |:(qultjl%d€g§5my
conbi nat iemgaadd Imaumels. Several specific nmethods reali zi ng for detection
of the state of,  the |liquid inside the Iégwd cont ai ner

vibration phendimet: A8 SEHSMAY SESPPLR B & U Hthl eirg tﬁ%ﬂé"b%&d in
whi ch 1 he; ok 4im aodl metlc;@a@:g@s@fviéﬁﬁ%t@fl@ﬁédgbé&gﬁﬁﬂa@ﬂ@ekhe liquid

container are detected in such a manner that an elastic wave generating
means gener at esFim- éISasltnD‘eSwax/exemsildéytsmaruqiqmedlnc‘dm@ilr'iélte ahAadrbhed t he

refl ected Jave V\{] é lre{ ecéed the liquid surface or a wall
di sposed ‘CouUnter ?hpe Y’o RIBETr e CI% 2+'1s another nethod in which a

change of acousﬂj@ SIGFT@Ed\a@@estﬁudEhEQtﬁdwh}lcw thatpirgoehacaatier dstics of a
vibrating object. As a nethod utilizing the chan%e of the acoustic¢

i npedancels M ity sakiow shrpystezoéhést PPETAER €8 bRearcnbet gt or
having a pigegoel ectric elenent therein is vibrated. Thereafter, a resonant
frequency or an anplitude of the back electronotive force wavef ormis
detected by nedsigi gy shewbagkstructure in which the absorbing member is

arranged inside the cavity.
Fig. 58 shows an exemplary structure of a case where the
present invention is implemented to an ink cartridge of a

off-carriage type.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described based on the preferred
embodiments, which do not intend to 1limit the scope of the present
invention, but exemplify the invention. All of the features and
the combinations thereof described in the embodiment are not
necessarily essential to the invention.

The basic concept of the present invention is to detect a
state of the liquid inside a 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
liquid, level of the liquid, types of the liquid and combination
of liquids. Several specific methods realizing for detection of
the state of the liquid inside the liquid container utilizing
vibration phenomena are considered. For example, a method is

considered in which the medium and the change of its state inside



el ectronotive force which is caused by residual vibration which remains in
the vibrating portion, so as to detect1 he change of the acoustic

i npedance. As another nethod utilizing the change of the acous®§SEP 2003

i npedance, the inpedance characteristic or admttance characteristic of
the liquid is measured by a neasuring apparatus such as an i npedance

anal yzer gpd ﬁq]hri@né&héé'iﬂ@r GireClbtect 8@ Hhalichhenaharge Rt arcaTsepicval ue
or a voltage value, or the change of the current value or voltage val ue

due to theave ggneney ingansaus Igenana bashantd lastgicwaveol nied¢ itdg digeid

d. The . t | inci pl f the_el ' '
b WALRE i RE T e v BUL R ek S a3
stage. | npyf hendr esgnt deshedia@ntor t&w&wsa&bﬁbeéantddmdes: appreth 1o

technol ogy in which to detect the state of ink consunption inside the ink
cont ai nercamheredns Jistico A Ssaneieher neidigdhin whightachadasy ofhacoustic

pi ezoel eC%&ghgd?%Lce%"i@tdegQ& ) %%R%&?%Hfr?g c%{?%%@ter%w@ss A Sy 9PAkting |
corresponding 10 the 1nk consum ng state; y COonversion Between el ectric
ener gy ansbiyddt ati ol enemgyhods e idet=iaid onhpr idicirglee, of helawcoaispustic

i npedance, is _utilized. Preferably, a residual vibration state after the
pi ezoel ectPRPIFNSet G tHmsh RATAan oF, 3 B1aaredeedTdfdIeybESi RERTr om

an out put%se'b r Oha bﬁgp!aeg%%gaet:@r%e@q%entheﬂe%e?ir@ & B P20083.

resi dual rati on changes depending on the amobunt of ink inits

peri pher yrhdireaf ter basedesonaéhe fheagenol thre aacsustliidudpedfantlee back

correspondj ng to the ink consunption state. Thus,.the _consunptign te is

ot ect od BYFRTTIST R (ol Rt i CPLethad) BV Trarioi ey sre Richges

dependi ng= Ds-{ Fsmd tHic € s WhaRh $kad£usd @y dedd diua lagablrat idat ericion

principle, the piezoelectric elenment generates the elastic wave throggh a
e

cavity opEfaHe dndleuvphratdng BREF1PR. re3 e CEURE FEF EEPBECVR
_t hat is refd ected iy QH@)erapl%eo.peﬁé NG SaYd £ ¥ne t HUEP utling AhRNY8e change

of the acoustic impedance, the impedance characteristic or
admittance characteristic of the liquid is measured by a measuring
apparatus such as an impedance analyzer and a transmission circuit,
so that the change of a current vélue 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. The
operational principles of the elastic wave generating means and
the piezoelectric device or actuator will be described at a later
stage.

In the present embodiment, the present invention is applied
to technology in which to detect the state of ink consumption
inside the ink container. The consumption state of the ink is
detected by the piezoelectric element. The piezoelectric
element outputs a signal corresponding to the ink consuming state,
by conversion between electric energy and vibration energy.

As a detection principle, the acoustic impedance is
utilized. Preferably, a residual vibration state after the
piezoelectric element generated vibration, is detected and

obtained from an output signal of the piezoelectric element. The



of the reflected wave in accordance with the ink consunption state 1is
detected. How the piezoelectric el errent19pl ays a role in the course of
detecting the ink consunption state nay "be determ ned accordi 9§ $EP 12008
specifications of the ink cartridge and a required measurenent accuracy.
The .pi ezoel ectric elenent is provided in a position of the liquidin a

detecti onzd &y @&k £d; iH¥.LA6l Gl MRS elsNKe SORUAR &P hS hablnt THETEIY invbet her
or not the ink has passed the |liquid " position can be detected. The

pi ezoel ecpeitpleéeyrentThis fisrimsednat hasthangsherf. the aadwstgcesepedance
enbodi nment, _the opening cavity is, .in particular rqvi ded | he e
menber . T‘ﬁ%rﬁ%%%?ﬁ‘gl%%vi??/ ifsﬁ/%r ojxﬁ]?ie TP poe ti%naq—'ceo'unt elrrﬂfl%’thgﬁé

pi ezoel ecédhsumpeiBAt sfatedi Eegkedctbanard vl liidield athgofd¢Ontiatt bRei nk
cartridge so as to communicate with the interior portion of the ink

car t ri dgeres hduahotife tdesodt atachandesudePaadipd et he gty geRgHERtBY™t he

pi ezoel ect réé:edevi ce and a nounting structure. In particular, there is

provi ded The opening cavity in the nmounting structure. The opening cavity
is, wth the ntderdindghe sbat eawdtiverng douateton arpangedlpla,a pobetion
directed toward the interior portion of _the_ink, container so a

to.
communi caRECAPEheE HEL T RIGMSRE Borerahes &he ﬁ%a?ﬁkcd’ﬁ}ﬁeaFHEP?lgl?r?Zcﬁgéﬁ?’ng

cavity is,p0sifdonady Ws ol Qiéﬂslp'iﬁ_zzoé‘éﬁ&ﬁéé G S@HL et RGUIATEY LS
vi brating portion. 20 2 SEP 2003 In still "anot her enbodi nent, there is
parti cul athyt proviefdedatesl tbyenighgtbavepgningtervitk. cditus néhe Thangpeni ng

cavity is med uc hat the _openi cavi LS provided in i ption
count er ?% er?)ifgeigg?é&ar"ieclﬁ |C(9§d2—%c§swf’%Mctg’fﬁgﬂgccaqnesuvm%l({}ﬁgglgﬁ erior
portion ofstde &&d@l Nefow the ppeRbaleEdYitYel smPhovpegs ia) lepdsi then
directed toward the interior portion of the container fromthe

pi ezoel ecEPPESAURA cetentd nshény nénb.a‘\?‘?@%}l‘?‘}%tbﬁé%iS’tt‘r"i‘)‘i‘%d‘}ayc@@niiéFeFB‘iPﬁg
pi ezoel ecfris, §EYiCeo RALd | SHLALEYCLE SoNLbLR ifie PAK!iQRtridge and a

required measurement accuracy.

The piezoelectric element is provided in a position of the
liquid in a detection-targeted predetermined ink consumption
state. Thereby, whether or not the ink has passed the liquid
position can be detected.

The piezoelectric element is formed on a base member. In
the present embodiment, the opening cavity is, in particular,
provided in the base member. The opening cavity is provided in
a position counter to the piezoelectric element and directed
toward an interior portion of the ink cartridge so as to
communicate with the interior portion of the ink cartridge. 1In
another embodiment, a mounting module is structured by the
piezoelectric device and a mounting structure. In particular,
there is provided the opening cavity in the mounting structure.
The opening cavity is, with the module in the state of being mounted,
arranged in a position directed toward the interior portion of
the ink container so as to communicate with the interior portion
of the ink container. The opening cavity is positioned counter

to the piezoelectric device, particularly its vibrating portion.



By providing the opening cavity, the follow ng advantages are realized. In
the state where the ink consunption is %ot yet started, the liquid surface
of ink is high and thus the inside and®ut si de of the openingscggpymmare
filled wwth ink. On the other hand, when the ink consunption progresses,
the liquid surface is |owered and then the opening cavity is exposed.

Then, an.appr.gxi mat C i I i i

cavi ty. S OE e e e R it s 1 TaiEace ArAY PESaE on o the
pi ezoel ecdpéigi W via&a torid bRelikecohtbeénelrn thiesepenimgstatesy itshEoouegut
signals fromthe piezoelectric elenent also, differ, Uilizin i

] . this
phenomendTiCh Atk iEoPRERIAS GiF Gat & ScRROVEEC i SHe, POBT 6EPBALOTRETS
prefer abl g, tRatp fe 6L FLLEC CBRLAEEEALS B o JontifiLhlle wiigR KR Hifbdigiount
of ink is %ept ¥n the cavity be recorded in advance. Alternatively, the
det ect ed pdwar fon esf sthe aintaismeti.me Thehepenhagi aRVisYi hei HeodhdedulBiale t he
cavity may be recorded in, advan Bat h the _above.two st S our se
be recor d%%s.l%%r e tt‘r?é"aﬂﬁdg &t 1;5%5&1°|~‘FERPF%&§’HWO?| gfﬁg %é%%?? ee%
later in getRiche bhe-sabedt peatadmycde desi gpedisg ddiatt ersopesisioned
detection due to undul ated ink wave caused by provision.of the cavity can
be ‘avoi dechumberedvetheaptorad hect vic Hieprese MR TEAsodiaFaNt 1 LBy Prodt Hhi%g
t he openiqgjcavity, t he nunber of nmenbers to be occupied and inserted
bet ween tH& pt%2oel ectric el ements and the ink can be 21 2 6 SEP 2003
reduced, or thesy hHrekiesnothsuspenenyessvoan, hber éditedingoadhantagée ink
consunption state can be further reliably detected. For exanple
consi der i #E 1R ldeAsstt | &R BRE Gt WRSTS FRRg E RPHBUTRIE™ VihPREI ¥RE it
is to be notead.dhaln@ 14 qUiLs AU of0fidik ol RiGRCaUHCERUEYtRE {hfide
pi ezoelectric element 1s”one that actually affects the residual vibration.
By provi cimd) ¢utsidepehitite cpanting iayvitivraned faddest wath Akkbecohethel oser

to or  ComES. NngaA! Ahel Yhd NPT 82RSLESEILE BLBTRAusH ARy 18b61a

surface is lowered and then the opening cavity is exposed. Then,

an approximately constant amount of ink remains in the opening
cavity. Since the above-mentioned “acoustic impedance, the
condition of the piezoelectric device or the like differ in these
two states, the output signals fromthe piezoelectric element also
differ. Utilizing this phenomenon, the ink consumption state can
be suitably detected.

It is preferable that a detected characteristic at the time
when a small amount of ink is kept in the cavity be recorded in
advance. Alternatively, the detected characteristic at the time
when the ink is inside and outside the cavity may be recorded in
advance. Both the above two states may of course be recorded.

According to the present embodiment, as will be described
later in detail, the embodiment may be designed so that erroneous
detection due to undulated ink wave caused by provision of the
cavity can be avoided.

Moreover, according to the present embodiment, by providing
the opening cavity, the number of members to be occupied and

inserted between the piezoelectric elements and the ink can be



change of the residual vibration relative to the ink consunption state
becones further clearer and the ink consunption state can be detected with
increased reliability. In cases utiliziftg the el astic wave and, peddreefogd
wave, the provision of the opening cavity results in favorable

transm ssion of vibration between the piezoelectric element and ink, so

that | the L ak.det ect |09 Gapabld i1 Y CaIcRG IRy 8l MBTEOKRLea ACEOEALRD (O

the pr esehte enbodimen cavil ty is’loca

provi ded tise Uﬁﬂd,cdﬁm&n@@ﬁonl fka tanche B@fﬂhytlseﬁlﬁeilﬂziblyzd@geatecﬁlape
itself of the base nenber. Ther eby the piezoelectric ele

protected fr omEde exARPLlea PoREt Wl R FRGeI® B F FECT REHINSHR geﬁ ‘é’fh t’azb?gt he
pi ezoel ec‘%}gé Gre £l RIEN %ttfl% K chayi ﬁ& CONMBIGd i) Tahﬂﬁheeeaé'm@@nt

effectively prevente rein eI ow, e present enbodi nents w | |
descri bedof mn}datnathewtxblnetyr efhcehd @idrzane Irggssriki redtemeantf ulsdarrent]aat of

technol ogy wi || scri bed which, detects the i nk consu ti.o. ased on
the vi br a2y n@g(fﬁ@tﬁi 1Rkl BHBREC 18R B PR RIS V\g

various appli Gl 1 g Of S 161n§i€€et%§tdn%ﬂtee>ffn%ﬁg)éeco%rsl BYokBe @@uasse of
describing these, a detection device with <cavity which features the

present mm rmnthmﬂactbmﬁé‘smebmezmd@ﬂtéfrlqmtlﬁﬂ‘@mﬁer Vherabyenthe
th f 2 k th
the cavi 157s et or FATH Susintardl st aRR Ve 8 b Rt phpEgen"

t hereof . ApdteOtRIcomeaas farvide of ehirgti dndetﬂ&etnlrnqg cdensiuept iam atttat oan
(typically shown 22 2 6 S E P 2003.in Fi 20A - 20C, the reference
nuner al  10%)defREERA ¥kl | EnGESRSedefiet 3 hjglﬁéans (typically shown in Fig.

1, the referencg, puagk autlf‘i gtﬁéoé’;@aslﬁ@wge ahhez?@ffé@té@rwﬁaﬁﬁé OpReOf

enbodi nents for the I|qU| cting device. For exanple, the liquid
det ect i ngoraieis cen Wiyt e ogetnmtgnevzjltsymsmﬂ&ts mrf@rvor@éﬁpaohmnsmasélon

Irgpnl)sggn}q%gml.?ﬁ‘g dl Ll g{é 0 | h%hgcégg'tzgélecEr%gneleaor}clertlt‘t]eargci)q%%eggsthglée
the ink detectlng capability can be improved.

Moreover, according to the present embodiments, the base
member in which the cavity is locally provided is used, thus the
ink can be safely sealedutilizing a shape itself of the base member.
Thereby, the piezoelectric element can be protected from the ink.
A possible damage to the insulation state of the piezoelectric
element by the ink having conductivity therein can be effectively
prevented.

Hereinbelow, the present embodiments will be described in
detail with reference to drawings. First, a fundamental of
technology will be described which detects the ink consumption
based on the vibration using the piezoelectric element, and will
be followed by various applications of such a detection technology.
During the course of describing these, a detection device with
cavity which features the present embodiment will be described
together with other variation thereof. Figs. 28A - 28C show a
typical example of the ink cartridge with the cavity featured in
the present embodiment, and other variations thereof. Moreover,

as a mode of liquid detecting device, an actuator (typically shown



Fig. 1 is a cross sectional view of an enbodi ment of an ink cartridge for

use with a single color, for exanple, tzae black ink. In the ink cartridge
shown in Fig. 1, the detection nmethod “inplenented is based %1 L,]_:rige d,
anong net hods descri bed above, in which the position of the §§ i dSurface

in the liquid container and whether or not the liquid is enpty are

det ect ed {Jaz,pﬁggei y dﬂ@t abbe ief heskedwaveuntriDa iv)aghhCa @@ stAs Rav@ans

for generatin and receiving the elastic wave, an elastic wave generating
means 3 genetatizedeaAs (tkosupplyspowh ih Rhgeh coheseafemomeastmeirah an

i nk supply, needl e of the recordi apparatus i.n a _seal.ed ner_.is
provi ded %l)n adfe(:(?ﬁ’toéﬁ%erﬁ?wﬁﬁ?ﬁh ﬂg%‘%gsalf%éneﬁﬁ&y Ioﬁ’eaﬁfoﬁPglggémeBSFt f%h of a
bott om f agge ha Rfid beteertidigng8evicet her@t astdnpMaY e hegenghatli Agt8BBMNEg3 1S

mounted such that the elastic wave can be comunicated, via the container,
to the irdevise deavhebeonsbrneruredn sweler thalt atherst ageranewkSscha¥de ink

K is al nos S . e .l the i b S L nk-end
state. tnaRtSReyER igreq e B s A0 e o B oo SR PR T8 e
gas, the a®t asdrheva@VvErgenegiatadmguaesns 3 is provided in a slightly upward
position fromthe ink supply port 2, Mreover, an elasti¢c wave _receiVing
means may be sdpeFatel§ prFAsFedcrhiPRad, ViYW Hapn HRPOIBERF CTnadeink

gener at i ]_t@%{@ i ; - ' v N MYk, A
packi ng P‘%’lg a%% fg%vg$€§’lgc§d§%§q{ r 2_:1 Srs(l)%dgfdo}?%}tgﬁg&:eﬁgk’tﬂfuppl y port 2.
Referri ngin otRegink, ddepiabde nghowng is iBienghgethewidatadtsi amkmethpdly

needl e 32, copmuni cati.ng. with a recording head 31, | flui.d-tJj ght manner.
The val ve“?ﬁ?'u‘%)“%mr%é (:"O%Etaﬁﬁgl?/nfnﬁ‘e%gog’@w ft?gﬁ"oe#]sa Fggllgfdc%n 4ct ed
agai nst thewpaekitie pbBat4ohYo MBMe Afi QuisPEiRgacs inEs ltigidkosuaphyr
needle 32 is inserted, the valve body 6 is pressed by the ink supply

needl e 32n® whethepennah thk lisskshés eqpty e GaESHSHOYt ReCeoNEiBP ner 1

oo 3 BSUUEGASREAL 0 B AL abe oSO 0 Loeand e ! 1
and receiving the elastic wave, an elastic wave generating means
3 is utilized. An ink supply port 2 which comes in contact with
an ink supply needle of the recording apparatus in a sealed manner
is provided in a container 1 which houses the ink. In an outside
portion of a bottom face la of the container 1, the elastic wave
generating means 3 is mounted such that the elastic wave can be
communicated, via the container, to the ink inside the container.
In order that at a stage at which the ink K is almost used up,
i.e. at the time when the ink becomes an ink-end state, the transfer
of the elastic wave can change from the liquid to the gas, the
elastic wave generating means 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 means 3 is used as an elastic wave
generating means only.

A packing ring 4 and a valve body 6 are provided in the ink
supply port 2. Referring to Fig. 3, 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



sem conductor nenory neans 7 which stores data on ink inside the ink
cartridge. Fig. 2 is a perspective view of the ink cartridge which stores
plural types of inks, viewed froma badé si de t hereof, accor d psEPO208N
enbodi nent. A container 8 is divided by division walls into three ink
chanbers 9, 10 and 11. Ink supply ports 12, 13 and 14 are formed for the
respective,ink.ch ers. In bottom .face 8a.of the spective Lnk.
Chanber s 614351 RATR Foras el B Tk T SR T b A OGA R R S elhings, 16
and 17 are. muxdredso ihkakupph¢ gbaalecspavesi il t rarsherredbbdyt e i nk
housed in each ink chanber via the container. Fig. 3 is a cross sectional
vi ew showi aPrafsafbritheninefsupplyafeedpard2 6f ashkciqper] e iTdcBrarage:

appar at us i I r .t i.nk -jdge. s . sEl 1 d..Ej A
carriage %%L%}té%gbﬁeﬁ qgfsalra%cf%lrgogéﬁfg%hlg% %hié@\ég}%rﬂé%ltllééﬂtgf t?l%er\%b fﬁggg t he
recordi NghefAp®Er visa ed pp&kdswoblyapsub- 2 asmkd wlid i3 swipplly heediecdkdi ng
head 31 is provided in a_|ower face of the sub-tank unit 33. Moreover, the
i nk suppl Y2néedl BPBeT| ¥grlovPled it SRMLAREEr t}i d§ECTFouh®i MY sftde of

the sub-tapk; ughbud8or Ridhod ka8t @ & KNS a8ehi ORalnwiieW efe ne
sub-tank Unit 33. The sub.tank unit 33 conprises the, ink supply needle

32, the 1imk chabbedg84, a flexible valve 36 and a filter 37. In the ink
chanmber 34, the_ink is.housed which.is supplied fromithe_i . rtri.dge via
ooy neodi il 52 IR rrasrarelikd 2188 pE ch oMk Sakh iagR Ry A
flexi bl e yeb¥es3p1i6aDpepsdsanfl chrspdvhywaBansomOs bhekpseasuthediebierence
bet ween the ink chanber 34 and the ink supply passage 35. The sub-tank

unit 33 iaceerdbnRdttuanalediment 2 @ SePtapnsrihés FkvieePdIRY pa¥igdenas is
communi ¢ i 4 recordi 31 L the.i Yppbi ed up
to the rgxé%?%#‘nlgrt}hcégg%%? efég?ar@ﬁ%pst'g'F}g?arg?a\%ﬁenf?hggﬂf@ig%pl y poft 2
of the cobhtaidhes dre Soirnedrfed tiher paghethévenknks chpipemeed| En32bottohe

sub-tank Par.]clzé B%Séfttrk]l% J\:Iglsl\)/gct?g\qg 1?’1]{r gﬁgglggrgg)a;i Tatar}é1fl?@ﬂengegpective
elastic wave generating means 15, 16 and 17 are mounted so that
the elastic waves can be transferred to the ink housed in each
ink chamber via the container.
Fig. 3 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 and Fig. 2. A carriage 30 capable
of reciprocating in the direction of the width of the recording
paper is equipped with a sub-tank unit 33, while the recording
head 31 is provided in a lower face of the sub-tank unit 33.
Moreover, the ink supply needle 32 is provided in an ink cartridge
mounting face side of the sub-tank unit 33.
Fig. 4 is a detailed cross sectional view of a sub-tank unit
33. The sub-tank unit 33 comprises the ink supply needle 32, the
ink chamber 34, a flexible valve 36 and a filter 37. 1In the ink
chamber 34, the ink is housed which is supplied from the ink
cartridge via ink supply needle 32. The flexible valve 36 is so
designed that the flexible valve 36 is opened and closed by means
of the pressure difference between the ink chamber 34 and the ink

supply passage 35. The sub-tank unit 33 is so constructed that



so that an ink passage is fornmed and the ink inside the container 1 flows
into the ink chanber 34. At a stage where the ink chanber 34 is filled

with ink, a negative pressure is appli to a nozzle opening él)_ﬁéﬁtilge
recording head 31 so as to fill the recording head wth ink. a?np%r,

the recording operation is perfornmed. Wien the ink is consuned in the

di . - ; . .
of the frEbeoe SyRPYY Baetif o518 SRR ke pBL AN Sacy i pematream
posi tionegl @yeyhdt ahed ivid ¢vanbbdysdBpbbedsup @ betene eopenddg Yiked Bhe

flexible valve 36 is opened, the ink in the ink chanmher 34 flows_into the
recordi ng head RALERFHRGhtPhELBNnk 3pa¥bsde ths iRk edPBYE t heCti ARSwhi ch
has flowedof plontpe riecqrding hght PR iﬂ'fkiéhﬁ?%rfémi@w  thews
into the sab?t arﬁ% unilt %éfgvi ae?ﬁgﬂf%kgsupp?y neecﬁ;e 2. Wile tﬁe

r ecor di ngsappbankusnits 3@pethei vglva rdweé segades asasuphpltled sporinges,

el asti c wave ,generati means 3 at a detection .tjmng. ich is_set_in
Sdvance,  FOrt Al Ok HASEAS i ROPRFRGE GPo ik TR FERAvesY
gener at ed1 by Jue 18k BSERE WARVBhaBBESI AL | NALNEAAGE Whekbaflsé amedhb@béhe i nk
by propagating through the bottomface |la of the container 1 so as to be

propagat e3¢ i fiRd ednkit Byirdeher hagat hee draaduravaveapeherdt i ng REEASS3 to

the contajipner 1, the ink cartridge itse ' [ ' i

anount de?%gclfe’f%% Océaﬁa iﬂe??/]fd%\rclgor cﬁlcli’lraﬁt %I)t szt%rggg%ghéer%é%%@ Hg?%ce a

process ofienbeddi noriedeedfitoses dioy teseddi ngl edpeatd thigort hies | peprf elrsetd f ace i s

unnecessary in the course of, formng the container injection | di ng
E‘ﬁa?}#n bVaE

1,
process can be WR$RpHR$ i K ahR qansUEck dde toe Fﬁé’olrfjdt’i'igg a €in
whi ch 25 ge@o%fng%ﬂarﬁcﬁl,eﬁtﬁ%fﬁ ensuppesedky rerheddathcanehenle

avoi ded, thus inproving the reliability of the ink cartridge. Figs. 5 (1)
- 5 (V) shelweshefdetreases netlicds ¢het fdexlibdei valwgyebgéRePasihgonedns 3,

15, 16 and 17.. A P2%510La §3¢ %6 & L9 ®He come 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 sub-tank unit 33 via the ink supply
needle 32.

While the recording apparatus is operating, a drive signal
is supplied to the elastic wave generating means 3 at a detection
timing which is set in advance, for example, at a certain period
of time. The elastic wave generated by the elastic wave
generating means 3 is transferred to the ink by propagating
through the bottom face 1a of the container 1 so as to be propagated
to the ink.

By adhering the elastic wave generating means 3 to the
container 1, the ink cartridge itself is given an ink remaining
amount detecting capability. According to the present
embodiment, since a process of embedding electrodes for use in
detecting the liquid surface is unneces.sary in the course of
forming the container 1, an injection molding process can be

simplified and the leakage of the liquid from a place in which



by material such as the burni ng-endurable ceramc. Referring to Fig. 5(1),
first of all, a conductive materi al é%r 21 which becones an el ectrode at
one side is formed on the base plate 2 Next, referring to Fzg Sg:(mm a
green sheet 22 serving as piezoelectric naterlal is placed on

conductive material |ayer 21. Next, referring to Fig. 5 (I111) , the green
sheet 22 f e ShABE3RY¥ 32 BHE TR péw&?ﬁ?éd ngeA;st he
l'i ke and El?es %gggfﬁ?gst F?gref cojsﬁIrﬁ%(#gé&& brat or, and |hs alr-dried °
Ther eaf t etmprdhendput né ngelsalpelinyneﬂ 'ohethnkgceenrsaget 22 at a bur ni ng
tenperature of,_for exanp 200 C. Nex referring.t Fi . D (IV)., a
conduct i ve mat F1%F- ISaf)}[ér i’,(vije?OPWd“aégl ‘ﬁte‘rlrje‘?%&eg]d‘&gl ﬁéa\%ﬁbt he
surface QfaJd1e 580 i$REREaRS $0185 16 L3 RO!.arAzhde b@a@e 20 is formed
flexural -osci I atabl e manner. Final'ly, referring to Fig. 5 (V) , the base
pl ate 20 b mteraladnguehoaus ¢lhenbutrniBy - engdiingbl hecerrc pl Rede2xring go

Gl asti o W GRhD at G roahes Bl Cah CHRP ReuC oW ERG BF cuaL S nf hetif&Re of

the cont ahdesmadithit RQ dtodeabtr b ide GAELeIed VA tie hasseaphuitlet 200
function which detects the ink renaining amount. Fig. 6 shows another

enbodi nerfiextt. t keferadnpc tavielg geRdFal i n@ rBEeRN 3SBRBHN 22n $8G71ng F‘ﬁ t he
nbod th
enbo 'm.e% 1 SO L s Eifhe e 11 gﬁgq%h%%xecﬂga Ehbabe L flackli dagdgas a

connecti $F ode and, int I men own | Fi g.
6, conneciingNesty rafer2iagand FA3a ar(EIf[mr,n‘e]nlelg;r@rsehdet 37 ignfouppdr
position than the_surface of the piezoelectric mater.i al e rrprl ed of
the greenBedtreLetaminRa FRRRS BN HPTERE PEOMTSEHNTy O Fe#he &Fg 2?5 and

23a, the fé%éhb%ﬂ@&%h&%@&t%gvlﬁ%ﬂéﬁ LD Haidi-veglly, Mpyatedriert he
circuit board, so that inefficient connection such as one by | ead wres

can be avldnedeldurlzﬁng SSS@IM\%WHHN@(% ebasenc shees 22 2t ypebbrniades

whi ch t th d
vl ongUHTER et oS e TRbBeri400 popalBtFngTBEFEEE EnCARE 1S

5(1V), a conductive mater1a1 layer 23 serving as other electrode
is formed on the surface of the green sheet 22 so as to be polarized
in a flexural-oscillatable manner. Finally, referring to Fig.
5(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 means 3 can
be fixed on the predetermined face of the container and the ink
cartridge is completed which has a built-in function which detects
the ink remaining amount.

Fig. 6 shows another embodiment of the elastic wave
generating means 3 shown in Fig. 5. In the embodiment shown in
Fig. 5, the conductive material layer 21 is used as a connecting
electrvode. On the other hand, in the embodiment shown in Fig.
6, connecting terminals 21a and 23a are formed by a solder in an
upper position than the surface of the piezoelectric material
layer comprised of the green sheet 22. By the provision of the
connecting terminals 2la and 23a, the elastic wave generaking
means 3 can be directly mounted to the circuit board, so that

inefficient connection such as one by lead wires can be avoided.



propagating velocity of the elastic wave change based on the change of

medi um in question. On the other hand, the state and characteristic of the
reflected wave of the elastic wave chaﬁﬁ% according to the cgggggp t he
medi um Thus, by utilizing the reflected wave whi ch changes t he
change of the nedium through which the elastic wave propagates, the state

of the medium can 0 ved. 1n ca LquLd
inside the Ii qlﬁ?“é' (l%glr?t(glf%%tr:l?sw & Bg %lgg’é’\cé?‘g%%%%h‘?%%ﬁt‘ﬁ%%?ggﬁgg?%ti c
wave transhirbhigh -dgaceilMejuid lahddeolis @daé afed®danpl ehusst the wexplanhgthhi s by
referring to enbodi nents shown_ in Figs. 1 - 3. First, the )
transmitt@rPlteedSer §PREs outETSEIVIESL i cPRAPBIRE1INAe R TindO1 or 2nd

exanpl &, bRSLEGUL g 01 B8 ; L AUE cFANANR . TR A&l BILLE YRVEne

pr opagat es t'hroug he nmedi um and arrives at the surface of the l|iquid.
Si nce a bohamage yof snedfdinmed rbefuseerionhe Ohi e d el thendjashen stthéel Rgdi d
surface, the reflected wave is returned to the transmtter-receiver. The
transm t t SPRFRCEFTEPLIE it\}’_?s retfe SCE A ¥eea ﬂg\FE}?e %ﬁ%%g@vgegéégﬁet he
l'iquid S&éé@ﬁ&iﬁ?_dt@ thansmAdero Pre HEGRIMRIm Cafnbe , megsuked ibasgdtpa  an
overall traveled Tine of the reflected wave, or a danping factor of the

anpl i t udesebiethed ehage i vhily eclymaeaithebdsy arhéher ghamiaet of thagdmedéum
reflected_wave refl.ected on the |liquid_surface, a S on, i | Zisk
these, the 573eR w&‘rlcgjhlgh? ieafﬁsglicn‘é' g8 R ﬁqaq%tﬁsd Ellg%nQcaa}":né;Pf::gallﬁ4 {S\éli[fgm

det ect ed. cdhoelcdsldrératnveIgenataié MhaRARbe3st 8B¥ e tised iamid shadgbde unit
of the transmitter-receiver in the nethod utilizing the reflected wave

based on ¥R lcitEHGk COPtARBETBYI LAPEHIVLRFC ShightPRE BFHRPF c Aageastic
Pr OPagal &yl +2aAERALRLE. ¥ocBlQ¥IGA 11CAR VabaRY he UL, thEEel gs As

descri bed above, 1n the elastic wave, generated by the elastic wave
gener at i nexpraivs 3 iprigpagste g nd riou gmbdid niert s [shord it Fagsr.avdeti Ag ti e
of the reflect e(iJ: wave occur ing_on thg 27.‘,266S SEP 2003 li nl%.lci ggjv,g Su Lgc_e to
arrive at”thet el®d FEaREDS ésﬁeFS{:‘Fﬁﬁ fredins S 3Wartes ‘d&pend'ig on éena ty
of the inkedi@H] kandLhpilld qehd 1iquid 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
receives the reflected wave. A distance between the liquid
surface and a transmitter or receiver can be measured based on
an overall traveled time of the reflected wave, or a damping factor
of the amplitudes of the elastic wave generated by the transmitter
and the reflected wave reflected on the liquid surface, and so
on. Utilizing these, the state of the liquid inside the liquid
container can be detected. The elastic wave generating means 3
may be used as a single unit of the transmitter-receiver in the
method utilizing the reflected wave based on the change of the
medium through which the elastic wave propagates, or a separately
provided receiver may be mounted thereto.
As described above, in the elastic wave, generated by the
elastic wave generating means 3, propagating through the ink

liquid, the traveling time of the reflected wave occurring on the



| evel . Thus, if the conmposition of ink is fixed, the traveling tine of the
reflected wave which occurred in the i liquid surface varies dependi ng
on the ink amount. Therefore, the ink dnount can be detected §¢e tlng
the tine period during which the elastic wave generating neans generates
the elastic wave and then the wave reflected fromthe ink surface arrives

at the elggthg u‘ﬁ’ﬁvéluﬂﬁé‘@é Ad DY TBaNs BheMDf BOVEE waiBgBhasht ¢n¥aNeans

Vi br at es partlc es contained In the ink. Thus, In a case of using
pi gnent - |3 kexis \dﬂpﬁdeS@ opi glemisti tas of cbbonnhglagemd amcﬂaeth%lla:lsmx,d wave

contrlbutestop reC|p|tat|o of t .pi-gnre or, t ike.

provi din ;@Hg Se%‘%}?%??% f&g@}ﬁgﬁst%éxeg()n? ?ne avel%/ﬂﬁan t he
ink of t h:cv‘lnhé”'JSfQ;éHé feégsceearm@ﬁlcﬁ RCA RS @hedinlk NKqend Silwifcand
the elastic wave generating neans 3 can no |longer receive the reflected

wave, it vasrqe.ﬂjg?apemi;lrww qu:heeamkeﬁmoand thﬂbeéaﬁogevethﬁdmlétawmb
replace the .car r| d&e }9 d 1ng xlld&? AL ding: 40 anot her

enbodi mert® ofbet He pr esent |nven S on. ura e? é%l C wave nera%l ng nmeans

41 - 44 Fledyiayivdet Qerdiatsinde maanls of gkheracest sheeeldst spacede adnd
variable interval fromone another in the vertical direction. | n t he ink

cartri dge-hefolReiwave getrect gAdmes the indt sYREaFRRITE VisceR ieA L3Rt i ng
pevel s Ol JRSRARL A i £ aRLds WAY € MIBRRIAL! NG P AR &l ¢ Haran, Docdietect ed

by whet her I'S present at respectlve positions of the
el astic p&m;tac@ea‘uarabnnglnednsrAIthe44nkF0r Bxapl én suppase torfatu?emg

liquid |evel of in oji nt between t eelastl wave ratl

means 44 RHSRAE- l?h‘een “ﬂﬁ Vg}éf%%t?ﬁeﬁaQégEEﬁgr &fi r?g zf‘g%e Sttt and

j udges t hatadihe: Wbkel SoREPL BVt bﬁ@v@h@sﬂat@clﬁ\@t@tﬂ@ﬂeﬁakh@@i@Mt 41,
42 and 43 detect and judge respectively that the ink is present. Thus, |t

can be krivwthehdtikehe |iquid 28 2 6 S E P 2003 level of ink lies in a | evel
between the m‘%? ﬁié%?ﬁiﬁgﬂgﬂéﬂéfg%tlc wave generating means 3 in the

container 1, when the ink of the ink cartridge approaches
(decreases to) an ink-end state and the elastic wave generating
means 3 can no longer receive the reflected wave, it is judged
as an ink-near-end and thus can give indication to replace the
cartridge.

