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| NVENTI ghe Invent|§|n The present invention relates to a

| i qui d cont atispen eqU| lp ed S ezoel ectric apparatus therein which
~detects the consunp state of liquid inside a |iquid container which
houses lﬁﬂm mmummﬂﬂ’mw Vbr e PRl Cbndhber tIREVIREESRAECH OKENSEHABET €l ates to
the liqu equi pped W th a piezoelectric apparatus that - detects
| i qui d consumphizon status 'in a liquid container which provides liquid to
a recordi'ng head of an ink-jet recording apparatus. 20 2. Des%rl ption of
the Related Art Tme i prke Tt rpaig@trrmpn]edcwcﬁh G TifFe Weddrdl ng
apparatus is taken as.a exa e of ui nt.aj Y3 @4 ebisondesgrided
bel ow. 1n gaRBP&Fe RafS lrc“eacgt%r %ngbgpp}gr ;ltolusl conpri ses: a cifrl age
equi pped wjphgan;i nk- -Jlat75t3)epeln9606d|mgyrnead 1w9cenprﬁsebll o3 5&0 Pt dsishace

generating means which conpresses a pressure gen in
‘nozzl e opennn@emhfﬁ@heﬁl %‘bha*%%% i ‘g?fﬁ’b‘?’érs%e‘%fe ‘ﬁkl oa% a l(ral}lorgz%grlrpe o%enl ng

‘in the formoglhng ﬁ e and an ink tank which houses ink supplled to
t he recordr ng rough a passage, and is. structured such that the 30
printing operati on can be perforned continuously. In general, the ink tank

is-structured as a cartri dggA(r:MO&@ be Hgt aghpthiriol romt he recor di ng

/appar at%s, so that a user camr—e&stHy—reptace
1. Fleld of the Invention

The present invention relates to a liguid container
equlpped\uthzaplezoelectrlcapparatustherelnwhlchdetectsc}
consumptlonstate<3fllquld1n51deeillquldconCalnerwhlchhouses

15 the liquid. More particularly, the present invention relaces to
thellquldcontalnerequlppeduuthzaplezoelectrlcapparatusthat
detects liquid consumptlon status in a liquid contalner which
provides liquid to a recording head of an ink- jet recording

apparatus.

‘90 2. Description of the Related Art

An ink cartridge mounted on an ink-jet type recbrding
apbaratus is taken as.an example of a liquid contain%g and is
described below. In general, an ink-jet recording apparatus
comprises:acarriageequippedWithanink—jettypereco:dinghead

25 comprised of a préssure generating means which compresses a
pressuregeneratlngchamberandarmmzleopenlngvmlchdlscharges
the compressed ink from a nozzle opening in the form of ink
droplets; and an ink tank which houses 1nk_supp11ed_to the
recordlng head through a passage, and 1is structured such that the

30 printing operatlon can be performed COntanOUSly In generalJ

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



it. tkthe time when the ink is used up. Conventionally, as a nethod of
corgrolling the ink consunption of the ink cartridge, a nmethod is known of
controlling 5 the ink consunption by nmeans of a calculation in which the
counted nunber of ink droplets discharggd by the recording head and the
anount of ink sucked in a maintenance pfocess of the printing head are
integrated by software, and another method of controlling the ink '
consunptlon |n which the time at which the ink is actually 10 consuned is
det ect'ed ctI i I rhdggert@ghegggﬂn‘ depl1tee use
in detectl E gﬁgg&g$ f(éé%%gEFsg%)E%FFh However, in tﬁg P

cal cul ati gn- B@Seﬂenehh@dwmbncohEr@hklng tsed upk consunptlon by integrating

t he di scharged nunber of 15 dro Iet d t he n n like.
by the softmareCOPH§n698§§EE¥ |H%?déptﬁg |nrgj ca?trl g%r%%git%eKﬁﬁécggﬁty of

the ink %’é% dependi ReOMISAGR re Ak, O FRRhosUTH kasvanbf eohtreipengt ur e
and hunldl Papse time after an ink cartrldge has been opened for, use,
and usagetheeqwenowswmma1@Eebygkﬂﬁm5¢ﬁ&scaéchﬂé F@ﬁf?%W?GCEa SHEOWREFE a

consi derabl e error occur etween t phated r&ok-gOASHEHd eh@Rdet he
act ual |n?UE@ﬁ§uﬂﬁt%%k ?%%V%gﬂ'cgﬁ% CF r obl eﬁ1|srcaﬂ§ed i n which the

actual ampudtunefof nkk setmedinllmgammmoiedenmmpbecaageofoﬁ@é R Skpgp head

cartridge is removed and then nounted a r al ue
i s reset. ars TRteFE2bER&AY AQREYATR- (AT ﬁﬂ?hﬁ‘ar con‘% r%glcﬁlflB cﬁ%’]ﬁgfgg%ér odes

the tine %k""*&bﬁ% %‘Eﬂo@lk ihSwEPRRUFRE, t e wrmnrumghearmumsofacmlaldan be
controlle reliability since the actual ink _consunption.

det ectied @bn@mmeﬁouﬂtdeEBWEGérby dhresdby THMRCIMR 19 JHIS 1S FALETS gFhe

i nk can be detected, the_30 ink nee Q4 SHidaklee byResoof
ink for us®Cafdegbrdes ﬁ?feﬁsehbge%%ég%gga%ﬁ%%%g%ifg'caused in that a

fluid-tightrest.ructure between the el ectrodes and the cartridge m ght be 3

_corrpl | cated. Nbg-lce)(v)v\é?/g’r Sllrglggepcraelccluoluast 1noer;[ Egaslesd Hggg!)!j%fugggt rolling the

ink consumption by integrating the discharged number of ink
15 droplets and the amount of ink or the like by the software the
pressure inside the ink cartrldge and the .viscosity of the 1nk
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
20 caused where a considerable error occurs between the calculated
ink consumption and the actual ink consumption. Moreover,
another problem is caused in which the actual amount of ink
remaining is not known because once .the same cartridge.is removed .
and then mounted again, the integrated counted value is reset.
25 on the other hand, in ‘the method of controlling by
electrodes the time at which the ink is consumed, the remaining
amount of ink can be controlled with high reliability since the
actual ink consumption can be detectevd at one point. However,
in order that the liquid surface of the ink can be detected, the
30 ink need be conductive, so suitable types of ink for use are very
limited. Moreover, a problem is caused in that a fluid-tight

structure between the electrodes and the cartridge might be



as -tthe el ectrode material, which is highly conductive and erosive,
ngnufacturlng costs of the ink cartridge increases 5 thereby. Moreover,
si'nce it is necessary to attach the two electrodes to two separate
positions of the ink cartridge, the manufacturing process increases, thus
causing a probl em which increases the manufacturing costs. Mreover, when
managi ng the. ink. consunption status_bg 10. mounting a plezoelectrlc
device on the ink cartridge,. ink inside the ink cartridge may roll or

bubbl e by tgbenpslqageé@g MoQéO‘tIéqle |§1kn@arpre<dng318dunqtr@g the pyiadtlivng'sed

operation. By the wavi or_bubhli,ng o pearbynihe gm&ggxﬂvecuﬁkp
device, irfé of"Hubbfet ‘?gdei r&at rtlz‘i_"(:lr‘les to ét"t pi ez%el%c%rl c-devi ce.

Then, thereeﬂc&laecamilaar:sesmdia@%% pfezbel é@f‘rlcéraéw%% lﬁ‘éﬁ%ﬁesdet ect

the ink_con tol on guant ity Ryptbe jicnk Ornediblrg afo iddcaaht athedtco the
pi ezoel éctrrl i'ce. I'n other words, even.there | onlﬁ small . ampunt  of
e

i nk. insi deeltdmrlomes cart rti‘ﬁgeseﬁafrattﬁe Hoﬁl%téPFﬁcﬁes bl ezoe ect ric

devi ce 20 nji,stakenlss LR \g@\étegsoflnbakasénerems aalda:ng;eratha@blt%
pi ezoel ect r| c device det ects m st kenl .that there is still enough ink
i nsi de the ¥michedncrrages Mot d6VErF ’fl the DlUbbl'e attaches to the

pi ezoel ectri c dewreeyvethef@ens ndaemg;engt Hdte- tie. EP@WWr | T eV cY

detects m stakenly that .ther o Lpsige thei egr@glrdgrel dgenleven if-
the ink0car®eVHgdoigd PaeZef ?‘f 8§ l&%urt hernmore, there. is ﬁr obl em

that the p0§rh§icﬂﬂ afe rmumaxrtgltdlqe p]aesz@Iléctorfl OUBBYE Yo MERECPRARINY

cartridge, g l mlg 9 rf’&{]ec&dﬂ% ot N8iel e iendngt apusat nwi.de Bhethak 30
cartridge. gor * Sanp nting the piezoel ectric device n.t wal |

at the | owerasime ot bhebilnlkg saff 40, MR PYpi o BRI ECGRVT cee?:’éggdet ect
the ink end, N%h Stheother oehang, ddcarpueBat ivg the piezedleeCt £ ¢ cddeB¥fee on

ggecgﬁhgtaééb@@t gﬁ£§$niéggdggsegeaiygegurfggethehgiégég¥g%k§9ErBQVig@V|Ce

cannot detect the 1ink consumption gquantity by the 1ink o;

pubble of ink attached to the piezoelectric device. In other

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

cartridge, if the 1ink attaches to the piezoelectric device

20 mistakenly by the waving of ink, there is a danger that the

piezoelectric device detects mistakeniy that there is still

enough ink inside the ink cartridge. Moreover, if the bubble

attaches to the piezoelectric device, there is‘danger that

the piezoelectric device detects mistakenly that there is no

25 ink inside the ink cartridge even if the ink cartridge 180 1is
- filled by ink. .

Furthermore, there. is problem that the position of

mouncing the piezbelectric._device_'on the ink cartridge..is

limited for detecting the ink end status inside - the ink

30 cartridge. For example, if mounting the piezoelectric device

oﬁ the wall at the lower side of the ink surface, the

piezoelectric device can detect the ink end. On the other

hand, if mounting the piezoelectric device on the-wail at the

upper side of the ink surface, the piezoelectric cevice

33 cannot detect the ink end



4 SUWYMARY OF THE | NVENTI ON Therefore, it is an object of the present
iavention to provide a liquid container capable of reliably detecting a
lfquid 5 consunption status and di spensing with a conplicated sealing
structure. Mreover, it is another object of the present invention to
prevent the waving or bubbling of |iquid around the piezoelectric device
inside the liquid container. 10 Furthernore, it is still another- object of
the present invention to provide a |iquid container, the piezoelectric
device of which can reliably detect a liquid consunption status by
detecting the liquid surface even in the case that liquid inside the
liquid container rolls and bgbdMagY OF FHEt AEVEYAEONit is still another
obj ect of the present_ inventiopn t0r§EOVI eogekh%U|d conta

1.N t.
pi ezoel ectric Ckgn%ﬁfoEeMWﬁ%hl%aﬁn pss y presen (}AﬂéntJ% .to

t'ect ~a 11 qui consunpti on

status eveprbi;ad Rel £asAd It difed t&phigl 6 U abneabl i ldex eprt ifrg) b Miaywid
because the gas does not contacts with the piezoelectric device. %?
Fur t hednoreonsumptsien | $tatwst Aed BHFRENSHNT. WAL NpRe TP iGRMETH iRHF 1109
provi de a éég@éqlggntainer capable of reliably detecting a liquid
consunption’'s AtUs in the liquid container even. if the piezoelectric
devi ce i s nount etbrovere uppes @iathef objectl ofuitte preaoe invehnelPndid d.
container. 25 Furthernore, it is still t her .obj ect t he present
i nvent i on RECYROVICHE “RY 1R ‘B‘éﬁ}?%’r?l%roaf\l;l\g?%ﬂl‘ac?éjsouﬁ‘& gﬁ%é)dletzgoe S& mount ed
on the accyuaf&e POSdidOntnd m Qhbhed HWsindhe mounting position of the
pi ezoel ectri'c device on the liquid container can be freely designed. 30
These ®bj ect s arRuridtemvas byi teohdi bt 1 bnangeBeri pederh Che thenddssifdent
clainms.. The dependent cl ai fin a L exIplary
conbinatioﬁ%v%ﬁg¥ﬂégﬁﬁggﬁﬁvﬂ?ﬁggﬁ%gg%ggékg?ﬁer’qMﬁpb§g§8H§eéegle ¥
of which can reliably detect a liquid consumption status by

detecting the liquid surface even in the case that liquid inside

the liquid container rolls and bubbles.

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

20 Furthermore, it is still another object of the present
invention to provide a liquid container capable of reliably
.detectiﬁga]iquidconsumptionstatusintheliquidcontaineréven
if the piezoelectric device is mounted on the upper side of the
ligquid surface in the liguid container. :

25 Furthermore, it is still another object of the present
invention to provide a liquid container which does not need to
be mouﬁted‘on the accurate position, in other words, the mount ing
position of the piezoelectric device on the liquid container can
be freely designed.

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

advantageousandexemplarycombinationsofthe;mesentinvention.



According to an aspect of the present invention, there is provided a liquid
contai ner which nmay conprise: a housing containing therein liquid; a

| fqui d supply opening formed in.the housing for withdrawing the liquid
fromthe housing; a liquid 5 sensor nounted on the housing for detecting a
level of the liquid which is variable in accordance with a consunption of
the -liquid; and a first partition wall extending in an interior of the
housing and. defining the interior of the housing into at least two liquid

accommodat i ng. chanet s whi ch souupicabe vhi M Sach, OLhern e 11 1ybiguig

accomodat i ng chanbers nprising: an air-co ni cation
acconnndatpmgvmaadber Whgohdc arantriiceire swiasd th andyl ecdmpai e : aadlamd@im@tlon

side liquid accommo i ng. chanber, in which, the_liquid se i s.di sposed
ot o UnperOPOREIOR: e LEREIF ohi 1 oM SURBH Yy TS M e i Soe g

porous menmiglsidg a6cOoNTPHatSdiMGt hha 1hgudet esbhonnsigleudigyl da 1iquid
accommodating chanber. The liqurd supply opening may be fornmed in the air-

conmuni T at enssk deoun pd @m@b@rﬁm@aﬂméoemtl%é levehufdthsubpiyid
openl ng ma%h?ﬁhflog %glaglteh ng:t% %%td 31 2 hlé 8 gungEé?;g‘;BtP%E %Eer

A volune o ai r~Communi cation si |qU| acc ng cha
be differeahdfa 6trshaianfitien wdeuemdarm:‘sigjem arqundeacomm@d&ﬂhtmsha;rber

The vol unes of  t , east two I| cconmodat i ng chanber s . dec ease
from one §P9éj§/£’1rflrlﬁ thRel Rbest My Ot Pﬁg‘?ﬂ?fé?g dphOs?t g%ﬁtl i ‘W

cont ai ner HE%o%HB&Q@En@OHHHnﬁéPQ @h SEE 0BSmR: PREL 11 0N v cﬁéﬁ&ndlﬂga i n
the. detection side liquid accomodating chanber and defining at |east two

smal | Het etigond @¢swmm@@a§ﬂm@<§em@wﬁﬁp§pﬁmﬁﬂ§nn@al&nnayrtﬁpmmﬂnﬁﬁﬁﬁMQﬂ1 a
liquid cop g'lﬁg.{}h openi ng. Waw% %lcﬁhsmﬁ%cgbeesa%% ene

partition A forne conmuni catr on openin
upper partathereod .a BbeedeheatsoaesensderancdmmdﬂaspmgedhamheeanmlwﬁldHua
smal | detection chanbers. The volunes of the small detectio chaqpers may

be differehbeftbEredcFERFREr 1S TRESRART C g@n upper portion there

The liquid container may further comprises a porous member
15 accommodated within the detection side liquid 'accommodating
chamber. The llqu1d supply openlng may.be formed in the air-
communication side llquld accommodatlng chamber The. _llQUldl
supply opening may be formed in the detection side 1liquid
accommodating chamber. A volume of the air—commﬁnication side
20 liquid accommodating‘ chamber may be differe.nt from that of the
detection side liquid accommodatlng chamber The volumes of the
at least two liquid accommodating chambers may decrease from orne
side wall of the housing to the other -opposite wall.
The liquid container may further comprising a second
25 partition wall ‘extending in the ' detection side 1liquid
accommodating chamber and defining at least two small detection
chambers. The second partition wall may. be formed with a liquid -
communication opening at a lower part thereof. The second
partition wall may be formed with a liguid communication opehing
.30 at an upper part thereof. The detection sensor may be disposed
on each of the small detection chambers. The volumes of the small

detection chambers may be different from each other. The volumes



of the at least two small detection chanbers may decrease from one side

wal | of the housing to the other opposite wall. The detection side liquid
accommodat i ng chanber may generate no capillary force for holding the
liquid. The small 5 detection chanber may generate no capillary force for

hol ding the liquid. The detection side 1§ qui d accommodat i ng chanber ‘may
conprise a recessed part fornmed at a top wall thereof. The liquid sensor
may conprise a cavity which opens toward an interior of the housing for

hol ding the: liyquid. (The.! i.gul dr3¢0sQEHRY ;30 CORBLSE fapi62Z08lLed 1 Gon
devi ce havinhg'a Vibrating section, the vibrating section generates a

count er el®ed roimd iwel 1 foff cehd rhowsiony dandehenidatthexr rappeiidie Wadrlat i on of -
the vibrating section. The |iquid.sensor npy detect .at .| east o] | C

i npedance of tH&q i Sﬁitﬁcéﬁﬁnde?é‘é?sqa‘q‘ﬁ%i SCESW&?%&% s%%%ﬂ%gfn%atl% _
accor dance, Wi d it g, AcQsti 16 iy edarceorThe1biiayi @heontghnar meye banaiount ed
on an ink?? et printing apparatus having a printhead which ejects in

dropl etss, derkdtieon chambeconr nigeae rafsphe €aPifd any; §arae dett AP hAdN e Hdt%i n
to the print.head through the.liquid . suppl i v f -
det ecti on ]sli%}élcgl i qﬂ?ed ‘g%t%% %)%]mg%tg?ngggﬁgébgg%%g@gggzgggal h;ég%c?? Ir%é;g
than hal f ¢dgMoldigere@fsdde pairt- tormediatat itop satle theguicd -acthamigdatichg
chanber. The volunes of the liquid accor,mgdati ng chanb&rs nay_ decrease
from one SERROMANY SR HodsiCAY o PAE N oPREPS opPERT £ e®Wal - THe por ous

menber mytk?é’”ﬂéééé?n& fihSthPRIQWs PREeNniighia25 digposequelosentort hey
| i quid sensor and a Second porous material - disposed far fromthe liquid
sensorloconpandi ¢ tehptiheokilest rpor @esicemdtadfing 2 &héraﬁhégs"e‘%‘b‘hjcprﬁ)ortglfs

meterial has a higher |iguids philic,charaghecisties Lhancihe fiorsle payous -
mat eri al . 244 & SehdorITey Conprise a piezoelectric device having a
30 vi br at i f-Satnan,withe avidesatduag sebrhohogentr@iesy sbxauintersect ion.
el ectronotive force_in accordance with a resi gual Vi brat i OE.Of. tr(lje

ig impedance

vibrating secti die TREUR Pl F e RSy Ines  défectat A edstUa

of the liquid and detects a liguid consumption status in
15 accordance with the acoustic impedance. The liquid container may
be mounted on an ink-jet printing apparatus having a printhead
which ejects ink droplets, éndﬂthe ligquid container supplies the
ligquid contained therein to thé printhead through the liquid
supply opening. The volume of the detection side :liquid
20 accommodating chamber méy be equal to or less than half the volume
of the air-communication side liquid accommodating chamber. The
volumes of the liquid accommodating chambers may decrease from

one side wall of the housing to the other opposite wall.
The porous membér may comprise a first porous material
25 disposed close to the liquid sensor and a second pofous material
| disposedfarfromtheliquidsensorcomparedwiththefirstporous
material, and the second porous material has a higher liquid-
philic characteristics than the first porous material. The
liquid sensor may cohprise a piezoelectric device having a
30 vibrating section, the vibrating section generates a coun;er
electromotive force in accordance with a residual vibration of

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



acoustic inpedance of the liquid and detects a |liquid consunption status
in accordance with the acoustic inpedance. The liquid container nmay be
mounted on an ink-jet printing apparatus having a printhead which ejects
ink droplets, and the liquid container 5_supplies the Iiquid contained
therein to the printhead through the Iiauid supply openi ng. According to
anot her aspect of the present invention, there is provided a liquid
cont ai ner which nmay conprise: a housing containing therein liquid; a

liquid supply, qQpeni é%ﬂpéé/io@gt 1hiQUida 4@ R £XeE 1101 Al Lhgshaysipg: a

detection device nmounted on the housing, the detection device conprising a
pi ezoel ect sitatuel emeatcbodadeteestiithg tael iagoudtéons mpptinogest aflus; 1 aadid
wave absorbin%,wall ex endingzig an interior _of t e.housin% gis ose

FEe. &t

d t
pl ace faci G TRENGE BRY i¥nTgH OTA AJhp ey © b et HEH *PE 2B &t iee aYJh%ga

detection deyi¢hr BOLate; MRS S0k Bkngrvpl bes Thend daR Mayulat cgeneivée a
capillary force for holding the liquid. The gap na¥ generate a capillary
force whi clsubplimal Fhe thanid dontaided HYIxEAY théhei BEiatPTRd HeX@edh on

devi ce may I.SE it - _receiving and holding liquid, the cavity
bei ng fornﬁ%gngdqﬁgdoggﬁgygmé %Héﬁé'interior of the housing. The wave

absorbi ng wal | maycbedsagurednbohanchspd@ands theoprasenntienieort iwal, | tioére he'
housi ng. The det ect.i on d%yice nmay be attached to a first wall f the

housi ng whit€h PERVEAES itn 1d At it ittt Oif oM Bhe™ TTRIL T ¥ 12VEUSHMY t he

wave absor Biypg Wah hgmeyneextiand sighigar & | elquid hsugddl f’@pérﬁfﬁﬁf yabh1wind he
housi ng. The detection device may be attaé%ed to.a bottomwall of the
housi ng) addauhd waen gbserbimge hditie heysargend dat qsdriglll evigrtryHed

liquid | evel . The wave absorbi.n . e i ) Lncl i h direction
with respedf® F5°t %P?Pﬁhi§%Fe9%??%$%é“3§%¥&§ Egﬁgggﬁﬁﬁﬁ aa§{é%§%ﬁ€g§end
~from a sidelwakhtofotrheebeusing wahithuidscpespepdicnl sratwst hend iguirae

{ﬁge:htZ?ﬁé%s%gghL%ﬁégaLQ%ginQ%X@jq% g%ngggéggoP%%M%%g gguggggtdfgéggéd(ﬁ :

at a place facing the detection device. A gap may be defined
15 between the detection device and the wave absorbing wall. The .
gap may not generate a capillary force for holding the liquid.