Fig. 7 shows an ink cartridge according to another
embodiment of the present invention. Plural elastic wave
generating means 41 - 44 are provided on the side wall of the
container 1, spaced at a variable interval from one another in
the vertical direction. In the ink cartridge shown in Fig. 7,
whether or not the ink is present at mounting levels of respective
elastic wave generating means 41 -44 can be detected by whether
or not the ink is present at respective positions of the elastic
wave generating means 41 - 44. For example, suppose that the
liquid level of ink is at a point between the elastic wave
generating means 44 and 43. Then, the elastic wave generating
means 44 detects and judges that the ink is empty while the elastic
wave generating means 41, 42 and 43 detect and judge respectively

that the ink is present. Thus, it can be known that the liquid



means 44 and 43. Thus, provision of the plural elastic wave generating
means 41 - 44 nmakes possible to detect the ink remaining anmount in a
step-by-step manner. Fig. 8 and Fig. 9 %how ink cartri dges acc%giég% to
still —another enbodi nents of the present invention. In an enb t 2003
shown in Fig. 8, an elastic wave generating neans 65 is nounted in a

bot t om fa;;&véﬂ é@ri’}ﬁqdﬁé opg 4 ALY BSE%«E%Q' 1 req.%tébtgf?: Le ggngﬁpfﬂ}a nt
shown in Frg. 9, an elastic wave génerati ng neans ot %an ongat ed”shape
in the vem¢éanal 4di nedt 4gn | Thpesvipdedisimrt ke Whed mIyraof éhesbott wavéace
of a side wall |b. According to the enbodjnents showmn in Fig. 8 and Fig. 9,
when par t S9REFRBIRE FSETE havet HBRELSIRIRS RO tERT BBCildeXpBaERINEr om

t he Iiquiglméﬁlﬁ{agg,atggeﬁ[g%leg@gptﬁgﬁng;'the reflected wave and the
acoustic i npedance of the elasti'c waves generated by the elastic wave

gener ati ng nean8i®5 &amd rRigus|%y shivandak certesggrdi agcbodihg thaagelli hl,
Ah2) of the liquid.surface. T , the process fromthe ink-near-end state
Co the i iESRREPt PR R SFohRR P REe B LA adduPl: SFOOTPERE ed by
det ecti ngsnée tearief @f, shapygst Dcthgyvé rqued.ect tidgmedingd e ref heghedqwave
or the acoustic inpedance of the elastic waves. In the above enbodi nents,

descri pt i &a sh@etiseanfaadel dyf ormashpisilbpengnt tee iviek tdaratly ddgecsfion -t ype
wh t he_]j ' ' t : i ngt | isqui [ .St th
T R

generati nge afeans gimnder bt dm ahel Rkrecachli dgecotianot beproypéedher e
the contajner, 1 is | oaded with orous_el astic nepber and the porous

a
el astic mEhbereiEi¢Hpt eyt eﬁh%?cﬁt?‘ﬁ‘é Facri ot i dkSigfotdhl 1R the above
embodi nents a fAexFM n®Sd ldi IbIYRRndd 3RS FegVi Br 8har rig. used so
as to suppress the increase of the cartridge size, a vertically Vibrating
type pi ezeegrperitcot Ehisrat ast hayayesaeheraseng meanishes alycles disbexpased s,
,égﬁefgf‘f;gf%‘@égé@ag@aé‘éﬁkééeef’ A L GEH LR DY B A TR SLBTELE MY S e

and the acoustic impedance of the elastic waves generated by the

elastic wave Ggenerating means 65 continuously change

corresponding to the change (Ahl, Ah2)of the liquid surface.
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
or the acoustic impedance of the elastic waves.

In the above embodiments, description has been made by
exemplifying the ink cartridge of a type where the ink is directly
stored in the liquid container. As still another embodiment of
the ink cartridge, the above-described elastic wave generating
means may be mounted on an ink cartridge of another type where
the container 1 is loaded with a porous elastic member and the
porous elastic member is impregnated with the liquid ink. Though
in the above embodiments a flexural oscillating type
piezoelectric vibrator is used so as to suppress the increase of
the cartridge size, a vertically vibrating type piezoelectric
vibrator may also be used. In the above embodiments, the elastic

wave is transmitted and received by a same elastic wave generating



means. In still another enbodi ment, the el astic wave generating neans may
be provided separately as one for use in transmtting the elastic wave and
other for receiving the elastic wave, €8 as to detect the ink regeﬁg&ﬁg
anount. Fig. 10 shows an ink cartridge according to still anotggr

enbodi nent of the present invention. Plural elastic wave generatlng means

65 65b d 65 he_bott f la f th ti
dlfectloﬂﬁgﬂaieg ggsgﬁ?}réhﬁ ac odgpgﬁﬁﬂggh?ﬁ§kaé% I %F3|ﬁ%¥§§ra§\ '¢or di ng

to the prgsand RipPed ﬁ%@badeHhEeﬁéfat’élytagﬂbr{é rrtelied thMerafémibeing
reflected waves of the elastic waves to the respective elastic wave

gener at i nyrlemalwtasawavssandmfm fior rrecivdpactne it MyVisosieli ®hs of

t he eIastlc ner a ne 65 and 65c di ffers dependi ng on
whet her orr1%%%?Fg€h |ékg$%g%% %&gespectlve positions of the

plural elastic maye gereoak 88 manﬁaxﬁtﬁa;d@@mcw&cﬁm tbhesilivnkrdbreror
not the ink is present in the respective nounted osition_levels of the
el astic Wﬁ@%’ Yerhtat Ofg HRANPTESENESHIERAC 188 ¢ Wea Herdessd DyWaEanni ng

each el a 1%“-;&31{% é}ﬂ} e ’anc{’%%ca%q 6he) nardohysdeteski Pgrﬁx@@

travel ed cted wave the elastic wave 1n the elastic wave
generaUIﬁﬁImpgwlﬁSahefﬁﬁrznmbBSdlrbbncentﬁpaqaw:a@nanmnn;&nn&htanan be

detected in ste manner. For exa ose that t qui d
fovel  CoPtadadd S e ShibaRPhden PrECERALRIt® hib PrearamerRetEshe " Gsb
and 65c. themrifgel@sid ¢ iane 1gNeriaid)nd fMeaBs restedebacaveands tilges
that the ink is enpty while the elastic wave generating neans 65a and 65b

det ect arrlgsidgevwA¥SFe th@lrpmtltvfﬁeelﬁﬁtitg wqmee%mrawngm%ﬁ

eval uati hes sult [ gui-d. | ev nk
lies in a evgrfggghgené?ﬁ }e$§ ??%§ wave 31%2 Efﬁ%g 5%3%5 8&% giﬁgét&
Fig. 11 shmms @@neﬂkttﬁgtmedge FEEQr 4 31y andsssbldammdny degrdoti me non of

the present invention. Int i.nk cartridge shown in fl oating
boar f 67 AU 5ok Fhoits GsPEarens TRHA AEREGT B AT OF dor

to increast bR £Yadtit R R0generating means 65a, 65b and 65c. Thus,
whether or not the ink is present in the respective mounted
position levels of the elastic wave generating means 65a, 65b and
65c can be detected by scanning each elastic generating means (65a,
65b and 65c) and by detecting the traveled time of the reflected
wave of the elastic wave in the elastic wave generating means 65a,
65b and 65c. Hence, the ink remaining amount can be detected in
a step-by-step manner. For example, suppose that the liquidlevel
of ink is at a point between the elastic wave generating means
65b and 65c. Then, the elastic wave generating means 65c detects
and judges that the ink is empty while the elastic wave generating
means 65a and 65b detect and judge respectively that the ink is
present. By overall evaluating these results, it becomes known
that the liquid level of ink lies in a level between the elastic
wave generating means 65b and 65c.
Fig. 11 shows an ink cartridge according to still another
embodiment of the present invention. - In the ink cartridge shown
in Fig. 11, a floating board 67 attached to a floater 68 covers

the ink liquid surface in order to increase intensity of the



. 26SEP2003 refl ected wave fromthe liquid surface. The floating board 67
is formed by material which has a high %cousti c inpedance therein and is

i nk-resistant, such as a ceranc boar d 3 Fi g. 12A and Fig. 1282@&& t her
enbodi nents of the ink cartridge shown in Fig. 11. In the in r?@g
shown in Figs. 12A and 12b, simlar to one shown in Fig. 11, a floating

board 67 a}_i ache&l v%avg E)% QR qei rs%xlfréf%é nkTh’eq'Fﬂga§gﬁgaﬁs g goder

to incredse TNTensity of the re Iec wave fromft i qui surface.
Referringig c{oEln@d BAvnatdrei £1 astiict M\@y@ neghradoungt hednpeddmdesthexednon
the bottomface |la fornmed aslope in the vertical _direction. Wen the ink
remai ni n@RGroLAt I HETHRBESERAF ceSHAH AHR CERRMEF aBPREdnave generating neans

65 is exposed fyom tihe binguidy . SIS aGwst BRcBRELVELOEIReRE s e thef hart ed
wave of the elastfc waves ge%er ated by the elastic wave generating neans

65 at thecartasdge stewen gen@ngt | hy. nﬂanshe51nha¢@1etsrldm§m ey Fégsnot

the ink is present. int positian evel el as

gener at i n? @re%"?'fi Wteﬁf‘ﬁg%&%t%’% e Thé 18- a i awggg £ %era ng
means 65 ¢4 ARG 8 4 e hRekhoss frre datcherived l@%ﬁucilaesutﬁa&éanlekﬁbeal
direction, a small amount of ink still remains even after the elastic wave

gener at i ngo méansegBeddérnders idnd ¢fudges rehdecrar wa Ve sem TS, 1'ELF’Il=}1iink
remai ni s PHOL . e emv%%gsaﬂl FLROWAL CANOF: § 3%35%&99 Al

Fig. 12B, I"as g means c on t
bottom fag®e i# ﬁlQ{emEd)rBS:h@pbotlﬁotnhEaderIa cdrmet reeitdmn Jspat(h@dvatrtanal

interval are provided in the container 1. According to the ese 'i:
enbodi nern®is@eworn RiREnN £58, 1@]ﬁge§1,a|1in\}gg ampeyRt seﬁcf"irﬁﬁ CP bHE

reflected.yaves, of; & %ﬁ%e‘ia‘@ﬁ\f@smeahst Bs 18sPgsdde ﬂcﬁ@ttllﬁ waveid

generating nmeans 6b5a and 65c 71 n the respective nounting positions of
t he el astserieve, gemeratival netms @S54 hes5le fdmttast wiivief @fs tg@p@ﬁélsﬁgcon

e RS oA P T DL B SR e BB

not the iakassiPheSeNbeherbite ngeseecs issecratgeed fioss ihetHeaveksot the
ink is present in the mounting position levels of the elastic wave
generating means 65 cén be detected. Since the elastic wave
generating means 65 is mounted in the bottom face la formed aslope
in the vertical direction, a small amount of ink still remains
even after the elastic wave generating means 65 detects and judges
that ink is empty. Thus, the ink remaining amount at an ink-
near-end point can be detected.

Referring to Fig. 12B, plural elastic wave generating means
65a, 65b and 65¢c on the bottom face 1a formed aslope in the vertical
direction spaced at an interval are provided in the container 1.
According to the present embodiment shown in Fig. 12B, the arrival
time (traveled time) of the reflected waves of the elastic waves
at the respective elastic wave generating means 65a, 65b and 65c
in the respective mounting positions of the elastic wave
generating means 65a, 65b and 65c differs depending on whether
or not the ink is present in the respective positions of the plural
elastic wave generating means 65a, 65b and 65c. Thus, whether

or not the ink is present in the respective mounted position levels



31 2 6 SEP 2003 of the elastic wave generating neans 65a, 65b and 65c can
be detected by scanning each el astic generating neans (65a, 65b and 65c)
and by detecting the traveled tine of t3le reflected wave of QIgeSEP 280i c
wave in the el astic wave generating neans 65a, 65b and 65c. For exanpl e,
suppose that the liquid level of ink is at a point between the elastic
wave generating neans 65b and 65c. Then, the elastic wave _generati n% nmeans
65c detecP$ &hE jeddgédc tifyie GrngnREing aMgARE Vi3 e ¢Hle @PAsPPE Gavebe
generatin %Hﬂ’ e ] Lyel at lnk is
present. g%gg 23%9 21?3? Tva ulgt%b ﬁggbh%%%g?g%ﬁﬁq%%%tﬁ%@g@%%g {%%ah Gt"r’thkgt‘gl nltd he
l'iquid | eg6k) odnd iy ldeeedting theetrdet @t ine ofl ahei xe Wbvet edyerareabifng

means 65b and 65c. Fig. 13A and Fig. 13B show ink cartridges accordi ng) to
ge

still anbPReflefbodi KBHE VF the Phradeft WaKr ASTGFatIDS ME3NT cC4rt PP

shown in Eihg. 633A B | ke RDSOr tgd}g:d?é”tt‘?{at”;}ies 1%;{@@_@%-\)& $¥chnka;jganner
that at |east part of the iI'nk absorbing nenber 74 i's disposed counter to a
t hrough hekea roiprobetwdenrnsialelilsé iccoavaigmrerat IKg gleastsi 6Shaargl 65C.
generat i ng rreanghm Ls fixed to the ottom face é§ g%tt rg:% c%ntdai.n r. 1
that the &P58tiEHabe®shRnetAYT i Hst ¥ T Fodd Sifed CSuftSr JHS9eRe
t hrough hehgtlgthe ik & Becrptky @ikl €96 Slhami d Wa%gieﬂéﬁatﬁﬂgin%r@seébi ng
menber 75 is arranged in such_a manner that_ the ink _ absorbing nenber 75

i s di sposeBdchbht éetest aard abvdge rganerid sl ashar ddiamidikc dfePTREERtL he

t hrough hgl e C {n t @%Q{ | a$. A and
13B, V\heng%h%‘],:éﬁﬁf\%a%r’ %}%%t%g sél}?rr%%é ?}%"Ph%?%ﬁde |nong%=gor C%“ﬁlg%h%eingégs 74
and 75 arégigxpdsédveiowft iek nkes he ianKleéwel heetwken abker biiagtirenervs 74
and 75 fl ows out,bg its dead weight, so that the ink is supplied to the

r ecor di ng9RB&H281SVWAEAERE~PnR™ s85Gsed up, the ink absorbing menbers 74
and 75 absorb theginksa heABHIY NY3BEHAE I hRIQUAN- Tl becosainghad sthe1i nk
is conpletely discharged froma concave part of the through hole 1c.

Ther eby, anpehsr@mbastinait pbittheqeab Rty éNUENLtRENe| abhithiewavecgeheidged by

shown in Fig. 13A, an ink absorbing member 74 is arranged in such

such

a manner that at least part of the ink absorbing member 74 is
disposed counter to a through hole 1lc provided inside the
container 1. An elastic wave generating means 70 is fixed to the
bottom face la of the container 1 such that the elastic wave
generating means 70 is positioned counter to the through hole 1c.
In the ink cartridge shown in Fig. 13B, an ink absorbing member
75 is arranged in such a manner that the ink absorbing member 75
is disposed counter to a groove 1h formed so as to communicate
with the through hole 1c.

According to the present embodiment shown in Figs. 13A and
13B, when the ink has been consumed and then the ink absorbing
members 74 and 75 are exposed from the ink, the ink in the ink
absorbing members 74 and 75 flows out by its dead weight, so that
the ink is supplied to the recording head 31. When the ink is
used up, the ink absorbing members 74 and 75 absorb the ink
remaining in the through hole 1c, so“that the ink is completely
discharged from a concave part of the through hole 1c. Thereby,

the state of the reflected wave of the elastic wave generated by



32 26SEP2003 the el astic wave generating neans 70 changes at the tine of
the ink-end state, thus the ink-end state can be further reliably
detected. Figs. 14A, 14B and 14C show pl?an views of the thro %hsﬁglzp | c
according to anot her enbodi nent. As shown respectively in Fi 33. , 14B
and 14C, the plane shape of the through hole |c may be of arbitrary shapes

as long as, the elastic wave generating nea i s capahl e.of hein nt ed
t her et o. W%s‘?lai%tﬁ%%ﬁ%?vfsgeél%&ﬁtépgs?g%‘@t ?gngh%?g‘?%eabti %Pe] &S ggror&é?ng
appar at us; e Condi 89at 9, sthhs anothek-enbodi seat coh boeruptrsENtel DYBIYI ON.

Fig. 15A shows a cross section of the ink-jet recording apparatus al one.
Fig. 15B @#steckeedss section of the ink-jet recording apparatus to which

9. 158 dstec . . | to whi cf
I the di recti onOb 1HY A RGNS THCAR (20T arng Bapr oE fie o~

recor di ng1 c heedrdiad to anbewer dnaeel ineteof AsTdowarespget25@1iynial Rdgs. a
sub-tank unit 256 in an upper face of the recording head 252. The sub-tank
unit 256 h4R, al4B mndrl4tr fdeupéang Fhapespbving Fimapah §olmd SsHBYt ARk

unit 256 has _an i n [ : 1 b 396 2/ AeQRUENt i NQ
side. In ?ﬁearé%;lr%g;@g%%@ést %gﬁe&?%%%p%gl\%i %g%l&gl%gjr?\&eecx%%ar%t 25§1%| nea manner
such t hat i heapabvexopabeingSdoustedspbsedtcounter to a bottom portion of

the ink cartridge 272 and ip an arga where t he iQk cartridge 272kis %o be
nmounted ther eadbb¥®: FRE ek°BafPo¥sEIIRT LBBSE AR 84t i P havBR I

generati nEe@@f‘@%%%f;%Mb@sg aEE%rBii?%O@J; &iNiIc anbbhat mbdd fentd &k 8nd 16B
show an enbodi nent of the ink cartridge suitable for the recording,
appar at uspsheent iimEingsion5AFagd 1B shawsga A skers ian ehiid AekrI8F t he

A L E O e Sk
cont ai ner inwhj &h hevsesihgkappdravtusnkoswhpty pbet i2K6caht ehdgene32i hs
contact wth an ink supply needl e 254 of the recordjng apparqtus in a
seal ed mounted. A carriage 250 capableof rec:Lprocat;Lngq in tphe glrectlon
of the width of the ink-jet recording paper includes a recording
head 252 in a lower face thereof. The carriage 250 includes a
sub-tank unit 256 in an upper face of the recording head 252. The
sub-tank unit 256 has a similar structure to that shown in Fig.
6. The sub-tank unit 256 has an ink supply needle 254 facing an
ink cartridge 272 mounting side. In the carriage 250, there is
provided a convex part 258 in a manner such that the convex part
258 is disposed counter to a bottom portion of the ink cartridge
272 and in an area where the ink cartridge 272 is to be mounted
thereabove. The convex part 258 includes an elastic wave
generating means 260 such as the piezoelectric vibrator.
Figs. 16A and 16B show an embodiment of the ink cartridge
suitable for the recording apparatus shown in Figs. 15A and 15B.
Fig. 16A shows an embodiment of the ink cartridge for use with
a single color, for instance, the black color. The ink cartridge
272 according to the present embodiment, comprises a container
which houses ink and an ink supply port 276 which comes in contact

with an ink supply needle 254 of the recording apparatus in a sealed

manner. In the container 274, there is provided the concave part



manner. I n the container 274, there is provided the concave part 33 2 6 SEP
2003 278, positioned in a bottom face 274a, which is to be engaged with

the convex part 258. The ¢ 280 concave3gart 278 houses ul trasg@ngep 2003
transferring material such as gelated material. The ink supply port 276
includes a packing ring 282, a valve body 286 and a spring 284. The
packing ring 282 . s en ed with the ink sup eedle 254 in a .

Pl o i hlC e 1omRE 813 BobBay E98D 414 o oRat SHUl % ok EPgBReart

cont act edtﬁeg%b&%teﬁgsre?b%.ngThéld’quaS@oxbda\V@;baqft 318 RIdigu 28Aas¥higa t he

i nk supply needl e 54 is inserted to the ink supply port 276, the valve

body 286 ti¥angpiesstng byatéreidahkseuppry pebated 26atepiat.-to open an ink
passage. On an_upper wall.of the ntainer 274, there _i.s ted. a

seni conduct or F?Eﬁf‘é‘éﬂgllé%%?gg NG esdgt%a%]ﬁ“?%ﬁlflﬁg?gg' & hal YRk
cartri dgepcdid 9% @mhd ki Qprﬂ-ﬁ% Spws Tale pabREhGEAIngf2dhe d Bhgaarlr wdge
whi ch  houses plural_types of ink. A container 290 is divided by dijvision
wal | s i ntehplakafupptasieadis 25f én aHrlasl d ik dHampanrsr292Theo yalvengodye.

The i nk cg?srrq : i ?ng r 984, 3 ng.. 302,
respectively. %I' %O %éagr%gﬁl %ggn%ggs?gg&eis%gcc I veéy?(ﬁ% csiél er@gezgg?ﬁgg% and
296 in theibptIsimiacenyy WA tdfe tdpe-imepretsa .newh2f0rhehéngesapptlymacedlial 304

and 306 to propagate the elasti.c waves _generated by ghe e astgc vva¥§
gener ati mp SERRFted YRy ddEd ik SUBPLYnBCEEaR "§hapBE ¥Bh¥SvRCPYr £86310,

312 and %]éprggggﬁrﬂ}pghéchﬁi Qu;{;%??ne‘@@ﬁ% 308 Jonks suRlen RAritnkg8s8hgthe
ink cartridge 272 is inserted rough the i nk supply needl e 254 of the

sub-t ank @mi an25@petthewadl vefhdoye 286ntetrdes 2ddai nsexteisspraunf €842 so
o0 I RHIER A2 SRS M0 B BGRB8,

flows into ein whereé the ink cha

filled withe iitkk Garegbddeecapiessuse. is applied to a nozzle opening of the
recording head 252 so as _to fill the_recording head with ink, The{lea%ter,
the recording Hofer at§Brrhevpeat GrrreAingieh ehethaking carshndds Whth

recordi ng,oyses plural types of ink. A container 290 is divided by division
walls into plural areas, that are, three ink chambers 292, 294
and 296. The ink chambers 292, 294 and 296 have ink supply ports
298, 300 and 302, respectively. In the area counter to respective
ink chambers 292, 294 and 296 in the bottom face 290a of the
container 290, the gelated material 304 and 306 to propagate the
elastic waves generated by the elastic wave generating means 260
is housed in a cylindrical shaped concave parts 310, 312 and 314.
Referring to Fig. 15B, when the ink supply port 276 of the

ink cartridge 272 is inserted through the ink supply needle 254
of the sub-tank unit 256, the valve body 286 recedes against the
spring 284, so that an ink passage is formed and the ink inside
the ink cartridge 272 flows into the ink chamber 262. At a stage
where the ink chamber 262 is filled with ink, a negative pressure
is applied to a nozzle opening of the recording head 252 so as
to fill the recording head with ink. Thereafter, the recording
operation is performed. When the ink is consumed in the recording
head 252 by the recording operation, a pressure in the downstream

of a flexible valve 266 decreases. Then, the flexible valve 266



head 252 by the recording operation, a pressure in the downstream of a

fl exi bl e val ve 266 decreases. Then, the flexible valve 266 34 2 0 SEP 2003
is positioned away froma val ve body 22% so as to becone opengq% t he
flexible valve 36 is opened, the ink in the ink chanmber 262 861480 t he
recordi ng head 252 through the ink passage 35. Acconpani ed by the ink
which has flowed into the recording head 252, the ink in the ink cartridge
272 1 owsip s kthongd-awmk fgam a vabve WHdve 20/ReSP D 1td B CaPSaPBEES: s

oper at i NGy, an Ay &13:808le m}y%“ﬁ’g'i&%tpte%etdletﬁleaﬁkciﬂ"ac‘{f‘e geRetakiBgy means
260 at a detection timng ich I's set 1n advance, for exanple, at a
certain peé2ddovsf ihtwethdhed@bitric heade2 g2 nérrateth bizet ek glaastage dave

enerating nmeans 260 .is radiated fr t he_convex part 258 and J.s
Lransf er rBECPBPRRECRARY (T8 dd's HBiCRKPRS FITMRD 9 i rehagaiggnea i ough

the gel atgsh mahfr i gl 28Q heni A& NP @g@ Al Shebhehe idib-cardl Ldge 272

Though the el astic wave generating means 260 is provided in the carriage
250 in Fi®gs6.15A and 15B, the elastic wave generating neans 260 may be

provi ded i nside_t b-tank unit 256. Since the elastic vie generated by
Phe el asti ¢ wavBi fe it PR - HaaHs 500 B ohd6arBE=E hi Bdore (e ienk PP b d.
the travedistgplliieR €6 thieeT£4t £6 WateVPiee AOCUHY mBEne dhatidket bgyidn
surface to arrive at the elastic wave generating neans 260 varies

dependi ngt Bl R 1E1Gh ¢ ERE iRIRIVARAY 40F ERETPLquit | FEELLaERUBSTIPE t he
conpositi f. 1k i iﬁ?ﬂa el i I o] h r ef4l ed vave

whi ch occﬁfrjrgc}"{leri thz‘hltenk |Sq%?(g Eﬁ‘?’ ac%&\%%%égd %)g;egla?ngéloaﬁscétlﬁ'g I nk
anount . Thenefat ing tieansk cdmentadaatbdbe fmret ebeedohyesepactidip bnd isnme

durat on Huring yoLgh R Lol] seled, wave ribyes At the i aabloteve
surface igheXedit ahdydiNg e EhdtldrG MRBE 0JEACH A INKL TEANS 25 74 bgoYRE, the
el astic wave TgQenerated by the elastic wave generating nmean 260 vi brates
' ink cartridge 272. Though the elastic wave generating means 260
is provided in the carriage 250 in Figs. 15A and 15B, the elastic
wave generating means 260 may be provided inside the sub-tank unit
256.

Since the elastic wave generated by the elastic wave
generating means 260 propagates through the ink liquid, the
traveling time of the reflected wave occurring on the ink liquid
surface to arrive at the elastic wave generating means 260 varies
depending ondensity of the ink liquid and the liquid level. Thus,
if the composition of ink is fixed, the traveling time of the
reflected wave which occurred in the ink liquid surface varies
depending on the ink amount. Therefore, the ink amount can be
detected by detecting the time duration during which the reflected
wave arrives at the elastic wave generating means 260 from the
ink liquid surface when the ink liquid surface is excited by the
elastic wave generating means 260. Moreover, the elastic wave
generated by the elastic wave generating mean 260 vibrates
particles contained in the ink. Thus, in a case of using

pigment-like ink which uses pigment as a coloring agent, the



particles contained in the ink. Thus, in a case of using pigment-Ilike ink
whi ch uses pignent as a coloring agent, the 35 26 SEP 2003 el astic wave
contributes to prevent precipitation of3the pignent or the like. . After the
printing operation and mai nt enance operation or the |Iike and t P83 i nk
of the ink cartridge approaches (decreases to) an ink-end state and the

el astic ve generatin nmeans 260 can no | onger receive qnge refl| ected wave
even aftef 37klC May& anﬁf’éﬁ‘guﬁéﬁe?%ﬁrﬁdeﬁéaﬁ?géﬁ&lEaBant theaRt g Hhve,
it is jugdged,dhpirdhe ink is in an ink-near-end state and thus this
judgment can give indication to replace the cartridge anew. Moreover, when
the ink cartri dgec€72hes pmantingnoper ptdperdnd e intemeagare opgea230n ¢ohe

shape of the elastic ve fr t he el asti generating .neans_260 changes in
an 6xtr end fadtbr. B | V3PRg HA st PR wainitl cAR b et APREERCHRS he
event thatgéhee£xds el GRARAR-chB P&l A% IthaV@1Q ot dfhoet §8ne 8t 88gt O
pronpt the user to check on the ink cartrld?fe 272. The traveling tinme of

t he ref| ceelRP WdPecan nhd calgest recqave thpamelfdestehyvare avers aifé exatke

generatin ' i f t nsity..of i Q in.th
cont ai ner%%@%i“?r?gge ?%él%gtfg;iéﬁj{/neo%llsi %gnggy&éﬁz ftfhegr ebly%K:T e&%;%g’ee’otﬁi%
used, datpudded hehat yfies Diki Nk b eaist Diilednédr aeis@ NG candush@r tesotyigeans
288, so that a detection sequence can be set_based_on the data and thus

the ink rBiRETMNg GABUAL VEan BE G HertRr EEPSRFY dbCetFETHYE 37°¥hows
an ink cagdrdee- 254 ac i ng &Qg%iége Wtﬂgnéﬁcgg@%%ab pebpkhe PEgsent

invention. In the ink cartridge own I n , the bottomface 274a
i s fornedlmslcpeiage BE0, vehei st paliafetheoml a$ni ¢ heaven i moar thiedgeag272c shown

0119 Hap AR A TR0 TN 2 ReG OO0 LA e L @
the |i quivhrisind a6, bé ba vieraveledséinm ehetdantethagt € waitectfe Ehengtastic
in the elastic wave is detected, so as to prompt the user to check
on the ink cartridge 272.

The traveling time of the reflected wave of the elastic wave
generated by the elastic wave generating means 260 is affected
by the density of ink housed in the container 274. Since the
density of ink may differ by the type of ink used, data on the
types of ink are stored in a semiconductor memory means 288, so
that a detection sequence can be set based on the data and thus
the ink remaining amount can be further precisely detected.

Fig. 17 shows an ink cartridge 272 according to still
another embodiment of the present invention. Inthe inkcartridge
272 shown in Fig.17, the bottom face 274a is formed aslope in the
vertical direction.

In the ink cartridge 272 shown in Fig. 17, when the ink
remaining amount is becoming low and part of a radiating area of
the elastic wave generating'ﬁeans 260 is exposed from the liquid
surface, the traveled time of the reflected wave of the elastic

waves generated by the elastic wave generating means 260
continuously changes corresponding to the change Ahl of the liquid

surface. The Ahl denotes change of the height of the bottom face



waves generated by the el astic wave generating neans 260 continuously
changes corresponding to the change Ahl of the liquid surface. The Ahl
denotes change of the height of the boBtom face 36 2 6 SEP 2003 274a in
both ends of the gelated material 280. Thus, the process frdhbt 2003

i nk-near-end state to the ink-end state of ink remaining anount can be
accurately detected by detecting the degree of change in the traveled tine
of the refT4xtiadboabensis piictlt sstliatedvarseganér 289 ng THekhs thePTEFESS 18

shows an jnk rtridge 272 d i pk- recardi - ing to
ST anotiis SRR b pEe e AT RO DR ECRY B0ar BRARL RIS REEOLEE Y

appar at usaishlayn ¢an Fbg. ad8urbabelytddstaceedv ey prtec2h8lg itthea dagheed ack 274b
in an ink supply ort 276 side of the ink cartridge 272. _The convex, part

258" i ncThRTEE AR ERsEFRVeRSe tJetecdt FRE FRhheCHed Was st Eenat 3P X
280" is pf é%&éfhﬁi Srﬁéjffé%géiﬁ:e() 274b of the ink cartridge 272 so as to
art :

engage with t convex According to the ink cartridge 272 shown
in Fig. 18, whenid hesiskowerma hhkgcanoeidge £ 72bandmmgnkovesndeparding a

radiating area of the el astic wave.__generatin ns 260" _i s, exposed from
the Ii qui@mﬁ?%,aqwda%%\}:éﬂ é&‘lrlilnénfi’it?’teﬁegl’“gggé&‘?& RV ENSIETRESHY ast | ¢
waves genglaladi oy thee el st & Vareogenagabbpa raRans s26Mm and the. acgustic

i npedance continuously change correspondi r_lg to the change Ch2 of the
li quid surfeloedesTire cAnRedenares2®8 | figt énsddenfane HtHM 6n ipkt AUBRHS of

t he gel at ed ial .280:. Thus,, t S om e.lnk- -engd-gt ate
to the i r&q%tggégé a 1ed%fojlf n%h%]e%%]i{ n$%69£g§§§n%f7%én %%Qa%%%}?%rgetg%gt ed by
det ect i ndiddleudiegrae st chaage dend et inawvebead 240re. olGetllat edeheetrtal wave

of the elastic wave generating neans_260 or chan in the acoustic
i npedance?84'n ith@rapdedeABoln et <2 %@e%%r%%k?&% Rbs pabncrati: ge 272

exenpl i fying 4 b LAKaGaNi{d A LLRAVNPBaYEes st Ne AdUoihirnl ReCthy iskored

in the liquid container 274. As still another enbodiment of the ink

cartri dgesanthel &wed-2debownben Blastlisc waes geaernlt negaining amount 1is
becoming low and part of a radiating area of the elastic wave
generating means 260’ is exposed from the liquid surface, the
traveled time of the reflected wave of the elastic waves generated

by the elastic wave generating means 260’ and the acoustic
impedance continuously change corresponding to the change Ah2 of

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
amount can be accurately detected by detecting the degree of
change in the traveled time of the reflected wave of the elastic
wave generating means 260 or change in the acoustic impedance.