The gap may generate a capillary force which is smaller than
a force for holding the liquid. The detection device may comprise
a cavity for receiving and holding liquid, the cavity being _formed

20 to oben toward the interior of the housing. The wave absorbing
wall may be secured to and extends from an interior wall of the'.
housing. The detection device may be attached to a first wall
of the housing which extends in a Qertical direction of the liquid -
level, and the wave absorbing wall may extend in parallel with

25 the first wall of the housing. -

The detéction device may be attached- to a bottom wall of
the housing, and the wave absorbing wall may extend in paralle_l
with the liquid level. The waQe absorbing wall may extend in an
inclined direction with respect to the liquid level. The wave

30 absorbing wall may extend from a side wall of thé hquéing which
is perpendicular to the liquid level. The a capillafy force may

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



inner wall of the housing. The wave absorbing wall may conprise a bending
section which is forned by bending at |least a part of an edge of the wave
absorbing wall toward a wall on which the detection device is nmounted, and
a gap defined by the bending 5 section gnd the detection device generates a
capillary force while a gap defined by the wave absorbing wall and the
detection device does not generate' a capillary force. The wave absorbing
wal | may conprise a plurality of wave absorbing wall pieces, and at | east

one of the fdi akiltlyoft HEYBUsIBgabsTHbiWg arablsopbeeeswany rext endipiriem a
side wall of the housing which is perpendicular to the |jquid |evel The

det ecti on &dé\ﬁr@éngrrﬁycééﬁﬁr‘i"%éda i§ droamathy bé’eé’tepélﬁnﬁh?&hl%%ﬁ%raatp@s?tao
count er ecetgsgg%ﬁﬂo\r@e_r%% I, RGEALFANEE 1Ml oG eShaual oW hathon nef

t he vi brating I'i qui d contai ner may be nounted on 15 an ink-jet
printing appﬂmfdnﬁntdﬂmuqy a spmiontrivesld ahidc eP@Cﬁgfumkd dvophet bengdnaat he

| d_cont the | d_contained _t to.th t head
e geeoniane, ) SUPL e LSS e e st pcdte il gres

present i rhvgﬂb' QO ind DKL hé M@/bégdralhg% T coit ahbede eyt oldeiviee a
housi ng' containing therein |I3UId a liquid supply opening forned in a

wal | of tdrousithgersralie kdcamidg ate fPF§6i-d to an exterior; a detection
devi ce mount ed el BEVACUBLAGL: b, IE! R4 AL 8 o COTRIISII0CE wave

pi ezoel ectric el'enent a li consunption status; and a
por ous nerdeyordiisppsadlw tdcast fﬁ&leEthb@lS&stngnﬁn afthehei gl wrallof afheave

det ection device. The_detection device cont act th p S

gap refbe IﬁﬁdﬁbéF&ge%le?%%’%3?86§eﬁgg€%? m£hd e "d o{?%h ggg?%ég The
det ecti on ARVHIL € PRI 38 At 6V Vighdda suidir at iThg déwdum dhivebe
contacts the liquid through the cavity, and the 30 porous nenber is

di sposed imayt hecrrpwi sy . aA vddpiddiagy Fertconf WRhENp GBI aFsithet RAYBEST
-smal ler th eé%ggﬁé?%d@hkggcgokgsaéggréégyédwltﬂTEEfggfgﬂéﬂ3@1@§$%9%n”EY

COITpI’I se a ase ate rat
the vibrating section. The liquid container may be mounted on

15 an ink-jet printing apparatus having a printhead which ejects ink
droplets,andtheliquidcontainermaysupplytheliquidcontained
therein to the printhead through the liquid supply opening.

According to the other aspect of the present invention,
there is provided a liquid container may comprise: a housing

20 containing therein liquid; a liquid supply opening formed in a
wall of the housing for withdrawing the liquid to an exterior;
a detection device mounted on the housing, the detection device
comprising a piezoelectric element for detecting a 1liquid
consumption status; and a pdrous member disposed within the

25 housing in the vicinity of the detection device. The detection
device may contact the porous member. A gap may be defined between
the porous member and the detection device.

The detection device may comprise a cavity and a vibrating
section which contacts the liquid through the cavity, and the

30 porous member is disposed in the cavity. A capillary force of
theporousmembermaybesmallerthanéaforcewhichholdéthe1iquidl

The detection device may comprise a base plate, a vibrating



portion and a through hole fornmed in the base plate,. and the porous

menber covers at |east a part of the through hole. The detection device
‘may further conprise a groove connecting with the through hole, and the
porous nenber is disposed on the groove. ,The 5 detection device and the
porous nmenber may be di sposed on a plane” where the |iquid supply opening
is formed. The detection device may conprise a vibrating section which

" generates a counter electronotive force in accordance with a residual

vi bration BErUi‘énVaiHQH ati N EAChH0A, f Ak d be cHiebest ipamtk) deditte petects

the liquid consunption status in accordance with the counter el ectronotive
force. Themdmbertioveredtcéenay @ Porpresee phessehdids ¢ érﬁ‘&n‘g‘ﬁ’fe‘é?lﬁo% '

mount i ng Sﬁ599§E{5% tyuggygrlggégﬁggg Yt SRecBhRZOELEE I th ehenehtoughd

t he nmounti ucture is a to“the housing. The |iquid container
may 15 be mBuBtednadn tare i mkrdwd pemibéi ngsapgpapases lvavithe agpedve headhe
which ejects ink droplets, and the |liquid container s lies.the {quid
cont ai ned ?ﬁé?éFhopogéﬁéq%Fﬁ EE%&“PH%&h&ﬁmgﬁé'T?ﬁ&FaHQEBBSFﬁ opén#%%géThis
sunmary of (phe.i pyanti;gnidogsppel Bperssarikyrdeaedi be 20 all necessary
features of the present inventionh. The present invention may al so. be a
sub- conbi nat i on Ghetdrt eoran de¥EFIRAY CPERT UFES VTRE2RBBYShTd 6t et ch

features and advgnga e%xgﬂmkgeelgk%gﬁﬁg entd.on Wi |, becois, horg; @ppar ent

from t he -f FEGWRGS description o i'ments taken in conjunction with

the 25 ace@epanyingiBrawiogsor BRIER IPESERIRT s tderTHE nBRAW: NBS: & gion
shows a side cross sectional view of an enbodi ne i

_ 1 ew nt. of. the in %ggt&%gge
accor dilfg d6ViRe PreSeht §iMvdridudA CSBSEIMGE 9" shiothis! % &1 §6EF 685°Sel

ional
vi ew of th%il%t hesunenbodi peptoRb: I he ifdkcear t rislgedaeeerdbng dewitdee pagsent

i nvention. Fig. 3 shows a side cross sectional view of the further
ot her comprise a piezoelectric element and a mounting structure
unitarily formed with the piezoelectric element, and the mount ing
structure is attached to the housing. The'liquid container may
15 be mounted on an ink-jet printing apparatus having a printhead

which ejects ink droplets, and the liquid container supplies the
ligquid contained therein to the printhead through the liquid

supply opening. ' _

| This summary of the -invention does not necessarily describe

20- all necessary features of the'presént invention. 'The present
invention may also be a sub-combination of the above described
-features. The above and other featﬁres'ahd advantages of the
present invention will become more apparent from the following

'description of embodiments taken in conjunction with ;he

25 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a side cfoss'sectional view of an embodiment
of the ink cartridge according to the present inventionp
30 Fig. 2 shows a side cross sectional view of the:other
embodiment of the 1ink cartridge according to the present

invention.



enbodi nent of the ink cartridge according to the present invention. Fig. 4
shows a side cross section of the - further other. 5 enbodi nent of the ink
cartridge according to the present invention. Fig. 5 shows a side cross
section of the further other enbodinen{oof the ink cartridge according to
the present invention. 10 Fig. 6 shows a side cross section -of the further
ot her enbodi nent of the ink cartridge according to the present invention.
Fig. 7 shows a side cross section of the further other enbodinment of the
ink cartridge a rdj resen b Qs he £ & Shons taesi de
Cross section o%gghgi?ggkgé%gggger en%%%?h%ﬂ%gaﬁﬁﬁﬂ%fﬁﬁg cartridge

accor di ng eipddigmepresenit thavenki orertH ig®d sleowsdingi deocrtdss PEEEEOAR of
the further other 20 enbodi nent of the ink cartridge according to the
present iIWERIGR.: Fig. 10 shows a side cross section of the further other

enbodi ment of thegi Nl G does AECAF LY dect ien poESeEné funveati onhe25
Fig. 11 shows a side cross section of the further other enbodinent of the

i nk cabt rietpoddoeotdi g ttha henfr eswntr 149 eMGCORA1PYg. £ 22 HowB 558N e
cross section of the further other enbodinment of the ink cartr.idge
accordingltni‘)’e éoﬁresent 30 invention. 11 Fig. 13 shows a side cross
section of the fugther sidwer enhoil nemsofséedreiomkotarhei 8gethetordhay to
the present invention, '

embodiment of the ink cartridge according to the present
invention.
10 Fig. 6 shows a side cross section of the further other

embodiment of the ink cartridge according to the present

invention.

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

15 invention.

Fig. 8 shows a side cross section of the further other
embodiment of the ink cartridge according to the present

invention.

Fig. 9 shows a side cross section of the further cher
20 embodiment of - the ink cartridge according to the present

invention.

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

invention.
25 Fig. 11 shows a side cross section of the further other -

embodiment of the ink cartridge according to the present

invention.

Fig. 12 shows a side cross section of the further other
embodiment of the ink cartridge according to the present

30 invention.



Fig. 14 is a perspective view of the ink cartridge which 5 stores plural
types of inks, viewed froma back side thereof, according to an
ehbodiment. Fig. 15 is a perspective view of the ink cartridge which

stores plural types of inks, viewed from,a back side thereof, according to
an enbodinment. 10 Fig. 16 is a perspective view of the ink cartrldge whi ch
stores plural types of inks, viewed froma back side thereof, according to
an enbodinment. Fig. 17 is a perspective view of the ink. Cartridge whi ch
stores plural typeg ofi3i Bkswsvhewedef eoosa backisndeft heeebliythdb acierding
to an enbodinment. Fig. 18 is a cross sectional view show ng _an enbodi nent
of a maj oempadimentt hef i s e%“ke&&%%%pé%?ﬁgléﬂl t%l%l &NforPYRBEDT nk
cartridge showg % Fig. 1. Fig. 19 is a detailed cross sectional view of a
subt ank unit'"°26'%3 as an enbodi ment of the | i quid container. according to
the present invengions Fsga PO $pect oross evetl thal inkemast radee hwhich

enbodi nent of btank unit 33 of,the_li UId t ai a d t he
present ® |ﬁ&8ﬁFFoﬁgU§§TFF§pe§1 s 1BKGr o¥d® gectf%ﬁ@lgv?%&%ogggér%ﬁgrégﬁother

enbodi ment jefofqsubt aBkaHnkkhb3dimknthe |iquid container according to the
present invention. Fig. 22 shows a detail and eqU|vaIe t circuit of an
actuator 106, wHilBh L5 hf RrPUGRATRIE IR mlesbel dot FETHEYEE BRLithe

30 present i nventi 2 3 aws, a.dekakloand sguikvaigatcgbresft of
an act uat o’ tf6§S %ﬁf@% Fggg% 8§bo§?nen¥ 8 t he 8lezoelectr|c device of the

present i nerbirdingFicg. aRdembodigeaph which shoms the rel ati onshi p between
‘the 5 ink quantity inside the ik tank and.hg tgeonalt cLLeaysnsyuhen
‘stores plural types of inks, viewed from a back.sidé thereof,
according to an embodiment.
Fig. 17 is a perspective view of the ink. cartridge whlch
stores plural types of inks, viewed from a back side thereof,

15 according to an embodiment.