In the above embodiments, description has been made by
exemplifying the ink cartridge of a type where the ink is directly
stored in the liquid_ container 274. As still another embodiment
of the ink cartridge, the above-described elastic wave generating
means 260 may be applied to an ink cartridge of another type where
the container 274 is loaded with a poi}ous elastic member and the
porous elastic member is impregnated with the ink. In the above

embodiments, the elastic wave is transmitted and received by the



means 260 may be applied to an ink cartridge of another type where the
container 274 is |oaded with a porous elastic nenber and the porous

el astic menber is inpregnated with the3’k. In the above enbodi rrents t he
el astic wave is transmtted and received by the 37 2 6 S E P 206F Ps i

el astic wave generating neans 260 and 260 V\/nen the ink remaining anount

is detected based on the reflected wave at t i qui rface. The, present
i nvent i onS¥%° nBt 2Pt #Ft ¥VEEREEY 25439 F‘&Fn@x nqgszdgqsijl‘f’h%o'f}ﬁ 1Bk

embodi menfehdien Bh@HSuNBiEG J@eRe_l BEsEBASS 280 »By e dhvdedt the
separately as one for use in transmtting the elastic wave and other for

recei vi ngl idpeid shadtEios .wabe Bloewtt ényensdent he notkl teibedithgrerouand Fig.
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surface. The floating board 316 is preferable/ formed of material which has
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contai ner by detecting at |east the change in acoustic inpedance by

det ect i ngretﬁeecr@@@me fﬁxmuéﬂn@ylhkomcmesdmfmet)r atTihen leaglngzboeAl,d is
an enl ar geg, bl an vl g ok Lhe aciuater 100,100 Blac SheR 8Ba

Cross-sectt1on of tOI’ I 0SS- SEC ion

of the aCirhpécmndé)GancFl gs ﬁik(fésﬁ@ﬂaﬂft gsuaﬂ aé B&cesbmmﬁ ap ehdi Vakent
circuit of the actuator 106. Each of Fig (O and Fig. .21 (D% shows t he
actuator 106 arftSr &%@%glgctaét%lﬁowﬁe% deé:r?c}lt I‘?éldeﬁﬁllu\}éﬂaéﬁf‘tci: EGRE Eof

the actualery1Q6.0Ma8%12R olsNKwhich is an embodiment of the piezoelectric
device of the present invention. The actuator explained herein
is used at least for the method which detects the 1liquid
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.
20(A) is an enlarged plan view of the actuator 106. Fig. 20(B)
shows a B-B cross-section of the actuator 106. Fig. 20(C) shows
a C-C cross-section of the actuator 106. Fig. 21(A) and Fig. 21
(B) shows an equivalent circuit of the actuator 106. Each of Fig.
21(C) and Fig. 21 (D) shows the actuator 106 and around the actuator
106, and the equivalent circuit of the actuator 106 when an ink
is filled in the ink cartridge. Fig. 21(E) and Fig. 21(F) shows
the actuator 106 and around the actuator 106, and the equivalent
circuit of the actuator 106 when there is no ink in the ink

cartridge.



is filled in the ink cartridge. Fig. 21 (E) and Fig. 21 (F) shows the
actuator 106 and around the actuator 106, and the equivalent circuit of

t he actuator 106 when there is no ink i3the ink cartridge. 3 62 é?iﬁ@
2003 The actuator 106 includes a base plate 178, a vibrating gla§

pi ezoel ectric layer 160, an upper electrode 164 and a |ower el ectrode 166,
an upper electrode termnal 168, a |ower e|ectrode tern nal and a

suppl enentary ef88t?6E82492. 1§heinphudes gt Bagggrhate 12?rcﬁ|¥ﬁg§ﬁﬁbﬁg
openi ng 1%339@ PPP! %gﬁéfkeéxec ScCERLEE- 16-rd1an1' Q}Bﬁéf@éﬁ@%@dé—ﬁ%zﬂ &nd

provi ded on one of th ace, ich'is called as ight side” in follow ng,
of the baaelomat@lac?t&csimhsés a0 upper ¢ hecbpedé n@mmaIrHeGQm ézadelettric
| ayer 160 osed on r Si of the.surface of t ng | at e
176 The BbREF *oRECEs BR b4 thd Pl SUEPLETERE T o0 Lt T i duien ThE

pi ezoel ectgkg ;LPé{@é 1580t M DGt 16 K @%apENBpHRPEY 168l @6t éggeok&fnataay 168
connects to the upper electrode 164 electrically. The |ower el ectrode

termnal 1%8 cenhétts e tidT 4 tokg Rﬂ&ﬁﬂrkﬁﬁa;ﬁG@r@Néé@ﬁl@@IPPe Phethe
supplenen%ar ctrode %'2 S dhfggggd ggwquj&)%¢%¥ﬁ# qﬁgqﬁ;oﬂssé64

and the uppe ec?rodeat rnlnal connect's

el ectrodepld6é amsl sheh uppeto el ®ed f attee tasanitad 16438. Ehehpmézbbéectrlc
pi ezoel ectric |ayer 160, upp ctrode 166

er electrode 164 and:Q#; %er elg
has a cir&@8VEF YRf iFsH spoSadondiieoriAsPT ERePudRasmet it YrRFah6PEi on
of the pigzoeLechgi c draye p%@oeltel%%r%%eis:leéﬁ&h&f@@olo@% card tthad Quwer

el ectrode 166 forma piezoelectric elenent. The vibrating plate 176 is
f or med onsa&héwithhthe pdezok lelve risul fger b0 thronbhethpd kdes 178 uppeer t he

opening, ks IRaS bk 02 ou aLimd b ths peLtLgncol hecuibuating |

surface gietbeibaseypl atiee Itkerlbe ceodef tbhrihasel po aicﬁqrﬂeYc&m/mcchhes

oppost te féggroélégt?rgcligzlogsl eecfcerétcrféaelnf;]t T(}:laeI ls?lgpﬁzmeg%gﬁysg%eectrode
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
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.

The vibrating plate 176 is formed on the right side of the

surface of the base plate 178 to cover the opening 161. The cavity
162 is formed by the portion of the vibrating plate 176, which
faces the opening 161, and the opening 161 of the on the surface
of the base plate 178. The face of the base plate 178 which is
opposite side of the piezoelectric element, called as "back side"
in following, is faced with the liquid container side. The cavity
162 is constructed such that the cavity 162 contacts with liquid.
The vibrating plate 176 is mounted on the base plate 178 such that
the liquid does not leak to the right side of the surface of the

base plate 178 even if the liquid enters inside the cavity 162.



in followng, is faced with the liquid container side. The cavity 162 is
constructed such that the cavity 162 contacts with liquid. The vibrating
plate 176 is mounted on the base plate3278 such that the qué&g gﬁe not
| eak to the right side of the surface of the base plate 178 REFf e
liquid enters inside the cavity 162. 39 2 8 S EP 2009 The | ower el ectrode
166 is located gon the right side of the _vibrating plate 176, that is

opposi te side A AWerhelerbtirde I&misi HeFat sROT bher rePRE1HisHe 166 ¢ s
provi ded .Vl i | ate 176 S 18 ..C f i | ar
portion oﬁ%ﬁi@ﬁ%ﬁﬂ%]gl&dﬂogg%&ég 'mgpgﬁgﬁggag?rgfnggérg?lsgnt%%e%ﬁ%ﬁf%wer
el ectrodecdfzinand the tenterebdctimiopes ng @édvsddd tcanthal vijpnat thes.
The area of the circular portion of the |ower e|lectrode 166_.is set to be
rml | er  URAFS RSPUct GHaEha o FORERG ABENCTH B Lo 0 EEEAFLOT Sp6r1MED |«
formed onetde: Fdaht 63, dgn On tiea i irAE8r 0L oh Y LaWEIowet @AkiReRaE6Hs 6 1UCh
that the center of the circular portion and the center of the opening 161

subst ant ignd $hamenteThé Wreapehinghe cinbarantpativorrtothashe ghezaesactric
| ayer 160 is.set .to he small.er than t area -of the.o in ar ger
t han t he %fr anllle of (e %G lp&fltélpnp&?tt?%% ot the eo(f/\t/-‘errOde e(;%[Er 6%e%%%6€8%ﬁée
upper el eshgoder £64nishd areabOahkhedriigly 161 de The he zosllklcaed cof ayde

pi ezoel ectric layer 160 such that the center of the circular portion,

whi ch is ¥bit0EPEReri on &er et offe el EBAt eMTéRcenOlopdift nPUsa
substantiald v e g cﬁ{%§1QTt%%eceﬁkégubgrtHQrE¥98H9£rF SrePOR"and |

el ectrode 164 1s set to be smﬁler than the area of the citcular portion
of the opEm meprteElr afdthkeeopphiroel € taibes daaytera g0 ettt .ar e &haa ¢ohe

f the ci.rcul tion of the | lectrode 166, Therefore,, th
i n por 1116 COF QHe T PBEGAPBOP IS BYSPORB6CRAS BUGEF bt Orts B pES be

sandw cheghdiyl dhe HEm Bhpof+éHDOEhe EpaiPRes 168l aalir Dalegd b4 it thBeaf@an
portion of the | ower electrode each fromright side face and back side

face, andh Hie (Heramlar et n of thee INvwebarretrede ale?- 160 can
effectively drﬁ%ﬁa%@%eqeggégkrode 164 is formed on the right side of the

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

Therefore, the main portion of the piezoelectric layer 160
has a structure to be sandwiched by the main portion of the upper
electrode 164 and the main portion of the lower electrode each
from right side face and back side face, and thus the main portion
of the piezoelectric layer 160 can effectively drive and deform
the piezoelectric layer 160. The circular portion, which is a
main portion of each of the piezoelectric layer 160, the upper
electrode 164, and the lower electrode 166, forms the
piezoelectric element in the actuator 106. As explained above,
the electric element contacts with the vibrating plate. Within

the circular portion of the upper electrode 164, circular portion



t he piezoelectric layer 160. The circular portion, which is a main portion
of each of the piezoelectric |ayer 160, the upper electrode 164, and the

| oner el ectrode 166, forms the piezoeléctric elenment in the actuator 106.
As expl ai ned above, the electric elenent contacts wth the vt SEP 2003
plate. Wthin the circular portion of the upper electrode 164, circul ar

portion 40 2 6 SEP 2003 of the piezoelectric |ayer 160, .the gircu ar
portion offithe PaREPelBFEELFOHRYCTAR Oy hehB Sy 2F6ROTE AR opE ATy 163F has
the large ] WG €61t hen¥i yatig el whiechasgésal |y
vi br at es %?%ﬁgﬁé%%%}% % pl a?"e i s det er%ﬁ5 nedﬂl%y_ t he opening ﬁ§L61.
Fur t her noaeea eady dfhishestcivucules, pore ivhbodting vepeen ehéehr adbuablyand

the ci | tion.of ' | ectric | 160, t he.ci
Dot L on_ oTSPRRCESvertin ke RLSFEE Sam e T der SR AP S TLE §P¥hiho
openi ng 164, . The, v ke AhdPY, PLALE BeCenes cigasilby Wditilch Y tEhe tpper

circular portion of the |ower electrode 166 and the circular portion of
t he upperek¢ettrodeld croandifiic hisenhattRoObiehepte pdlegaaliachiifet 216D

el ectrica b circular _partion_of -t I r. el I I | er
t han t he {%%{r%rbcpgtﬁepgl}f"f%‘n acr)?pPﬁ%é?SBpéﬁ e eec]too\r% e%%%%tl%g% i}%%r gaa?gg}:
circul ar ppeiitorarothéha-d0vErtied epenodg 166, dekevhibnesihde lpdrd beaomaki ch

generates the piezoelectric effect within thf Ei ezoel ectri ¢ I aé/eﬁ'n 160. The
center ofe@Rel¥i Mdbrateport WHRNAR (ahe pPazorlaet R Lol ePT16d'€ t A8¥TPper

el ect rode, 164 384 térseaha"\;exﬁle &li1eChndepdBBion Wt chel @bt @.d?it,Q?ddﬂ gehric

el ement, substantially match to the center of the opening 161. Moreover,
t he cent ewhbéhtdmnmectultar thehppezopkaihgi¢elayahild? ¢deestFilsed lihethe

vibrating sectjon of the vibratin late 176, i r.ovi Q
appr oxi na?l‘a¥§ui:%’ﬁt]%‘?rtolr°n t‘?igel%g’ﬁ 38%82 ?Lﬁ)%?%rrﬁg?ef%?efs t CE'Ing"‘tciclen té:?l eclo tPRe
vi brating-s£6ti9p pettibg 8¢t 4HOUPHRE retehesod® 1be. ceTherebbrehethe

actuator 106. Because the main portion of the é%ezoel ectric el enment and
the vibratreglasearsiossof ke prex eAgCprese HoredraeE™aner 'dif RPTEASPe,

which generates the piezoelectric effect within the piezoelectric
layer 160.

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

Because the vibrating section is symmetrical about a center
of the actuator 106, the excitation of the unnecessary vibration
occurred owing to the asymmetric structure can be prevented.
Therefore, the accuracy of detecting the resonant frequency

increases. Furthermore, because the vibrating section 1is



the vibrating section of the actuator 106 is symetrical about a center of
the actuator 106. Because the vibrating section is symetrical about a
~center of the actuator 106, the excité&fion of the unnecessary%é lgrg?t#@p
occurred owing to the asynmmetric structure can be prevented. ore,
the accuracy of detecting the resonant frequency increases. Furthernore,
because the vibrating sectionis 41 2 6 S E P 2000 s rmgltric about t&e
center ofsymeetactuabsutitbe ¢ertektqfatde aetauaFeréa%%/' toenaREratPLr €Y and
(hus the Ueveanessnohy kg shapedPin @aecolnd Denhl 820t el bhagberAt can
be decreased. Ttherefore, % e-nevenness of t%e resonant frequency for each
of the pim#velfechei piekeskattt7d elbeneasesan Ber thereseed . betaeselohe,
vi brati ngt section has an isotropic sha the vibrati Irt)gicsecti on

: £3:

di fficul tth HEEVRPRGSSRceal bf%er%ﬁ%gﬁhe SFIGHY ngea%FbrPEbSE*ﬂ%

bondi ng PQCESSI et c i Steddier AN dld?@a2RG!.I ORukEhebRBEe] bechtice! tieli d
container uniformy. Therefore, the actuator 106 is easy to assenble to

the |i quivdiloort mgerectfion hesnenel sdecepise sheoai hgt VhAraténtoneeriohe

vibrating p . 176 has a cirgular s e, .the lo onan . for
exanpl e, %t%eélg‘{tie Theity* rte%o?%n}mﬁt%een%%cﬂ]ﬂgﬁét%%e O%A?%A%ﬂ?éeg%n(gﬁth%ggfxﬁ%gt he
resi dual otibred i e Boddndpizaelfel rirhakayer, 866, vabdathng sébeishnibe
peak appears on the resonant npde. Therefore, the peak _and the noise can
be di sti rpndgrdtel ebhey ldauikht congaiBeBnami famEgirency PEA ivE S| eBPPyY

det ect ed-aféﬂér{}gf ﬁié?i‘lleér hi@aéfc% a%é’s%{'n/blé heo def&ct 1 Qi @f cbieaigspnant

frequency can NCT ease enlarge the area of the vibrating
secti on of the mirtthdanoshapecavisbridte njbphtting M thegnafdteheidrafengnce

;)1;] the a !itudle of the count L el ctrorr%glicevxalrfwor ce eand tt}:e gi%élerggg_e of
e, anftidfiel 69 PAE ReSIRSHLFT éﬁl&@ﬁcy curPEd By WHEt Her "t he’ | 1qui d
exi sts insifgpide th@%fﬁn&???@é&faﬂtnﬁbéé&ﬁ)mﬁﬁﬂ:éﬁ shl Eiee FRiorgenenatied by
the vibration of the “vibrating plate 176 is | arger than the displacenent
gener at ed)iby'he residual vibration of the piezoelectric layer 160, and thus
the single peak appears on the resonant mode. Therefore, the peak
and the noise can be distinguished clearly so that the resonant
frequency can be clearly detected. Furthermore, the accuracy of
the detection of the resonant frequency can be further increased
by enlarge the area of the vibrating section of the circular shape
vibrating plate 176 because the difference of the amplitude of
the counter electromotive force and the difference of the.
amplitude of the resonant frequency occurred by whether the liquid
exists inside the liquid container increase.

The displacement generated by the vibration of the
vibrating plate 176 is larger than the displacement generated by
the vibration of the base plate 178. The actuator 106 has a two
layers structure that is constituted by the base plate 178 having
a small compliance which means it is difficult to be displaced

.by the vibration, and the vibrating plate 176 having a large
compliance whichmeans it is easy to be displaced by the vibration.
By this two layers structure, the actuator 106 can be reliably
fixed to the liquid container by the base plate 178 and at the
same time the displacement of the vibrating plate 176by the



the vibration of the base plate 178. The actuator 106 has a two | ayers
structure that is constituted by the base plate 178 having a small

conpl i ance which nmeans it is difficult 4% be displaced by the Vﬁgﬁt&ﬂ
and the vibrating plate 176 having a |large conpliance which méfa it
easy to be displaced by the vibration. By this two |ayers structure, the

actuator 106 can be relj abl fixed to.the Liquid contaiper by th e
ol ate 178 AN GEORnE s RRu  BPRERERE- o PP EGERRt BRCt AL bEbPa P rgeprAte
176by t heafizl 2t 83 SRR 2023 bk atl ene68PAch6L i Rer Ea5E8 anthehef ai €fetbace
difference of the anplitude of the counter electronotive force and the

di f f erencef tWie tamepbiprde wie tdfe tesanestndmequeagiye AePeacsenaBIWBRRAEL her
the 110uid,exi9had 83588 teddbhd £OR A4 D0 NHGARES e 2005 | Uity £hlE

accuracy ction o e reso requency 1 ncreases.

Furt her notige aketass éheheodet ¢ &ioen 6f tie resbhaht iy qrhwadrecyl Iicreaskar ge,
the attenuation of the vibration decreases so that the accur agy of .t he
det ect i onF $FLRPEMPES oraPEa Vs diftth GPIraR LT thite VAbEE LSt RE2TFur4Pi on

of the acfuatgr é‘,OQ#eOE@ESEuQEiBHeo%Rﬁfé. RASMY bt BEcFaYLLY dBZnalthahel S,
around the margqn of the opening 161. The upper electrode termnal 168 is
formed onatteracyghtf sile defedthieors rff ade oksomenti fragurgcyl anereaéeese be

el ectricall cqnnect to .the uypper electrode 164 t ugh the

suppl e_rreﬁTlé%/ynog?eS%r gg‘@ ¥ .rajfﬁé’?ﬂ &ér&éﬁ et ‘bacll%oﬁ eﬁ#n P°a79° 1 &7 5Pfed on
the ri gqlgeﬁlgﬁeia{z bhecsardacepfidhe vhdy atd nGrhaie thébnkb@gh® of the
electrically connected to the l'ower el ectrode 166. Because the upper

el ectrodecn®aing i6tned on the right side of the piezoelectric |ayer 160,

there is a diffgrence | h t_ . q iy t iGkness
of the piezoel e'g?giug%earg‘%?ggéﬁoaggf Ilt"ﬁél at%hlyg nleésjgggﬁe?hgeﬂ ch}\?\eér]fge#glgg Fl %de
166 betweeh the vpp€nceelodcitheder itk tandy tile ttppET6 et @cbe odéeteriicadlly168.

It is difficult to fill this difference in depth only.by the.upper
el ect rodea%2eChad &9 e’ ¢ tUEREH SIS 194 Itlp"lrﬁélgg‘i ¥P§¥§H881FE‘ ntary

electrode 172. The lower electrode terminal 170 is formed on the
right side of the surface of the vibrating plate 176 to be
electrically connected to the lower electrode 166. Because the
upper electrode 164 is formed on the right side of the
piezoelectric layer 160, there is a difference in depth that is
equal to the sum of the thickness of the piezoelectric layer 160
and the thickness of the lower electrode 166 between the upper
electrode 164 and the upper electrode terminal 168. It is
difficult to fill this difference in depth only by the upper
electrode 164, and even it is possible to £ill the difference in
depth by the upper electrode 164, the connection between the upper
electrode 164 and the upper electrode terminal 168 becomes weak
so that the upper electrode 164 will be cut off. Therefore, this
embodiment uses the supplementary electrode 172 as a supporting
member to connects the upper electrode 164and the upper electrode
terminal 168. By this supplementary electrode 172, both of the
piezoelectric layer 160 and the upper electrode 164 are supported
by the supplementary electrode 172, and thus the upper electrode

164 can have desired mechanical strength, and also the upper



depth by the upper el ectrode 164, the connection between the upper

el ectrode 164 and the upper electrode termnal 168 becones weak so that
t he upper electrode 164 will be cut of#3 Therefore, this enbgnﬁ'ér@? %§es
t he suppl enentary el ectrode 172 as a supporting nenber to co C ? e
upper el ectrode 164and the upper electrode termnal 168. By this

suppl enentary el ectrode 172, both of the piezoelectric |ayer 160 and the
upper el ke deds4 64r andupPOURRET By eERECSGphEERERRArLL &ICeet PEJRIAMYY and
thus the upper .el ectrode 164 can have desired mechanical strength, and
al so the upper 2 6 SEP 203 el ectrode 164 and the upper el ectrode

term nal 168 camdeikizoelyctadrneterdnt Tded piler edleeitring sketgnh wnich he
vi brating_section which faces to the piezoel ect hin the

ctric el ement wi
vi brat i ngE e EO178° p&@ﬁ@ﬁ%e&tglph%l%mws;ww%ﬁbgoﬁﬁﬁ%ﬁ%“eﬁ&m 76
Vi br at es ddhdiheu Pl 91 L8 nDEEOV SN i di® RISLANAPMA AL Fhi Bk

actuator 106 1n one body by firing together the nenbér included in the
act uat or ddBiatByr fldréi niforieevast, uatois1psefsrahéebbdyforhethacaciaron 06

beconmes easy to be handl ed. Further, t vi bration, characieristic

nor easec Ty ThPETY (6 ST IPAH AT Wb e O & AR et &2 by

i ncreasi et st reagt h 8y thenkage thleatR-tuattor ONby hBe orebsddyNg slest i on
of the actuator 106 vibrates, and the portion other than the vibrating

section cictiurEril@st beceoes errws teobeiandked. Funtherorbe YHerpkRnt i on
of the VIGLBLI MLyl {18 RALI AN, BLeh 1 020: hOS e WAld e 2 8e LAR Plel ne

act uat or can ‘be "achi eved by I ncreasing st rengt the base plate
178 and aildthe19ane Thae for bynintheaathgatier st@éngsht &f ey based phaed | er

as possible and_formng . the vibrating plate 176 _as thinner . as possible. It
i s preferlalieoPdYushe %%ﬁﬁ?&lgptcﬁfﬁﬁ& ??"-Z"F‘?t?rljé)aﬁj"lpﬁﬁﬂ:ﬁﬁnu?ﬁ‘é

zi rconat - Hd Laretien( BEELY, t Rin RiHZOebeat ihe SBAPIBASE WHhaBtulsbRg1b&ad as
a material for the piezoelectric layer 160. It is preferable to use

zi rconi a d&resahaki nilbrasea. netwrtikgrmgfre hghe prevention of the vibration

of the portion other than the vibrating section of the actuator
106 can be achieved by increasing the strength of the base plate
178 and at the same time forming the actuator 106 as thinner and
smaller as possible and forming the vibrating plate 176 as thinner
as possible.

It is preferable to use lead zirconate titanate (PZT), lead
lanthanum zirconate titanate (PLZT), or piezoelectric membrane
without using lead as a material for the piezoelectric layer 160.
It is preferable to use zirconia or aluminum 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.
The metal such as gold, silver, copper, platinum, aluminum, and
nickel having a electrical conductivity can be used for the
material of the upper electrode 164, the lower electrode 166, the
upper electrode terminal 168, and the lower electrode terminal
170.

The actuator 106 constructed as explained above can be
applied to the container which contains liquid. For example, the

actuator 106 can be mounted on an ink cartridge used for the ink



base plate 178. Furthernore, it is preferable to use sane material as base
plate 178 for a material of vibrating plate 176. The netal such as gol d,
silver, copper, platinum alum num and4 nickel having a el ectrical
‘conductivity can be used for the naterial of the upper el ect26dSER QM3 t he
| ower el ectrode 166, the upper electrode termnal 168, and the | ower

el ectrode term nal 170. The actuator 106 constructed as expl ai ned above
can be 4l ivdcevding eppeIiRtES wWHTthisbntainks |9%ufd CoPsAisfEnpIEich he
actuator 106 can unt ed. on. i nk riard eink 44 2 6 S E
P 2003 je or%Gteaclor%SdB'ﬁagsr%pn ‘relgjt(ﬁ‘lsl,éancno iq'ﬁak&?a%}% %éerecé&scg%’ré gﬂ{enéeé]' which contains
washi ng |iqui d e washatbe 1esehdwingihadtek Fibhe ZCtauet PiglCA showsunted he
Fig. 20 and Fig. 21 is nounted on the predeterni ned position on the liquid
cont ai nero%éh?h%¥e@¢\"eerféh%ﬁ3@P%Z_Jﬁhoﬁo?ﬁ%étl%ltdhc?ﬂgaﬁlﬁﬁiSt‘P EQﬁF ﬁ?%d
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with |iquiibuiGhcbheaohber heneh the tiwiidd qohdainsicdes fihled wicbnk aduiedt

consuned and the liquid |evel decreased under the nounti posi ti f the
act uat or ,S‘ffrfe‘rcéleé?"eﬂé'oﬁél’jet LBfs Fh‘%lrt“il qqtq'i}icge @&e5NAT2EYGH qi%ﬁs?ﬁeﬁtﬁgecgavi ty

162 or th@f@tﬂimﬂtl@ia.s denehdede RELYhhAGt he rCatid Y 1HRA ANihslide €Xid@idn
outside the cavity 162. The actuator '106 detects at |l east the difference
in the axwUstiner npedswoedoesdr itd byiquid tauayederresnert vsemBythgi s

detection of .the difference in o] I.c.1lope e b an
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cont ai nerl fuid qldek i so€ossuUtRdnsDEe thancpradet arr rad tHeaveliquid is
Furthernore, the_actuator_ 106 can detects the type of the _liquid inside
the |iquikEesiitad RBAY ThENEIGHE Y & 63fanF @ 1dctett T OR LT FHGFII el by
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acoustic impedance occurred by this change in condition. By this
detection of the difference in acoustic impedance, the actuator
106 can detects the whether the liquid is sufficiently filled in
the liquid container or 1iquid 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.

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
characteristic, for example, transmission circuit can be used.
The transmission circuit applies a constant voltage on the medium
and measure a current flow through the medium with changing a
frequency. The transmission circuit provides a constant current
to the medium and measures a voltage applied on the medium with
changing a frequency. The change in current value and the voltage
value measured at the transmission circuit shows the change in
acoustic impedance. Furthermore, the change in a frequency fm,

which is a frequency when the current value or the voltage value
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Vi brat i ngnafgtittRie oif tige asdwatOf ENEdEsfaditisve force changes with the
amplitude of the vibrating section of the actuator. Therefore,
the larger the amplitude of the vibrating section of the actuator,
the easier to detect the resonant frequency. Moreover, depends
on the frequency of the residual vibration at the vibrating
section of the actuator, the period, on which the magnitude of
the counter electromotive force changes, changes. Therefore,
the frequency of the vibrating section of the actuator corresponds
to the frequency of the counter electromotive force. Here, the
resonant frequency means the frequency when the vibrating section
of the actuator and the medium, which contacts to the vibrating
section, are in a resonant condition.

To obtain the resonant frequency fs, the waveform obtained
by measuring the counter electromotive force when the vibrating
section and the medium are in resonant condition is Fourier
transformed. Because the vibration of the actuator is not a
displacement for only one direction, but the vibration involves
the deformation such as deflection and extension, the vibration
has various kinds of frequency including the resonant frequency

fs. Therefore, the resonant frequency fs is judged by Fourier
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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
the counter electromotive force generated by the residual
vibration at the vibrating section of the actuator.

The vibrating region of the actuator 106 is a portion which
constitutes the cavity 162 that is determined by the opening 161
within the vibrating plate 176. When liquid is sufficiently
filled in the liquid container, liquid is filled in the cavity
162, and the vibrating region contacts with liquid inside the
ligquid container. When liquid does not exists in the liquid
container sufficiently, the vibrating region contacts with the
liquidwhich is remained in the cavity inside the liquid container,
or the vibrating region does not contacts with the liguid but
contacts with the gas or vacuum.

The cavity 162 is provided on the actuator 106 of the present

invention, and it canbe designed that the 1igquid inside the liquid



vibration at the vibrating section of the actuator. The vibrating regi on of
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cavity. Furthernmore, as shown_in Fig. 21(Exi)1, t he case V\/Eﬁg %Qgemtleliigugéj does
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the carriage, the actuator 106 will misjudges that there is enough
liquid in the liquid container. 1In this way, the malfunction can
be prevented by using the actuator having cavity.
Furthermore, as shown in Fig. 21(E), the case when the
liquid does not exit in the liquid container and the liquid of
the liquid container remains in the cavity 162 of the actuator
106 is set as the threshold value of the existence of the liquid.
That is, if the liquid does not exist around the cavity 162, and
the amount of the liquid in the cavity is smaller than this
threshold value, it is judged that there is no ink in the liquid
container. If the liquid exist around the cavity 162, and the
amount of the liquid is larger than this threshold value, it is
judged that there is ink in the liquid container. For example,
when the actuator 106 is mounted on the side wall of the liquid
container, it is judged that there is no ink in the liquid container
when the liquid level inside the liquid container is lower than
the mounting position of the actuator-106, and it is judged that
there is ink inside the liquid container when the liquid level

inside the liquid container is higher than the mounting position
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the upper electrode terminal 168 and the lower electrode terminal
170. The electric field is generated on the portion of the
piezoelectric layer 160 where the piezoelectric layer 160 is
sandwiched by the upper electrode 164 and the lower electrode 166.
By this electric field, the piezoelectric layer 160 deforms. By
the deformation of the piezoelectric layer 160, the vibrating
region within the vibrating plate 176 deflects and vibrates. For
some period after the deformation of the piezoelectric layer 160,
the vibration with deflection remains in the vibrating section
of the actuator 106.

The residual vibration is a free oscillation of the
vibrating section of the actuator 106 and the medium. Therefore,
the resonant condition between the vibrating section and the
medium can be easily obtained by applying the voltage of a pulse
wave or a rectangular wave on the piezoelectric layer 160.
Because the residual vibration vibrates the vibrating section of
the actuator 106, the residual vibration also deforms the
piezoelectric layer 160. Therefore, the piezoelectric layer 160

generates the counter electromotive force. This counter



By this electric field, the piezoelectric |ayer 160 deforns. By the
deformation of the piezoelectric layer 160, the vibrating region within
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Fig. 20(C) shows a cross section of the actuator 106 when
the ink does not exist in the cavity in the present embodiment.
Fig. 21(A) and Fig. 21(B) shows the equivalent circuit of the
vibrating section of the actuator 106 and the cavity 162 when the
ink does not exist in the cavity.

The Mact is obtained by dividing the product of the
thickness of the vibrating section and the density of the
vibrating section by the area of the vibrating section.
Furthermore, as shown in the Fig. 21 (A), the Mact can be expressed
as following in detail.

Mact = Mpzt + Melectrodel + Melectrode2 + Mvib (2)
Here, Mpzt is obtained by dividing the product of the thickness
of the piezoelectric layer 160 in the vibrating section and the
density of the piezoelectric layer 160 by the area of the
piezoelectric layer 160. Melectrodel is obtained by dividing the
product of the thickness of the upper electrode 164 in the
vibrating section and the density of the upper electrode 164 by
the area of the upper electrode 164. Melectrode2 is obtained by
dividing the product of the thickness of the lower electrode 166
in the vibrating section and the density of the lower electrode

166 by the area of the lower electrode 166. Mvib is obtained by
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inertance of the each of the vibrating region of the upper
electrode 164, the lower electrode 166, the piezoelectric layer
160, and the vibrating plate 176 in the actuator 106. Moreover,
the compliance Cact is a compliance of the portion formed by the
each of the vibrating region of the upper electrode 164, the lower
electrode 166, the piezoelectric layer 160, and the vibrating
plate 176.

Fig. 21(A), Fig. 21(B), Fig. 21(D), and Fig. 21 (F) show the
equivalent circuit of the vibrating section of the actuator 106
and the cavity 162. In these equivalent circuits, Cact shows a
compliance of the vibrating section of the actuator 106. Each
of the Cpzt, Celectrodel, Celectrode2, and Cvib shows the
compliance of the vibrating section of the piezoelectric layer
160, the upper electrode 164, the lower electrode 166, and the
vibrating plate 176. Cact can be shown as following eguation.

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

From the equation (2) and (3), Fig. 21(A) can be expressed
as Fig. 21(B).



160, and the vibrating plate 176 in the actuator 106. Moreover, the
conpliance Cact is a conpliance of the portion forned by the each of the
vi brating region of the upper electrode 164, the |ower electrode 166, the
pi ezoel ectric layer 160, and the vibrating plate 176. Fig. éjsr ég% Fig.
21 (B) , Fig. 21 (D) , and Fig. 21 (F) show the equivalent &i @8t the
vi brating section of the actuator 106 spd the cavity 162. In these
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M'max = (7*p/{2%Kk) ) * (2% (2%k*a)?/ (3* 7x))/ (m*a?)? (4) -
whe;:e a denotes the radius of the vibrating section; p denotes
the density of the medium; and k denotes the wave number. The
equation (4) applies when the vibrating region of the actuator
106 is circular shape having the radius of "a". The additional
inertance M' shows the quantity that the mass of the vibrating
section is increased virtually by the effect of the medium which
exists around the vibrating section.

As shown in equation (4), the M'max can changes
significantly by the radius of the vibrating section "a" and the
density of the medium p.

The wave number k can be expressed by following equation.

k = 2*x*fact/c (5)
where fact denotes the fesonant frequency of the vibrating section
when the liquid does not contact with the vibrating section; and
¢ denotes the speed of the sound propagate through the medium.

Fig. 21(D) shows an equivalent circuit of the vibrating
section of the actuator 106 and the cavity 162 as in the case of
Fig. 21(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. '



equation (4) applies when the vibrating region of the actuator 106 is
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of the vibrating section "a" and the density of the nedium p. The wave
nunber k can b&iexpze$BEdsHuws theowogs sgeatioonof the agtugboradf § Whes
where fact denotes the resonant_ frequency aof the vibrati i en
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cavity 183 asid nemhensdsetlod carigy 263 of thireactneterdfiet i SRR 1y

filled in the_ |iqui t ai d ner | £ _ L )
of the  adusbordrbhe; SR AT et e Betie g LBy BREE eP ey o,
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t
container 1s consu and there is no liquid around the vibrating region
of the adrighebtHes; hand, tiiechd iggiddrienehed iquidheortayingTr 162cgrsS TR

actuator 106. -The equatio 4 haws t.he Xi mum i nertanc

det er mi nédhy 18K §_§1?F|88 ?%?&H‘gn r§ W%Rﬁ:@ﬁq & G §@c§H a?ér;l%?atfosr,
filled witdy LReohkdWds orOdathamolier thandiqhldtiend iging imtheecdviuy d
container Is consuned and |iquid existed around the vibrating section of
the actuated, thG6 MecmrePgaxpressrbrt iahl AHaT i} +Paining in the

cavity 162, the M can_be expressed as f?I &nOWi ng equation. M = p *t/S (6)
where t denot ed!'t e & hFéRness of the medi'imrelated to the vibration; S

denotes the area gk thecvidyat {ROkRELENCE! die méeiwnt ee1k@ed Ifo tthes
vibrating region is circular shape having ' )
vibration; S denotes the area of the vibrating region of the

actuator 106. If this vibrating region is circular shape having
a radius of "a", the S can be shown as S = n *a’. Therefore, the
additional inertance M' follows the equation (4) when the liquid
is sufficiently filled in the liguid container, and the periphery
of the vibrating region of the actuator 106 is f.illed with the
liquid. The additional inertanceM' follows the equation (6) when
the liquid in the liqﬁid container is consumed, and there is no
liquid exits around the vibrating region of the actuator 106, and
the liguid is remained in the cavity 162.

Here, as shown in Fig. 21(E), let the additional inertance
M', when the liquid in the liquid container is consumed, and there
is no liquid exits around the vibrating region of the actuator
106, and the liquid is remained in the cavity 162, as M'cav to
distinguish with the additional inertance M'max, which is the
additional inertance when the periphery of the vibrating region
of the actuator 106 is filled with the liquid.

Fig. 21(F) shows an equivalenlf circuit of the vibrating
section of the actuator 106 and the cavity 162 in the case of Fig.