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

Fig. 19 is a detailed cross sectional view of a subtank unit

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

Fig. 20 is a cross seétional view of another embodiment of
asubtankunit33<3ftheliquidcontaineraccordingtxbthepresent'
“invention. . .

25 Fig. 21 1is a cross sectional view of further another
embodiment of a subtank unit 33 of the liguid container according
to the present invention. )

Fig. 22 shows a detail and equivalent circuit of an actuator

106, which is an embodiment of the piezoelectric device of the

30 present invention.



of the ink and the vibrating section. Fig. 25 shows a waveform of the
residual vibration of the actuator 106 and the neasuring nethod of the
residual vibration. Fig. 26 shows the manufacturing nethod of the actuator
106. 10 A plurality of the actuators 106, four nunbers in the case. of the
Fig. 26, are fornmed as one body. Fig. 27 shows a cross-section of a part of
the actuator 106. Fig. 28 shows a cross-section of the actuator 106. Fig.
29 shows the manufacturing nethod of the actuator 106 15 shown in Fig. 26.

Fig. 30 shows ”Fqgf us § Relouat Refe caithogh ity iafa lthe & Dkcu cardfr & fge tafa tidhe
present invention.” Fig. 31 shows further other enbodi nent of the ink

cartridge 10, Mﬁaopﬂr e§emn empediment 90 Figy. PBXZARkRRE bt hete\erlfoAindMe of

t he throu%p ho %h . 33 is a slant view of the further other

embodi nent?'§°1 é‘aéiuétor Fig. 34 shows a slant view of the other

enbodi nent of t v g .agt Uiad ar gr&5h kilgsh Bﬁo@bcn/bse pleaat\ibemipfb@hee@hrt@@gh
hole | c according to another enbodjnent. % 36 shows 6{:Jant VIeM/Of t he

conf i gér atimgn QUELE ifter Aes idke thet hakoF 2ABE2 1Y Yife rtfo?ﬂpadé oI ﬁ/g fodul e
100. Fig. g é@%}@%ﬂmr@%b\y&wr@f dele y@dul e 100 shown in 30 Fig. 36
00. Fig

to show the structure of the nodul e . 38 shows the slant view of
t he ot her enbodifient 8Sohohe a maidfrm £ Flhg rg9idnahsy B EdR DRI tWitew of

Lne T I el i BRI R e el a0,
cross-sectional Mgewzarsamds the dm)‘ttlitn’ntoirlrfg tnhehodnt aither adt wieer 1LIRé -
modul e 100, Shown,ih Flg 3618 nnuggefks four numbers in the case of the
10 A plurality of the actuato
Fig. 26, are formed as one body.
Fig. 27 shows a cross-section of a part of the actuator 106.
Fig. 28 shows a cross-section of the actuator 106.
Fig. 29 shows the manufacturing method of the actuator 106
15 shown in Fig. 26.
Fig. 30 shows the further other embodiment of the 1nk
cartridge of the present invention.
Fig. 31 shows further other embodiment of the ink cartridge
of the present 1nvent10n
20 Fig. 32 shows other embodiment of the through hole ic.
Fig. 33 is a slant view of the further other embodiment of
the actuator. | _
- Fig. 34 shows a slant view of the other embodiment of the
actuator. -
25 Figs. 35 shows plan views of the through hole lc according
to another embodiment.
Fig. 36 shows a slant view of the configuration that forms
the actuator 106 in one body as a mounting module 100.
Fig. 37 shows an exploded view of the module 100 shown in
30 Fig. 36 to show the structure of the module 100. '

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

module.



on the container 1. Fig. 42 shows the cross section of the ink container
when nounting nodule 700B on the container 1. Fig. 43 shows an enbodi nent
of an ink cartridge and an ink 10 jet recordi ng apparatus which uses the
actuator 106 shown in Fig. 22. Fig. 44 shows a detail around the head
menber of the ink jet recording apparatus. Fig. 45 shows ot her enbodi nent
of the ink cartridge 180 15 shown in Fig. 44. Fig. 46 shows further other
enbodi ment of the ink cartridge 180. Fig. 47 shows further other

enbodi nent of theg.jnk i ' b Gw durd hep etbeh ;
enbodi nent of thgl?th%gﬁ%%gﬁl e%gg?déiggﬂgg ﬁﬁoﬁs@g@pl an cross sectil%nal
vi ew of theiburtheto ahowheheesboditene of the hakutart®9dge according to

the present invention, 25 Fi 50 shows | an _cross-sectiopal vi of the
further anot her Féfbotf rfé'fﬂwsoghfehgufﬁ eEa%}F‘?nge"%aocclo”}e f\tné)ft gg?h"elo%\r{\ie%'ent
invention. Fig. blgshpwsyihen epbedi BBat i 6hal heidwmkarearid icdgebustog of he
actuator 106. 30 Fig. 52 is a cross sectional view of an enbodi nent of _an

ink carfri dhe asnbaleabolivhai tée PREVIEQUPE Trivaiiderf 18ccdPdi AdRo¥R  $he
present inventian,. 14 .Fig.,53 is a perspective view of the ink cartridge
whi ch stor&s %bgrafy t%es of "inks, viewed froman outside thereof,
according to an BhhodiZreshowfitthe S4dss aectoss stdtlionak gpahashow wizean
enbodi mrent of 5 a ngj 05 part of the ink-'&et recPrdi ng apparatus suitable
for the mounting module’ 700B on the contalner 1T.
Fig. 43 shows an embodiment of an ink cartridge and an ink
10 jet recording apparatus which uses the actuator 106 shown in Fig.

C22.
Fig. 44 shows a detail around the head member of the ink
jet recording apparatus.
Fig. 45 shows other embodiment of the ink cartridge 180
15 shown in Fig. 44.

Fig. 46 shows further other embodiment of the ink cartridge

180. _
Fig. 47 shows further other embodiment of the ink cértridge
180. _ '
20 Fig. 48 shows further other embodiment of the ink cartridge
180.

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

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

Fig. 51 shows other embodiment of the ink cartridge-us;ng
the actuator 106.

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

to the present invention.



ink cartridge showm in Fig. 52 and Fig. 53. Fig. 55 is a cross sectional

vi ew of .an anot her enbodi nent of an ink cartridge as an enbodi nent of the
| iquid container according to the present invention. 10 Fig. 56 shows
further other embodinent of the ink car{ypidge using the actuator 106. Fig.
57 shows further another enbodinment of the. ink cartridge using the
actuator 106. Fig. 58 shows further another enbodi nent of the ink 15
cartridge 180. Fig. 59 shows further another enbodi nent of the ink
cartridge 180. EllggF 60 showspbuspbet iasothew enbogé nemt ofrtrhieldenkvhich
cartridge 180. 20 Fig. 61 shows further another enbodi nent of the in%.
cartri dge st8resFigluByl stwes ff t hekSanti AEededBodi AN W e GRSt

cartridge 180. Fi 63 r anot her enbodi nent of the ink 25 _
cartridge%ﬁﬁfr4;%§ %ﬁféﬂ%ﬁ? %ﬁﬁ%ﬁg'other enbodi ment of the ink cartridge
180. Fig. 65 shaowsy.fsrthera atrbes sabodomehtvicfv ihewing earemhegerens®@t 30
Fig. 66 shows further other enpodi ment of .the ink cartrid : Fig.
.67 shéws aAERBoBRREME tASobRE " ASF ebTTH Ty hEX aorfa%ﬁlasrfsug?aFﬁgoﬁ%x&%he
cartri dge gpd ﬁkéﬁlﬁq@tsﬂc@ﬁpriq{ G APPAY alés Ply Clsuses  the actuator 106.
Fig. 68 shows a detail around the head nenber of the-ink 5 j%%¥;ecording
apparatus. Fig. % . §5aisrasyosecspehabnal e f ofnasnbogt hehethedgment

of an ink cartridge as an embodiment of the liquid container

according to the present invention.

10 Fig. 56 shows further other embodiment of the ink cartridge

using the actuator 106.

Fig. 57 shows further another embodiment of the. ink

cartridge using the actuator 106.

Fig. 58 shows further another embodiment of the 1ink

15 cartridge 180.
Fig. 59 shows further another embodiment of the 1ink

cartridge 180.
Fig. 60 shows further another embodiment of the 1ink

cartridge 180.
20 Fig. 61 shows further another embodiment of the 1ink.

cartridge 180.

Fig. 62 shows further another embodiment of the 1ink

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

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

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

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

180.



ink cartridge as an enbodi ment of the liquid container according to the
present invention. Fig. 70 is a cross sectional view of. an enbodi nent of an
10 ink jet recording apparatus and ink cartridge according to the present
invention. Fig. 71 is a cross sectional ;yiew of a further another

enbodi ment of an ink cartridge as an enbodi nent of the liquid container
according to the present invention. 15 Fig. 72 shows further another

enbodi ment of the ink <cartridge using the actuator 106. Fig. 73 shows
further another erpodi7nemdwofarnt debbdkme cardrduwgeaustamyrdireg aebdat Dipak®6.
Fig. 74 shows further another epbodinent of the ink 20 cartri dg ~using the
act uat or 196 thej ok PRrERaRTeA RS 6851 REGEohE BPF AT RPPEEATH SRt 1805 %hi ch
i's further. ot her enodiygnt of the ink cartridge 180 using actuator 106.
Fig. 76 shows further another enbodiment of the ink. 25 cartridge using
actuator 106. FiRLg.7%®&stwst ar theridnarpenderbedigrthtngibehef fhe ink -
.cartridge.usin ac(%llsjator 106.t Fig. 78 shows further another enbodi ment of
the in® cift rﬁ%@ r 1'i‘ghga‘prhaer‘-’lacl‘fsu'ator 106. 30 Fig. 79 shows further another
enbodi ment of theidnky & tar icdges186ct 16naFi gieBlo S howserfhod vemtardt laer

enbodi rent of the ink cartridge 180. Fi % 81_shows further another,,
enbodi ment 10 cEFéidge @arah iea‘g*@dw@.nt? it4ie 82qUpGvCR A 1IN 25T6EHaNS

enbodi nment . of j cartrd dge 180. Fig. 83 shows further another
enbodi mntt%ft}%{?%%n
Fig. 70 is a cross sectional view of an embodiment of an

10 ink jet recording apparatus and ink cartridge according to the
. present invention. -

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

15 . Fig. 72 shows further-another embodiment of the_ink
cartridge using the actuator 106. -

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

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

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

Fig. 76 shows further another embodiment of the ink.