21 (E) when the liquid in the liguid container is consumed, and



a radius of "all, the S can be shown as S = 7c *a2 . Therefore, the
additional inertance M follows the equation (4) when the liquid is
sufficiently filled in the liquid contaBner, and the peripheéy Bﬁﬂbﬁe

vi brating region of the actuator 106 is filled with the 1Iliq i6gS
additional. inertance M follows the equation (6) when the liquid in the
liquid container is consuned, and there is no liquid exits around the

vi brat i ng-hreeggt drs oo flhiguadt ezpond10be wabrathag| remienaf righi 3 d X he

cavity 162 ._Here, .as.sho in Fig. .21 (E) |.et e it ' nce
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liquid is remained in the cavity 162, as Mcav to distinguish with the
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i ph f the vibrati i f the act 106.is filled. with th
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liquidint iquid container I's consumed, and 53 2 6 SEP 2003 there is no
li qui d arafurche leetwidtcat il0g .r eghen bhet hegqatdubs ornsudbi chert thef11igd d

remains in the cavity 162 of, the tuator .106. Here, tRhe. el ated
to the;sfélngbﬁJ§W@dw§8Pﬁﬁﬁn§Fé %@ﬁé?f?u6 %ﬁerﬁ%%%ﬁﬁgplgﬂ%ﬁgﬁ%§{%? kness
of the megh WRd galsNoedvadihen déltacten dhaHd qibgatsngutkteient by the | ed
inthe liquid container, the liquid contacts with the vjbra iq? section
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liquid cqif @iaeLy; | A s MERBLNGE B L BE (B8VELYohe M1 iHICOBAB1I Q!
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accor di ng;ta (e coptai 1ifgidstat uheofl ilha d ictuitdiinert,hecd quddi edomal ner,
the add tilnoenratlance M'var changes, and resonant freguency also changes.
Therefore, the existence of the liquid in the liquid container
can be detected by specify the resonant frequency. Here, if let
t =d, as shown in Fig. 21 (E) and using the equation (6) to express
the m'cav, the equation (7) can be obtained by substituting the
thickness of the cavity "d" into the "t" in the equation (6).

M'cav = p*d/S (7)

Moreover, if the medium are different types of liquid with
each other, the additional inertance M' changes and resonant
frequency fs also changes because the density p is different
according to the difference of the composition. Therefore, the
types of the liquid can be detected by specifying the resocnant
frequency fs. Moreover, when only one of the ink or air contacts
with the vibrating section of the actuator 106, and the ink and
air is not existing together, the difference in M' can be detected
by calculating the equation (4). 7

Fig. 22 (A) is a graph which shov;s 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



i nertance Mvar changes, and resonant frequency al so changes. Therefore,
the existence of the liquid in the liquid container can be detected by
speci fy the resonant frequency. Here, B let t = d, as showngigngfp 21
(E) and using the equation (6) to express the nmcav, the equation (7) can
be obtained by substituting the thickness of the cavity "d" into the "t"
in the equation (6). M cav = p *d/S (7) Mreover, if the nediumare
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the medium related to the vibration, the process during which the
ink is consumed gradually can be detected by forming the "d" (refer
to Fig. 20(B)) of the cavity 162 of the actuator 106 as small as
possible, that is, forming the thickness of the base plate 178
as sufficiently thinner as possible (refer to Fig. 21(C)) . Here,
let the tlrl(r;k/as the thickness of the ink involved with the
vibration, and t-ink-max as the t-ink when the additional
inertance is M'max. For example, the actuator 106 is mounted on
the bottom of the ink cartridge horizontally to the surface of
the ink. If ink is consumed, and the ink level becomes lower than
the height t-ink-max from the actuator 106, the M'var gradually
changes according to the equation (6), and the resonant frequency
fs gradually changes according to the equation (1). Therefore,
until the ink level is within the range of "t", the actuator 106
can gradually detect the ink consumption status.

Furthermore, by enlarge or lengthen the vibrating section
of the actuator 106 and arrange the actuator 106 along a lengthwise
direction, the "S" in the equation (6) changes according to the

change of ink level with ink consumption. Therefore, the actuator

106 can detect the process while the ink is gradually consumed.



the mediumrelated to the vibration, the process during which the ink is
consuned gradually can be detected by formng the "d" (refer to Fig. 20
(B) ) of the cavity 162 of the actuatos5106 as small as 'posaitér#ﬁ eiugat is,
form ng the thickness of the base plate 178 as sufficiently R as
possible (refer to Fig. 21 (C)) . Here, let the t-ink as the thickness of
the ink involved with the wvibration, and t-ink-max as the t-ink when the
addi t i on&#or emempdrceths adtumxor Ad6 ésamphntedhen ddraustide woblief ddimt ed

on the bottomof .the ink cartridge horizontally to_the su e . the
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For exanple, t'’hé actuator 106 i's nounted on the side wall of the ink
cartri dgelgmerqendie ulrgs lgortsonpgtel amkstsalrdsace. When the ink is consuned and

the ink | evel reaches to_the yibrat]j region of 1 [ cause
t he additi onal ?%?eﬁ%ﬂ@eandﬁéﬁeaéggg) \Afﬁﬂw?hgh%exé%aa%%\rg&gfﬁt%% |?1%? ’
level , thed espnaMndiefeenenihed ofiaddaldtythadsasenkanedtiengesondie

equation (1). Therefore, unless the ink level is within the rv&rjﬁ%g f the
radi us 2&€usfquarecy chyi of 1 (iekepndo Yhey vHradng SefRaCRct rtA96 can

gradual |y, ;ﬁ%g&gggéeggf%%ugap%&g@oﬁ%ws.f%evalgﬁsf>fg&.en'€hg-e1§§éﬁe

shows the re ween e I1nk quantity contal ned I nsi

i nk tank caandoinke resomantbe Lindgurenandf shat tie rnesorant tfhrequiemcat £rgof

section ngheen ig‘l]Qeand vibrating section gradually changes with the decrease
of the ink quantity inside the ink tank.

In detail, the case when the actuator 106 can detect the
process of the gradual consumption of the ink is the case when
the liquid and gas having different density with each other are
existed together and also involved with vibration. According to
the gradual consumption of the ink, the liquid decreases with
increasing of the gas in the medium involved with the vibration
around the vibrating region of the actuator 106. For example,
the case when the actuator 106 is mounted on the ink cartridge
horizontally to the ink surface, and t-ink is smaller than the
t-ink-max, the medium involved with the vibration of the actuator
106 includes both of the ink and the gas. Therefore, the following
equation (8) canbe obtained if let the area of the vibrating region
of the actuator 106 as S and express the status when the additional

inertance is below M'max in the equation (4) by additional mass

of the ink and the gas.

M' = M'air + M'ink = pair * t-air/S +pink * t-ink/S (8)



vibrating region of the actuator 106 is forned sufficiently large or |ong.
It can be understand that the resonant frequency fs of the ink and
vibrating section gradually changes with the decrease of the i nk quantity
inside the ink tank. In detail, the case when the actuator gswgg ci ect
the process of the gradual consurrptl on of the ink is the cas R

liquid and gas having different density with each other are existed

t oget her and al so involved with vibration. According to the gradual
consunption of the ink, the Iiquid decreases with increasing of the gas in
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Therefore the ink quantity remained inside_the ink
equation (7) depends only on the density of the liquid because

of the assumption that the density of the air is small compare
" to the density of the liquid so that the density of the air can
be ignored. -

When the actuator 106 is provided on the ink cartridge
subst‘antially perpendicular to the ink surface, the status can
be expressed as the equivalent circuit, not shown in the figure,
on which the region, where the medium involved with the vibration
of the actuator 106 is ink only, and the region, where the medium
involved with the vibration of the actuator 106 is gas, .can be
expressed as parallel circuit. If let the area of the regionwhere
the medium involved with the vibration of the actuator 106 is ink
only as Sink, aﬁd let the area of the region where the medium
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/(zink * t-ink) (9)
The equation (9) can be applied when the ink is not held
in the cavity of the actuator 106. The case when the ink is held



tank or the ink consunption quantity can be detected. The equation (7)
depends only on the density of the |liquid because of the assunption that
the density of the air is small conpar®7 to the density of the Iiogﬂigmgo
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of the vibrating section when the vibrating section is small
circular shape. The curve Y shows that the resonant frequency
fs of the ink and the vibrating section changes extremely during
the range of change of ink quantity Q, which corresponds to the
status before and after the ink level in the ink tank passes the
mounting position of the actuator. By this changes of the
resonant frequency fs, it can be detected whether the ink quantity
remained in the ink tank is more than the predetermined quantity.

The method of using the actuator 106 for detecting the
existence of the liquid is more accurate than the method which
calculates the quantity of ink consumption by the software because
the actuator 106 detects the existence of the ink by directly
contacting with the liquid. Furthermore, the method using an
electrode to detects the existence of the ink by conductivity is
influenced by the mounting position to the liguid container and
the ink type, but the method using the actuator 106 to detects
the existence of the liquid does not influenced by the mounting
position to the liquid container and the ink type. Moreover,
because both of the oscillation and detection of the existence

of the liquid can be done by the single actuator 106, the number



the ink quantity in the ink tank and the resonant frequency fs of the

vi brating section when the vibrating section is small circular shape. The
curve Y shows that the resonant frequeh8y fs of the ink and_th iQkating
section changes extrenely during the range of change of inkzéugﬁgiz@ Q
whi ch corresponds to the status before and after the ink level in the ink
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fs of the ink and the vibrating section of the curve Y shown in Fig.
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I nk densiBt}y measuring the resonant frequency fs, it can be confirmed
whether the ink of a different density has been mixed together
during the re-filling of the ink to the ink tank.

Therefore, the actuator 106 can distinguish the ink tank
which contains the different type of the ink.

The condition when the actuator 106 can accurately detects
the status of the liquid will be explained in detail in following.
The case is assumed that the size and the shape of the cavity is
designed so that the liquid can be remained in the cavity 162 of
the actuator 106 even when the liquid inside the liquid container
is empty. The actuator 106 can detect the status of the liquid
even when the liquid is not filled in the cavity 162 if the actuator
106 can detect the status of the liquid when the liquid is filled
in the cavity 162.

The resonant frequency fs is a function of the inertance
M. The inertance M is a sum of the inertance of the vibrating
section Mact and the additional inertance M'. Here, the
additional inertance M' has the relationship with the status of

the liquid. The additional inertanceM' is aquantityof avirtual



i ncreases, the resonant frequency fs decreases because the additional
inertance increases. In other words, the resonant frequency fs are
different with the types of the ink. TRérefore, By neasuring2feEPeOMant
frequency fs, it can be confirmed whether the ink of a different density
has been m xed together during the re-filling of the ink to the ink tank.
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in the equation (4), the medium which is virtually absorbed is
the liquid remained in the cavity 162 and the gas or vacuum in
the liquid container. In this case, because the M' changes, which
is different with the case when the liquid is filled in the liquid
container, the resonant frequency fs changes. Therefore, the
actuator 106 can detect the status of the liquid in the liquid
container. |
The condition whether the actuator 106 can accurately
detect the status of the liquid is that the M'cav is smaller than
the M'max when the liquid is remained in the cavity 162 of the
actuator 106, and the liquid container is empty. The condition
M'max > M'cav, on which the actuator 106 can accurately detect
the status of the 1liquid, does not depend on the shape of the cavity
162.
Here, the M'cav is the mass of the liquid of the volume which
is substantially equal to the volume of the cavity 162. Therefore,
the condition, which can detect the status of the 1liquid

accurately, can be expressed as the condition of the volume of

the cavity 162 from the inequality M'max > M'cav. For example,
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and a length of the cavity and the depth can be derived.

Therefore, if the actuator 106 has the cavity 162 which has
the radius of the opening 161 "a" and the depth of the cavity "d"
that satisfy the condition shown in inequality (11), the actuator
106 can detect the liquid status without malfunqtion even when
the liquid container is empty and the liquid is remained in the
cavity 162.

Because the additional inertance influences the acoustic
impedance characteristic, it can be said that the method of
measuring the counter electromotive force generated in actuator
106 by residual vibration measures at least the chénge of the
acoustic impedance.

Furthermore, according to the present embodiment, the
actuator 106 generates the vibration, and the actuator 106 itself
measures the counter electromotive force in actuator 106 which
is generated by the residual vibration remained after the

vibration of the actuator 106. However, it is not necessary for

the vibrating section of the actuator 106 to provide the vibration

to the liquid by the vibration of the actuator 106 itself which
is generated by the driving voltage. Even the vibrating section
itself does not oscillates, the piezoelectric layer 160 deflects

and deforms by vibrates together with the liquid, which contacts

M max



not circular and substituting the area n a2 with its area, the

rel ati onshi p between the dinmension of the cavity such as a wwdth and a

| ength of the cavity and the depth canehe derived. Therefore, if the
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residual vibration. The change of the ink level at the level of
the mounting position of the actuator 106 in the ink cartridge
can be detected by the change in the frequency or the amplitude
of the residual vibration remained after the oscillation of the
actuator 106. In Fig. 23(A) and Fig. 23(B), the vertical axis
shows the voltage of the counter electromotive force generated
by the residual vibration of the actuator 106, and the horizontal
axis shows the time. By the residual vibration of the actuator
106, the waveform of the analog signal of the voltage generates
as shown in Fig. 23 (A) and Fig. 23(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. 23(A) and Fig. 23(B), the
existence of the ink is detected by measuring the time during the
generation of the four numbers of pulses from the fourth pulse
to the eighth pulse‘of the analog signal.

In detail, after the actuator 106 oscillates, the number
of the times when the analog signal get across the predetermined
reference voltage form the low voltage side to the high voltage

side. The digital signal is set to be highwhile the analog signal



around the vibrating section of the actuator which is generated by the

vi bration generated by the reciprocating notion of the <carriage to
scanning the print head during the pri ﬁgi ng operation. Fig. 234 Arpaus Fig.
23 (B) shows a waveformof the residual vibration of the actuator 106 and
t he measuring nethod of the residual vibration. The change of the ink
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position fogugtr}le c%(l:}nlij:ast :OLrs %86'st§gir:mta}rlé nrrgealtshtf}refrilegrit %3'15 Q:'Ib\l)e time after the
vibration of the actuator 106 becomes stable. It is only one of
the example of starting the measurement from fourth counts, but
measurement can be started from the desired counts.

The signals from the fourth counts to the eighth counts are
detected, and the time from the fourth counts to the eighth counts
is measured by the predetermined clock pulse. By this measurement,
the resonant frequency can be obtained. The clock pulse is prefer
to be a pulse having a same clock with the clock for controlling
such as the semiconductor memory device which is mounted on the
ink cartridge. It does not necessary to measure the time until
the eighth counts, but the time until the desired counts can be
measured. In Fig. 23, the time from the fourth counts to the
eighth counts is measured, however, the time during the different
interval of the counts also can be detected according to the
circuit configuration which detects the frequency.

For example, when the ink quality is stable and the
fluctuation of the amplitude of the peak is small, the resonant

frequency can be detected by detecting the time from the fourth

counts to the sixth counts to increase the speed of detection.



and Fig. 23 (B) , the tinme of the Fig. 23 (A during the fourth counts to
the eighth counts is longer than the tinme of the Fig. 23 (B) . In other
wor ds, depends on the existence of theéBnk, the tinme from thz éggéth
counts ‘to the eighth counts is different. By using this différ 2B the
time, the consunption status of the ink can be detected. The reason to
count the analog signal fromthe fourth counts is to start the neasurenent
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detect ed 1.9, &S edr de g esidual vibration accurately. Furthernore, as

ot her enbodi nents, the wave nunber of the voltage waveform of the counter
el ectronotive Fortdiedmongy tikecan be known by comparing Fig. 23 (A) with

Fig. 23(B), the amplitude of the waveform of the counter
electromotive force is different when the ink is filled in the
ink cartridge and when the ink is not existed in the ink cartridge.
Therefore, the ink consumption status in the ink cartridge can
be detected by measuring the amplitude of the waveform of the
counter electromotive force without calculating the resonant
frequency. More specifically, for example, a reference voltage
is set between the peak point of the waveform of the counter
electromotive force of the Fig. 23 (A) and the peak point of the
waveform of the counter electromotive force of the Fig. 23 (B).
Then, after the actuator 106 oscillates, set the digital signal
to be high at the predetermined time. Then, if the waveform of
the counter electromotive force get across the reference voltage,
it can be judged that there is no ink in the ink cartridge. If
the waveform of the counter electromotive force does not get
across the reference voltage, it can be judged that there is ink
in the ink cartridge.

Fig. 24 shows the manufacturing method of the actuator 106.

A plurality of the actuators 106, four numbers in the case of the



predeterm ned period can be counted. Mire specifically, after the actuator
106 oscillates, the digital signal is set to be high during the

predet erm ned period, and the nunber ofé4the times when the ag&sv& i gnal
is get across the predeterm ned reference voltage fromthe | 3\@%
side to the high voltage side is counted. By neasuring the count nunber,
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106, fourtinenpeisl imy tder tes et lod ﬁh@n@ﬁoﬁt&tﬁl&? ROO3mES gea 2, are formed as
one body. The actuator 106 shown in Fig 25 is manufactured cutting the

plurality of actRRPGEUBGET MF&’PS |asth69r@cﬁq%°6n% ta’sn%ﬁ’ S h7€rg.

24, at eachnfsd h%l%@euai% x? {adihe: e3ehyeof ER%&%%%%' a%bﬁb% ebgment s
of the each of e pluralify of the actuator g which i's formed in one
body piezoelectric element 174, a terminal formlng member or an upper

electrode terminal 168, and a terminal forming member or a lower
electrode terminal 170. The piezoelectric element 174 includes
a piezoelectric vibrating plate or a piezoelectric layer 160, an
upper electrode 164, and a lower electrode 166. The vibrating
plate 176 is formed on the top surface of the base plate 178, and
the lower electrode 166 is formed on the top surface of the
vibrating plate 176. The piezoelectric layer 160 is formed on
the top surface of the lower electrode 166, and the upper electrode
164 is formed on the top surface of the piezoelectric layer 160.
Therefore, the main portion of the piezoelectric layer 160 is
formed by sandwiching the main portion of the piezoelectric layer
160 by the main portion of the upper electrode 164 and the main
portion of the lower electrode 166 from top side and from bottom
side.

A plurality of the piezoelectric element 174, four numbers
in the case of Fig. 24, 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



as shown in Fig. 24, are circular shape, the actuator 106 shown in Fig. 20
can be manufactured by cutting the actuator 106, which 1is forned as one
body, at each of actuator 106. By fornbfhg a plurality of the actuator 106
in one body, a plurality of actuator 106 can be manuf act ur ed2df SEBt2003el y
at the same tine, and also the handling during the transportation becones
easy. The actuator 106 has a thin plate or a vibrating plate 176 base
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the end portion of the upper electrode 164 and the |ower electrode 166.

The four trurfiseres wiftht hbeathuaugh hobeakt8a. The lower electrode 166 is

formed on the surface of the vibrating plate 176 so as to be
extended to the one direction, left direction in Fig. 26, from
the region of the through hole 178a. The wupper electrode 164
is formed on the surface of the piezoelectric layer 160 so as to
be extended to the opposite direction of the lower electrode 166,
which is right direction in Fig. 26, from the region of the through
hole 178a. Each of the upper electrode terminal 168 and the lower
electrode terminal 170 is formed on the surface of the each of
supplementary electrode 172 and the lower electrode 166,
respectively. The lower electrode terminal 170 with the lower
electrode 166 electrically, and the upper electrode terminal 168
contacts with the upper electrode 164 electrically through the
supplementary electrode 172 to deliver a signal between the
piezoelectric element and the outside of the actuator 106. The
upper electrode terminal 168 and the lower electrode terminal 170
has a height higher than the height of the piezoelectric element
which is the sum of the height of the electrodes and the

piezoelectric layer.



used separately by cutting each of the actuator 106 separately. Fig. 25
shows a cross-section of a part of the actuator 106 shown in Fig. 25. The
through hole 178a is formed on the facé6 of the base plate 178 which faces
with the piezoelectric element 174. The through hole 178a i £ &&&Pe20Dy t he
vibrating plate 176. The vibrating plate 176 is forned by the materi al

whi ch has electric insulating characteristic such as al um num and
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fornmed on green sheet 940 by perforating the green sheet 940 by a press

or |aser lagyece344npecthesgrden gheet ©Olecbrederd 6thaifase phat burngngfter

process. Next, the green sheet 940, the green sheet 941, the
conductive layer 942, the piezoelectric layer 160, ~and the
conductive layer 944 are dried and burned. The spacer member 947
and 948 are provided on the green sheet 941 to raising the height
of the upper electrode terminal 168 and the lower electrode
terminal 170 to be higher than the piezoelectric element. The
spacer member 947 and 948 is formed by printing the samé material
with the green sheet 940 and 941 or by laminating the green sheet
on the green sheet 941. By this spacer member 947 and 948, the
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,
the upper electrode terminal 168 and the lower electrode terminal
170 can be accurately printed to be a stable height.

If a connection part 944', which is connected with the
conductive layer 944, and the spacer member 947 and 948 are formed
at the same time when the conductive layer 942 is formed, the upper

electrode terminal 168 and the lower electrode terminal 170 can



t he burning process. The green sheet 940 is fornmed by the material such as
ceramic material. Then, a green sheet lis lamnated on the surface of
the green sheet 940. The green sheet 9 beconmes the vibrat izrg Eh%@ 176
after the burning process. The green sheet 941 is forned hy"t é rial
such as zirconium oxi de. Then, a conductive |ayer 942, the piezoelectric

layer 16Qe apdidy fonddgldnerhiawesy, Bideds oA ONthBeyspéetace&frddie
green sheet 941 sequentially by the nmethod such as printing. The

conduct i FETMigadr 1642apdcohe sl ewrr |edwet mids thegid neg6 1 7andr e hEoxme@d it i ve

| ayer 944.he i r r.ode 164 af t bur ni ess... Next,
o gr oo eneey Tosoh HE PP et o kY Bt abidu FObt sy BYesE ey e
pi ezoel eslani.c bayehgléRe .fandidder ensdusiéy e lletaiod4deamnendni Belg afili

burned. The spacer nenber 947 and 948 are provided on the cgqirxleen sheet 941
to raisifdie BOWRE ghectapdenteyppaplel 281 role WRRSF i e AR d- el Nedvwer

el ectrod t i-hal i t J tr :ﬁ{FFéB The
spacer ngﬁge%ﬁgf?l%alré‘zgﬁ§qie?%{ Ioard %ehgé%@ﬂg% %’I? i%nagf?eﬁgﬂsngﬁe{én%? gérl a L;/a(% h the
gr een sheethO4heamd ek lectyid dryeat iT6y tdleqreemldhyeet on the green

sheet 941. B hi s acer nber 947 and 948, .the antity. of the materi al
of the upperye é@t‘r%gegq}oé“fsggHﬁFflﬁﬁEPW ephedi BRBE ‘ggéé’ﬁ' 6%5 St A4S 170,
which iso¥ paBl graBEat. i keEnOEon ! eduiced 2 g\NBegwes, cPEsaUSE- Iend hixeddiess of

the upper electrode termnal 168 and the Iower electrode termnal 170 can
be reduced, the hotimpepact ezl Fbéeinlecairtali dueso ftdiet hre s enke rerdatimeiife

term nal 7 an_be_accurate printed to be.a stable hei I
connecti SicoarE BaatrSGEEc R He PRkehely Srdfafrdhe i K il dP s,

and the spaesarthertett &4 faaed1948f alee foomed neat 1t heh$anecdh @i mdeimk .he
conductive layer 942 is forned, the upper electrode termnal 168 and the

lover el S8€: BABCOBy RERaIOR Fhec ARTERIR BOLe £ 15063 O ESCRE] fi9e fasiHatk dnd

firmy figxedand FMS S48 ikPRRLAEL9de terminal 168 and the | ower
el ectrode termnal 170 are formed on "the end region of the conductive

| ayer 942 and FAg.c8AdBe¢t shews yaletailed cross section of the actuator
' 650 and the through hole 1c shown in Fig. 28(A). Fig. 28(C) shows

a plan view of the actuator 650 and the through hole 1c shown in
Fig. 28(B). The actuator 650 has a vibrating plate 72 and a
piezoelectric element 73 which is fixed to the vibrating plate
72. The actuator 650 is fixed to the bottom face of the container
1 such that the piezoelectric element 73 can face to the through
hole 1c through the vibrating plate 72 and the base plate 72. The
vibrating plate 72 can be elastically deformed and is ink
resistant.

Amplitude and frequency of the counter electromotive force
generated by the residual vibration of the piezoelectric element
73 and the vibrating plate 72 changes with the ink quantity in
the container 1. The through hole 1c is formed on the position
which is faced to actuator 650, and the minimum constant amount
of ink is secured in the through hole 1lc. Therefore, the statué
of the end of ink end can be reliably detected by previously

measuring the characteristic of the vibration of the actuator 650,



944. During the formng of the upper electrode termnal 168 and the | ower
el ectrode termnal 170, the upper electrode termnal 168 and the |ower

el ectrode terminal 170 are formed to bé%onnected with the Qisengl tric
| ayer 160 electrically. Fig. 28 shows further other enbodi nent of the ink
cartridge of the present invention. Fig. 28(A) is a cross sectional view

cart i ageBroPhes ot SkehiFatdoal it S Hlare ol iRae T SHE gt ™

face | a oholbeieontainer 1, which contains ink. The bottom part of the
through hole is_is closed by the actuator 650 and forns an ink storing

part. Fig. 28 (BjIshowshefePhlFPEFBPRRIMeREIT0Nh6r LhREUER AL D1 C 656 and
the through-hole ggg.sﬁ@\(‘ﬂ%!enﬁ',ganﬁ%éﬁ) t:heﬁ%ft%?ar(é:)s&?'gé%g 8t(l?§ _Eh%ﬂgé' ew

of the actuator and t roug ole I1s shown In
act uat or 6bOwhashe stdrat itigatpltiteere72sand ankpk enodlles tthirouwgtemedte 78, whi ch

is fixed to.the vibrati | at 2. The. act uat 65Q is fixed th
bot t om fa@%dot?h? I"Fel%l'b%tl'g?q}‘fgrsaid% Q%CFlh?hgi‘g’t(iﬁ%aﬂl’?é‘ﬁ%eqq'éelcfsrti%)% & g l$§ can
face.to tRe 4 edhedaheche tirough Hdre idr athngnh Pl afso didnaitd diheigase

plate 72. The vibrating plate 72 can be elastically deforned and is ink
resi st ant 28 Arigle sdde Bade fafeghertdyrafgh heleoliatiss feraets andttia/wetrsical

d by.th i dual, yibration, of the ni ' 73.and
Pho i bralFhy: pil 677 eRARBesChr (T The T Jhant Fiy TAECTHE TRors dindP 1.

The t hroughahoté hifi ertoegbddonetbeonoshtli 6penvhivébhi expaaadnyotacthat or
650, and the m_ni mum constant anount of ink is secured in the through hol e
1c. Ther eP¥r@ldene Gt dtigs 251(B hedefiieBPeRnROERECR AIE 5 G 1T aB1ey LoEMEd: ed

by previ ogslohe HEARUELAY é@%h%géﬁf‘&&ﬁﬁiﬁéi& 1Qf, ! l?ﬁevéé@él?%éd"_’bd}ftit&? 1f,

actuator 650, 68 2 6 S E P 2003 which is determ ned by e ink quantity

secur ed iwhide ishpooyhdedodleove the gteppeshpost bohdre enbodi dentthsin the

through hsotl:gpl%gd Lljgrtion le. In Fig. 29(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.

According to the shape of the through hole 1c shown in Fig.
29(A) to (C), the gquantity 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. 20 and Fig. 21, the wvibration
characteristic of the actuator 650 at the time of the ink end status
can be greatly different with the vibration characteristic when
enough quantity of ink K for printing is remained in the container
1, and thus the ink end status can be reliably detected.

Fig. 30 shows a slant view of the other embodiment of the
actuator. The actuator 660 has packing 76 on the outside of the
base plate, which constitutes the actuator 660, or the through
hole 1c 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.

Fig. 31(A) and (B) is a slant “view of the further other

embodiment of the actuator. In this embodiment, the actuatoxr 670

comprises a concave part forming base plate 80 and a piezoelectric -



each of Fig. 29 (A , (B) , and (C) , the left hand side of the figure
shows the status that there is no ink 9in the through hole I c, and the
right hand side of the figure shows the“status that ink Kis ed in
the through hole 1c. In the enbodi nent of Fig. 28, the side zégﬁoﬁm he
through hole is is forned as the vertical wall. In Fig. 29 (A , the side

face |d ofjthent WZOUQH‘hQOESnggvéls%a% g'it gg (fé &l Urf he Wb A£G o ?”E‘hé’pens

wi th expanding to the outsi a stepped portion e and if
are fornmefacemf Hdesicdachaee paf-tt ﬁermhngugisélqﬂeatkc 80Thy sheppedhpogde on

if, whlchls rovi ded above the st ion le, is wder than the
st epped p%’f‘f]? &&C lﬁlgﬁl GndZQ(LE)ZoeﬁEEtFH ot m%‘Fegzlcl%H?ué‘teGT 8BVER® g

that extepgset @ ileodi FRE L U WhE Lbdivd ga%Sf&ymlﬂgw gedeel @t 1S,
the direction to a ink supply port 2. According to the Shape of the through

hol e | ¢ sHesvpdtvofi gort2en(af tthe cChcavelmajulit opgratesriks K Vhbraeingk
storing part. can e. redlaé:ed Therefore, . becaus cav_can be snaller

t han t he W%%?( “élxtb ain |%°E?%V82%a5%df%}fr&ln% a?%e‘%?%?a?

characteristic THetdforst uaher vébaaingheelli6a oft ithe Id’d‘tlﬂ'&bxst@imsis can
be greatl d| fferent with the vibration characteristic when enough
quantity SPteHRINC] Sy Pre Remghery efdilfegonfavaeaghai-neFurihe HRre hus

the ink eng g tcﬁ; %o@@;@eﬂég'dﬁ%'ﬁnﬂ% ey, 8 q%}z% WS <21k ﬂ?re"d}agwoﬁf

t he ot her enb ment o uat or e act uat or as pac I ng
t he out sittee dcttustobassr @Eladvey whikdly .caest ihuwvkdschhehacbaatopl668,118 t he
through hole |c of a nmountin Iate 72._ Caul ki ng holg 77 are forned on

the out skiTd S HHRF RIS/ oTHE L0rTSCor 5665 SOk ed Foret pes
cont ai nertﬂet%%qacttn%ﬁ@ulisweeggl Qukhny t bheahddith ciSindleh) And (B)

is a slant'view of the further other enbodi nent of the actuator. In this
enbodi nergarthidge Qat e srducednprhdetha aicdver panufpetiiragobaseipkat e
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80 by thecdrebknemppedded into the through hole 1c provided on the container
1. By this embedding process, the concave part 81 can operates
as the cavity. The actuator 106 shown in Fig.20 can be formed
to be embedded into through hole 1c as actuator 670 shown in Fig.
31.
Fig. 32 shows a slant view of the configuration that forms
the actuator 106 in one body as a mounting module 100. The module
100 is mounted on the predetermined position of the container 1
of an ink cartridge. The module 100 is constituted to detect the
ink consumption status in the container 1 by detecting at least
the change of acoustic impedance of the ink liquid. The module
100 of the present embodiment has a liquid container mounting
member 101 for mounting the actuator 106 to the container 1. The
liquid container mounting member 101 has a structure which mounts
a cylindrical part 116 that contains the actuator 106 which
oscillates by the driving signal on a base mount 102, the plan
of which is substantially rectangular. Because the module 100
is constructed so that the actuator 106 of the module 100 can not

be contact from outside when the module 100 is mounted on the ink



such as etching, and piezoelectric elenent 82 is nounted on the other side
of the face of the concave part formn ase plate 80. The bottom portion
of the concave part 81 operates as a vibrating region wthi t?ﬁpqmgcave
part form ng base plate 80. Therefore, the vibrating region gP e actuat or
670 is determ ned by the periphery of the concave part 81. Furthernore,

the actu a Lm lan Ast r j r Iy
bt uator SEcEfdeantHaRe Sl AL ¥ ol bl b ok e SHIEAI e Conchoe.
vi br at i ngTh¢ atap Fi6le sof ftdraredgasobrichd oyl intheceflopert 1he imanbeafeuedng

process duri t manyf.act uri ng_an_i cartridge,can_be reduced,,and the
oot 1 or HRrdfa (e hy LAASF Ak TCRAFT | TEe CHLGecBASh0r it © FRE Bethat or
670 has aygice VB eBrmédnikergabedrdedat-nt-9aghe through hole I c provided on
the container 1. By this enbeddi ng process, the concave part 81 can

]

operates as thBigav31yshoise aaceuntodedoBishonh the FQAUE ddf Isbower idd  to
be enbedded | nio LhLaugh hol & L6 a5 ASLHRLEr (520 shoyd |l gt Thg. 32

an
shows a slant View 6f T he con I guratl on or s In one

body as ain®Ludést Medulia d&:aiiher madittd ngl@émber NuNiedeofirbfies resin
predeterm ned pasition of the container 1 of an ink cartridge. The nodul e
100 is coMddia piegacd egérdet deviece PRuRbHIY RAMRST 408t WR1FR Raw acBAREfner 1

by detect{ng abyl£asincd ,;maeﬁgl Pf  aeQueld G anedanc ool 16Ne olonkalst gui d.
The nodul e 100 o% t %C p\?% ent e(rs?bo'di ms(r%;1£ telas dﬁi qui d 8ont ai ner rrgunti ng
menber 10leddwineuhd4agntHe 4rt aatortd®@6l G, &hd acOhtimilvdr. 1PrEfierabilyui d

contai ner_pounfin er 10 s a structur i.ch nounts_.a | i_ndyical
part 116 TRRPLERFa b Thavits dIost 1 OB NGHIA] WBIeh 18 B4 gy 2 B BPng
signal onr@sbasechOAdtstddid1dde i HtatfledE Allis, subskasbealing 114 is

rectangul ar. Because the nodule 100 is constructed so that the actuator

106 of t heowmedl en 1'08e eantwRl mertceft 4dre fvdmnemisiade PRfFéN 1iike 2REdtNE 100
| S _mount 39?:9&' mto%%te D6 (3 '%trlgacfgﬁn%%%e%ﬁﬁreh%gfiqﬁbﬁ AHUA R h88nt2AgPe

protecte romoutside co
member 101 so that the cylindrical part 116 and the base mount

102 can contain the lead wire 104a and 104b. The concave part
113 is formed on the central part of the cylindrical part 116 and
the base mount 102 so that the cylindrical part 116 and the base
mount 102 can contain the actuator 106, the £i1lm 108, and the plate
110. The actuator 106 is connected to the plate 110 through the
film 108, and the plate 110 and the actuator 106 are fixed to the
liquid container mounting member 101. Therefore, the lead wire
104a and 104b, the actuator 106, the film 108 and the plate 110
are mounted on the liquid container mounting member 101 as one
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
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



The top side of the edge of the cylindrical part 116 is chanfered so that

- the cylindrical part 116 can be easily_fit into the hole which is forned

in the ink cartridge. Fig. 33 shows an7&xpl oded vi ew of the %gm 20&:9
shown in Fig. 32 to show the structure of the nodule 100. T ure” 100
includes a liquid container nounting nenber 101 nmade froma resin and a

pi ezoel ecf L Sj’%‘w ti e Leh. ha at @ nel1P- a0g- A
concave g‘gér\%é:fll . %grt e?m)dr}gl, the %%%gﬁgﬁﬁsghﬁgssfa@r ead v}\l/lere ?04aaand
104b, actfrdquerd®p,cantspdridimd @8. t Re ef@nalnhyt, iom e gt @flibei Sigwid@ from
a material which,is difficult to be rust such as_stainless or stainless
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to piezoelectric |ayer by coupling with the upper electrode and the |ower
el ectrodi%&”&ﬁ GiMe 2ctiRter ﬁ%,t%rﬂfl%ﬁ%ouc&a‘r%f%ﬂ’alihe si gnal of
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The actuator 106 oscillates ter’gqrall _ based_on the driving signal
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71 2 6 SHR 2603 actuator 106, the film 108, and the plate 110 can be

attached to and removed from the base mount 102. Each of the base
mount 102, the lead wire 104, the actuator 106, the £film 108, and
the plate 110 is arranged symmetric with respect to the central
axis of the module 100. Furthermore, each of the centers of the
base mount 102, the actuator 106, the £film 108, and the plate 110
is arranged substantially on the central axis of the module 100.

The opening 114 of the base mount 102 is formed such that
the area of the opening 114 is larger than the area of the vibrating
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. 20 and Fig. 21, the cavity
162 is formed on the actuator 106, and both of the through hole
112 and the cavity 162 forms ink storing part. The thickness of
the plate 110 is preferably smaller than diameter of the through
hole 112 to reduce the influence of the residual ink. For example,
the depth of the through hole 112 is preferably smaller than one
third of the diameter of the through hole 112. The shape of the

through hole 112 is substantially true circle and symmetric with



wavef orm of the counter electronotive force, the resonant frequency
corresponding to the consunption status_of the liquid in the liquid
“container can be detected. The film 108%bonds the actuat or éﬁgsigdwgpe
plate 110 to seal the actuator 106. The film 108 is prefera rired by
such as polyolef in and bonded to the actuator 106 and the plate 110 by

heat seal}j y .hopdin .yat ar 89% pl a i t film
108 face 11Wl ec&a(t::g), Eg%h%%ér}g%le%%%sggft%%gn ond:'lL Eg)oo'n Fggéﬂ?gﬁ%ggér{gﬁ%es,
and t hus ddwn gfothieonheobhgh hbbe 11w 8 Waaidag tplaal e hdoaseaodf ol @ty

Therefore,_ the change of the resonant frequency before and after bonding
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and the QReRLAGeAdds Obel ifon MASEREOUN oJOR Hot d 949PCah b ¥ apBIEHCRhamhape.

The actuator 106 and the film 108 are fornmed in rectangul ar shape. The
| ead wi r ©f Hikpndie sdepeat ofhé0Bpdthe 1DDmMi&08ounnddt be phateidd tem, be

attached to,and renpved fromthe base t 102. Each af .the e._nount
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Furthernore, each of the centers of the base nount 102, the actuator 106,
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the center of the plate 110 where the vibrating section of, the%gglft at or

106 faces. As H&m?4 ARRPE. tho Sdratryiew2E thReCERGT (qrlofsag on
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forms ink storing par The thickness of the plate 110 is preferably

smal | er tdrathei rguéd ofntanehmouglt ingpmenbe? L61rbatde modulef £0€ree of
(he oot e OBy, (R 0EPL Dnd LS LUEPls Ui IRAS 1,
The shapewafiddig cdinisdlagle hekefdirded Sos Wisd addalngnrit ue2Gi wakiehands a
SynﬁEtri(ggg;gL ;%apedgplan, the edges of which are rounded, in the liquid
container mounting member 401. Furthermore, the piezoelectric
device mounting member 405 includes a board shaped element 405,
which is set up on the cylindrical part 403, and a concave part
413. The actuator 106 is arranged on the concave part 413 provided
on the side face of the board shaped element 406. The top end of
the board shaped element 406 is chamfered in predetermined angle
so that the board shaped element is easy to fit into hole formed
on the ink cartridge when mounting the actuator 106 to ink
cartridge.
Fig. 35 shows an exploded view of the module 400 shown in
Fig. 34 to show the structure of the module 400. As the module
100 shown in Fig. 32, the module 400 includes a liquid container
mounting member 401 and a piezoelectric device mounting member
405. The liquid container mounting member 401 has the base mount
402 and the cylindrical part 403, and the piezoelectric device

mounting member 405 has the board shaped element 406 and the

concave part 413. The actuator 106 is connected to the plate 410



2 6 SEP 2003 respect to the central axis of the nodule 100. Furthernore,
the area of the through hole 112 is larger than the area of opening of
the cavity 162 of the actuator 106. The7%eri phery of the Shapr éPthe
cross-section of the through hole 112 can be tapered shape of°s pﬁ@a
shape. The nodule 100 is nounted on the side, top, or bottomof the

cont ai ner ghgspichd katetdbe I 12 fac inside of the
cont ai neral. When t he L}nkoitr?aﬁgaggd%%hd {q%hgé?ﬁiga%%r}lﬁ%t%e ea‘—’lcC{ dator 106
i s exhaustéda &aheé fesbpaattubteqguency ahdt hefathuaber 106 greatly changes.

The change of h&e Jiﬁ(gk | evel %23? t hus be detected. Fi g 34 shows the sl ant
view of the ot HeF MDY nkRt $16F R¥RSCHpJEMROATReN bi e2661 dvliatic 4EVi &8
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a square ped, pl.an, e edges, of jch.are.tounded, in the Liquid
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on the cylindrical part 403, and a concave part 413. The actuator 106 is

arranged o t et edfeavil parthe 18i progP8edandntheiepbate 4h@eisf arhanpedrd
shaped el - d. of h el.ement 406 .i
chanfered 1n p?éggt%l:@n?r%%%aeng 1e:g gg&t ﬁ%{?@?%g ag’%gssg“%slhée{jpéﬁ Sf{gﬁgﬁ%ﬁi téc’easy
to fit | mperpedidolraedirectien toktharpYdegE vbeninguatd nghd he sacpulas or

106 to intli'ﬁcartri d%e. F{_’\g. 35 shows an expl oded view of the nodul e 400
shown in “EPIBARSY SRBWEThels OPGRLMSe 49 + hEUFbder @RSy, ach et nbaal e

100 showcdmtdig.of32het et adee1480 LRe! pogs @é,in%gidj tg%gbﬁia@%r f;;LBDi‘Q“ ng

menber 401 and a_pi ezoel ectric device nounting ne r . The I'rquid
cont ai ner2TARASH EHaEHeert 0L han tthe Isese radunkis402 bhd thenduygi 4tk i cal

part, 403 20, Ui MARASELESIILS ey Ly AT, IoTREL 203 ER e boar o

to tvhe pl4t® igélformed such that the area of the through hole 412 is larger
than the area of the opening of the cavity 162 of the actuator
106. The cavity 162 of the actuator 106 and the through hole 412
together forms ink storing part. The thickness of the plate 410
is preferably smaller than diameter of the through hole 412. For
example, the thickness of the plate 410 is smaller than one third
of the diameter of the through hole 412. The shape of the through
hole 412 is substantially true circle and symmetric with respect
to the central axis of the module 400. The shape of the
cross-section of the periphery of the through hole 112 can be
tapered shape or stepped shape. The module 400 can be mounted
on the bottom of the container 1 such that the through hole 412
is arranged inside of the container 1. Because the actuator 106
is arranged inside the container 1 such that the actuator 106
extends in the vertical direction, the setting of the timing of
the ink end can be easily changed by changing the height of the
mounting position of the actuator 106 in the container 1 by

changing the height of the base mount 402.



73 2 6 SEP 2003 and fixed to the concave part 413. The nodul e 400 has a
| ead wire 404a and 404b, actuator 106, and a film408. According to the

present enbodi ment, the plate 410 is reétangul ar shape, and t@[}g &ﬁﬁi ng
414 provided on the board shaped elenent 406 is forned in rg ﬁg r
shape. The lead wire 404a and 404b, the actuator 106, the film 408, and
the plate 410 an be attached to and renoved fromthe base nount 402. Each
of the actuat o%lﬁoéﬁ fhevs Fheaberthny ehbepl ameodifents af rdngeddule .
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center of spherpraher 449 4 t ar h rough.hol e
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actuator °986.2MHeacaifty 382. of Theheomutivad F1406 drdnidie drhtokghchele 412
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the liquid container mounting member 501 as one body. The
cylindrical part 503, the top face of which is slanted in vertical
direction, is formed on the base mount which has a square shaped
plan and the edges of which are rounded. The actuator 106 is
arranged on the concave part 513 which is provided on the top
surface of the cylindrical part 503 that is slanted in vertical
direction.

The top end of the module 500 is slanted, and the actuator
106 is mounted on this slanted surface. Therefore, if the module
500 is mounted on the bottom or the side of the container 1, the
actuator 106 slants in the vertical direction of the container
1. The slanting angle of the top end of the module 500 is
substantially betweern 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 arrahged inside the
container 1. When the module 500 is mounted on the side of the
container 1, the actuator 106 is mounted on the container 1 such

that the actuator 106 faces the upside, downside, or side of the



74 2 6 S E P 2003 Fig.36 shows the further other enbodi nent of the nodul e.
As the nodule 100 shown in Fig. 32, the nodule 500 of Fig. 36 includes a
| i quid container nmounting nenber 501 wiiisch has a base nount 502 and a
cylindrical part 503. Furthernore, the nodule 500 further has 266 ISERdpY r e
504a and 504b, actuator 106, a film 508, and a plate 510. The opening 514
is formed on the center. of the base_ nount 502 which is included in the
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1, the actuator 106 is nounted on the container 1 such

the top end of the module 100 inside the container 1, ink in the
container 1 contacts with the actuator 106 through the through
hole 112 of the plate 110. Because the resonant frequency of the
residual vibration of the actuator 106 is different depends on
whether the circumference of the vibrating section of the actuator
106 is liquid or gas, the ink consumption status can be detected
using the module 100. Furthermore, not only the module 100 can
be mounted on the container 1 and detect the existence of ink,
but also the module 400 shown in Fig. 34, module 500 shown in Fig.
36, or the module 700A and 700B shown in Fig. 38, and a mold
structure 600 can be mounted on the container 1 and detect the
existence of the ink.

Fig. 38(A) shows further other embodiment of the module
100. The module 750A shown in Fig. 38 (A) has the actuator 106
and a liquid container mounting member 360. The module 750A is
mounted on the container 1 such that the front face of the module
750A becomes the same face‘with the inside surface of the side
wall of the container 1. The actuator 106 includes the
piezoelectric layer 160, the upper electrode 164, the lower

electrode 166, and the vibrating plate 176. The lower electrode



that the actuator 106 faces the upside, downside, or side of the 75 2 6 SEP

2003 container 1 with slanting. Wen the nodule 500 is nounted on the

- bottom of the container 1, the actuator7806 is preferable to é)§ SE{FD %ed on
the container 1 such that the actuator 106 faces to the ink supp yk@ rt

side of the container 1 with slanting. Fig. 37 shows a cross-sectional view

around the bottom of the container 1 when the nodule 100 shown in Fig. 32
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will be explained. The upper electrode 164 and the lower
electrode 166 transmit a driving signal to the piezoelectric layer
160, and transmit the signal of the resonant frequency detected
by the piezoelectric layer 160 to the recording apparatus. The
piezoelectric layer 160 oscillates by the driving signal
transmitted by the upper electrode 164 and the lower electrode
166 and residually vibrates. By this residual vibration, the
piezoelectric layer 160 generates a counter electromotive force.
The existence of ink can be detected by counting the period of
vibration of the waveform of the counter electromotive force and
detecting the resonant frequency at the time of counting. The
module 750A is mounted on the container 1 such that the opposite
face of the piezoelectric element side of the vibrating section
of the actuator 106, that is, only the vibrating plate 176 in Fig.
38(A) contacts with ink inside the ink container 1. The module
750A shown in Fig. 38 (A) does not need to embed an electrode such
as the lead wire 104a, 104b, 404a, 404'b, 504a, and 504b shown in
Fig. 32 to Fig. 36 into the module 100. Therefore, the forming

process becomes simple. Furthermore, the exchange of module 750A



pi ezoel ectric | ayer 160, the upper electrode 164, the |lower electrode 166,
and the vibrating plate 176. The |l ower electrode 76 2 6 S E P 2003 166 is
formed on the top face of the vibrating7plate 176. The piezoelectric |ayer
160 is formed on the top face of the |lower electrode 166, and28hSERipMesr

el ectrode 164 is fornmed on the top face of the piezoelectric |ayer 160.
Therefore, the piezoelectric |ayer 160 is sandw ched by the upper
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whi ch the actuator 106, actuary vibrates. A through hol'e 385 is provided on
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36 (A) contatte w thai neimerde the TrAEeRogPa i I EE BhuT e YSHF shown

in Fig. ﬁe(cg)rqgige‘aﬁﬁ@t apdetihe ouppde te et tetetdt nede isUEBrmed on the top
face of the piezoelectric layer 160. Therefore, the
piezoelectric layer 160 is sandwiched by the upper electrode 164
and the lower electrode 166 from top and bottom. The
piezoelectric layer 160, the upper electrode 164, and the lower
electrode 166 form a piezoelectric element. The piezoelectric
element is formed on the vibrating plate 176. The vibrating
region of the piezoelectric element and the vibrating plate 176
constitute the vibrating section, on which the actuator 106
actuary vibrates. A thin wall part 380 is provided on the side
wall of the container 1. The module 750B is mounted on the
container 1 such that the opposite face of the piezoelectric
element side of the vibrating section of the actuator 106, that
is, only the vibrating plate 176 in Fig. 38 (B) contacts with the
thin wall part 380 of the ink container 1. Therefore, the
vibrating section of the actuator 106 vibrates together with the
thin wall part 380 residually.

Next, the operation of the module 750B shown in Fig. 38 (B)

will be explained. The upper electrode 164 and the lower

electrode 166 transmit a driving signal to the piezoelectric layer



as the lead wire 104a, 104b, 404a, 404b, 504a, and 504b shown in Fig. 32
to Fig. 36 into the modul e 100. Therefojge, the formng process becomes
sinple. Furthernore, the exchange of nodul e 750A 77 26 SEP 28 SERomes
possi ble so that the recycle of the nodul e 750A becones possi ble.
Moreover, the liquid container nounting nenber 360 can protect the

actuator 196 f£0MdAhaSde 698hA of Hiike ﬁ@g&)aé@q}&%@érﬁayeaeeb&%d
enbodi nent of the module 100. The nodul e 750B shown in Fig. 38(B) has the
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upper electrode 164, the |ower el ectrode 166, and the vibrating plate 176.
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section of the actuator 106 vibrates together wth the
be detected by counting the period of vibration of the waveform
of the counter electromotive force and detecting the resonant
frequency at the time of counting.

The module 750B shown in Fig. 38(B) does not need to embed
an electrode such as the lead wire 104a, 104b, 404a, 404b, 504a,
and 504b shown in Fig. 32 to Fig. 36 into the module 100. Therefore,
the forming process becomes simple. Furthermore, the exchange
of the module 750B becomes possible so that the recycle of the
module 750B becomes possible. Moreover, the liquid container
mounting member 360 can protect the actuator 106 from the outside
contact. v

Fig. 39(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
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



thin wall part 380 residually. Next, the operation of the nodule 750B shown
in Fig. 38 (B) wll be explained. The upper el ectrode 164 and the | ower

el ectrode 166 transnit a driving signal’Sto the piezoel ectri f?eh @ﬁ
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a nodul e 700B as an exanple of a nmounting structure.

the module 700B and the container 1 is separate body, however,

the piezoelectric device mounting member can be constituted by

a part of the container 1 as shown in Fig. 39(B).

The module 700B shown in Fig. 39 does not need to embed the
lead wire into the module as shown in Fig. 32 to Fig. 36. Therefore,
the forming process becomes simple. Also, the exchange of the
module 700B becomes possible so that the recycling of the module
700B also becomes possible.

There is possibility that the actuator 106 malfunctions by
the contact of the ink which is dropped from a top face or a side
face of the container 1 with the actuator 106, the ink of which
is attached to the top face or the side face of the container 1
when the ink cartridge is shaken. However, because the liguid
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
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



The nodul e 700B is mounted on the container 1 such that the liquid
cont ai ner nounting nenber 360 protrude into the inside of the A through
hole 370 is formed in the nounting plase 350, and the throﬁﬂg §$I 70
faces to the vibrating section of the actuator 106. Furthe ﬁ ) ol e
382 is fornmed on the bottomwall of the 79 2 6 SEP 2003 nodul e 700B, and a
pi ezoel ectric device nmounting nenber 363 is fornmed. The actuator 106 is
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is arranged on the side wall of the container 1. The actuator
106 includes the piezoelectric layer 160, the upper electrode 164,
the lower electrode 166, the vibrating plate 176, and the mounting
plate 350. The vibratingplate 176is formed on the mounting plate
350, and the lower electrode 166 is formed on the vibrating plate
176. The piezoelectric layer 160 is formed on the top face of
the lower electrode 166, and the upper electrode 164 is formed
on the top face of the piezoelectric layer 160. Therefore, the
main portion of the piezoelectric layer 160 is formed by
sandwiching the main portion of the piezoelectric layer 160 by
the main portion of the upper electrode 164 and the lower electrode
166 from top and bottom. The circular portion, which is a main
portion of each of the piezoelectric layer 160, the upper
electrode 164, and the lower electrode 166, forms a piezoelectric
element. The piezoelectric element is formed on the vibrating
plate 176. The vibrating region of the piezoelectric element and
the vibrating plate 176 constitutes the vibrating section, on
which the actuator 106 actuary vibrates. A through hole 370 is

provided on the mounting plate 350. Furthermore, a hole 380 is



the inside of the container 1, the actuator 106 does not nmalfunction by
the ink dropped fromthe top face or t side face of the container 1.
Furthernore, the nodule 700B i s mounted on the container 1 s26t8ER 28891 y
part of the vibrating plate 176 and the nounting plate 350 are contact
W th ink inside of the container 1 in the 80 2 6 SEP 2003 enbodi nent of
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contai ner when nounting actuator 106 on the container 1. A protecting
menber 36mougtmngnpédt@n3wetmtlaenefonm%epdﬁaitemylm teithe MREEQAEEr 106

inthe ink cartridge of thee i ment o t he
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| ower elec e vibrating plate unting plate 350.
The vi brati ng pFage BEEIY fstomes an tehnﬁocmnmﬁnmgtbhat eongBl,seanda t melbower

el ectrode 166 is forned on the vibrati 6. . The electrl
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160. Therefore, the main portion of the piezoelectric |ayer 160 is forned
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top and bo e G redl ar por
are formed in one body. The mold member 364 is formed by a plastic

material such as silicon resin. The mold member 364 includes a
lead wire 362 in its inside. The mold member 364 is formed so
that the mold member 364 has two legs extended from the actuator
106. The end of the two legs of the mold member 364 are formed
in a shape of hemisphere to liquid tightly fix the mold member
364 with container 1. The mold member 364 is mounted on the
container 1 such that the actuator 106 protrudes into the inside
of the container 1, and the vibrating section of the actuator 106
contacts with ink inside the container 1. The upper electrode
164, the piezoelectric layer 160, and the lower electrode 166 of
the actuator 106 are protected from ink by the mold member 364.

Because the mold structure 600 shown in Fig. 39 does not
need the sealing structure 372 between the mold member 364 and
the container 1, the leaking of ink from the container 1 can be
reduced. Moreover, because the mold structure 600 has a form that
the mold structure 600 does not protrude from the outside of the
container 1, the mold structure 600 can protect the actuator 106

from the outside contact. There is possibility that the actuator



portion of each of the piezoelectric |ayer 160, the upper electrode 164,
and the | ower electrode 166, forns a piezoelectric elenent. The

- piezoelectric elenent is forned on the 84 brating plate 176. {QESI-YI* %Ugtti ng
region of the piezoelectric elenent and the vibrating plate

constitutes the vibrating section, on which the actuator 106 actuary

vi brates. A through hole 370 is provided on the_nountijng %e%f(%.
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Fig. 20 can |nstea nounti ng plate 350 in the enbodi nent
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mounting gtructure. The nold structure 600 has the actuator 106 and a nol d
menber 364. The actuator 106 and the nold nenber 364 are for mag in.o
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container 1, and the vibrating section of the actuator 106 contacts wth

i nk i nsi denkheagtntisigeen 8D, TRepepgpévediect Fade of gaie tme R kibos| e timic
layer 160caarr1]:q:1t geesI olvged' cor?céfgsdedf‘gpepént types of ink, for example,

different color of ink. The actuator 106, which detects at least
acoustic impedance, is mounted on the each of bottom of the
plurality of ink cartridge 180. The residual gquantity of ink in
the ink cartridge 180 can be detected by mounting the actuator
106 on the ink cartridge 180.

'Fig. 41 shows a detail around the head member of the ink
jet recording apparatus. The ink jet recording apparatus has an
ink introducing member 182, a holder 184, a head plate 186, and
anozzle plate 188. A plurality of nozzle 190, which jet out ink,
is formed on the nozzle plate 188. The ink introducing member
182 has an air supply hole 181 and an ink 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 180. The ink cartridge 180 has anair introducing inlet
185 and an ink supply port 187. The air introducing inlet 185
introduces air from the air supply hole 181 of the ink introducing
member 182. The ink supply port 187 supplies ink to the ink
introducing inlet 183 of the ink introducing member 182. By



- 372 between the nold nenber 364 and

the actuator 106 are protected fromink by the nold nenber 364. Because the
nmol d structure 600 shown in Fig. 39 doeg3 not need the sealing structure

container 1, the |epgi i nk
fromthe container 1 can be reduced. Moreover, because the nold structure
600 has a formthat the nold structure 600 does not protrude fromthe

out si de of, &%Q%fdu%q a'aq%r }‘b ! Qﬁe actfﬁﬁ'ﬁ &ﬁ'éfng(p)rg%m %rlpﬁ)i qﬁ] ,:tt}{]?[e ink

act uat or rom the OU e con ere 1s

act uat or &%r%r&d@éPl%@()BtIhQGlﬁal tancri@ge byo tdecebat fcds qfhé fm;pp’ﬂly\dﬁ ch
is dropped from a top face or a side face of the container 1 with the
actuator ipkef rehethwnéffcv\m’éhdge LG senele tiak hétﬁfesufsaee BeMRSE lé%e

face of the ﬁgmggwﬁa%%ﬁﬂ#@&é@&ﬁ@%&;ﬁqed 2rofiaKs.  He ARG IR

mol d nenber ructure 600 otrudes Into t of the
cont ai ner 180 theoaghudieinkOtndoedunbhg nmrr&wmﬂeantdx)thmheadnml@lt@mﬁe&i from

the top face or the side face of the ain 0 shows

enbodi nent of af +Fnk? gaﬁglf)w&gé)tﬁlﬁ H&’Oﬁﬂ f’g‘t %e(?gﬂ*ed g:lrdtd?%evhﬁ

uses the agbuat oh A5, shownThe fihatd0108 PEUAhEdd ¥n tHE 53¢ & &rh GRS 180
is mounted on the ink jet recording apparatus which has a plurality of ink
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the each of bottoamof the plurality of ink cartrldge 180. The reS|duaI
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drainage of ink can be improved.

A gap, which is filled with ink, is formed between the
actuator 106 and the wave preventing wall 192. The space between
the wave preventing wall 192 and the actuator 106 has a space such
that the space does not hold ink by capillary force. When 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 malfunctions by detecting gas or an air bubble caused
by the shock of the ink wave. By providing the wave preventing
wall 192, ink wave around the actuator 106 can be prevented so
that the malfunction of the actuator 106 can be prevented.

The actuator 106 of the ink cartridge 180B shown in Fig.
42 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
mounted nearby the ink supply port 187. The actuator 106 is
preferably mounted 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



is formed on the nozzle plate 188. The ink introducing nenber 182 has an
air supply hole 181 and an ink introducing inlet 183. The air supply hole
181 supplies air to the ink cartridge 186. The ink introducygosEmisms 183
introduces ink fromthe ink cartridge 180. The ink cartridge 180 has an

air introducing inlet 185 and an ink supply port 187. The air introducing

inlet 185 intraoduces air fr the air suppl ole 181 .of t i nk
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enbodi nent of the ink cartridge 180 shown in Fig. 41. The actuator 106 is
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and there is possibility that the actuator 1 | functi ons_by detecting
gas or an % POStEMS 'c§§§eﬁnkby3tt RE l%&&kuﬁﬁdagﬁgr%r& NEPECIBy %FBVFHF’H@ t he

- wave prevefdGcan accurately positioning the ink container during the
| ’ mounting of the ink container on the carriage. Therefore, the
positioning of the actuator 106 becomes reliable by arranging the
actuator nearby the ink supply port. Furthermore, the actuator
106 can be further reliably positioned by mounting the actuator
106at the center of the width direction of the ink container 194.
It is because the rolling is the smallest when the ink container
rolls along an axis, the center of which is center line of the
width direction, during the mounting of the ink container on the
holder.

Fig. 43 shows further other embodiment of the ink cartridge
180. Fig. 43 (A) shows a cross section of an ink cartridge 180C,
and Fig. 43 (B) shows a cross section which enlarges the side wall
194b of an ink cartridge 180C shown in Fig. 43(A). Fig. 43(C)
shows perspective view from the front of the side wall 194b of
the ink cartridge 180C. The semiconductor memory device 7 and
the actuator 106 are formed on the same circuit board 610 in the
ink cartridge 180C. As shown in Fig. 43(B) and (C), the

semiconductor memory device 7 is formed on the upper side of the



wal I 192, ink wave around the actuator 106 can be prevented so that the
mal functi on -of the actuator 106 can be prevented. The actuator 106 of the
ink cartridge 180B shown in Fig. 42 is8Pounted on the side vvakl #2@;
supply port of the ink container 194. The actuator 106 can be rﬁog t Pon
the side wall or bottomface of the ink container 194 if the actuator 106
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accurately positioning the ink container during the nmounting of the ink
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container 194. It is because the rolling is the smallest when the ink
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device 7 and outside the ink jet recording apparatus. The

semiconductor memory device 7 can be constituted by the
semiconductor memory which can be rewritten such as EEPROM.
Because the semiconductor memory device 7 and the actuator 106
are formed on the same circuit board 610, the mounting process
can be finished at one time during mounting the semiconductor
memory device 7 and the actuator 106 on the ink cartridge 180C.
Moreover, the working process during the manufacturing of the ink
cartridge 180C and the recycling of the ink cartridge 180C can
be simplified. Furthermore, the manufacturing cost of the ink
cartridge 180C can be reduced because the numbers of the parts
can be reduced.

The actuator 106 detects the ink consumption status inside
the ink container 194. The semiconductor memory device 7 stores
the information of ink such as residual quantity of ink detected
by the actuator 106. That is, the semiconductor memory device
7 stores the information related to the characteristic parameter
such as the characteristic of ink and the ink cartridge used for

the actuator 106 when detecting the ink consumption status. The



wi dth direction, during the nounting of the ink container on the holder.
Fig. 43 shows further other enbodi ment of the ink cartridge 180. Fig. 43
(A) shows a cross section of an ink carggidge 180C, and Fig. 43 (B) shows
a cross section which enlarges the side wall 194b of an ink @4rSEPQgm 180C
shown in Fig. 43(A). Fig. 43(C) shows perspective view fromthe front of
the side wall 194b of the ink cartridge 180C. The sem conductor nenory
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106 on tHeadgide tuet nnﬁgeomBGCner i94" is full status or end status in the
semiconductor memory device 7 pre\uously and readlng out the data
,of the resonant frequency at the ink jet recordlng apparatus slde, :
it can be accurately. detected that the res:Ldual quantlty of 1nk'-
is decreased to. the reference value S v _ |
Fig. 44 shows further other embodlment of the lnk cartrldgei
180. A plurality of actuators 106" 1e mounted on the 81de wall
194b of the ink contalner 194 ;m the 1nk cartrldge 180D shown 1n:"
Fig. 44 (A) It is preferable to use the plurallty of the actuators-
106 which is formed in one- b@dy as shown in Fig 24 for these-'
Aplurallty of actuators: 106 The plurallty cf actuators 106 is.
- arranged on the side wall 194b w;Lt:h 1nterva1 in vert1ca1 dlrectlon
By arranglng the plural ity o:: actuaters 106 on the s:Lde wall 194b
with 1nterval in vertical dlrectlon, the res1dual quantlty of ink
can be detected step by erep v
The ink cartrldge 180E Bhown in Fig. 44 (B) mounts a actuator
606 which is long in vertical dlrect:Lon on the sa.de wall 194b of
the ink container 194. The. change of t:he residual quantity of"
~ink inside the ink conta_mer.. 194 can be detected. continuously by

the actuator 606 which is long :j;m_;vfert;ieél dife;ctidn. The length



Mor eover, the working process during the manufacturing of the ink
cartridge 180C and the recycling of the ink cartridge 180C can be
simplified. Furthernore, the manufacturhg cost of the ink camtsEpQgyl80C
can be reduced because the nunbers of the parts can be reduced. The
actuator 106 detects the ink consunption status inside the ink container
194. The sem conductor nenory device 7 stores the inforpmatio oLgLn such
as resi dugf imAEFupter §0fklaerefesablyyl enpreniraattdie &eg.? Oﬁhgfﬂe 190
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the actuator 106 and the wave preventing wall 192. Moreover, the
gap between the wave preventing wall 192 and the actuator 106 has
a space such that the gap does not hold ink by capillary force.
When 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 malfunctions by detecting gas or an air
bubble caused by the shock of the ink wave. By providing the wave
preventing wall 192, ink wave around the actuator 106 can be
prevented so that the malfunction of the actuator 106 can be
prevented. The wave preventing wall 192 also prevents the air
bubble generated by the rolling of ink to enter to the actuator
106.

Fig. 45 shows further other embodiment of the ink cartridge
180. The ink cartridge 180G shown in Fig. 45(A) has a plurality
of partition walls 212, each of which extends downward from the
top face 194c of the ink container 194. Because each of lower
end of the partition walls 212 and the bottom face of the ink
container 194 has a predetermined gap, the bottom part of the ink

container 194 communicates with each other. The ink cartridge



194b of the ink container 194 in the ink cartridge 180D shown in Fig. 44
(A) It is Preferable to use the plurality of the actuators 106 which is,
formed in ones ;body. ;as shown in Fig &4 for these plurality, pf P
actuators. 106:. The plurality of. actuators 106 is, arrangedzgnSE[ h@%ide
wal | 194b with interval in vertical direction. By arranging the plurality
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is preferable to use the plurality of the actuators 106 which is formed in
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by capillary force. Wen the ink container 194 is rolled, ink wave is
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possi bi | Ly the ink cartridge 180G. Therefore, the space between each of

the actuator 106 is widest at the ink supply port 187 side and
becomes narrower as the distance from the ink supply port 187
increases to the inner part of the ink cartridge 180G. Because
ink is drained from the ink supply port 187, and air enters from
the air introducing inlet 185, ink is consumed from the containing
chamber 213 of the ink supply port 187 side to the containing
chamber 213 of the inner part of the ink cartridge 180G. For
example, the ink in the containing chamber 213 which is most near
to the ink supply port 187 is consumed, and during the ink level
of the containing chamber 213 which is most near to the ink supply
port 187 decreases, the other containing chamber 213 are filled
with ink. When the ink in the containing chamber 213 which is
most near to the ink supply port 187 is consumed totally, air enters
to the containing chamber 213 which is second by counted from the
ink supply port 187, then the ink in the second containing chamber
213 is beginning to be consumed so that the ink level of the second
containing chamber 213 begin to decrease. At this time, ink is

filled in the containing chamber 213 which is third or more than



that the actuator 106 mal functions by detecting gas or an air bubble
caused by the shock of the ink wave. B)C/%grovi ding the wave preventing wall
192, ink wave around the actuator 106 be prevented so thatg SRR 2003

mal function of the actuator 106 can be prevented. The wave preventing wal |l
192 al so prevents the air bubble generated by the rolling of ink to enter
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the cont aFHFn?jOlEWSn%gr&ﬁ?%t%%I}%ﬁ%@ &i ﬁég ﬁ@ﬁ’:’e%ﬁ%sv@f?ﬂ‘r&%@f l[r’cli(e
cont ai ni ng,peh§TREL 21871 S %H@qgl%rsgaﬁtt Bat thbecyol A @) drheneantaisni ng

chanber 213" 0of "the ink supply port 187 is the largest, and the volune of
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supply port 187 _increases to the inner part of the ink cartridge 180G
Because 1ink end is drawing near.

The ink cartridge 180H shown in Fig. 45 (B) has one partition
wall 212 which extends downward from the top face 194c of the ink
containef 194. Because lower end of the partition walls 212 and
the bottom face of the ink container 194 have a predetermined space,
the bottom part of the ink container 194 communicates with each
other. The ink cartridge 180H has two containing chambers 213a
and 213b divided by the partition wall 212. The bottom part of
the containing chambers 213a and 213b communicates with each other.
The volume of the containing chamber 213a of the ink supply port
187 side is larger than the volume of the containing chamber 213b
which is located in a inner part of the ink cartridge 180H far
from the ink supply port 187. The volume of the containing chamber
213b is preferably smaller than the half of the volume of the
containing chamber 213a.