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

_cartfidge using actuator '106.

Fig. 78 shows further another embodiment of the ink

cartridge using the actuator 106.

30 Fig. 79 shows further another embodiment of the ink

cartridge 180.



cartri.dge 180. Fig. 84 shows further another enbodi ment of the ink 10
cartridge 180. Fig. 85 shows further other enbodinent of the ink cartridge
usi ng the actuator 106. Fig. 86 shows further other enbodi nent of the ink
cartridge 180. 15 Fig. 87 shows furthenesother enbodi ment of the ink
cartridge 180. Fig. 88 shows an enbodi nent around a recordi ng head of part
of the ink cartridge and an ink jet recordi ng apparatus which uses the
actuator 106. 20 Fig. 87 shows further other enbodi ment of the ink
cartridge 180. Fig. 88 sHuwws ahuskbedi mmtheouRElediBesEditly hB&d TiX part

of the ink i dge d an ink jet recording apparatus which uses the
act uat or 1((‘)%1.6{%@%?9%@@9 shows a detail around the head nenber of the ink

jet recording appiag at 83. hdwg. fABthsera anadseseembodamentew fof thr ink
enbodi nent of an_. ink cartridge for use with a single color, for exanple,
the black C3nkE1%9° H8P0- 91 is a cross sectional view show ng an embodi nment

of' agmyjor parg;pf Bhe diyd ekukererdidibanpar akusashehabldr f ohet Mgk i nk
cartridge showmn in Fig. 90. 17 Fig. 92 is a detailed cross sectional view
of a subtarkrtumidge 3B80Fig. 93 is a cross sectional view showi ng an anot her

enbodi nent of the ink,cartridge. 5 FLgs.. 9 - uridg, et h of
the elastic vvavgel%'enggatsihnogw%e\f/ll%gﬁ%jg fglolkfg&g\rq%%%&?g{g dQE‘g g owrs]lqg'-(S
manuf act uréer rieddwdss®f the el astic wave

Fig. 84 shows further another embodiment of the ink

10 cartridge 180. |
Fig. 85 shows further other embodiment of the ink cartridge
using ‘the actuator 106. |

Fig. 86 shows further other embodiment of the ink cartridge

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

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

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

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

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

Fig. 90 is a cross se¢tionai view of an embodiment of an
ink cartridée for use with a single color, for example, the biack
ink. | - | | | |

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

ink cartridge shown in Fig. 90.



generating device 3, 15, 16 and 17. Fig. 96 shows an ink cartridge
according to another 10 enbodi nent of the present invention. Fig. 97 shows
ink cartridges according to still another enbodiments of the present
invention. Fig. 98 shows ink cartridgesaccording to still another

enbodi nents of the present invention. 15 Fig. 99 shows an ink cartridge
according to still another enbodi nent of the present invention. Fig. 100
shows a cross section of the ink-jet recording apparatus alonhe. Fig. 101
is a cross sectibBhgofod he 4 dktpel efetssh Bgct 13Aadpparvabiisa sabshnghurt he.

i nk cartrldge 2.72 is mounted. Fig. 102 shows an enbodi nent of - the ink
cartrldge r use with a single color, for instance, the black color. Fig.
103 shows an i nkpggr t Kizdges 242 -aeeQr A fihast i 41 ewaBALREhgE RO Bt e Of
the present invention. 25 Fig. 104 shows an ink cartridge 872 and an

i nk-j et reevbadhgentpparbhasinkcordingde®- still anot her enbodi ment of the

bresenty Lovent ! 8losl S 0% Sl FR8RAGH kRRAbaY By ehoal sbadl Al of
cartridge use w | or, exanple I'ack _

ink. Fig. @eﬁerStangrdsslsecB;ona] 1/6 eamd)fl”z he bottom part of the ink
cartridge of the present enbodinent. 18 Fig. 107.is a cross sectional view

showi ng an enbodi #8Ht O M W%gﬁct&rlf“ﬁemﬁﬁkloﬁét O?eEB?d‘F]r@Stalpfpé’faa‘[%s

sui tabl e f@gne£gglh§kdg@§gélg?el§hoy@ iy FHp. 105 and Fig. 106. Fig. 108 is
a cross sectional view of another enmbodinment 5 of a subtank unit 33. Fig.

109 show ink carf§dgés ashovdi ng tinlst chirtandgheracembidigrents asfotttes
presen{olngmg559ﬂent of the present invention.
Fig. 97 shows ink cartridges according to still another
embodiments of the present invention.
Fig. 98 shows ink cartridges according to still another
embodiments of the present invention.

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

Fig. 100 shows a cross section of the ink-jet'recording
apparetus alone. _ -
. Fig. 101 is a cross section of the ink-jet recording

20: apparétus to which the ink cartridge 272 is mounted.

Fig. 162 shows an embodiment of the ink cartridge for use
with a single color, for instance, the black color.
o Fig. 103 shows an ink cartridge 272 accordlng to still
another embodiment of the present invention. '

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

Fig. 105 is a cross sectional view of an embodiment'of an’
ink cartridge for use with a single cdlor, for example,'the biack

30 ink. '

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

the ink cartridge of the present embodiment.



Fig. 110 shows an ink cartridge according to still another enbodi nent of
the present invention. 10 Fig. 111 shows ot her enbodi nent of the through
hole Ic. Fig. 112 is a slant view of the further other enbodiment of the
actuator. Fig. 114 shows further other gnpodiment of the ink cartridge

180. 15 Fig. 114 shows further other enbodi ment of the ink cartridge 180.
Fig. 115 shows further other enbodi nent of the ink cartridge 180. 20

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention will now be descri bed
based on the prefegtedo7 emdadli disEsS, sedftiiemado view ishbendgt anl embbdihenscope
of the present invention, but exenplify the jnvention. Al of the

f eat ur es- aRd atWﬁﬂQﬁnﬂﬁrﬁapﬁoﬁgeth%*ebﬁtcﬁ%ﬁﬂqqﬁﬁﬂ|ﬁ?Hﬂ¥§9§ﬁb§HFﬁéﬁ%eaF%rnot
25 necessaEhgylﬁﬁssaytéhdgg LhsuhnyRnbLan. 1 dheahasteqcongept of the present
invention is to detect a “state of the Tiquid |nS|de a liquid container by
utilizing vibrafFion bognosrenarcHe ssicationsfl vhew Pduadothekudesodhseher

or not fhe I|gU|d in the | g%d container 'is enpty, anount of the 30

Ii qui d,® 1 e@&l ofUPhan HGFH ypes of the liquid and conbination of

l'i quids. Sever alpﬁ@ecmgcsmhpﬂﬁ £t i Zaggs foccoedeeyion ofi11 henstmee of
the liquid inside the liquid container utilizing 19 vibration phenonena
are consi derbgdimppt exafpllee AraeeRbdiRsenedPRi dered in which the nedium -

and the change of; ét%JﬁfghswgnéhdﬁncEg%tkaagbdagég%&qﬂgaxag%1§@t§ﬁééﬁgfn

such a manner thai®an el astic _wave generating device generates an elastic
wave i nsi dembbéithenui df Sthenpaesent amdentheont he refl ected wave which is

t hus refl ected the |i UId surface ar a wall djispo cou r thereto is
_capturEQj. There ribg anJo][%e‘?' TET 3T _%(ﬂl%erb%a%%eﬂb ﬂ%%%%qr}??l ol Sstance
is detected by vihgating iGhar aQtaert stie6sodf theVEbF8héAGother embodiment

of the actuator.

Fig. 114 shows further other embodiment of the ink cartridge

180.
15 Fig. 114 shows further other embodiment of the ink cartridge
180.
Fig. 115 shows further other embodiment of the ink cartridge
180.
20 DETAILED DESCRIPTION OF THE INVENTION

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

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

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

the state of the liguid inside the licuid container utilizing



object. 10 As a nethod utilizing the change of the acoustic inpedance, a
vibrating portion of a piezoelectric device or an actuator having a

pi ezoel ectric el enment therein i's vibrated. Thereafter, a resonant
frequency or an anplitude of the back ehectronotive force waveformis
detected by neasuring the back el ectronotive 15 force which is caused by
residual vibration which renmains in the vibrating portion, so as to detect
t he change of the acoustic inpedance. As another nethod utilizing the
change of vhbratodast pbenompealance, coheideapedand®ceaagtler,i st imetdrod is
adm ttance characteristic of the liquid is.measured by .a neasuri.ng,.
appar at us 9B"84dRTE :thkﬁﬁgdgﬁigegﬁgwyigﬁtﬁﬁﬂcganﬁﬁyﬁfgfi%%aﬁ?r%ﬁgﬁge o)
that the ghangenofa aoRUEL Lt M@l 48t 8t ad iG] bagr avahbRer Whdthen Ghangsg ¢ of
the current value or voltage value due to the frequency caused bhy. the

vi bration grRVegSnSRAd NG dRN S SEREASHPERN Fh2EHEC YPA¥SEHRS KifoblF ey ic he
mediumg n tBRepfUEd afd GRIH ACLANACLRG GBO0OEL PN e ShAL YR aleddie

mediumin t iquid contalner 1s detected using the plezoelectric device
or actuatoby tbedétieptidt manfesieduat aibahli daspesadnedunherhgherbtat iirsg

section of the piezogelectric device and the actuator. Fig. 1.to Fig.. 13 is
a cross ;eE?PBﬂﬁgdvi Gt i %ﬁ&ﬁﬁﬁ?ﬁﬂﬁéﬁc§g18f£%hFiﬁkcégpg?fﬁagcpgﬁ%d§é