The actuator 106 is mounted on the top face 194c of the
containing chamber 213B. Furthermore, a buffer 214, that is a
groove for catching the air bubble which enters to the ink

cartridge 180H during manufacturing of the ink cartridge 180H,

is formed on the containing chamber 213b. In Fig. 45(B), the



ink is drained fromthe ink supply port 187, and air enters from the air
introducing inlet 185, ink is consuned %éOﬁ]the contai ning chanber 213 of
the ink supply port 187 side to the con

i ning chanmber 213 of j r
part of the ink cartridge 180G For exanple, the ink in the c?oﬁ[%ﬁnaﬁg
chanber 213 which is nost near to the ink supply port 187 is consuned, and
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The ink cartridge 1801 shown in Fig. 45(C) fills a porous
member 216 in the containing chamber 213b of the ink cartridge
180H shown.in.Fig. 45(B) . The porous member 216 is filled inside
the containing chamber 213b from the top face to the bottom face
of the porous member 216b. The porous member 216 contacts with
the actuator 106. There is a possibility that the actuator 106
malfunctions by the entering of the air bubble inside the
containing chamber 213b when the ink container fall down or when
the containing chamber 213b moves back and forth with the carriage.
If the porous member 216 is provided on the containing chamber
213b, the porous member 216 captures air to prevent entering of
air into the actuator 106. Furthermore, because the porous member
216 holds ink, the porous member 216 can prevent the actuator 106
to malfunction as detecting the ink end status as ink exist status
which is caused by attaching of the ink on the actuator 106 when
the ink container shakes. The porous member 216 is preferable
to be provided in the containing chamber 213 having a smallest
volume. Furthermore, by providing actuator 106 on the top face

194c of the containing chamber 213b, ink can be consumed to the



the bottom face of the ink container 194 have a predeterm ned space, the
bottom part of the ink container 194 communi cates with each other. The ink
cartridge 180H has two containing chanbg2ts 213a and 213b di \e/ige%fbgoﬁ%he
partition wall 212. The bottom part of the containing chanb 3 nd
213b conmuni cates with each other. The volunme of the containing chanber

213a of the ink supply port 187 side is larger than the volu of trfle
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be changed. The ink cartridge 1801 shown in Fig. 45 (C) fills a porqus

menber 216henletier coifiaaPii Hae dentisdmnizmeharnbeRe 1 Hk- cdhe Pageus member
216A can be formed by the member which has a lower affinity for

liquid than the affinity for liquid of the member which forms the
porous member 216B. Because the capillary force of the porous
member 216B, which has small hole diameter, is larger than the
capillary force of the porous member 216A, which has large hole
diameter, the ink in the containing chamber 213b is collected to
the porous member 216B located on the lower side of the containing
chamber 213B and held by the porous member 216B. Therefore, once
the air reaches to the actuator 106, and the actuator 106 detects
the non-ink status, ink does not reaches to the actuator 106 again
so that the actuator 106 does not malfunction to detect the ink
exist status. Furthermore, because the porous member 216B which
is far from the actuator 106 absorbs ink, the drainage of ink around
the actuator 106 improves, and the quantity of change of the
acoustic impedance during the detection of the ink existence
increases. Moreover, by providing the actuator 106 on the top
face 194c of the containing chamber 213b, ink can be consumed to
the end by compensating the ink quantity which is measured from

the detection of the ink near end until the complete consumption



180H shown in Fig. 45 (B) . The porous nenber 216 is filled inside the
cont ai ni ng chanber 213b fromthe top face to the bottomface of the porous
menber 216b. The porous nenber 216 cont3@ts with the actuat 0 81§€P a'(gere
is a possibility that the actuator 106 malfunctions by the enterlng f the
air bubble inside the containing chanber 213b when the ink container fall
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porous nenber 216 of which Is constituted™by two ki nds of porous nenbers
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porous nenber 216A is l.ocated on the upp si,de_of the o] nmenber, ., 216B.
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t he porous menmber 216B which is |ocated on the | ower side of the
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menber whigheRassaqboyef af itdd ¥ nkOkontainer 194 to compress the lower

part of the porous member 216 to reduce the hole diameter of the
lower part of the porous member 216. Because the hole diameter
of the lower part of the porous member 216 reduced by the
compression, ink is collected and held by the lower part of the
porous member 216. Because the lower part of the porous member
216 which is far from the actuator 106 absorbs ink, the drainage
of ink around the actuator 106 improves, and the quantity of change
of the acoustic impedance during the detection of the ink
existence increases. Therefore, the error, of which the actuator
106 detects the non ink status as the ink exist status by the
attaching of ink on the actuator 106 mounted on the top face of
the ink cartridge 180K by rolling of ink, can be prevented

In the ink cartridge 180L shown in Fig. 46 (B) and Fig. 46 (C),
to compress to decrease the area of the cross section on the
horizontal plane of the lower part of the porous member 216
gradually to the direction to the bottom face of the ink container
194, the area of the cross section on the horizontal plane of the

containing chamber gradually decreases to the direction to the



liquid than the affinity for liquid of the menber which fornms the porous
menber 216B. Because the capillary force of the porous nenber 216B, which
has smal|l hole dianmeter, is larger tharPXhe capillary force of: ghﬁfp us
menber 216A, which has large hole dianeter, the ink in the con? [ ng&ﬁ
chanber 213b is collected to the porous nenber 216B | ocated on the | ower
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Ther ef or ePObhe® fd%R O%i Fhpelth O R Y IRF &8fluat1t9)¥ci‘6%‘?q'§hed%ﬂ}§ ﬁ?mgf% 106
detects &Petﬂgn-i&#elstggye, dike HOepoRBhis! RIS t 916 he cariceat afy 10Beagai n

so that the actuator 106 does not malfunction to detect the ink exist
stat us. Foomheespien, bothuse adid gireslandehbed Diethaniawer ipaftactf EBh t he

actuator 106 absorhbs ink, the draina of ink e t [
i mpr oves, PAhQUF HE® %ﬁﬂ%@' 0 e&ﬁé‘r?&eggF iﬂ‘@er olﬁéél{%%c tlthr}%pgggtﬁg% %Irn%%g t he
det ect i on2 0EB el dK sekh 61 RAGE thengt€asesr 1My ab¥ekbsbinip ateltpgihhge
actuator 106 on the top face 194c of the containing chanber 213b, ink can

be consunef itk arpend HdenyCeenpeRdA6 HEPTINES nRIGUd APFRRATLYPT ShABIS ur ed

from the _detecti e ;i e [ h nsUmt kgR 92 2
S SEP 208§ tc??l%l n%.o%?%ﬁerlﬁgjlrég% Te %ﬂ%a%th%t ?%él%f%gngge consuned
after thexfleteastédmafeddus i nkheeafoerd tanebeochangetdiby @ astizagorhe

| f th tainj hanber 213b by changing the. | h and, i |
of the patbf(FBREGEF| EDYoROR GnkagteRbIASE LI GsL St tiOh OF AHY KK CoC
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showmn in Fig. 45 (C . The porous nenber 216 in the ink cartrldge 180K
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t he horizontal plane of .the | r_part -of e .0 : 1S

conpressed to b l%leé"gasg’eqswsglpﬁiﬁegl Eﬁ?glpﬁégd?fgc %’?ﬁfgﬁi&?{ rél%é%t 'tu%rlnn?ace

of the inkheéqiwidir 194.. ThReefk carthedael 220disarirei nofidg het par)otias
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I's providegdon the top face of the ink cartridge 220A. Because there is

a predetermined space between the lower end of the first partition
wall 222 and the bottom face of the ink cartridge 220A, ink can
flows into the ink supp.ly 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 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
wall 224 and the top face of the ink cartridge 220A, ink can flows
into the ink supply port 230 through the top face of the ink
cartridge 220A.

A first containing chamber 225a is formed on the inner part
of the first partition wall 222, seen from the ink supply port
230, by the first partition wall 222. On the other hand, a second
containing chamber 225b is formed on the front side of the second
partitionwall 224, seen fromthe ink stipply port 230, by the second
partition wall 224. The volume of the first containing chamber

225a is larger than the volume of the second containing chamber



on the side wall of the ink container 194 to conpress the |ower part of
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absorbs ink, the drainage of ink around the actuator 106 inproves, and the
quantity efcohdngentainingchenbsti2hpegancrduthaginthev@RleR?Bh 260t he

ink existence jncreases. Theref .t o I addaleer 106
detects t en%ﬁki %‘I%etg}eatssﬁs?oé]? f%ﬁ%%?%?&ggi gégg%gfﬁisz%‘;lt e attaching cl;f i nk
on the actuat ankl@6 mhentfedsancbheatapnbachaobert BeSank scactisudgs -180L by

rolling of ink, can be prevented Fig. 47 shows other enbo<1i ment of the ink
cartridge usi ngTPeh8chEeERFor 2065 FRunfRg e F?‘Fdﬁédfzfﬁ hin T8 APE 47
(A) has cartridge 220A of the ink supply port 230 side, that is, the side
wall of the second containing chamber 225b of the ink supply port
230 side. The actuator 106 detects the ink consumption status
inside the second containing chamber 225b. The residual quantity
of ink at the timing closed to the ink near end can be detected
stably by mounting the actuator 106 on the side wall of the second
containing chamber 225b. Furthermore, by changing the height of
the mounting position of the actuator 106 on the side wall of the
second containing chamber 225b, the timing to determine which ink
residual quantity as én ink end can be freely set. Because ink
is supplied from the first containing chamber 225a to the second
containing chamber 225b by the capillary passage 227, the actuator
106 does not influenced by the rolling of ink caused by the rolling
of the ink cartridge 220A, and actuator 106 can thus reliably
measure the ink residual quantity. Furthermore, because the
capillary passage 227 holds ink, the capillary passage 227 can
prevent ink to flow backward from the second containing chamber

225b to the first containing chamber 225a.



a first partition wall 222 provided such that it extends dowward fromthe
top face of the ink cartridge 220A. Because there is a predeterm ned space
between the | ower end of the first partP®Pion wall 222 and t g Ft face

of the ink cartridge 220A, ink dan flows into the ink suppl ?%p E @@0

t hrough the bottomface of the ink cartridge 220A. A second partition wall

224 is formed such, that the second partition wall 224 extends ward,.from
the bottom fact GPeFKeVRhKScartritger2%d egnOIE HePGrdr?® i %Lﬁj&)r@lepdfllk 230

side of thg tiighePabbht i OfhMAldaiddd oBeLARLNIRIL oiFStRe D dRha MidRd
space between thé upper end of the Second partition wall 224 and the top
face of tB80Ankasmed iljgetRe0rpllhkgcad fdhewsink marthidgek280pplopipder 230

through the top, face of. the ink artridge 220A. A first _.,co i ni .chanber
Josa e 1 BERARGRS RE Tndmas vaide epd r: FETOafhotd o iR AR M
fromthe pikisKPPHYm R ink3Carbyidi§e I308tcabbiprovenbbd B2Drdridine

ot her hand, a second containing chanber 225b is forned on the front side

of the setbrdchgakt velys 4@B| op2iheseen faemnehehmk usAsEpisiae 2302 by
Lhe second e AALLLILQNIRIo 204 o8, KR UTBALLKDS, LdPhe GRBLOL 00 ShaDeT

225a is | arger e volune e second containing anber 94 2 8 SEP
2003 225binAidepthkai ik pesstageddse 23R fexiceedisby hpr pye dsnge ao § patoe,chaatki ch
can generate the capillary phengonenon, between the first partition%ﬁgl

222 and t K8l¥8ceRl. paht sk Walver248 apeRefdice INtFREVUCHR PhTtHEE?
cont ai ni ngnﬁ‘ch@QP@haﬁéaei@A.COHrﬁ% efet OnLBE vLRRI bhar ¥1 8388286 wAhtdidd he

capillary force of the capillary passage 227. Therefore, the capillary
passage 22hecamepsewentinstidat thiee imkr certaiiddeuBRI0d & des Stad q-he second

contai ning chapber Fur.th re the.ink Jevel in the se

contai ning chaftér §§§§> cﬁﬂddéﬁ g%%%wgt%a%eiﬁ@llaenaé cgrroasdgua?‘?cyél%ggggs%let he
first contaeekngathanbes.22fe ichddk Redval 228r ehbwneinpRid. 047 (G haecond
cont ai ni ng chanber 225b, seen fromthe ink supply port 230, the | nﬁ< in the

second CONPAVEi PP vhasbetnobuies & 1lggasumiep APr@ed by rubber. Anairhole

233, which communicates air between inside and outside of the ink
cartridge 220, is provided on the ink cartridge 220 such that the
airhole 233 faces to the flange 232a. The airhole 233 is opened
and closed by the flange 232a. The check valve 228 opens the
flange 232a inward the ink cartridge 220 when the negative
pressure in the ink cartridge 220 exceeds the pressure of the check
valve 228 by the decrease of ink inside the ink cartridge 220A,
and thus the air outside the ink cartridge 220 is introduced into
the ink cartridge 220. The check valve 228 shown in Fig. 47(D)
has a valve 232 formed by rubber and a spring 235. If the negative
pressure inside the ink cartridge 220 exceeds the pressure of the
check valve 228, the valve 232 presses and opens the spring 235
to introduce the outside air into the ink cartridge 220 and then
closes to maintain the negative pressure inside the ink cartridge
220 to be stable.

The ink cartridge 220B shown in Fig. 47(B) has a porous
member 242 in the first containing chamber 225a instead of
providing the check valve 228 on the ink cartridge 220A as shown

in Fig. 47. The porous member 242 holds the ink inside the ink



the ink in the first containing chanber 225a is consuned. The actuator 106
is mounted on the side wall of the ink <cartridge 220A of the ink supply
port 230 side, that is, the side wall ¥ the second contai ni hanber
225b of the ink supply port 2.30 side. The actuator 106 det e£g§ &03 nk
consunption status inside the second containing chanber 225b. The resi dual

tit foin t the tim I dtot i d , ted
S ably. byCRELALAAG 2RESAT a0 BOGVERL Shi K, o Dea  PAbFaHE St thE ¢
cont ai ni ngnghanber i 32t 2 FHLRehEPE Be AV RN MEnENINRIGHY iige bhOB.

mounting position of"the actuator 106 on the side wall of the 'second

cont ai ni ng chanffbe @@bbdimdet ttihmng o ageiatamaé Ovhi & mowkt ed ext @rafink
quantity as_an.i.nk end can be freely.set. Because ink..s suppli framthe
Tt confarhrAgoe Sher dssaot, ThITSEtLRES Tnearhrigot SHEL 526 R) ( ne
capi | | aryppagsadeh22he thgAEqeat0d it te@sonothé nébuensgd, bjakhderal | i ng
of ink caused by the rolling of the ink cartridge 220A, and actuator 106
can thus e&EPilaphgd deeser e Hawevierk FhsiakfatateRiadlit §20 Bg PABRABAN hB€ause

the capillar S 227 ' t capillary $AY8c22H5p532 ¢
prevent i %k‘ﬁt%a o&ﬁ%gcc \%L/asr 3@@%&‘%" stglg%ng]qjéohtégi ﬁ.ggg g%aﬁbe?p 225blsto
the firsttegataem wgthhamerri2fm andd f3emEEPt 2088hér ohetk o alare i2Z28 ks
provi ded on the top face of the ink cartridge 220A. I’%S | eaki

[

f ink
out si de oPPEhBORKK CEWYFRFFROrO2dAS ARSI IRE tHP AT Ay "SRR io%k the
cartridge; gz0A 0aR g - BEEYEALEHa8Y d % Chatle yBf VEaRBagd iR bhermRkankt he

evaporation of i1nk fromthe ink Cartridge 220A can be prevented by
provi di ngist aeseprcktediady 228 oa theriegef and sfpphies nlknk & cedga ag20A.

If ink in_the ink cartridge .220A js consu and. n i S i.nsi de
the ink cﬁh‘?lug esé’f%‘AaésxgceLébaes' tﬁ*eO ST essur e of ?ﬁ%u%%g%kggvghg/e%?fgen;t he
check val ¥@bdd8mepensaanBei MbhREHE &sn ailie | iHlo ddre ridye aant ciodge i22@Ad Then
the check valve 228 closes to naintain the pressure inside the jnk

cartri dges22bhatoapkespPrSieg Ie3d A O sl (PR Frfeto as on
CrOSS'Secbbag} ahat B%s.sible to be exchanged.

"The structure and the advantage of a liquid detecting
device with a cavity"

The several kinds of ink cartridges which have a function
of detecting ink consumption of the present embodiment are
explained above. In these ink cartridges, a piezoelectric
element is used for detecting the ink consumption. The actuator
which is an apparatus for detecting liquid with cavity has been
shown in these configuration. The typical configuration is shown
in, for example, Fig. 20. Moreover, a mounting module, in which
a piezoelectric device and a mounting structure are formed as one
body, was shown in another embodiment. The representative
example is shown in, for example, Fig. 32. As shown above, the
piezoelectric device can be protected using mounting module.
Furthermore, the mounting of piezoelectric device becomes easier
by mounting module. In the present embodiment, especially the
mounting module with a cavity has be&n shown. Furthermore, the
piezoelectric device has been used for detecting the ink

consumption in these ink cartridges. In these configurations,



check val ve 228. The check val ve 228 shown in Fig. 47 (C) has a valve 232
whi ch includes flange 232a forned by rubber. An airhole 233, which
communi cates air between inside and out 8i’de of the ink cartrégg%.s}gg@a is
provi ded on the ink cartridge 220 such that the airhole 233 C t he
fl ange 232a. The airhole 233 is opened and closed by the flange 232a. The
check val ve 228 opens the, flange 232a inward the ink cartridge 220. en

t he negat i pREs ST Gi99ee VhkPcdr tFR ey 2967 Ex ‘E?’%ntheTg‘T%es%XPJec t he
check  val dh 2iafi i 118 o¢aH £88GL8H1 Bk ! N sHBwhhE: R . CAd | Foddxddre . and
thus the air outside the ink cartridge 220 is introduCed into the ink
cartri dge Pe0advhstebeskshaivbe228 caohr obt FHingd bHy(Boviding anadren X

formed by rubher apd a_spring 235, |f the negativ ressure _jnside the ink
Cor 1 dge P Skcode” FRELBPORT AV E AT CoRaer TSy HhESt RS )

presses angk opefisid hee sl 1y 28Svid, i ntroduce the outside air into the ink
cartridge 220 and then closes to naintain the negative gressure i nsi de the

ink cartridge 230 Refpe tn Hbbe.20TRe2iRK W RELHGEOZZDE Sh6vh bREeR Rt 7( B)
hasaporojtxf,8 i he fir I a ipst f
provi di ng hea%ﬁggr%sv%ﬁée orl;ktehéi?n Q%%#ﬁ?%geg rga@%?lﬁo%vﬁg'i n Fig.
47. The parotisrnedbes t242bhekdsldte 1i78k | Tsé davitey LBR 86 the8bSsk PLRAO3
cartridge 220B and al so_prevents ink to be I%aked outside of the ink,

cartri dge BH0BSRITHFGhE I PRELEAOPHE Gk ERSPEM Hde tBSIR. © AP €TI0 nent

that the aotdahr 186k, BRYBLEds0Pr@AskBkre§ABLENLER Ohe B LS dd PO rid
which the ink cartridge is a separate body with the carriage and nounted

on the cargliempgnt had peehdeepd aiondd imsovehreogbvehe aadiel tic tlgdt-or OngE e an

be mounted qon the Jjnk.tank which is, nounted o he ink jet recordi
appar at us O'iofbe&e é}d’wil%tllg 'a%@arshoa'ﬁe%gﬁdm?é?ﬁ%df ?ég‘g?ﬁle?gvﬁtl% %gsg%rg??%l as
one body. dJfuthbeidlmiles 1006 &ed FalyQr31@hotant he ndaliillee do 0rwHdie thenkodwdlnk of

the off -carriage thpe. The off -carriage type ink tank is a separate body
with a carkQaghs ah@<sBpFRPBE | ARTt OLESHT igRRPdiment.  The actuator 106

(piezoelectric device) and the mounting structure are formed in

one body. The mountingmodule 100 is mounted on the ink cartridge.
A through hole 112 is provided on a plate 110, which is a part
of the mounting structure. The through hole 112 corresponds to
the opening cavity of the present invention (the through hole 112
will be called as opening éavity in folldwing at suitable time).
The through hole 112 faces to the actuator 106, and the through
hole 112 is élso arranged at the position where faces to the inside
direction of the ink cartridge 180 from the actuator 106. The
vibration transmits between the piezoelectric device and the
inside the container through the cavity 112. If the ink
consumption advances, the liquid level decreases, and the through
hole 112 exposes. At thistime, a substantially constant quantity
of ink is remained and held in the through hole 112. Furthermore,
in the other embodiment shown in Fig. 28, the container 1 of the
ink cartridge has a bottom face la. The actuator 650 as a
piezoelectric device is mounted on the lower part of the bottom
face 1la. The container 1 has a through hole 1c, called as cavity

in following, at the position which faces to the piezoelectric



t hrough such as tube. Mreover, the actuator of the present enbodi nent can
be nmounted on the ink cartridge 180 constituted so that a recording head
and an ink container are forned as on Is®dy and possible to be exchanged.
"The structure and the advantage of a liquid detecting devi 8 \&EPh2083
cavity" The several kinds of ink cartridges which have a function of
detecting i nk consunption of the present enbodi nent are explai ned above.

I n these i®kewert ri3dgésthe grtardaeebPi.c Thakrnt the gswdtyokc det Berned t he
i nk consu .Qn. Th ctuat or ich.,s an apparatus for detecting |jiguid
w th cavi T AL BeascIEhoihers Tete D hPR RaTRE e Py 8 L8

confi gur atpezoslehomtc dIemdrd 7@xandl €omificafe WOElRQMF irk IIMRUBEI DFe
nodul e, in which a piezoelectric device and a nounting structure are

formed as HHEAVE, W SHOWRGIPnoiaRIMEnbder el The Péprestachrive
exanpl € i Sge PO i nEOlC¥RIR! She 41 % .%%o@uﬁﬂg\’\@a@Pd FE—:- Vm%u'p e ink

pi ezoel ectric device can be protected using nting no her nor e,
t he nount | eensimg B70eldsyetrdes dele cel deicbieyedadeereabyspound ithg cadite. I n
t he present_enbodi nent, the mounting_nodule with a cayity has

e ci al |, .
been showr ®FUrHERESor e,Ath 1|SpFé el EEFFFE‘nHé#&X FeBSpaBR guapttby of

detecting {dle jlskems PASUNDA BR 1IN HBESE tHK caE kY 825 THe GR&SGuantity
configurations, 97 2 8 SEP 2003 the ink cartridgés with a cavity were
shown. Theéweddiipdihe confityuleld isndefermi zed byorhenshiepesasf@at tiimorengles,
for exanple h dvant ages .shown .bel ow . can_be .obt aj hed by. .proyidi an
opent ng Y CaPetT AR AR as AR e S LR A Mg (o
of Iiquid dehemding miedatrze cbrrBebehdeotbitthi 2&aAgaidht [@mdttyaberido
has a base a}pl te 178 as _a base nenber. The piezoelectric el ement (160,
164, 166) 3% PRSY 161 the iSd nachidy PegsurREesdyi t yt162N 0Pt Pespilte

) e T AP S50, af by 0ietioh WSk 7 ARG e en i
kind of acoustic impedance is detected or not.

As explained above, the residual vibration status of the
piezoelectric element can be used for detecting the ink
consumption. The piezoelectric element enters residual
vibration status after the oscillation. The residual vibration
status, especially, its resonant frequency corresponds to the
change of the acoustic impedance and the ink consumption status.
The ink consumption status can be reliably detected by judging
whether the residual vibration status when the small quantity of
ink is held in the cavity 162 is detected or not. Furthermore,
ink consumption can be reliably detected by judging whether the
residual vibration status when the small quantity of ink is held
in the through hole 112 is detected or not. Furthermore,
according to the present embodiment, as explained above, the
malfunction caused by the wave of ink can be prevented by providing
the cavity on the actuator. Because ink is attached on the cavity
beforehand, there is no difference occurred by attaching of ink
on the cavity by wave of ink, and thus the detection results does

not influenced by the attaching of ink on the cavity.



el ement and inside the container through the cavity 162. On the other
hand, Fig. 32 shows the nodul e 100 during the assenbling of the nodul e
100, and Fig. 33 shows the nodule 100 when the nodule 100 is taken apart
for other enbodiment. The actuator 106 (piezoelectric deV|ce)26nﬂERhEB
mounting structure are fornmed in one body. The nounting nodule 100 is
nmounted on the ink cartrid A through hole 112 is provided on a plate
110, which is aMeaeovest, 1!‘—%6 AbaRenag b??ﬂ@@ﬁr@"ﬁe'ﬁ?ﬂee%clﬁjcﬁf@w—” Hole ement

COfLeshondad nd BEAREN! g £RXLLUAL LRE BLEPEP'LLIVARIIAD LINE Ly o)

hol e 112 e calle enin ow ng at sui e tine)
The througmduﬁneébﬁtfémmmdimemhe a@émm&ewelﬁﬁ thedvubeathngugﬂadaﬂkﬂajz
is also arranged at_ the position where faces to_the inside directjon of

the ink c&OPIEFE 1RBCYRSH (e aBtGAPSFEHEIC TR €AY at ¥ Hn AFhndhict &S
bet ween t e Riezael @eihife deMiLe @R ghe dnside fde quutal nale tdrangtt t he

cavity 112 1f thé ink consunption advances, the liquid I'evel decreases,
and the twdayjh mhohéyll2nfkpeses. b ttiies teaeﬁualsubsbaﬂtnahlyOEoﬁéﬁant

tit f d d. hel d th th | 12 Furt
e ot R st et ot sha P SR 82 Sris Tadrtt HH™"

cartri dgegi@o%l@ttrqr@ acment.. Tﬁ'ﬁlgcéﬁélpfarﬁéﬁ)nﬁsoﬁ irdk eéﬁ@é@@tdea:rbyevn ce
is nounted on the |ower part of the bottom face |a. The container 1 has a

t hrough héhe péezeslesdris eaemept padfepnbarhg, whth t Webpking ol ke &Y
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650. That cavit orne e position ere faces™to the
i nsi de theheombeudﬁalfwmbrhh&oanBzehlEnvolveelwmehttﬁé Jard o tcisdre
with the inside of the fntalner The vi bration trans en th

pi ezoel ecPFCOTCFeLPRRT SR £ nditel PRETHEHR TG ERBRTE éaPEV " t he

ink consunpti ofadyanaRte,! BReld it £hi & ¥Rl wdeer €RE St bt h@scaﬁatﬂhk 162
exposes. At this time, substantially constant quantity of ink is remained

and hel d iissicgdurkd bm@ltqwl@ﬂngwtee |qﬂv1¢wam the detdatart helhengfgrel62 is
determ ne%h%yvgg aghgf;ietzfle gsr% eQ:v? e% %he actuator 106 and ink without

through the plate 110. Here, the element which mainly influence
to the residual vibration of the piezoelectric device is only
small amount of ink nearby the piezoelectric device. This small
amount of ink exists nearby the piezoelectric device and contacts
with piezoelectric device by providing the cavity 162 on the
. piezoelectric device. Because the change of the residual
vibration which involves with the ink consumption becomes
remarkable, the ink consumption can be reliably detected.

The cavity does not have to penetrate through the plate 110.
In this case, the cavity is constituted by the concave part of
the plate 110.

Furthermore, the cavity is provided on the limited part of
the actuator, and ink is sealed by the member provided around the
cavity. The actuator 106, especially the piezoelectric element
of the actuator 106, is protected effectively from ink which has
a conductivity.

The distance between the actuator 650, especially

piezoelectric element 73, and ink is reduced by providing the



of the cavity 162 and the viscosity of ink in the cavity 162. The acoustic
i npedance corresponds to this constant quantity of ink can be previously
obt ai ned by nmeasurenent. It can be posdi®Ble to obtain the ink %Pgﬁpgﬁ%ion
reliably by judging whether this kind of acoustic inpedance i ¢ bgebledMy or
not. As expl ai ned above, the residual vibration status of the

pi ezoel ectric el ement can be used for detecting the ink _ copsunptiqn. The

pi ezoel ecthreughdhett 1enpBrtde astuaaPr N br atIino?lh%jte&iaﬁ‘é‘?]é*_r fePYPHE* ¥19-
oscillatigg. Jhe vfaﬁzlggfaéh%g?fr%%i%r gbekutor EAeE Bkl ¥eeh!thd @2enaRbr

frequency coOrrespon tot ange of the acoustic inpedance and the ink
consunpt i @80skatdudink.Th®henkibopasingt pbatst A2usscahibeerelthabl yheebasted by

j udgi ng mﬁether the residual vihration_status when the small quantity of
ink is hePdatfstAd GRS tPe169ntaigste®fed -or not. Furthernore, ink

consunpti on cangpeer liaRlbydel 8atsxd: QY dJHiAnRE \WEbRSEd et hé @odiedlic

vibration status when the snall quantity of ink is held in the through
hol e 112 iispedaaceedespenbrl lFihehdeteebionartioiarhg resitieabvdbagtion

nbodi t., | ai b t | f ' : t i nk
can be. pr 6FCRRERBYCHT oV ANRECE ( HeTe Uty e T S Pl BRESITER BY 1

attached @netBBagaVEtwavdendr eh@ndctbhelevé agingdthbeaenaatoeclos ed Thy
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reduced bg providi ng e cavit e actu t he present
enbodi nento €heceapdbyattiba whicat wid lpbat expl6inpdobieded bet ween t he

pi ezoel ectric el nt. 174 and ink is _extrenely.thinper .t han ihe base plate
178. Here, the é%gerre € vﬁﬁvclht}f‘ra&ﬁsy F‘nf?kﬂfé?ﬁ:e%tt hgoﬁggi d‘h%ﬁt( vi r%ﬁeon of
the piezgekaetkirfhidkamanigdid 0BbydstBbh . anMPHEt sBbpenkomeehidy chéty is

pi ezoel ectric el enment. This small anount of ink exists nearby the
pi ezoel ecBeteraiarensughd et ddis GRYHYi st hetd piakeeypn at the ink

consumption status at the detection aim. By using the residual
vibration corresponds to the ink quantity at the ink consumption
status at the detection aimas a reference value, it canbe detected
that ink is consumed or not.

Here, it can be considered that the case, in which the ink
does not remained in the cavity, is much easier to detect the ink
consumption. However, the problem of the ink attachment
explained above will be occurred. If ink remains or not remains
in cavity, that is, if there is unevenness of the ink remaining
status, this unevenness can be cause the detection error. In this
case, it is preferable for cavity to hold ink as explained above.
To accomplish this, the cavity may have a predetermined depth
which can prevent all the ink to be flowed out. Because the base
plate of the present embodiment has enough thickness, the
necessary depth can be provided to the cavity.

(3) In the present embodiment, the cavity 162 penetrates
through the base plate 178, which is provided as a base member.
In the embodiment shown in Fig. 28, the cavity lc penetrates trough

the wall of the container at the bottom face 1lc. By penetrating



providing the cavity 162 on the actuator. Because the change of the
residual vibration which involves with the ink consunption becones
remarkabl e, the ink consunption can belféliably detected. Furthernore, the
di stance between the actuator 106 and ink is reduced by pr ovd @iisrﬂ’g" 2008
cavity on the actuator. Therefore, the vibration transmts between the
actuator 106 and ink w thout through the plate 110. Here, the el emen

whi ch mai ibyouah thaceontaings wakt dualthe BRYEEEnl 6 tHee pitetded &b
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devi ce. Because_t he change of the reELdual vibratiﬁg whi ch invol ves w th
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110. In I'S case, cavity 1s constituted by the concave part of the
pl at e 110piEupehecnoie, deniceaand yalso mealisdeteonavhey| 1@ t dd vidmatdng t he

actuator, and ink is sealed, by.the ne r provided around the . cavity. The
act uat or ?géFeeéﬁgc}%ﬂHRPW¥ﬂ§ PEL &S n?ﬁ?cgé?éﬂﬁﬁ?cgﬁfct% e%%?%éﬁgék¥86, is
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bet ween the actuator 650, especially piezoelectric element 73, and.ink is
reduced by7gr subdiatgst kegetbez ®iShitherpdszERA6GEHE 1Kokd SMESn ke 3 ECuat or

106. Int anpl e ﬁp% [ ig. Jg$ CapbRERGndos not
exi st bet%ggﬁétﬁgm%c ua r:ﬂ%gb éﬁggﬁ%ﬁé 2@%%b§g?%%gtplate 72 fg thfhner
t han t he kasereptld désk7/deashdonkid tdont and el swadéteddes ¢het hek demsstmipdgrioaf i nk
consunption based on the acoustic inpedance, especially the detection

usi ng t he St8&18udPLdPBti on is expl ained. However, the ink consunption
can be detectedply, {heigtashi 6 Vene Rck&ef | @pdnth vave, usidGdvie petayat or

106. The not penetrate through the base plate. In other words, the cavity
is comprised by concave part on the base plate. In this case,
there is advantage that it is easier to secure the sealing.
Moreover, because the vibrating plate is not necessarily if
forming the vibrating region by forming the thickness of the
concave part of the base plate thinner, the structure of the
actuator becomes simple, and the manufacturing of the actuator
becomes easy. Fig. 48 shows an example of the configuration shown
above.

In an example which uses the present invention for a module,
because the plate of the module has a suitable thickness, the
necessary depth is provided to the cavity.

As shown in Fig. 49 as an example, a cavity 800 does not
have to penetrate through a container wall 802 as a variation of
the present embodiment. In other words, the cavity 800 is
comprised by the concave part of the container wall. A
piezoelectric device 804 is arranged such that the piezoelectric
device faces to the concave part. Inthiscase, there is advantage
that the securing of the sealing becomes easy. Furthermore, if

the vibrating region is formed by forming the thickness of the



time until the reflected wave returns can be neasured. Qther principle

al so can be applied. The above explanation also applies to the explanation
which will be explained below (2) The gagity has a shape that holds ink at
the predetermned liquid condition. The shape of the cavity igg SEp ofggi ned
such that the cavity can hold ink even at the ink consunption status at
the detection aim By using the residual vibration corresponds to the ink
guantity abntheei phkrtons wi base platesthinhbe, detectilorataimg ad ad e ehdr ence

value, it _can be detected that ink is ,consurrglg or not.Egere, it can ?e
consi der eB2PRaR 131 hegg@es ROWRIFIIRF 1k dEETSAGE or ehBP it 1 7F e ©
cavity, | snhEUgR RS Sécétﬁe?eéfrﬁ[glé hegh K- he& ARSHIBRAIQIT1 P WY @Mhe hbBGuREODI €M
of the ink attachment explained above will be occurred.” If ink remains or

not renmai hscomascewslyy, that is, if there is unevenness of the ink

remai ni ng stat t hi 5. unevenness, can be cause the detection error.. In
this lcage, it B ErEIdBTETTON AT B8 RO AmR e BTG REd%e.  To
acconpl i shit higerd heacavhtyvavyahave1d Phedpt enAtbedndenkha WavehyGads

prevent all the ink to be flowed out. Because the base rg}l@ate of the
present efibsueerr thesbagsugha thidkpésthe artuatazesdary Bt Pasmpdéte

provi ded e Vi el 0 i P | | 6
penetr at eég t{%rggghi{’%% %}g%eé%%@ Wee\r/éﬁ chl gi r%?%\ﬂ%%?%ZMat%a%ee%a
menber. bf the eshodinentlshowd as Firgs2d, the cewfiyguratjemnetiatiésr

trough the wall of the container at the bottomface 1c. By penetrating 101
2 8 S EP 58039 hidubh OPhe186R - ai Akt Snal FORE ke EAH ?9S¥6t2%/ mﬁﬁﬁéﬁ&ﬁlﬁ& of

ink is fupthgrelgtbabhyvihgnemikscbark BarAkezpel ectric el ement. Moreover,
a vibrating plate 72 is provided between the piezoelectric element 73 and

the container wa#) Refemrimgdronddicat 80 asaber .tIkheiwaaedtaaig it glempat
ot oo LGUSLIar, 64 T BLEZSELERLILE, DR800 0B S0, 05RR 4 IS SRULRY |0
t he 164, and the lower electrode 166. The lower electrode 166 is
formed on the base plate, and the piezoelectric layer 160 is formed
on the lower electrode 166, and the upper electrode 164 is further
formed on the piezoelectric layer 160. In other embodiment, the
actuator 106, or piezoelectric device, of the mounting module 100
includes a piezoelectric element. As one of the feature of the
present embodiment, the area of the cavity is set to be larger
than the area of the lower electrode. In detail, the area of the
piezoelectric element side of the opening cavity is set to be
larger than the area of the overlapped part of the piezoelectric
layer and the lower electrode. The following advantages can be
earned by this configuration.
In the configuration shown in Fig. 20, the lower electrode
166 is the closest to the cavity and also the smallest element
in the piezoelectric element. The piezoelectric element
vibrates within the range which is covered by the lower electrode
166. The magnitude of the vibrating region is substantially
equivalent to the lower electrode 166. Furthermore, the
vibrating characteristic of the piezoelectric element can be

adjusted by changing the size of the lower electrode 166. The



base plate 178 as an internedi ate nenber. The vibrating plate 176 vibrates
together with the piezoelectric elenent and also seals the cavity 162.

Therefore, the present enbodi ment can $8cure the ink seal co?(éi #'59 and
al so detects the ink consunption status reliably. As a variati'on-'o he
present enbodi nent, the cavity may not penetrate through the base plate.

In other words, the cavity is conprised by concavecﬁgirt on the base plate.
In this c&h@pe dertds sadvantiggsathde ke jeorkaspandes sl hife LQW8Y ng.