W th a singhge82h8E i @t &x2dPLG, viteat Maekaraktasiani estrdi MEMra6fi ighe
liquid container according to the present invention. An ink cartridge
accordi ng eojeqe. present 20 enbodi nent conprises a container 1 which

cont ai liquid i L.y . par i | i | Lgui i.de the
contaiﬁgr 1, aﬁmaéfﬂ% o?diggﬂﬁ%fc%'%%%é%?gﬁghﬁyg%ﬁéﬁﬁ%?%g%&gt F&gkﬁﬁéide
the contaaneitbtatand powavenpoévenpirgordkktwhitcHepiowi dedaat ach@abor '

position that faced to the actuator %g6. A _packin .riqg 4.aq%§% val ve body
6 are provided’¥ R PheZPn ects’ﬁb‘ble&eﬁlg %efg?rérlrsl P g. ; e?%éeﬁackl ng
ring 4 is gngageehniv thedftgdynlorsupphipneedie S2 NBHHIC allied@ rémbl ide
recording ngcc:ie waveform is detected by measuring the back electromotive
15 force which is caused by residual vibration which remains in the
vibfating-portion, so as to detect the change of the acoustic
impedance. As another methodutilizingthe change of the acoustic
impedance, the impedance characteristic or admittance
characteristic of the liquid is measured by a measuring. apparatus
. 20 .such as an impedance analyzer and a transmission circuit, so thét
the change of a current value or a voltage value, or t'he change
of the current value or voltage value due to the frequenlcy caused
by. the vibration gi-veh to the liquid is measured. '
In the present embodim'ent', ‘the ‘medium in the liquid
25 container and the change of the status of the medium in the liquid
container is detected using the piezoelectric device or actuator
to detect the residual vibration remained in the vibrating section
of the piezoelectric device and the actuator.
Fig. 1 to Fig. 13 is a cross sectional view of an embodiment
30 of an ink cartridge for use with a single color, for exampie, the
black ink as an embodiment of the liquid container according to

the present invention. An ink cartridge according to the present



31, in a fluid-tight manner. The valve body 6 is constantly and 10

el astically contacted against the packing ring 4 by way of a spring 5.
Wien the ink supply needle 32 is inserted, the valve body 6 is pressed by
the ink supply needle 32 so as to open gg_ink passage, so that ink inside
the container 1 is supplied to the recording head 31 via the ink supply
port 2 and the ink supply needle 32. 15 On an upper wall of the contai ner
1, there is nounted a sem conductor nenory neans 7 which stores data on

i nk i nsi degthEa i hdKe g 1488 aRdhtdided) 15hieish & Bitdd ey bsquseédt,i anahk vi ew
of an enbodi ment of the ink cartridge _according to the gresent | nvention.
In Fig. 26ugply oyt 4 whinh eapeljesyeadiuig KaPHtE198atee 9909y p&r 1

ext ended hori zont h%yl%% %gqckaﬁ?gﬁégg qﬂqﬁgﬁ;lﬁﬁﬂp&ﬁisgggugcgggggét;g@ls

mount ed on®t & D6t tOm face T & ocated | ower side of the 1nk
surface. Asosh@¥et Nl Fi gndla (Wve phevémkisapphll penicl? phenidethgaygeshan t h
the ink supply needle of the recording apparatus_is 25 provided on the
cont ai rfer HO%th%“c%%%%iﬁ%c?ﬁk?o1§ﬁfeé%Eé§%)r ﬁ@%'is mount ed on the outside

the bottom face A QfiitRe ARt AT a YaBoe ity heracstaiided @6 cha ink
contacts with ink'insidée the™ container 1 through the through hole Ic XMich

i s provi desuppl heortont aiRedrerkimpheo &dBuat Br thGPRSkPRBOVIGEH 3f THEI®

posi tion which 30 is hi [ [ LY 1RQ §i 2nsSPrbhatgiemd k. K
i s al nost wh%%dﬁﬁbfnkﬁ%ggﬁéfkggg%%gg%Fﬁﬁmg'Hgﬁglﬁﬁi ﬁear gnd, the§ ,
propagati o1, ofn thelelast i ghwavenean. claegeal venbodk & o sgasnsTart hxtand or

106 21 can_be used as only faor the nmeaps of nerely detectin he, vihration
gener ated ¢hashecahky €aRtACHGE IFTHYR CB&P&%{HI}%’gr n@i%?%f'viaé’go y o8 1gr(e‘f f.

Fig. 1(B) showg & ¢h@ssnRechppna! nddgve fyomd hesererid, ot heSvanvenhsdy nent
of the ink cartridge according to the present -~enbodinent. As shown in Fig.
1(B), the tempiaissed y ltae anlkistepluwateednD 2k 8F EXCERAS HBERATTAIS v

vertical diregtion tothe ol LAY dosULIACE 1 T SIRYT iRUEVE hd G M Ha kP 2a

is fixed tB°t
head 31 via the ink supply port 2 and the ink supply needle 32.

15 On an upper wall of the container 1, there is mounted a
semiconductor memory means 7 which stores data on ink_ inside the
ink cartridge.

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

20 1 to Fig. 4, the wave preventing wall 1192a to 1192d is extended
horizontally to the ink surface. Furthermore, the actuator 106is
mounted on the bottom face la which is located lower side of the
ink surface. As shown in Fig. 1(A), the ink supply port 2 that
engages'with the ink supply needle of the recording apparatus is

25 prdvided on the container 1 which contains ink. The actuator
106 is mounted on the outside the bottom face la of the container
1 so that the actuator 106 can contacts with ink inside the
container 1 through the through hole 1c which is provided on he
container 1. The actuator 106 is provided on the position which

30 is higher than the ink supply port 2 so that when ink K is almost
used up, that is, at the time of the ink near end, the propagation

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



container 1 by nounting on the side wall 1020 of the container 10 1. A gap
is provided between the actuator 106 and the wave preventing wall 1192a.

If ink is filled in the ink cartridge, 1ink is filled in‘the gap between
the actuator 106 and the wave preventi wal | 1192a. On the. other hand,
the gap is designed 15 such that ink is not held in the gap between the
actuator 106 and the wave preventing wall 1192a if ink in the ink
cartridge is used up. In other words, no capillary force for holding ink

arises betweepe LR gacd B%ﬁ?ffé@@h@ﬂﬁ’eér@o‘ﬁ@r\’e&r&f}ﬁéﬂ@%begn@ﬂdHe +1828¢rion
Because the through hole IC is provided on the container 1, 1nk remains

i n the throegleriated 18 theenankhearnkidegsivde tche geparakneg a:._m@m@nsmnbxd.
Ther ef or e, 3 eﬁ when the ink cartridge vibrates by such as scanning
operation duri g'the printing process and thus ink nearby the. ink supply

port 2 rolls, inkigoes (pptshsustakerdys aldadhia tiewereat ehelBbohecagise
i nk preV|oust 25 remains in the through hole ic. Thus, there is only
little Spodsi BMHAdimeat e e udbbr ceB6TEEIR SCEREId Rt heresent

exi stence Qfuiakmefie V‘ﬁé’%}%v‘?xﬂ’?ge'ﬂgg Wl f)i S RLOVHed 14 f 8CRaL s t BEe

actuator 106 in the ink cartri accordlng to the present enbodlnent 30
Ther ef or e, wenénl 02k wieartbexttleadsnkubapphyipdly ZErwidasl diheardwe ppeviest i ng

wal | prevents the rolled i to be contac act ator 06.
Ther et or e, TTRiLO EHBFaSTs IS Yive: Pcspobitpi vell Y 6Ra ie Sar8R BF 58% 1o
m st akenl ycaata@heth@ By i b eREEndTon ihe RUKheamOr @ozbuebl €Be NBYntLiner
generated by the waving of ink, which is caused by the vibration of.ink

cartri 8e denerated by 5 such as the scanning operation during the

printing processp % ﬁ”lstEFéglaﬁddﬁggﬁée%hﬁéﬁti@t@&é tP§e Y. defnet

m st akenl y t hat ere 1s noin e atta es to t he actuator 106
even if theevaktisgfwhliedll®s2ahe Idonndi ner fillEidwenerheatolorahgr idge t he

Configuratggﬂ 9; %pflggeﬁ$Q5u§%E&giﬁ%ween t%ewavguggg¥e95%ngnd the wave

preventing wall 1192a. On the other hand, the gap is designed

15 suoh that ink is not held in the gap between the actuator 106 and

the wave preventing wall 1192a if ink in the ink cartridge is used

up. In other words, no capillary force for holding ink.arises
between the actuator 106 and the wave ppeventing wall 1192a.

Because the through hole 1c is provided on the container

20 1, ink remains in the through hole 1lc even_the ink inside the

container 1 is consumed. Therefore, even when the ink cartridge

v1brates by such as scanning operat ion during the prlntlng process

and- thus ink nearby the 1nk supply port 2 rolls, ink does not

mlstakenly attach to the actuator 106 becaUSe'lnk previously

25 remains in tﬂe through- hole 1lc. Thus, there is only'little'

possibility for the actuator 106 to mistakenly deteet the
existence of ink. '

The wave preventing wall is provided to face to the actuator

106 in the ink cartridge according to the present embodihent.

30 Therefore, even ink nearby the ink supply port 2 rolls, the wave

preventing wall prevents the rolled ink to be contact with the



10 wal |l prevents the waving of ink around the piezoelectric device even
when the ink cartridge vibrates by such as the scanning operation during
the printing process. By preventing the waving of ink around the

pi ezoel ectric device, the wave preventing wall "~ prevents the generation of
t he bubbles. Furthernore, even the 15 bubbl es generate, the wave preventing
wal | prevents the bubbles to nmove close to the actuator 106 and contact
with the actuator 106 because the wave preventing wall is provided such
that the saveapoevers.i ngheatfofacethun theractsatdy 106t 1qRa%s ikl hidy

imLationof e szg, shape. (I PLLLY, AN 20 elerLelolore e pave

wave preven can be

nmade further |argertidrisye beubBdes haly Heegesebht ed byTh]aemmm@ess ofk t he
wave preventing wall can be nade further thicker or can be made further

t hi nner. \Flmnt:lhexwaalsqd\éwsﬁélﬁevébrpﬁéo%agg BREVEAE F RI9RI JS SRR 1R Stfllyuare
25 rectan ul ar Q Li : r ua
n g% geprfoné/g ?Hn?ﬁ% %e@atlg% uf%#le :%1%t1rt§p¥@¥@ssp eMedH | ng

wal | fom erla eri al FurthernDre
t he wave Pt ey eatinganakl claat htharadeubitom 10 Henaai ldetteghtmmtdik%mlyj tthaght

material. Conversely, the wave r ent| de fr

br eat habi | F#§~ Fratericar "6 l§0t}ﬁ%tk8+k? tgaﬁ\?@fn tﬁaghfzh?cgﬁlé%t?l alm%%/fs“
exanpl e of; § ha,e aidi tisght 1 0Eal 1 QUi tdgita ifrbeni.al Hokbeee, arccqtdistd ao
tefron, nylon, polypropylene or PET. On the other hand, as an exanple 23

of the brehd mﬂuwampﬂ@élt@r PECRENEr¢BPOMHIRM pALe YAV BERIIEVETG g d,
there ar er%g%%fusreﬁge:net“ %lh'gﬁ émcgfaqr%ﬁ a%%%pldaﬁhgyﬁf)@zo@fe@tf@é e alce -

havi n ure porous nmaterial used for the
wave prevesémgwmeh | teanihe aagafn&ge Slpressarbygsuehaﬁﬁngfwemb@mnlng
Preferably, the container 1 and the wave Erevent or ned b a

sanme mat er PREr 3k INEL NGot e & e "HRESFREP - 1 é%%aetvﬁélt\%/a\get}b? evernt |gng
wal | can bgr f;0madoaaa e PAdyoelbeRrict hevivayfatd waivegp peveessndfwallie i nk

cartridge can be reduced.
prevents the generatlon of the bubbles. Furthermore, even the
15 bubbles generate, the wave preventing wall prevents the bubbles
to move close to the actuator 106 and contact -with the actuator
106 because the wave preventing wall is provided such that the
wave preventing wall faces to the actuator 106.
There is no limitation of the size, shape, flexi_bility, and
20 material for the wave preventing wall. Therefore, the size of
the wave preventing wall can be made further larger or can be made B
further smaller. The thickness of the wave preventing wall can
be made further thicker or can be made furﬁher thinner.
Furthermore, the shape of the wave preventing wall can bé _squarg,
25 rectangular, polygon, or an ellipse. Furthermore, the wave
preventing wall can be made from the hard material or flexible
material. Furthermore, the wave preventing wall can be made from
the air-tight or liquid-tight material. Conversely, the wave
preventing wall can be made from the breathability material or
30 material which can pas through liquid. As an example of the
air-tight or liguid-tight material, there are plastic, tefron,

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



10 Because ink cannot be supplied fromthe ink supply port 2 to the
recording head if the pressure inside the ink cartridge becones extrenely
negative with the ink consunption, airhole, not shown in figure, is

provi ded on a part of the container so tjwmt the pressure inside the ink
cartridge does not becone extreme .15 negative. Fig. 2 shows a side cross
sectional view of the other enbodinent of the ink cartridge according to
the present invention. As shown in Fig. 2, a wave preventing wall 1192b is
mount ed onoft bResboeawal dbA0BY, waitelr iedt ends narehieal eviriicdapager eereeaht o

the 20 ink _surface. The cross section viewed fraoam.the fron ' e_i
cartridge acGOrGin§PESSt AL pPRERAT “éag’b%la]ia rﬁor%sgtlsté%eeéasb?’t Lsél%%r %gsnilg(g?:ti on

shown in ong gf mkt&rid{ Bawindiagme3hBit ribeuraye mraieitiniore wahke Adsabs of
the ink cartridge of the present enbodi nent extends_|onger than the wave -
prevent i ng magleir1a3s usksbafef the ermysdiPRsteRhoRd FALE G2 . PerhBrefbi¥e the

wave preventin | .can tively protects the actuator 106 from
o e O, 8."'%%(2*2)19’& rEhbES,

t he wav OoWws a side cross sectional view of the
further other epbediemablyof thhecomkaret ri dgel adeomdiviegpreveneipgeseht 30

invention. As shown in Fig. 3(A), a sjde 1. 1010 and ide wall 1030,

whi ch ext edd £6TIRE P¥r i g%‘lnedl“)?te%’fji Ft‘bcvl\'?ﬁé“ai]tn%’of} oéﬁF?’ch?H?%érégregch
ot her. The JwaveLRr G¥eRt HRgdvuat ind 192r) exdensis £drmaa tdhe sideodgl.l RN, to
the side wall 1030. Fig. 3(B) shows a cross sectional view fromthe front

of the inkheamenbdgetofifggpracays Af gdpe il pravitdedIseCreeRet hedused; de
wal | 1020 and thg _wave pteyent i | ser-bhat nd nkican through
t he gag. Fig. 4 g 8%1%3 glggeg%‘:ﬁrlg%s\@eg#%%%%fi tﬁe further otuﬁgr%lsgﬁbodi ment’
of the inkteathei dgecaddiagdhagdt of tttee presentrd nveritdeothe nkt bar pr edent

enbodi nent, the actuator 106 is provided on the 10 sl oped face.fqrne n -
the bott omPESCEeSEX TR GwY &CFrEV ¥Rt SHUERH Consumpglon' H3HTET o

shown in figure, is provided on a part of the container so that
the pressure inside the ink cartridge does not become extreme

15 negative.

Fig. 2 shows a side cross sectional view of the other
embodiment of the ink cartridge according to the present invention.
As shown in Fig. 2, a wave preventing wall 1192b is mounted on
‘the side wall 1030 which extends to the vertical direction to the
90 ink surface. The cross section viewed from the front of the ink
cartridge according to the present embodiment is same as the cross
section shown in one of Fig. 1(B) or Fig. 3(B).
The wave preventing wall 1192b of the ink cartridge of the
present embodiment extends longer than the wave preventing wall
95 1192a of the embodiment shown in Fig. 1. Therefore, the wave
preventing wall 1192b can effectively protects the actuator 106
from the wave of ink. '
Fig. 3 (A) shows a side cross sectional view of the further
other embodiment of the ink cartridge according to the present
30 invention. As shown in Fig. 3(A), a side wall 1010 and a sidé

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



wal | 1192d extends fromthe periphery of the ink supply port 2. wthin the
inside wall of the container to face to the actuator 106. Fig. 5 (A shows
a side cross section of the further other 15 enbodi nent of the ink
cartridge according to the present invention. In Fig. 5to Fig. 7, the
actuator 106 is nounted on the side wall 1030 which extends to the
vertical direction to the ink surface. Furthernore, the wave preventing
wal | 1192e to 1192g 20 extends substantially vertical to the ink surface,
that is, pardhtel faickls ¢dech stderwal Thd 93ve . prEvenvavg paeVadtilegeedndg 192e

is provided on the position where directly.fac to.fhe actuator 106. The
wave prevegf?ﬂgth%a t ﬂl@@glek?%$d%0f9Qﬁn§$§ftﬂﬁ rﬁqéé;EI a. Furthernore, a

gap 25 is providegd, bef ypensidia oprwelsl séed4Qoard vhewt ppodftnavErgiewent i ng
wal | 1192e. Fig. B) shows a cross sectional viewfromthe front of the

ink cartritdye bik Ragtsidye K o i S Provi Bedabet SieefPrY Héed Hefevsan |th20

and t he wave. preventi wakl ,119 S j ( S I ugﬁktﬁﬁigap,
Because ofSJf(flle wﬁ\ggapgg ao%sthrj?o g?%réﬁ%%tniﬁggggt gg?g? Siooélﬂgsade of the
contai ner gasahilctoush foeregapy partitioning the container 1 by the wave

preventing wall 1192e, 25 even if ink is consunmed. Therefore, the level of
ink surface ardurd theSaeYaafofi966°FSssl favS1Gualt Fgetéiﬁigﬁﬁ Bt'%he

ink  surfage,ofi ddigr 8Ehale [ BRIRR tQfi gt LM R MPEobhelPSsehthe naehyabar
106 does not detect m stakenly the ink. consunption status.. 5 Furthernore,

t he | engt hIofthehengaen tpreavmstimeg twalthel292eatPF ok € his KA OIATA Ithecan
e COAIFECLPGRRT SR (B, U6 WAL, oBf e RERUILOT AR R bRl the
i nfluencedvdyl 1R diesarsidy fafor ke puartpiaempref tik eivalsudplheqap 2.
bet ween 10 Lhe VAYE prevent! nclJ V\glf lthlelgc:%%taér}q‘xetrh%osifgge\,\tl:acglthleoza%t%aért]:ot%e
changed within the inside wall
106. _
Fig. 5(A) shows a side cross section of the further other
15 embodiment of the ink cartridge according to the present
invention.

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

20 extends substantially vertical to the ink surface, that is,
parallel with the side wall 1030.

The wave preventing wall 1192e is provided on the pésition
where directly faces to the actuator 106. The wave pfeventing
wall 1192e extends from the bottom face 1la. Furthermore, a gap

25 isprovidedbetweenthetopwall1040andthetopofv@vepreventing
wall 1192e.

Fig. 5(B) shows a cross sectional view frqm the front of
the ink cartridge of Fig. 5(A). A gap is provided between the
side wéll 1020 and the wave preventing wall 1192e so that ink can

30 pass through the gap. Because of the gap, ink does not remain

in the actuator 106 side of the container 1, which is formed by

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



according to the position of the actuator 106 on the width direction of
the ink cartridge, the magnitude of the vibrating region of the actuator
106, or the characteristic of ink. Fig. 6(A) shows a side cross section of
the further other 15 enbodi nent of the d:k cartridge according to the
present invention. the actuator 106 is nounted on the side wall 1030. A
wave preventing wall 1192f is nounted on the position where directly

faces to the actuator 106. The wave preventing wall 1192f extends fromthe
top wal | 1ev4@. iEuinkersocensuamedap Thepeboieedtihet heeal 20 ime dorfaneface

| a and the _wave preventing wall 1192f. Fig. _6(B) sh | QSS S I on

vi ew from taﬁé’uflfjogﬁeo?cuf e rilko%z%rst rallgaé/%o?qﬁ?g. t%%vijse. %'Fﬁlgq\/\g\gegg‘%eﬁ%ﬁt ing
wal | 1192f surFacewd eHetcd Helter &d tlen wal dhel03At higerd .t i ghtiby tde ddtatatek can
not pass throu%h bet ween the wave preventing wall 1192f and the 25 side

wal | 1020. 8¢ tRrs BBAf AghEati BRStRRRNFENBPRsIBRI FOPRAUTRRL OB} He? 1S t he

actuat of 106 whi e, | gelabPed Qe RAHJHH BRI Ple thS/e GRRARAIMSMlWAY1 Lo Nave
preventing wall 1192f, even if ink i's consunmed. However, when ink surface
reaches toftrbe tbeeboendmoface Hea waare ber eemgiedg amabirding2fo gas leaiehs to

the actuator. 106 30 side of the container rtitiaqned b he wav

prevent i ngo\K/aIt%e PRSP T8y ltarg; te%tt[e}?? nge}ﬂ?i‘t ﬁg %é? § Sr%r aicr?echcﬁrt}h%

actuator 106nsbdeiel dheneogbakrat idnpaf tink @aed Wyidihe svavel pegyeatihng 26

wal I 1192f flows out to the iInk supg#y port 2 side, then the nmedium exits
b

around thethet viasepsios thdmfes FPHERNFAROTS: gelkte el Sy thEhBARAUMB™ 106
can degect {,0af,f ré@gn&mn%ggltl%éﬂg(afértthre'gﬂ?e wailllrbz%@gygeoe‘haags?@nd-

According to the present e iment, 5 lower end 192a determ nes the |evel
of ink surfacertionpe tan ik pesndt idhepéf dhe, aasdarormslheocactbat oridtds i s

provi ded on e, BROLEL S0 UAReL Ahian Lhe L guep sndy 132aok ockhe, ke sy ace
airhol e, wl@éghohnbfowée&g@&aoisw& OVé Heghonchidiead opr ed ic off tifie 10 i nk
supply port Slgf99f6}£¥3;ﬁgwgagnggd% éﬁgéétgégg?imp%ftQgem?ggkher other

15 embodiment of the ink cartridge according to the present invention.
the actuator 106 is mounted on the side wall 1030. A wave-
preventing wall 1192f is mounted on the position where directly
faces to the actuator 106. The wave preventingwall 1192f extends
from the top wall 1040. Furthermore, a gap is provided between

20 the bottom faCé la and the wave preventing wall 1192f.

' Fig. 6(B) shows a croés sectional view from the front of
the ink cartridge of Fig.'G(A)._ The wéve preventing wall 1192f
is coupled to the side wall 1020 liquid tightly =Je) that ink can

" not pass through between the wave preventing wall 1192f and the

25 side wall 1020. By this configuration, ink remains only in thé
side of the actuator 106 which is formed by partitioning the
container 1 by the wave preventing wall 1192f, even if ink is
consumed. However, when ink sufface reaches to the 1owér end of

the wave preventing wall 1192f, gas enters to the actuator 106

30 side of the container 1 partitioned by the wave preventing wall
1192f. By the entering of the gas, ink remained in the actuator

106 side of the container 1 partitioned by the wave preventing



preventing wall 1192f. Fig. 7 (A shows a side cross section of the further
other enbodiment of the ink cartridge according to the present invention.
The actuator 106 is mounted on the side wall 1030 which is-vertical 15 to
the ink surface anong the wall of the cegtainer 1. A wave preventing wall
1192g is provided on the position where directly faces to the actuator
106. The wave preventing wall 1192g extends fromthe bottomface |la to the
top wall 1040. Fig. 7(B) shows a cross sectional view fromthe front of 20
the ink caw&Il dge2df f Fogs ol(tAko the gap supginopoded® beda/eelhetrhehe\nmpbium
preventing wall 1192g and the side wgg 1020 so.t hat, can rough
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t he Wwave preventing wa and the si de 1020 can
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direction of the ink cartridge, or the gharacter
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nounted on the side wall 1010 where the ink su(gwy port 2 is provided. 5

In Fig. 8, aiﬁEOlm,velerOéventrnguV\a‘ﬁ Igaisl92i PEOIGE GEdtBA tameapdset ithe

ot endd { ¢ O EHETCTPBP) SO b T S WRTEA L B G ol P ol RS ik

supply porgreveioingg tde1l nsigtef wal | nearby the ink supply port 2 of the
ink cartridge. On the other 10 hand, a gap i s provi d%d bete/veer}]the thop wal |
1040 and the waVed preifenshRyswal $idagposs section of the further other

embodiment of the ink cartridge according to the present invention.