Mor eover, e*i%%ac%%bet ']T%e‘”j_%r @hie”grelﬁékﬁ Eﬁxb@&%im'aﬁﬁ?ssﬁﬁéé Yid [ cdOrdndg dae
vibrating region by formng the thickness of the concave part of the base
pl at e thi nier cahhiccystirarctiyr eseaf tichéde datngatmortizec dries asiawplaf, tdred tdwer

manuf acturi_ng of the actuator 6K becones easy. Fig. 48 shows an _exanpl.e of
the confi GHERTTSNSRBAN HHoD&SZPR LERCEL ST LTS EANICOY AtHo L pratCarb e

i nvention J&{di%i@glﬂf,thil%e%&%gtd}%b@cﬁ{.e of the nodule has a suitable

t hi ckness, the necessary depth i's provided to the cavity. As shown in Fig.
49 as an exanpl €5)aNeati tyhs8@0itabd envelahaopshoppeatoteait @ cavouyidepth

cont ai ner | 802 as a variation of . e present enhodi t. ln other
Corie Mol gt g e 88 At R i Pl e PLERRLE STHRAIRN | okl STy
wal I . A piegAoeliechr k¢zdeyf athS8WhdeS patangadt RHCHi tdat i bheo piaziagteadd i ¢

device faces to the concave part. In this case, there is advantage that
the securiifgFdQ -t RE 3BaIFig- FetonWhesasfe Favih¥rporetrafesthrridr dththg

region isf f ' the ¢k gongave
part of tﬁégbegggagfgét%{%nﬁ?%ﬁ%p, d%}E{e}q&%éi??%gégﬁg%g&éﬁcﬁ%%é%g?gﬁe becones
not necessdraitley. Tier edixe, of hehet ractitye adenire hwduhe becensdhisipl =,

and the manufacturi of .t he nodul e econes, easy,, The configur.ation
simlar té’elfipg’—.n%qq%%ﬁsl&e?ﬁ&m iR FP‘&. Caﬁi.tyké?é,tha "c%ﬂ'éa%/%gp"a}?‘? Bze

whi ch fungfd Qg aSp@n£@yi by, thé base plate. The suitable relationship

between the cavity depth and the size of the cavity opening is
further explained for the embodiment of the module. In Fig. 33,
the cavity depth is the size of the cavity in the direction of
central axis of the module 100. In Fig. 33, because the cavity
112 penetrates through the plate 110, the cavity depth is equal
to the sum of the plate thickness and the base plate thickness.
The size of the cavity opening is the size in the perpendicular
direction to the cavity depth, and also the size of the opening
on the plate. Furthermore, the suitable relationship between the
cavity depth and the size of the cavity opening in the embodiment
of the 1liquid container will be explained. In Fig. 28, the cavity
depth is the size of the cavity in the direction penetrating
through the container wall. Because the through hole 1c
penetrates through the container wall in Fig. 28, the cavity depth
equals to the sumof the wall thickness and the base plate thickness.
The size of the cavity opening is the size which is perpendicular
to the direction of the cavity depth, and also the size of the
hole of the container wall.

In the present embodiment, the cavity depth is set to be

smaller than the size of the opening. Therefore, the cavity has



formed on the base plate 80 of the actuator 670. This base plate 80 is fit
into the through hol e provided on the bottomface la of the container 1,
and as a result, the configuration sinll0%%r to Fig. 49 is obtazié1%§P ﬂﬂﬁ is
also relatively easy to manufacture the actuator having this 3
configuration. (4) Referring to Fig. 20 again, the piezoelectric el ement

is conprised by the piezqgelectric |ayer 0, .the per electrode 164,. and
the | ower aeF]é%h‘BYi@%U.ld?h%h?%\er Té!eegf’igﬂglli%ﬁacfvs%ntfacﬂerrﬁ&&énb? FETRESe

plate, an K”i‘:‘ﬁi%i 2Qgeete itdd agri 160 is formed on the lower el ectrode
166, and the upper elfectrode 164 is“further formed on the piezoelectric

| ayer 160. |n oBeemueebodieneavityhes sibalbowrandeyide, pgiler dellestuantidavi ce,

of the mountin dul e 100 .incl udes, ezoel ectri I nt ... As e of the
feature of FHATSH LECTHE ERBGHITEHED e O as BET hE ChvrLS” | SHEREI6 e
larger thap theRjeapf chhe leWahiagl etldreds.od mfletRé| i nkhecHRanptidnhe
pi ezoel ectric elenment side of the opening cavity is set to be larger than

the area &ecomesoderigspped thatt tole HissusicerosIfedetiest loay dmpaiRyathe | oner
el ectrode. The tollow ng,advant ages f%\%tﬁre hla%a%n%%eg)y 2y %a&%g; %‘Ha?)té,on'
nFig. , the is the

I n the configuration showi'i ower el ectrode
cl osest taHehe ciavidypasdibliiotiyhehamaldiestvibeneivn doesheopi ezeelsedttr i ¢
el enent. The piezoelectric elenent vibrates within the risge whi ch. i s

cover ed bPTORETIFnEr OBl Eber 6a¥1tY6EC The FRIGTRIIRME: of IHRY SH bAIHG Mei on
|5 subst anly ghl Yor SUC/BEDE{ hOnt NDIMEL: £hECRIALY 10GndehaRIRe the

vi brating characCteristic o e plezoelectric elenment can be adjusted by
changi ng the siileradfidrhetaovesnited quropeel 1660 dheed03tRe6cBaBERe2@33 tdifape
of the cavi tsy is.set,.to he corresponded with this |ower electrode 166 in
the preseftSeMigdi femtr2 P8t is, the area of the cavity 162 is set to be

| arger than thepateadahgt Be kBweEnveheetsogesdbbch Thendi exeet gddptth alsenent
can vibrate in suitable condition by this configuration. ,

preferable to be one third or less than one third of the size of
the opehing. The change of the residual vibration appears
remarkably by this configuration.

In the above explanation, the cavity having a circular shape
‘is mainly'discussed. However, the cavity can have several kinds
of shape within a scope of the present invention. If considering
the shape of the cavity, the cavity depth may set to be smaller
than the minimum width of the cavity opening. Preferably, the
cavity depth is one third or less than one third of the minimum
width of the cavity opening. For example, if the cavity has a
rectangular shape, the size of the shorter side is set to be larger
than the cavity depth. |

(6) Moreover, as one of the characteristic of the present
embodiment, the opening cavity has a shape substantially
symmetrical about the center of the piezoelectric element.
Preferably, the cavity has a circular shape. Moreover, as an
another characteristic of the embodiment, the opening cavity has
a shape substantially symmetrical about the center of vibrating
center, or center of the piezoelectric element, of the liquid

detection device. Preferably, the cavity has a circular shape.



(5) Next, the suitable relationship between a cavity depth and a size of
cavity opening will be further explained. The cavity depth is a size of
the base plate in the direction of thiglmess in Fig. 20 and Fig. 48. \Wen
the cavity penetrates through the base plate, the cavity dep2th $EP@dal to
t he thickness of the base plate. The size of the cavity opening is the
size which is perpendicular direction to the cavity depth, that is, the
size of the opemicogddmgt hetbasetipiat e.cdiigurdtabdre, r eldte onshiguudnstyiveen

the cavity depth and the, size of the cavity opening is further expl ained
for the e iaﬁé?r?tn@ftltch%nl’?@dﬁﬁe?h? ﬁllr—“]igé.e é%‘_," aﬁ?@%ﬁ/??ﬁ%ﬁe Y s T si ze
of the cavahy g ddteidid£ect rgR Bh-imaen!t Kabraxii®nohmodke dRrdw=e eE0QAn ItheFi g.

33, because the cavity 112 penetratesS through the plate 110, the cavity
depth i s ®desloelestitic dayesf &hdé pianelthpckaese Badiehngeeeses at &he

t hi ckness. he sjze_of. the cayity. opening.li he. size in. th i cul ar
direction afngltl%éldcea\(?iftE/h%éfﬁs‘rﬁad%}dvégggttl%’g %llég lol}lc]f":ﬁa‘eé'é(;Sbi-:-n?rrl{ge'?rr on tHe

pl ate. FuthRedamsssivhey sdidadd e rehatieondhie) f1ed waenluthee eByhe)f idapich and
the size of the cavity opening in the enbodiment of the |iquid container

will be epfl &hfedensPrFiqR U8 2¢rueaEyt9f depertignt FaNsPLe FEAUNTE Wity
in the dir i tratl 1.h t o) i .

through herSEFa R e 1 8P EeOPAPouaRE e ot ar Al a1 1 5. s, e
cavi ty dephhepegyabdhé¢oitdeacsiixotheheenadt itshicoksesieradd t ibibasingladt e

t hi ckness. . The size of the cavity opening is the size which js

per pendi cGARESIVE ChRESEPr EBE| Sﬂn5¥a‘€ﬁé°8a8?ﬂ7n%e§?‘ﬁ,C%JCP%I s&l}{er{ee T8 of
the hol e;gf thRespaptabnarnat@lah1 thn ilshBopr bt 2080 MRIM o rfd el Sra v it
depth is set to be smaller than the size of the opening. Therefore, the
cavi ty habel@ereitadE Py20be drfalense and wodd releagen, Thend oLho®i ride

Va0t A0S U LR ac B LR STARR e IR RO, Begptse (0 a1
decr eases logaltiitil eroliner eher eavity.

On the other hand, the shape of the cavity is symmetrical
in the present embodiment. Therefore, because the sensor is hard
to be influenced by the deformation even if the plate is fixed
by using the adhesive, a uniform vibration characteristic can be
obtained around the whole cavity. Moreover, because the sensor
is hard to be influenced by the deformation even the sensor is
fixed by the normal adhesive, a uniform vibration characteristic
can be obtained around the whole cavity. As shown in this example,
because the influence of the fixing the sensor can be reduced
according to the present embodiment, the sensor can be reliably
mounted on the ink cartridge. Arelatively simple mountingmethod
can also be adopted. Therefore, the manufacturing of the
piezoelectric element and the ink cartridge becomes easy.

Especially, according to the present embodiment, a high
uniformity can be obtained by forming the cavity in circular shape.
Because the detectivity increases, the advantages explained above

is further becomes remarkable. Also, the advantages that the

cavity can be formed by such as boring using a punch by adopting



t he change of the residual vibration by the ink consunption becones |arge
so that the accuracy of detection inproves. Furthernore, if the cavity has
a deep and narrow shape, there is a pdgsibility that the vi bfgtétofp @ges
not transmt properly fromthe cavity to the container. However, ag rdi ng
to the present enbodi nent, because the cavity is shallow and wi de, the

vibration transmts properly to detect the change of the residyal
vi br at i on.th& O HGEE chare | ol eblier S2Y eE¥areR, %Fh E&é’\}w @é’pttﬁ"a}ts the

pref er abl _?_%atrgl%%tqjﬁrwlt A e Iﬁgé@%%g higd, of the size of the

openi ng. e change o e resi vibration appears remarkably by this
configuration. 10v)tRhelabové éxptaning aigvide, cavecyuhavimgia vpuguearonshape

i inl i d. Ho ., Ihe, it h | ki . 0of sh
W thin SR @ORR g B oLan LA BIEL HPRetnSPaSPFFGePPRECGNARE OIS ne

cavity, theLaddniderd Digayqds@ndndis HBLhehs JieRe tda sl SRUAL M. dtin of
the cavity opening. Preferably, the  cavity depth is one third or |ess than
one t hi r d asthethemipodiimemt ,wkbe madint hreg ule 3PénpRE. tiIFerisEepl €ty ¥C t he
cavity has, a . rectangul ar._sh he siz f .t or1 [ | {0 be
| ar ger tﬁiaerY e 8§V|?t§/u %p]f ﬁ‘l.%%’('6§S%r%%'gee@,onagﬁgrséo%%@{%% < gir'l%c)[sgélfls(?i C

of the prasenil ehbed nEnt colrite sppadiedy wavht H@sSpaedbapemsnbat antduadd y
symmetri cal about the center of the piezoelectric elenment. _ Pref rfbl , the

cavi ty hasoRsimREA o Moltdsyvsetesdign adfot hett chiaf abt @St ot the
ebod Moty ddis, phesLad Y BEY cBBIngBANARE, SURSIABLIAL X aSHIRE! ¢4 pbout

the center of vibrati center, or~center of the piezoelectric element, of
t he |iqui dndeéetdthwhhdevacety Pr gher Abhyidtdesr esaniirtgydhad ce, céspedval Ehape.
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obt ai ned. JERA ¥ | GRA¥rYtBEati @edecda@nnases§nal Wigch indicates the
residual vibration status which corresponds to the ink in the
opening cavity at the time when the liquid level passes through
the detecting device. '

As explained above, when the cavity depth "t" and the radius
of the cavity opening "a" satisfies the condition shown below,

(a/t) > (3*m/8),
in which the cavity is substantially circular shape, the ink
consumption status can be detected at the condition where ink is
remained in cavity.

(8) As other suitable applied example of the present
embodiment, the opening area, or size, of the inside of container
side of the cavity is set to be larger than the opening area, or
size, of the piezoelectric element side. By this configuration,
the shape which widens toward the inside of the container is
provided to the cavity. Because this configuration can prevent
unnecessary ink to be remained in the cavity, the detection
ability can be improved.

Refer to Fig. 50(a) and Fig. 50(b). Fig. 50 (a) shows the
cavity which has a tapered shape. Fig. 50(b) shows the cavity

which has a stepped shape. Both cavities widen toward the inside



pi ezoel ectric layer, and signal-to-noise ratio increases. The anplitude of
the residual vibration also increases. Therefore, the detectivity is good.
Furthernore, the influence of the fixing7 of the sensor on thepgcgep agy of
detection can be reduced by adopting the isotropic shape. For exanple, the
case for using an epoxy adhesive to fix the sensor is considered. This
kind of adhesive causes the contraction during the curing. Therefore, if
t he shape off ttige inkvicoptidnaot swrrm%% C%\vw ot on mnqce%r@éﬁ%t ed
by the inf.l uen of contractlo Vi b o] ha sti.C
becones dlf%gbgf? 5§b ds oh ﬁoug thtlon %&t nd t %E025$t Eg%hgéhetaother

hand, the aﬁp&pﬁcl(ﬁfaddlql eanbst¥nt samyumetof dak omhytximamrgsenttmmﬂwnt
Theref ore, because the sensor is hard_ to be influenced by %\ e def

t
even if tKk&SpRatecrionibadng wfhgetlﬁébéaﬂéy %corge%w&rl 'HR rtcknlra? on
characterig %Iduq:at:cipéﬁe defRtARl; ?ﬁdcgho ;n?ﬁ Wg gl e ERvidY P8P RIes hRgause

r u e

t he sensor be In ence formati on even the sensor is
fi xed by terenorapdr adhepever astuzp;ﬁeml mshapeat itdrereharaacpesbsbii¢ ityawibe
obt ai ned around the whol e cavit

As sh inthis e ecause the
ianuencenﬂmﬁﬂﬂénﬂA%Pﬁﬁcﬁﬁéa§¥n¥%$ t#EHG@@&tYéEXSE%FrkP%iP??ﬁF Hﬂsent
embodi ment et E%x%%’&%oﬁ:e%&o?le rehi@ply camantegead {dheiridlertdddd |ld’9@1‘1k26\
relatively sinple mounting method can al so be adopted. Therefore, the

manuf act ubicAglicly ghent bt ezdet ke caivd tal.enBhe unmyarmesskE dde %Nﬂ@@lts’émes
easy. ESp%gl 3l g%azyaccca‘%{sdésng tLO the DrEs§nt. e”c? ’Bn a h'g@xcau : t%;d? ty

can be obt7aine formm caV|t i C1 r cut ar s ape.
deteCtIVIbWbd@Qm@ﬁ&eSCahh&n&ﬁMﬂﬂhh@@& exptaabednabauwel detkort helhe becdes
remar kabl e. Al so, the advantages that the cavity can be forned by such as
bori ng us iSRG SARAOT BEld@dPdti-ng 106 2 8 SEP 2003 the circul ar shape of the

cavity can be Otzfgfalzgég SO; t13te LBB1 1 BRMUM AGI 1ML b@@a{gpwgeﬁemodams

easy. (7) A I|qU|d etecting device, or actuator, 1s nounted on
a communicating groove whlch communlcates with the cavity and

extends from the cavity can be provided on the actuator. Fig.
51 shows an example of the communicating groove. The
communicating groove G is provided on the part which faces to the
inside of the cartridge on the base plate 178. The communicating
groove starts from the cavity 162 and extends to halfway of the
base plate 178. By providing the communicatinggroove, ink inside
the cavity becomes easy to flow outside, and the ink quantity
remained inside the cavity decreases. Therefore, the quantity
of unnecessary ink remained around the cavity by the influence
of the surface tension can be reduced effectively so that the ink
holding quantity becomes stable. Because the change of the
residual vibration caused by whether the liquid level pass through
the cavity, that is, whether ink is consumed or not becomes even
remarkable, the ink consumption can be further reliably detected,
and thus the accuracy of detection can be improved. It is
preferable to form the communicating groove such that the much
more ink can be flow out of the cavity. Moreover, it is preferable
to provide the communicating groove toward the supply port of the

ink cartridge. The communicating groove extends along the



the position of the liquid I evel which is corresponded with the

predeterm ned liquid consunption status of the detection aim In other
enbodi ment, the nounting nodul e 100 andd&e piezoel ectric device, or
actuator 106, is mounted on the position of the liquid |evel2 &Sk 2608
corresponded with the predetermned |iquid consunption status of the
detection aim If the liquid |level passes through the detecting device,
ink is rerfirReFion t feowakhey cardhetewaydt kEec BHRBLY TReTrEi quBd dettti ng
devi ce, especd.all . the, sh f t i i t

liquid deté;o?lﬂl%’gugad:elv?%’e tégﬁ%ﬁég &S l[&%egﬁétée%ﬁ nggﬁzéléﬁ%\%h%%gﬁ%er#d]?%a%ﬁg t he

resi dual \Wdppity @o:d adnisotMliveh corresponds to the ink in the opening
cavity at the tinme when the |iquid |level passes through the detecting
devi ce. As expl aifedPaB&gEaDWTert e d 1emddt §e Pt Hon CeVARE t RECHEEPEs 1f

the cavit ﬁﬁﬁ'}% na ISt i L qvg\] ktdormd3*
7c/ 8) iﬁn |cd1t8ﬂé:%cea;f/1?%§ %?Eﬁggﬁaﬁ??% %{}%??gu ar%ﬁ%@?dtﬁ%g i?\km
consunpt i crogsitdtears wiah theudef egt fdrat twihe icopdet body e rstawnk insFigendd ned
in cavity. ( ot.her suitapl e applied exanple of.the presen o
enbod e HENGpEHG Lhiao L GLUERE Py LA Bl SR ST A AE LT of
the cavitydtedsiod Qdei dar@s! Bddrdha-QRenig iasidy. size, of the

pi ezoel ectric elenment side. By this configuration, the shape which w dens

toward the insidd1df Moheovent aisersubtapiewppdd edoexaBrbavift {heBeeeRRRE t hi s
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the detection "abi'Ti'ty can be inproved. and

(b) . Fig.cdbfitlys) ishewsvided savhtyhahiih haemid gperedhehapeityi gn G b)
shows the cavity which has a ste%ped shape. Both cavities w den towaId t he
i nsi de 1072Crad isppwhich ErceRdQ MlccoREAFRPE By CRESE1ESE t yARHRfRIR LS

unnecessarge | Rie | SolRAitQciBBR! §r860Nd; § hesiedyh t Yin Thalg | s sobecaupge an

communicating groove G starts from the cavity 112 and continues
to the halfway of the plate 110. By providing the communicating
groove, ink inside the cavity becomes easy to flow outside, and
the ink quantity remained inside the cavity decreases. Therefore,
the quantity of unnecessary ink remained around the cavity by the
influence of the surface tension can be reduced effectively so
that the ink holding quantity becomes stable. Because the change
of the residual vibration caused by whether the liquid level pass
through the cavity, that is, whether ink is consumed or not becomes
even remarkable, the ink consumption can be further reliably
detected, and thus the accuracy of detection can be improved. It
is preferable to form the communicating groove such that the much
more ink can be flow out of the cavity. Moreover, it is preferable
to provide the communicating groove toward the supply port of the
ink cartridge. The communicating groove extends along the
direction from the cavity toward the supply port. By this
configuration, the ink inside the cavity can be introduced to the
supply port smoothly.

(12) As a characteristic of the present embodiment, a

mounting structure of the module is fit into the through hole



approxi mately constant anmount of ink only remains in the cavity, the
detection having a high reliability becones possible, and the accuracy of
detection can be inproved. If the cavi ip9does not have taper shape or

st epped shape, there is possibility of remaining unnecessaryf3$ﬂ$E£rﬂuhd
the cavity by the influence of the surface tension. In this case, there is
unevenness in ink holding quantity of the cavity. The unevenness of the

i nk hol di R§OVadat Py thguiek cABtLhAEE: atefefetteethigh. Sfhe presire 100

enbodi nen Lot Sl j t ' i3
ol tanly. ToTRAEte e cRns nEURHAS I A TR P RS L e RIS &
conmuni cawand . gr Doy enavitn lsbdy aifmie catiedeviidhahbelealol § candhe estrendsicler om

the cavit n. be provided on the actuator. Fig.. 51 shows an exanpl e of
the commuMRIdt PRAYSgRoBFES %hépec%%ﬁ}ma'f%d“ ¥ i%arbrfg\ﬁ det bri Bene

part whi chyt-8¢es he1kh¢12] Q§EH@u9fgt;z£15‘? GRIAH G0 té?eeall?ﬁrgf iR deuked The

communi cating “groove starts fromthe cavity 162 and extends to hal fway of
t he basebplaféahds.pRy pieaVoditing ¢heé pearmohitbetneodule 660e, Byikdopsiidg t he

cavity becpnes easy to fl outside, and the i uant i.t remaj ned inside
Che cavi ¢y aBePEAES Pane P irorediffucdlont 53A Ly Hiitady PR A ned
around t hgegawirt Ynebribetﬂﬁ%eixfhfﬂ%eélc_@avﬂtyt kens Wd acerdeisd oAt can she vxgdeced
effectively so that the ink ol ding quantity beconmes stable. Because the

change of PPRétipasi dual vibration caused by whether the liquid | evel pass
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comuni cat i,nnggoove,such that the nuch,  nore ink can be flow out, of 'the
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extends along the 108 2 6 SEP 2003 direction fromthe cavity toward the

supply poef.tlBy adtiwvator and functions as, or part of, an opening cavity.
By this configuration, the opening cavity is arranged nearby the
vibrating section of the piezoelectric device, as refer to Fig.
38.

(14) As a suitable embodiment, an opening cavity is provided
nearby a liquid absorbing member which absorbs ink inside the
cavity. The liquid absorbing member is comprised by the material
such as porous member, in short, sponge like member.

Fig. 54 (a) and Fig. 54 (b) shows an example of the structure
of which a cavity 800 and an absorbing member 802 are formed nearby.
In the former case, the absorbing member 802 directly faces with
the cavity 800. 1In the latter case, the absorbing member 802 is
face to the communicating groove G extended from the cavity 800.

By these configurations, unnecessary ink inside the cavity
can be absorbed out of the cavity. Therefore, these configuration
can prevent the ink remained status to be unstable by the influence
of the surface tension. That is, the unevenness of the ink holding

quantity in the cavity decreases. Tle ink inside the cavity can

be absorbed completely. Because the detection error caused by



configuration, the ink inside the cavity can be introduced to the supply
port smoothly. (10) Preferably, the liquid detection device, actuator, is
nounted on the ink cartridge as in a shagpg of nounting nodul e forned
together with mounting structure in .one body as shown in Fi g.2 83EPai8
other plurality of figures. By this configuration, the liquid detection
devi ce can be protected fromoutside. (11) Mreover, as a suitable applied
exanpl e oftHdenpreseats chbhdiimgnheoldicgmanitdatyi dgcgeasee, the adcuracy
communicate wjth the cavity, is provided such that it extends fromthe
cavity on Cf%\gge‘?%%‘éjt‘?%nl‘\m’ﬁ%‘ﬁe?aces to the inside of the cartridge. An

exanpl e of the COMUALCALLRG LA IS SHIYAihdnE! Ja 5_21-qtuEE absorbing
comuni cating groove G starts fromthe cavity 112 and continues to the

hal f way ofmeaniieen) abhdéchiBol®y igkaviidiprptided dmune camigig gryovy, | Arat
inside the cayity becones easy to.flow outsi.de, and he.in nt, i
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tension can be reduced effectively so that the ink holding quantit

becones stibleenBeiatird thie titdnge P@ﬁopﬁemﬁ@§ﬁéuaﬁnvPBP£Fioﬁp€%ﬂ§eﬁ?%? _
whether the Ligui dF_lLﬁ\é?SBOassﬁowé héﬂ“%gﬁatg%qt Caytt hgt %nfi%u%td}?rth% I'S

consuned or not becoO even remark ein onsunpt’l on can be
further realtahldes deieccdieshriait triemsbdhes &t cim aclye ofadiet wc80@n can be

inproved. It is preferable to formthe conmunicatin rpo such.that the
nuch nore ink cdh HE s ISGRGEIGE1Re & 'ﬂﬁ.pﬁﬁﬁgﬁvgﬂg ﬁFYgslB?éégrg% e

to provide e £omawal Gald RY18LeeVgubavaLy tBeqsurphYnBarbyok sbeuctiike

cartridge. The ‘comruni cati ng grodve extends along the direction fromthe

cavity towndiatsiemrupploheabsorByng mesbegonf I §urtee pbacrpheg markiarsft4blehe

cavi Ly car e Labipgued 1 bhespoutil Vepate SToR I A) diiRsey 1

modul e i s ddtedmimed by thealgipdolfet HOT 20 tSEP 2B@3unevenness of the ink
holding quantity inside the cavity can be reduced also by this
embodiment. Because the detection error caused by the unevenness
of the ink holding quantity decreases, the accuracy of detection‘
can be improved. |

(16) Preférably, the mounting module is mounted on the
ink cartridge such that the mounting module can be attached to
and removed from the ink cartridge. Because the sensor can be
mounted on the ink cartridge in a form of the mounting module,
the mounting of the sensor becomes easy. Because the sensor can
be removed by removing the mounting module, recycling of the ink
cartridge becomes easy.

(17) The piezoelectric device can be fit into the through
hole which is provided on the liquid container. The mounting of
the piezoelectric device is easy. As a suitable applied example,
the through hole is formed when mounting the piezoelectric device.
At this time, the piezoelectric device break through a thin part

which is formed on the mounting position of the piezoelectric

device on the container wall.



provided on the ink cartridge. Refer to Fig. 53, a nodule 100 shown in
Fig. 32 is nounted on the through hole of the cartridge wall. The main
body of the nmodule 100 and the hole on 11 cartridge wall have a same
shape so that the nmodule 100 can fit into the through hole 112 6MSERGNE3
gap. Furthernore, sealing is secured by a flange provided on the end part
of the nodul e 100. By adopting this structure, the nodul e can be easily
assenbl ed, and &i®. £6 stmyr arebsushbefogeameunt i pgcanmentingigedlte a

i tabl ition._ (13 : t i ' i th
e open SRy S hoRTRRRYRE AR E Rh LD, SO CALE
pi ezoel ectfhe &Syt £EnePIwATI UgIDr , THe theipreeants enbiadipentided s tloacave

part is a through hole 112 provided on the base plate of the actuator and
functi ons B@INtFNPapPesht ioan perhgneapripg myEuld Sxdnfi §hr &b, thite
opening c r e - r ecti :

pi ezoel ec'?ﬁr{(%%ytdier\% g%,d%g% ?Epggﬁcbﬁgalﬁgg "?%1?%,&5% ggs%rggbicgggnr%%%?lrr% t,
alr; opgni ngrll@ylé,édxtsﬁﬁeawed' @;d:trﬁ;?_:ﬁdb?f_iae_tidm%dncahmrtg_ j 'n%imé&belommsd )
absorbs ink inside the cavity. e liquid absorbing nenber is. conprised by
the materi@OUGRER BBIBUBaRENBAL i # §H6PP9%sg’8&§e 8 e mRs Y FyS 54

(a) and Fi&o&%%,b) BOWE- @A EXGMRLEuPE BB BhEUChWsR LihoMide asavhdy

800 and an absorbing nenber 802 are formed nearby. In the forner case, the
absor bi ng termegh BO2edi rks shpwhadasver ehcoriéngand the 3@ sent erheod nert,
case, the gbsorbing ne 802 is. fac 0 .t he comuni cat i .00V
oxtended. fHEnTPHEtIRA 16 Casoouy 1 BERe R ST ieT SheY b eslbail the

i nsi de thecsayitjon GtwRembierficeh ity aodule 6avidyd tHeeehoatnerheskl
configuration can prevent the ink remained status to be unstable by the

influence 8%% 9afe Rurekkrinehsion. That is, the unevenness of the ink

S e S iRt ThR st tha s aen

2003 nearby a liquid absorbing member which absorbs ink inside the
cavity. The liquid body is constituted by such as porous member,
in short, sponge like member.

Fig. 13 shows an example of a structure that a cavity and
an absorbing member are arranged nearby. In former case, the
absorbing member 74 directly faces with the through hole 1c. In
latter case, the absorbing member 75 faces to the communicating
groove 1lh which extends from the cavity 1lc.

By this configuration, unnecessary ink can be absorbed out
of the cavity. Therefore, this configuration can prevent that
the ink remaining status becomes unstable by the influence of such
as surface tension. That is, the unevenness of the ink holding
quantity inside the cavity is reduced. 1Ink can be completely
absorbed out of the cavity. Because the detection error caused
by the unevenness of the ink holding Quantity is reduced, the
accuracy of detection can be improved.

(12) As other suitable embodiment, a liguid absorbing
member, which holds the liquid inside of the opening cavity, is
provided. That is, the absorbing member is provided inside the

cavity and not outside the cavity. Here also, the liquid



t he unevenness of the ink holding quantity decreases, the accuracy of
detection inproves. (15) As other suitable enbodinent, a |liquid absorbing
menber, which holds ink, is provided i mihe opening cavity. That 1is, the
absorbi ng nenber is provided not on outside of the cavity bu 6 BEP®030f
the cavity. Here also, the liquid absorbing nenber is constituted by such
as porous nenber, in short, sponge |like nenber. Fig. 55 shows an exanpl e
of the cordbsprrlatnpmembhar ipronsdesut e babswrihiasgpammnbeme804ri i fkochyity

800. In this conftiguration, ink is positively held inside the .cavity. The
ok hol di PRHALES TS r Feflech FTRHe: PhbednE . sy taestel e G hon

absor bi ng 1R &rovfdd e DS U A A b d+ | 4 $o irhecIQ@Véé\Yi@ﬁ shown in the
figure, ink-holding quantity is determ ned by the shape of the cavity. The

unevenness of tHa& ithkis kondilgyprqtden t ynkngisdposheivalyt hetdnineidedueed

al so by thc;ésv.tenbo i ment ge; use the ge%ecti o(g gr;orngg edab & hceture
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det ecti on archa NAPPE @HetabsdB) iRy ebabakl.y, 1 hed@medtibgngedbe d Si Dgint ed
on the ink cartridge such that the_ mounting nodul e can be attached to and
renoved fridif tReViRK @&r tFhge. iBetligsf iR sensBr-Bahdbeg @y@RtedYonis he

I nk cartrigdge i fd %S;"%}?é éﬁ?é@@%ﬁé‘%a%@;‘%e’ gh%ﬁ%é@&%éé‘&ocﬁ thie; gensor
becones easy. Because“the sensor can be renoved by renoving the nmounting
nodul e, répicding farttheyi nlasickr thiedgevieyones basyed(d&yl dheo by this

pi ezoel ectric device can be fit into the throu hol [ hisyprovided on

h wh
the |1 qui ERRLESTE -  PRERSGNTESGeOECtinR S EPD SRUCER Y GEG WIS TRIRERY. As

a sui tabl g fappki 8k Ny qubhe 1t QHEheh9E S, ithd AlRE2WHes £ Naekd & o he
pi ezoel ectric device. At this time, the piezoelectric device break through

a thin par@an W dhigzeviestned on the nounting position of the piezoel ectric
device on the Co(r}th)I gL &alslu'it:!a%:&ez e%gfirg&gé, a piezoelectric device

includes a piezoelectric element and a base member, or base plate,
on which the piezoelectric element is formed, and the opening
cavity is formed on the base member. This kind of piezoelectric
device is shown in such as Fig. 20, as an example. Because the
cavity is provided directly near to the vibrating section, the
advantage of the present embodiment can obtained remarkably. As
shown in Fig. 28, the cavity can be provided on both of the base
member and the container wall.

(21) As shown in Fig. 32, the piezoelectric device can be
mounted by using a mounting module. The mounting module includes
a mounting structure, which will be formed together with the
piezoelectric device in one body. The mounting structure has a
structure that mounts the piezoelectric device on the ink
container. The mounting module is mounted on the ink container
in one body condition with the piezoelectric device. The cavity
is provided on the front side of the mounting module, and the cavity
faces to the inside of the container when the mounting module is
mounted on the ink container. By this configuration of using the
mounting module, the cavity can be arranged inside the container.

The piezoelectric device and the cavity can be arranged at the



Fig. 56 shows a status before nounting a nounting nodule 810 with a

pi ezoel ectric device. Athin part 814 is provided on the container wall
812. The thin part 814 is provided on tihg nounting position of the
mounting nodul e 810. If push the nmounting nmodule into the coRfabkR20Bal |
812 to nmount the nmounting nodule, or piezoelectric device, the nounting
nodul e 810 breaks through the thin part 814. A through hole is fornmed by
this progessititmevwhsuat ¢any dﬁmtetsqolm@p@s@uamtemnééatmtmpwﬂmugh
hol e. As shown .above, ccordln t r ent enb di t i ng of
the nount i r‘?&(ﬁﬂ ecaon 2) eaeg:yt,ed r#(%oglfgo sea t|Snlg © c%‘l‘ﬁg:}%l oén % t he

mount i ng nodul e (8k0 Arml(ilh'm cont-ainer waslan 842 captbedgbtiai oRd.prdBIntAs a
sui tabl e enbodi nent, an opening cavity is provided _nearby a liquid

absor bi ng SFRRSEMERH -chABb3BKDSAF FK1ABE] #e PRR e¥aWPL§. Oofh ?.%Qm DodBFi s
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0 t hat an

13 shows an exanple a structure a cavity an ing me

are arrangée hedr bynkldodonmar ldaseedt be tladsorde rof therbear74idge edtigh
faces with the through hole 1c. In latter case, the absorbing nenber 75
faces to tH€ O6FRuM ﬁﬂxxﬁﬁoove 1h which extends fromthe cavity 1c. By

this configurat ifgR,cURPECES T - seama%%nt?ﬁeapﬁ@ré&ﬁc ed affothecfavidde
Therefore, this configuration can prévent that the ink remaining status
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unevennes of the |n ho d| antlt Sld the \ r qﬂgg nk
% e]flel an"i?m{ehe Cav ga g t){;%e ink cea dd é

can be COI'T'ﬁll SOI’ I etection %I’I’OI’

caused bm@hewnemamneyswﬁaahﬂerﬁn:‘kn hniemam;gav@aﬁbommesltrsedumdcam@af
accuracy of detection can be inproved. (12) As other suitable enbodi nent, a

i qui d abSBrRAE - AgeNEePe W FATSITdSSehe B HaF IHsIdR BT MGG
cavi ty, i Sarpialdedyofbobrl Snd BeedBaRr HneheRIbeLa §1Ro 0 def1 iaaislsr the

cavity and not outside the cavity. Here 1 quid
an off-carriage type ink cartridge, 51m11ar1y In thlS case, the

cartridge as an ink tank is provided on the fixed part, such as
housing, of the ink jet recording apparatus. A cartridge and a
recording head are connected by such as a tube. The piezoelectric
device is provided on this fixed cartridge.

Fig. 58 shows an example of off-carriage type ink cartridge.
A head 832 is mounted on the carriage 830. The head 832 is
connected to an ink cartridge 836 through a tube 834. The ink
cartridge 836 is fixed to a suitable mounting position in the ink
jet recording apparatus, not shown in the figure. The mounting
position can be movable. The ink cartridge 836 comprises the
piezoelectric device838 and further has an opening cavity which
faces to the piezoelectric device 838.

Furthermore, in the embodiment explained above, a sub tank
is provided nearby the recording head, and the sub tank
communicates with the ink cartridge which is possible to be
exchange. The sub tank is shown in Fig. 3 and Fig. 4 in reference
number 33. This sub tank also functions as an ink tank.
Therefore, the piezoelectric device can be mounted on the sub tank.

An opening cavity is provided on the piezoelectric device. This



2 6 SEP 2003 absorbing nenber is constituted by such as porous nenber, in
short, sponge like nenber. Fig. 57 shows an exanple of the configuration

t hat provi des the absorbing nenber 8001nma the cavity Ic. In this
configuration, ink is positively held inside the cavity. The 28kSERbeigng
quantity is determned by a structure and a shape of the absorbi ng nenber.
I f the absorbing nenber fills the cavity as shown in the figure,

i nk- hol di Ngrge&apht yans baletpphieddfoy the dnfde etnfisuratieys Jhethe
unevenness_of _the_ink uanﬁggéginside the _cavity can be reduced

hol di
al's0 byt APSCERBBIFNENPS BBRANDS P HBrasfoen tePFor . caused by the

unevenness of tbe)i mkrbekdirngtadanhkt ¥adRCchaasagest Aepagttitaoy ektmber
detection can be inproved. (20) As a suitable enbodi nent, a piezoelectric

devi ce i nbighedivnigeatdee dasiide eferpnttaire te parbuRRhber oloFhBabETS at e,
on whi ch i l-eGt.ri ' i rﬂ_g;i-E i i (S
for med ongpﬁe 6§§§%§§%bép& §k§28§§ﬁé§6§8plezd% egfé?gqugg?gge?gﬁgﬁgé# in
such as Fbf.tlZése ad vaalexanpk echhdoatise tThe s eavodymést prooghded i sectl y
near to the vibrating section, the advant%gg of, the presint enbodi nent can

obt ai ned PEELRabPy a08s 15556\ 3ot eFif@r S91Gh@EFYY, caRFhEPPETPEeE on
both of thesbaseropepbaraand, the contalnet wall .eddl)osrshawnd wifeg 32,

t he piezoelectric device can"be nounted by using a nounting nodule. The
mount i ng Aodedehiolipidesl it yednthagbstrsuctan ére wmidiy idudl e degemtgd -

together with the piezoelectric device j body. Th ' uct
has o st HCTRTE B Aunt € Y 1145 601 EE G Rns the e o oot =i @

cont ai ner get¥heemntkng oBdwberi.s nounted on the ink container in one body
condition with the piezoelectric device. The cavit}g]e is provided on the
front side of thétheushi RenbyEFENtapBVEREIPBVPRY DegReder6riRed Weitde of
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arranged insedeibheisonitailiedtedThe gliewoebodimendevi c8haad shiel ked/iity can

be arrang%geaérérg%n.make'various modifications and improvements to these
embodiments of the present invention. It is clear from the
appended claims that such modifications or improvements are also
covered by the scope of the present invention.

For example, the liquid container is not limited to an ink
cartridge. The present invention can be applied to an ink tank
for a printer other than an ink cartridge. Furthermore, the
present invention can be applied to the container which contains
liquid other than ink.

Moreover, the liquid detecting device does not have to
generate a vibration by itself. That is, the liquid detecting
device does not have to perform both of the oscillation and the
output of the residual vibration status. For example, after the
other actuator generates the vibration, the vibration status of
the liquid detecting device is detected. As another embodiment,
if the piezoelectric element vibrates by the vibration generated
in the ink cartridge caused by the carriage movement, the

vibration of the piezoelectric element is detected. That is,

without positively generates the vibration but using the



113 2 6 SEP 2003 position where can detect the liquid consunption status
properly and also can be protected fromthe outside of the container. (22)
A liquid container was an ink cartridgeailsn the present enbodi g%% /5503' nk
cartridge is one exanple of the formof an ink container and [r:wﬁ

As it will be explained belowthat the ink tank does not limted to the
type of the cartridge which has been shown above. There are an on-carri age
type ink tvdbiragridonagesfefratac naguralypeby nkhe seikenst Hon ok thmpomtete i nk
j et recor par at us. In th nbodinen Y he i.age
Lype k. COR P RGR R RATE e ACRCy CoRR WAL 1o St Re TaBB0E” R R

case of Ctmrecabbwageratrm@ erampaket, r tHgel i ghed caet et eipeg | Sevinemtath qmsa:
carriage. However, the present invention can alsqg be applied for

of f-carri e?@@ottybléel‘fﬂ@%aaﬂ?li‘ dgén &his Icasey. the ik tchye stekats %Eﬂtﬁedbe as
an ink tank is prayi ‘i’%do%af}%é'xed part, such as housing, of the ink jet

recordi ng appar atus. cartridge and a recording head are connected by
such as a tube. Theeapoerogheded exadpizeceansbqarapplmsddmmiﬁarlfym the

cartridge. Fig. 58 shows n exa of off-carriage.t cartri
head 832 IP$DFBUAREACHANENEY eaFngEg@ﬂg%bUSPn@ S} é%gf—)’s’lc %Jn Sed TF an
| nk Cartr'e%%tpaéﬁ O et fﬁﬁf&tlme il GV Hrdge £36 d wdhiexeghd 0 a

suitabl e mounting position in the ink jet recording apparatus, not shown
in the figefdecTies woumt.i n’ghaposa;x itdre @aﬁzpélm@efbk:eewmntmzaedw risffe 836

£h | ectEig d 838 f . t
i o aded eCPRE BnE b f BRI Bso VbR A Q0eP LA R ALY

enbodi nent expl msr‘@;dpla@ﬂz\i@d abEMd) dadkrdisg mmmnd@ﬂermrdoyntrhﬁtﬁenortdimg
head, and the sub tank comunjcates with the ink cartrlgége which is
possi bl e taé’ll%étye?%ﬁl&ﬁ@?tlﬂ%t]é%l%lﬁ&ﬁé Ci%n%‘H'tR/‘v'riLC?IhSFF‘ﬁus aarhﬁelﬂl“é’r%"?%

r ef erencebynﬁmg@gd%ﬁ Eﬁésoﬁglg QNG Al SO 4 Bue%lpﬂgﬁa c?é‘téé‘l&ﬁ?'&%\rlce

Therefore e pi €708l 6Ctric ce can be nmounte he sub
Moreover, according to the present invention, the ability of
detecting the liquid consumption status can be improved by
providing the opening cavity on the mounting module which is for
mounting the piezoelectric device on the liquid container.
Furthermore, according to the present invention, the ability of
detecting the liquid consumption status can be improved by
providing the opening cavity on the liquid container on which the

piezoelectric device is mounted.



An opening cavity is provided on the piezoelectric device. This 114 2 6 SEP
2003 variation can be applied for the both configurations of the
on-carriage type and the off-carriage type. (23) Mreover, the ink tank
includes a partition menber which divides the inside of the t28kSEPO2M3
plurality of chanbers, and a plurality of piezoelectric devices can be
provided to each of these plurality of chanbers. This enbodi nent is shown
in such as Fig. 2 and is suitable for color printer. Ink consunption
status for plurality of colors of ink, ?ech of which is filled in each of
plurality of chanbers, can be indivi duAI y detected. An opening cavity is
provi ded dOLAIMS correspondi ng piezoel ectric device of each chanber.

Al t hough the present invention has been described with reference to
speci fic enbodi nents, the scope of the present inventionis not limted to
t hese enbgdi ment /yui s gblied al dd'én 2l ' hdigcati ons
and i npr ovemnt.sﬁuéa?ﬁggéﬁgﬁgiggiagm s of gglﬁgﬁﬁbgg%ﬁ? f}sﬁeéet%??"ggw?‘é'u. S

cl ear freansumptiongtatusietthelliguidscantained irctheriouid ¢cardainen sheoliquidrgetectiorent s are
al so COY&J; d prﬁéﬁ? .scope of the present invention. For exanple, the
liquid container is Yiot [imted to an ink cartridge. The present invention
can be applied to an ink tank for a printer other than an ink cartridge.
Furt hernore, the resent invention can be lied to the container which
cont ai ns al‘f"&]@pﬁg Sg‘ﬁt@“ ?We}/rlﬂ?i aW@di?é‘?‘?r tﬁ%@of;i qui d detecting device does
not have to generate a vibration by itself. That is, the liquid detecting
devi ce does not have to performboth of the oscillation and the output of
t he resi datlleast preelestiode glegiricatly conreatipuavithegaid vibrating sgatien; act uat or
generates the vibration, the vibration status of the |liquid detecting
device is detected. As another enbodinment, if the piezoelectric elenent

vi br at es by pidzeelectiicatlementjenerated in the ink cartridge caused by the
carriage novenent, the

an upper electrode disposed on an upper surface of said piezoelectric element;
a lower electrode disposed on a lower surface of said piezoelectric element; and

a vibrating plate having a upper surface contacting said lower electrode and a lower

surface a part of which contacting the liquid contained in the liquid container,

wherein at least a part of said piezoelectric element, said upper electrode, said lower
electrode and said vibrating plate constitute said vibrating section.

2. The liquid detection device according to claim 1, wherein said vibrating section

is substantially circular.

3. The liquid detection device according to claim 1 wherein said piezoelectric
element, said upper electrode, and said lower electrode each comprises a main portion

which is concentric circular with said vibrating section.



vi bration of the piezoelectric elenment is detected. That is, wthout
positively generates the vibration but using the 115 26SEP2003 vi brati on
generated naturally by the operation of the printer, the ink consunption
is detected. On the other hand, opposite to the above-varied fﬁqgg;i t he
|l i quid detecting device can just shoot the vibration. In this Wﬂ

vi bration status of other sensor can be obtained. The above varied exanple
can be applied simlarly to the other detecting function which use a

pi ezoel ectric elenent, for exanple, qq detecting function that uses an

el astic wave and reflected wave. That Z t he piezoelectric el enent can be
used for either one of the generating of vi bration or the detection. As

expl ai ned gbove, _accor di tqQ the present  inve tj 0 abiljt
Cabeat iy Bho' T ThRd, deheton Ay aceoiing Toclaim o pisther sPrrS U Hasa e
openi Ng YAty Halinghéh hbgé'l' Qur%eeéérgﬁ&lr@eé’éﬁ‘i‘oweﬂ\@uﬁé&éeéﬁ sR8MrdinPplate t he

present invention, the %/ eteCting the liquid consunption status
can be i@ @ dewes surfacsy centagling éhe fievid rapniained yn dhe lineideantainerg and daiic

Fur t nor nr malRedtbotftitfio i SEPRL et oBREISCe AnbidCaon bl A RETHEH | g

t he | i qucohtaioesunpti on status can be inproved by providing the opening
cavity on the liquid container on which the piezoelectric device is
nounted. 2 6 SEP 2003 116 CLAIMS 1. A liquid detection device attached on a

liquid coptai nerhé aquid ffetédtioRWedide! éHébFHm@Rf@érﬁph' Whereiéald calityige | iquid
contained in the liquid container, the liquid detection device conprising:

a vi br at FPRFeaEI GitsHIaE yitheaaid yiratiigosection.cent er thereof: at |east one
el ectrode electrically connecting with said vibrating secti on; a
pi ezoel ectric el enent;

6. The liquid detection device according to claim 4, wherein the compliance of

said vibrating plate is much greater than that of said base member.

7. The liquid detection device according to claim 4, wherein a node of vibration of

said vibrating section locates in the vicinity of a periphery of said cavity.

8. The liquid detection device according to claim 5, wherein a ratio of a radius of

said cavity with a depth thereof is larger than =/8.

9. The liquid detection device according to claim 1, further comprising a mounting
element having an upper surface contacting said lower surface of said vibrating plate
and a lower surface facing inside the liquid container, said mounting element comprising
an opening corresponding to a center of said vibrating section.

10. The liquid detection device according to claim 1, wherein the liquid detection
device detects a liquid consumption status on the basis of a change in an acoustic
impedance around said vibrating section.



an upper el ectrode di sposed on an upper surface of said piezoelectric
elenment; a lower electrode disposed on a |ower surface of said

pi ezoel ectric elenment; and a vibrating plate having a upper surface
contacting said | ower electrode and a |ower surface a part of_ which
contacting the liquid contained in the |iquid container, wher e B $iP P@3st a
part of said piezoelectric elenent, said upper electrode, said | owner

el ectrode and said vibrating plate constitute said vibrating section. 2.
The |iquid detection device according L@ claiml1, wherein said vibrating
section is substantially circular. 3. e liquid detection device
according to claim1l wherein said piezoelectric elenent, said upper

el ectrode,, ,and sai dqué)\éer el ectrode each conprises a main portion which is
concent ri dTci r ctheaujg detestion deyise accordingdediaim 1, whereipphe ligyid getectionne

liquid dgbpes terecHey liGfid R6ANMAbh §QufE & fﬁelbagfsi%fteh@ﬁa TRa r%gipgglgi 36‘56

menber having an upper surface contacting sail ower surface o

vi brat i ngibrﬂt@n@rowﬁsaidlvmﬁngmcﬂme contacting the liquid contained in the
liquid container, and said base nenber conprising a cavity which contacts
the liquid contained in the liquid container. 5. The liquid detection

devi ce acdar di rithd liquid detaction deeiteiadcsding toavaiiny1, wher6@naE N§lid tetddtion| ar
with saiq vi brati{1g Pec_ti on. 6. The liquid detection device according to
cl ai m 4, 96¥jer detecisr Iqyd consymption status on thehasis el phanae in@ reserar eat er

than thajreQlierkd HolhtP§aidRAMSling dectibR® | i qui d detection device according to
claim4, wherein a node of vibration of said vibrating section |ocates in

the vicinity of a periphery of said cavity. 8. The liquid detection device

accordi ng 40 claim: 5. [ Qi rati radiu i dity. Wth a

dept h _ther1tg_'of |@%ﬁé®é%¥}gféﬁghng? gip@gpgqrﬁlnqatioqcﬁ@ @e%%r?ﬁ‘%%agwyeéﬁggcor di ng
t o cl ai nsédctidhueaidpiezoelepliricsiergent coverd said lowdrasiesttodengaidqipper slepttods ur f ace
contacting said.lower surface of said vibratin | at and a | gwer surface
faci ng | FAYSHE SELOWPLERGadR Nt said peapalerEls AISTREN S AraRt NcBRB AT 3K an

openi ng gppérasiestistieng to a center of said vibrating section. 10. The liquid
detection device according to claim1, wherein the liquid detection device
detects a |liquid consunption status on the basis of a change in an acoustic

| mpedance 4ar ounfh s fdifd HeRicibh BvRE Hek8Rindto%isiht 13 HRher comprising a base

member having an upper surface contacting said lower surface of said vibrating plate
and a lower surface contacting the liquid contained in the liquid container, said base
member comprising a cavity which contacts the liquid contained in the liquid container,
and said cavity is larger in area than said lower electrode.

15. The liquid detection device according to claim 1, wherein an area of a part of
said piezoelectric element which generates a piezoelectric effect is substantially the
same as an area of said lower electrode.

16. A liquid container comprising:

a housing containing therein liquid;

a liquid supply opening formed in said housing;



118 11. The liquid detection device according to claim1, wherein the

| iquid detection device detects a liquid consunption status on the basis
of a change in a residual vibration around said vibrating section. 12. The
| i qui d detection device according to claim 1, wherein the liquid detection
devi ce detects a liquid consunption status on the basis of a clhh@EP mp
resonant frequency around said vibrating section. 13. The liquid detection
device according to claim1, wherein at said vibrating section said

pi ezoel ectric el enment covers said | ower,.gl ectrode, said upper electrode
covers said |l ower electrode, and said piézoelectric elenent is larger in
area than said upper electrode. 14. The liquid detection device according

to claim 13, fuyrther. conprising a base , menper hagvin n upper surface
contacti n§ @‘ﬁf'@d?gﬁ@?" Qg{?'f‘%@gag?e%‘%ri‘ aaksii'mtﬁmgnga@?"af@ ‘iie&?ﬂ%é? NE surface
contact i @gmphdingi qui d contained in the liquid container, said base menber

conprising a cavity which contacts the liquid contained in the liquid
container, and said cavity is larger in area than said | ower el ectrode.

15. The | i,qyi tect: Vi € ' ] rej area of a
part of ? a?igpaﬁﬁi z%%hé’gs ¥rﬂ§1e&rﬁc§f{(§§§%#§rﬂeé@w§o& %t]s!&%ﬁ%gzegéﬁ{aogéri c effect

i s subst eletirighlly correctingwithaaidwvibeating settiomi d | ower el ectrode. 16. A liquid
contai ner conprising: a housing containing therein liquid; a liquid supply
opening formed in said housing; 2 6 SEP 2003 119 a liquid detection device

attached @npeabélebPiedldifientsal d |iquid detection device conprising: a

vi brating section symetrical about a center thereof; at |east one

el ectrode electrically connecting with said vibrating section; a

[ I [ : ' f f
Cai d pi os GopoEt EFEbde BitpdEasbn Sy Shau A R pR20dBtBRRImEH ' SUr ace
of said piezoelectric elenent; and a vibrating plate having a upper surface

contactin aid | ower, el.ectrode and a | qwer _surface art of whigh
cont act i nd BT eidtifRde SsrosPAn 4 Rehsuitic pteat REzSRBRI AlePenti 20 | east a
part of said piezoelectric elenent, said upper el ectrode, said |ower

a vibrating plate having a upper surface contacting said lower electrode and a lower

surface a part of which contacting the liquid contained in the liquid container,

wherein at least a part of said piezoelectric element, said upper electrode, said lower

electrode and said vibrating plate constitute said vibrating section.

17. The liquid container according to claim 16, wherein said vibrating section is
substantially circular.

18. The liquid container according to claim 16, wherein said piezoelectric element,
said upper electrode, and said lower electrode each comprises a main portion which is

concentric circular with said vibrating section.

19. The liquid container according to claim 16, wherein said liquid detection device
further comprises a base member having an upper surface contacting said lower
surface of said vibrating plate and a lower surface contacting the liquid contained in the
liquid container, and said base member comprising a cavity which contacts the liquid



el ectrode and said vibrating plate constitute said vibrating section. 17.
The liquid container according to claim 16, wherein said vibrating section
is substantially circular. 18. The liquid contai ner according to claim 16,
wherein said piezoelectric elenment, said upper electrode, and said | ower

el ectrode each conprises a main portion which is concentric cRcGERI2008i t h
said vibrating section. 19. The liquid container according to claim 16,
wherein said |iquid detection device further conprises a base nenber

havi ng an upper surface contacting sai d@ ower surface of said vibrating
plate and a | ower surface contacting th qiquid contained in the Iliquid
container, and said base nenber conprising a cavity which contacts the
liquid 2 6 S E P 2003 120 contained in the liquid container. 20. The liquid
cont ai neFORHRESAMN e HBIECERtANEd  wherein said cavity is concentric

circular with said vibrating section. 21. The liquid container according to
claim 16, wherein at said vibrating section said piezoelectric elenent
covers sak@ | owkhe iquid contdiner sacatdingderclaimety, vdukeeio saiel cavityiisiconaentric

el ectrode, and said piezpelectric elenent is larger in area than said upper
el ect rodg'TC@%r.W@hga'fjiv%?@‘%%‘?é"&f‘ner according to claim16, wherein said

| iquid detection device is disposed in the vicinity of said liquid supply
openi ng. %i The |jquid contai ner according to claim 16, wherein said
liquid deféct i ohnQIiHId gontainen asprding todiairh e iwharginat saidodbriaing SRciafe

Wi dt hwi sgaidi i 1SR j [ J, QL | ' to
Gl ai m 16 YATIASHIC pRBNF QRS SRt 1o clEclole By o Al TRSHEPRE L on
devi ce i lowiirgestwdeoandsaid pigzogteactic element is laegerin alea thas paidiuppert he |i qui d
| evel cogfe\%}{g?g in said housing. 25. The liquid container according to
claim 24, in the inclined angle is within a range of 30 to 60 degree.
26. The liquid container according to claim16, wherein said liquid

detection_devic i.s .di sposed at a.coyner, t of said, housing. .27.. The
't o ooRtar nerhe il aPRGTES 2Eeaiinats Cah s WiRiaREakh R dBtectioneuds q
housi ng issdispedddindndiicthity @F BSHitliduRi Stlsbly bpehiAg! evel contained in said
housi ng. 2 Gﬁ% EP 2003 12? o fﬁﬁ Perifg
23. The liquid container according to claim 16, wherein said liquid detection device
is disposed substantially at a center in the widthwise direction of said housing.

24, The liquid container according to claim 16, wherein at least said vibrating
section of said liquid detection device is disposed on a plane which is inclined with

respect to the liquid level contained in said housing.

25. The liquid container according to claim 24, wherein the inclined angle is within
a range of 30 to 60 degree.

26. The liquid container according to claim 16, wherein said liquid detection device
is disposed at a corner part of said housing.

27. The liquid container according to claim 26, wherein said corner part of said
housing is inclined with respect to the liquid level contained in said housing.



28. A nodule for detecting a |iquid consunption status of a liquid
contained in a |iquid container, conprising: a liquid detection device
attached on said housing, said liquid detection device conprising: a

vi brating section symmetrical about a center thereof; and at |east one

el ectrode electrically connecting with said vibrating section; 26n8Em2008g
structure formed integrally with said |iquid detection device for nounting
said liquid detection device onto the liquid container; a piezoelectric
el enent; an upper el ectrode di sposed ogazn upper surface of said

pi ezoel ectric elenment; a |lower electr di sposed on a | ower surface of
sai d piezoelectric elenent; and a vibrating plate having a upper surface
contacti;gbsajd | ower el ectrode and a |ower surface a part of which

cont act i n€f-t he A magule fobdetectiegiailiquideonsumption statusiph liquid westained iata | east
a part OIfiqLﬁé" ntEln%?\?ﬁbnﬁxgﬁdﬁ;; el ement, said upper electrode, said | ower

el ect rode anggsal pl ate constitute said vibrating section. 29.
The nodul e according to claim28, wherein said vibrating section is
substantial Ly..ciycular. 26 SEP 2003 1 30, The nodul e according to claim
38, wher efni<uid felsctoB Bewgs altachddam s hobing, SURUE GStRLIvERy cai d

| ower elgghpﬁgﬁ%each conprises a main portion which is concentric circular
with said vibrating section. 31. The nodul e according to claim 28, wherein
said liquid detection device further conprises a base nenber having an

upper - Sur £age A ARAELLAG HRletdaP ALV ELAEFyRfeorsad! Vibrating plate and a

| ower surface cofitactl ng I'qurd contalne e liquid container, and
sai d base nenber conprising a cavity which contacts the liquid contained

in the liqui ontainer.. 32. .The nodul e.according.to.claim3l, wherein said
cavi ty | s SEoFR PR ade sty ngeru iih Seidabrauta Sesfonss “The “nodure
according to claim28, wherein at said vibrating section said

pi ezoel ectric el ement covers saij ower el ectrode, said upper electrode

d |
covers saPdMAuBliRg sEbelre ifmedanteasaliviwish sai ligwd detedtiopfigvice forimewling n
area thagag 'hgidﬂﬁi@?tionedd&%é&ﬂsThé”ﬂﬁ;uié‘cbh%é?; detection device attached on
or dete I qui

a liquid contal ner cting a
a piezoelectric element;
an upper electrode disposed on an upper surface of said piezoelectric element;
a lower electrode disposed on a lower surface of said piezoelectric element; and
a vibrating plate having a upper surface contacting said lower electrode and a lower

surface a part of which contacting the liquid contained in the liquid container,

wherein at least a part of said piezoelectric element, said upper electrode, said lower
electrode and said vibrating plate constitute said vibrating section.

29. The module according to claim 28, wherein said vibrating section is substantially
circular.



consunption status of the liquid contained in the liquid container, the

| iquid detection device conprising: a vibrating section conprising a

pi ezoel ectric elenment; at |east one electrode electrically connecting with
sai d vibrating section; and a base nmenber on which said vibrating section
and said el ectrode are disposed, said base nenber conprising 266 GEP 2053
formed at a position facing said vibrating section, said cavity contacting
the liquid contained in said liquid container, 2 8 SEP M 123 wherein the
depth of said cavity is smaller than th arrowest width of said cavity.

35. The liquid detection device accordi to claim34, wherein the liquid
detection device detects a liquid consunption status on the basis of a

change in @n _Fcousti c inpedance around said vibrating section. 36. The
liquid deP@ct T bR Maduieaccarding in plgin @8¢ Whprmin said\irzosiestriorlementiisdidiet ect i on

devi ce dgps&ide@rddeddhd s‘égﬂéwapélleeﬁo é&bﬁc&ﬂ{)ﬁ&% ?@%ﬁﬁqﬁ{goﬁmge ina

residual " vibration around sard vibrating section. iquid detection
devi ce acengemtnigciraular itmsad vibiitingesectiohe |i qui d detection device detects
a liquid consunption status on the basis of a change in a resonant
frequency around said vibrating section. 38. The liquid detection device

accordi ng31.0 Theinddifde dcdbidiiy to-6laRh i 28, WhetBin $41d SiqURICdAEELJE TBGiE: FurgResed
bet ween sai d base nenber and said piezoelectric elenment, wherein said

cavity pEXEPHIR®S ?%U}j’rﬁ"@e&i'@%é" rHARGESUMaRE confagting meid lavarasustace mier
seal s Saééﬁdcﬁwatti)‘ngaﬁlgte"bﬁﬂ ! f‘o%v%’l“aéld%f ' gomh&frﬁ]h{%g&ﬁﬁ doﬂ&i?e?b? in gﬁ@gébi?u' d

t
det ection device according to c ere epth of sai Vity
is | ess conptaingheandi saidobaseenambeoveesnpriging ha ofavitpi whichvcantactd0theT tiquid

liquid d ' Vi rding to claim34, wherein the peripheral
surface g#ﬁggilegq.&gg? ll@lﬁ??Sﬁt%w%r.ed_ 41. The liquid detection device
according to claim 34, wherein the peripheral surface of said cavity is

st epped. 6 SEE 2U03, 124 42. The | g#i d detection device according to
cl ai m 34, SPurt hkpe ¢ SCRYINg,ioBiakn Foharein saidicavibh SeCORSOREIC Cisaitiar
groove c@itReald WBratmgbeeiy.ty. 43. A liquid container conprising:

33. The module according to claim 28, wherein at said vibrating section said
piezoelectric element covers said lower electrode, said upper electrode covers said
lower electrode, and said piezoelectric element is larger in area than said upper
electrode.

34. A liquid detection device attached on a liquid container for detecting a liquid
consumption status of the liquid contained in the liquid container, the liquid detection
device comprising:

a vibrating section comprising a piezoelectric element;
at least one electrode electrically connecting with said vibrating section; and
a base member on which said vibrating section and said electrode are disposed, said

base member comprising a cavity formed at a position facing said vibrating section, said
cavity contacting the liquid contained in said liquid container,



a housing containing therein liquid;, a liquid supply opening forned in said
housing; a liquid detection device attached on said housing, said liquid
detection device conprising: a vibrating section conprising a

pi ezoel ectric elenment; and at |east one el ectrode electricallyégggﬂﬁpting
with said vibrating section, and a cavity fornmed in a wall of oﬂ@?ng
at a position facing said vibrating section, said cavity contacting the
liquid contained in said liquid container, wherein the depth of said cavity
is smaller than the narrowest w dth of1 %id cavity. 44. The liquid
contai ner according to claim43, whereirfsaid |iquid detection device
detects a liquid consunption status on the basis of a change in an acoustic
i npedance, around, said _vibrating section. 45. The |iquid container

accor di nyheinthe dgpth of saidcavity ssmpller arnitheaastoweshwisly pteaid gavibtt s a

i quid consunption status on the basis of a change in a residual vibration
around said vibrating section. 2 6 SEP 2003 125 46. The |liquid container
accor di ng3bo clHieigdd detentioh mlevimedadcorlingl tal etairat3do whebeain ¢iee ligidt eletectian

l'iquid cqnsunpiion statug on the .basis of a change in a, resonant frequency
ar ound sﬁ?@g%i&ﬁ}%ﬁ? r?gﬁglgatqoaﬁpmqun PP JLike 2’3%‘%‘?%%1"“35%%1"&!iar‘n‘ga??}‘%gf’ai m
43, furt mepedupaBar6umtDs A vibtdttigedtishe nenber di sposed between said
housi ng and said piezoelectric elenment, wherein said cavity penetrates

t hrough the wall of said housing, and said internedi ate nenber seals said

cavity anagvi br bt i J i ; IO Relt] dper
accoréi n @th clg?%ﬁﬂ%@ %ﬁ%@gﬁrﬁé{"%@é’%ﬁ{ﬁ@@ ch'}c'] %ﬁg\y\{rﬁﬁpghé‘ﬁg@g%@bﬂ
one-t hi r dej¢e tdetectara diguisk consiinption status oaviheybasi9.of Thehhngeiid & sesidualer

accordi ng, t.q. cl ai . Wherein the peripheral surface of said cavity is
t aper ed. Q'Q@‘@h%%‘ﬁg?'&%ﬂﬁ% ﬁ"ﬁé(\?'ogccor ding to claim43, wherein the

peripheral surface of said cavity is stepped. 51. The liquid container

according.to clagim43, further conprising a groove forned in the wal| of
sai d housi3%g, '%}'%‘r"gd{?ée@@ﬁrf@é’tqen@c@é‘i"gg da¢aifp 345 whergip the Yavid dedestionner

accor di ngejige Cdetbdts > liqHdCESHSUnTHtio SRRV Bn thbe5dsts ©of AMeh&fjed irf 3V Idshnait
said liquid supply opening.
frequency around said vibrating section.

38. The liquid detection device according to claim 34, further comprising an
intermediate member disposed between said base member and said piezoelectric
element, wherein said cavity penetrates through said base member, and said
intermediate member seals said cavity and vibrates with said vibrating section.

39. The liquid detection device according to claim 34, wherein the depth of said
cavity is less than one-third of the narrowest width of said cavity.

40. The liquid detection device according to claim 34, wherein the peripheral
surface of said cavity is tapered.

41. The liquid detection device according to claim 34, wherein the peripheral
surface of said cavity is stepped.



53. The liquid container according to claim43, wherein said liquid
detection device 1is disposed in the vicinity of said liquid supply
opening. 54. The liquid container according to claim43, wherein said
liquid detection device is disposed substantially at a centerq grgeram

w dt hwi se direction of said housing. 2 S SEP 23 126 55. The liquid

contai ner according to claim43, wherein at |east said vibrating section
of said liquid detection device is disposed on a plane which is inclined
with respect to the liquid level conta.hed in said housing. 56. The liquid
cont ai ner according to claimb55, wherei 4 he inclined angle is within a
range of 30 to 60 degree. 57. The liquid container according to claim43,
wherein said |iquid detection device is disposed at a corner part of said
housi ng. %8: Thﬂ‘Q liquid detastiondavice aseerdinang alaim:B4ifurtiser commsisisiora gedone
corner p fi ' j 1Siid ' | r . to the liquid |evel
cont ai ne?@ﬁ@gg??ﬂdﬁ%aiéﬂﬂgﬂgb'sﬁﬁ %ét?gg?#r&@ tsg"z‘f?%étya | i quid consunption
status of a liquid contained in a liquid container, conprising: a liquid
detection gevisﬁ.atlach?d on sai d.housing, said liquid detection device
conpri si ng> a Vi JAYH GOUTRIRR: GAMPTISMDr i si ng a pi ezoel ectric el ement; and at
| east one electrode electrically connecting with said vibrating section, a
mounting structure formed integrally with said Iiquid detection device for
mount i ng@ BeNSING cepfatningtherein §Avidevi ce onto the 1iquid container; and a
cavity forned in said nounting structure at a position facing said

vi brating section, said cavity contacting the liquid contained in said
liquid cerigaidspplyoerérpPfaoed in2ziddmusifige nodul e according to clai m59,
wherein said |iquid detection device detects a |iquid consunption status
on the basis of a change in an acoustic inpedance around said vibrating
sect i on. a6liquidhdetention edevice ratiadBed Oort | sHidn BSusivg) e 58N iG@H ddéteativfl device
detection device detects a liquid consunption status on the basis of a
change i f°APH&8Pdual vibration around said vibrating section. 62. The
nodul e according to claim59, wherein the |liquid detection device detects

a vibrating section comprising a piezoelectric element; and
at least one electrode electrically connecting with said vibrating section, and

a cavity formed in a wall of said housing at a position facing said vibrating section, said
cavity contacting the liquid contained in said liquid container,

wherein the depth of said cavity is smaller than the narrowest width of said cavity.

44, The liquid container according to claim 43, wherein said liquid detection device

detects a liquid consumption status on the basis of a change in an acoustic impedance
around said vibrating section.

45. The liquid container according to claim 43, wherein said liquid detection device

detects a liquid consumption status on the basis of a change in a residual vibration
around said vibrating section.



a liquid consunption status on the basis of a change in a resonant
frequency around said vibrating section. 63. The nodul e according to claim
59, further conprising an intermnedi ate nmenber disposed between said
mounting structure and said piezoelectric elenent, wherein said 6 SEP 2003

i nternedi ate nmenber seals said cavity and vibrates with said vi gr a§| ng
section. 64. The nodul e according to claim59, wherein the depth of said
cavity is smaller than the narrowest width of said cavity. 65. The nodul e
according to claim64, wherein the dept@sof said cavity is less than
one-third of the narrowest wi dth of said cavity.

46. The liquid container according to claim 43, wherein said liquid detection device

detects a liquid consumption status on the basis of a change in a resonant frequency
around said vibrating section.

47. The liquid container according to claim 43, further comprising an intermediate
member disposed between said housing and said piezoelectric element, wherein said

cavity penetrates through the wall of said housing, and said intermediate member seals
said cavity and vibrates with said vibrating section.

48. The liquid container according to claim 43, wherein the depth of said cavity is
less than one-third of the narrowest width of said cavity.

49. The liquid container according to claim 43, wherein the peripheral surface of
said cavity is tapered.

50. The liquid container according to claim 43, wherein the peripheral surface of
said cavity is stepped.

51. The liquid container according to claim 43, further comprising a groove formed
in the wall of said housing, said groove connecting said cavity.

52. The liquid container according to claim 51, wherein said groove directs from
said cavity to said liquid supply opening.

53. The liquid container according to claim 43, wherein said liquid detection device
is disposed in the vicinity of said liquid supply opening.

54. The liquid container according to claim 43, wherein said liquid detection device
is disposed substantially at a center in the widthwise direction of said housing.
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55. The liquid container according to claim 43, wherein at least said vibrating
section of said liquid detection device is disposed on a plane which is inclined with

respect to the liquid level contained in said housing.

56. The liquid container according to claim 55, wherein the inclined angle is within
a range of 30 to 60 degree.

57. The liquid container according to claim 43, wherein said liquid detection device
is disposed at a corner part of said housing.

58. The liquid container according to claim 57, wherein said corner part of said
housing is inclined with respect to the liquid level contained in said housing.

59. A module for detecting a liquid consumption status of a liquid contained in a
liquid container, comprising:

a liquid detection device attached on said housing, said liquid detection device
comprising:

a vibrating section comprising a piezoelectric element; and
at least one electrode electrically connecting with said vibrating section,

a mounting structure formed integrally with said liquid detection device for mounting
said liquid detection device onto the liquid container; and

a cavity formed in said mounting structure at a position facing said vibrating section,
said cavity contacting the liquid contained in said liquid container.
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60. The module according to claim 59, wherein said liquid detection device detects

a liquid consumption status on the basis of a change in an acoustic impedance around
said vibrating section.

61. The module according to claim 59, wherein said liquid detection device detects

a liquid consumption status on the basis of a change in a residual vibration around said
vibrating section.

62. The module according to claim 59, wherein the liquid detection device detects

a liquid consumption status on the basis of a change in a resonant frequency around
said vibrating section.

63. The module according to claim 59, further comprising an intermediate member
disposed between said mounting structure and said piezoelectric element, wherein said
intermediate member seals said cavity and vibrates with said vibrating section.

64. The module according to claim 59, wherein the depth of said cavity is smaller
than the narrowest width of said cavity.

65. The module according to claim 64, wherein the depth of said cavity is less than
one-third of the narrowest width of said cavity.