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

15 to the ink surface among the wall of the container 1. A wave

preventing wall 1192g is provided on the position where directly

faces to the actuator 106. The wave preventingwall 11929 extends
from the bottom face la to the top wall 1040.

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

20 the ink cartridge of Fig. 7(A) . A gap is prov1ded between the

wave preventing wall 1192g and t_he side wall 1020 so.that ink can

pass through the gap. By this configuration, ink doee not remain

in the side of the actuator 106 which is formed by pal_*titioning

the container 1 by the wave preventing wall 1192g, even if ink

295 is consumed. Therefore, the level of ink surface around the

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

other region of container 1. Furthermore, the interval of the

gap between the wave preventing wall 11.929 and the side wall 1020

can be changed according to the'position of the actuator 106 on

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

of ink.



Because the cross section viewed fromthe front of the ink cartridge of
the present inventionis simlar to Fig. 5 (B) , the figure of which wll
be omitted for Fig. 8. There is a gap between 15 the wave preventing wal |
1192i and the side wall 1020. Because of7 the gap, ink does not remain in
the actuator 106 side of the container 1, which is forned by partitioning
the container 1 by the wave preventing wall, even if ink is consunmedl1192i
as the enbodi nent shown in Fig. 5. Therefore the |l evel of ink surface 20
around the actuafeg.196:9¢ §igl. vvéyssle@wai st.det heos svagciton lod Fhe feuthace of
t he ot her ion o hecn er t he nting wal l
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106. The vvav)erenpﬁementfrm@awahbtbic%]s ex reneht eldr e hbes idpwaval 11 01@40he £ t he
ot her 25 hand, a gap is provided between the supply port wal | 2a and the
wave pr eveﬁﬂ”ieng“\‘ﬂ/aFPPElEZPorBeEa&@epfﬂ‘él‘é‘?‘oss section viewed fromthe front.
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the ink surface, the actuator 106 can e located in any position on the
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5 the ROS! hian whers, dis soidy: dapes hadhe fackua! gny 109,
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preventi ng wa extends fromthe top wall 1040 to tﬂe supply port
~wal | 2a. Becaueetithg eabsslseziion viewed fromthe front of the |nk
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wave preveahifgidgé|ofl k9K priedehliei firdet Weh!is@Athidsr to Fig. 5(B), the
figure of which will be omitted for Fig. 8. There is a gap between
15 the wave preventing wall 11921 and the side wall 1020. Because
of the gap, ink does not remain in the actuator ios side of the
container 1, which is formed by partitioning the oontainer 1 by
the wave preventing wall, even if ink is consumedl192i as the
embodiment shown in Fig. 5. Therefore, the level of ink- surface
20 around the actuator 106 is always equal to the level of the ink
surface of the other region of the container 1. _

In Fig. 9, the wave preventing wall 1192j is pfovided on
the position where directly faces to the actuator 106. The wave
preventingwallll92jextendsfromthetopwall1040. On the other

-25 hand, a gap is provided between the supply port wall 2a and the
wave preventing wall 1192j. |

Because the cross section viewed from the front of the ink
cartridge of the present invention is similar to Fig. 6(B), the
figure of which will be omitted for Fig. 9. The wave preventing

30 wall 11927 is coupled to the side wall 1020 liquid so that ink
can not pass through between the wave preventing-wall 1192j and

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



shown.in Fig. 7 (B) . Therefore, ink does not remain in the side of the
actuator 106 which is fornmed by partitioning the container 1 by the wave
preventing wall 1192k, even if ink is consuned as 15 sanme as the enbodi nent
of Fig. 5. Therefore, the level of ink surface around the actuator 106 is
al ways equal to the level of ink surface of the other region of container
1. Fig. 11 to Fig. 13 show a side cross section of the further other
enbodi nent of the ink cartridge according to the present 20 invention. The
actuator 166 as fe@urtedhenacheabountasyivaimeeidadherbsheoprsateohayppdich
is located _below the ink sur e, a the side wall_,1030, which t ends
verti cal tBR?Het\:A%’%D%"(ﬁ’? &8 58??1 ¥ (}%eﬁpﬁas\}\ﬁg%c%re%%taﬁdr%{at\%l F%l@% i's
fixed to the cgnhakbAehnlagiyChot et oRNEnePle Ofa Bl Way€e PLEYENtiNng wal | 1192m
is 25 connected to the bottomface la, and the other end of which is
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directly face the actuator opes to the In surface. There is
a gap betweeaveheisgdelal l 9202k tardid firomebtee BOpprahMeabingavahe iy
among the wal| of th container 1 in the present enbodinment. Therefore,
the I evel BPTFn¥2shrface around the actuator 106 is al ways equal to the

level of ink surgacgusd 3R ctrBesotber i beaHidwed reont ahaefrdntewenthé idkK is
consunmed. Furthernore, the shape of the wave preventing wall 1192m of the
present enbadtrb@geiaf dlisspasseat! ynprakhécBhepe&iBdeguse Fhe- i hkBkarthd dge
accordjng e o) i : t} ; uato 06 !
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Furthernore, even in the case of manufacturing the wave preventing

1 by the wave preventing wall 1192k, even if ink is consumed as
15 same as the embodiment of Fig. 5. Therefore, the level of -ink
surface around the actuator 106 is always equal to the level of

ink surface of the other region of container 1.
Fig. il to Fig. 13 show a side cross section of the furthef
other embodiment of the ink cartridge according to the present
20 invention. The actuator 106 is mounted on theubduhdary between
the bottom face la, which is located below the ink surface, and
the side wall 1030, which extends vertical to the ink surface.
In Fig. 11, a wave preventing wall 1192m. is fixed to -the
container 1 such that one end of a wave preventing wall 1192m is
25 connected to the bottom face 1a> and the other end.of.which-is
connected to the side wall 1030. The wave pre#enting wall 1192m
is provided on the container 1 such that the wave preventing wall
1192m directly faces to the actuator 106 and slopes to the ink
surface. There is a gap between the side wall 1020 and the wave
30 preventing wall 1192m among the wall of the container 1 in the
present embodiment. Therefore, the level of iﬁk surface around

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



wal | 1192m as a i ndependent material with the container 1, it is

relatively easy to positioning the wave preventing wall 1192mon the
boundary of the wall of the container 1. Therefore, the 15 manufacturing
of the ink cartridge 180 becones easy. 4P Fig. 12, the position of nounting
the actuator 106 and the wave preventing wall 1192n on the container 1 is
sane as the enbodinent of the Fig. 11. On the other hand, the shape of the

wave preventing wall 1192n is a part of the spherical shell in 20 the
present enBffi neriST By SOREPI My’ t REHAYBSFr veftPRg Mal EnE19%n cPhsums@ape
of spheri cal,¢higlhorbhec L siplice dietyeenalBe ACLARL oy DB 30d,heraL L the

part of the wave preventing wall 1192n becones equal- r eby e wave
prevent i ngpwgiskentlepbodéomentot si ahbaeaskialiheptasedshépei brati on detected

by the actuator 106, 25 Furthernore, . the wave preventing wall 1192n can be
formed as a par ECofUEhe HorPEwW Y #Jh%?‘? @S SRARE. te}ll%plfi%&enﬁ?'%}?‘ﬁ 1BBRE ti on
of mounsi ngoheiagt yakokctRbrard 1okhenate HRMRRMNGMalle WD2p oN the
container 1 is sane as the enbodinent of the Fig. 11. On the -other hand,

the wave pFEREALNRY BOLRE Po319Dpning rdr FBE ot uatar AN thet PN phr bemnt
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1192n in a Lssh and reduci ng the gap between he wave pr.eyenting wal |
1192p Iand F’ﬁéfaif%a'{‘ &r’anlgé ﬁgogtb%‘b’ igiepﬁﬁgnéég?'l?értj"ef 5‘1""&5%8 suﬁ%iig%ﬁli se
bet weemo t hRawa¥Yecpneyegt idige 5wkl Ai82pnandgt hexiact uatom 106, A vayi ng

and bubbling of. ink around the actuator 106 can be effectively prevented.
Fig. 14 isFHTpBEEPeEei ¢&eW BItHE dafre PhKaEwiaGtygd nehileh wayedmsy g3i timsg |

types of ipks; ¥ienedd rom g back. 'ﬁjr‘b%ttegﬁ%‘ioivithatgﬁé” NG LRAD ¢ ig

enbodi nent. A container 8 is divided by division 10 walls into three ink

chanber s 9rel8t anel ¥ kadynk ospppl yi@orrts th2, wal8 mrel <k iare whailnedo 2erort he

reSpeCtiVetggkbgggggg§sbfl@hg %%HHOgE the container 1. Therefore, the
15 manufacturing of the ink cartridge 180 becomes easy. '

In Fig. 12, the position of mounting the actuator 106 and
the wave preventing wall 1192n on the container 1 is same as the
embodiment of the Fig. 11. On the other hand, the shape of the
wave preventing wall 1192n is a part of the spherical shell in

20 the present embodiment. ByshapingthewavepreventingWail1192n
in a shape of spherical shell, the distance between the actuator
106 and the all the part of the wave preventing wall 1192n becomes
equal. Thereby the wave preventing wall 1192n does not influence
the residual vibration detected by the actuator 106. . |

25 Furthermdre, the.wave pfeventing wall 1192n can be.formed“
as a part of the hollow cylindrical shape. | _

In Fig. 13, the position of mounting the actuator 106 and
the wave preventing wall 1192p on the container 1 is same as the
embodiment of the Fig. 11. On the other hand, the wave preveh'tir.lg

30 wall 1192p is formed in an L-shape in the present embodiment. The

wave preventing wall 1192p is provided on the container 1 such

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



face 8a of the respective ink chanbers 9, 10 and 11, the respective
actuator 15, 16 and 17 are nounted on the container 8 so that the actuator
can contact with the ink which is housed 4 n each ink 15 chanber via the

t hrough hol e provided on the container 8. Each of three different wave
preventing walls, not shown in the figure, is provided on the position of
each. of inside of the ink container 9,10 and 11 such that the each of the
wave preveniengawal 119 3foacasd tithd heoeach @kcactiaat 0By Idhaglifg artde 1wav@0
Fig. 15 is a perspective view of the ink cartridge which stores géural

types of iBKeVeRFéRed“albmPdPndR & HeSPRRF MY refior h§e gagnPetween

enbodi ment §PLabpeYe B | §g didided i3 Rald itheoB ctWRltbs hBb0abhi 68yl Ak
chanbers 9Fh§b gn%agl. ?n& §%pp|y po;?§)12, 1§ aﬁd 14 are fo?ned f%r t he
respect i vethakcgpahberg. fornca dicke i2E walilse. be2gewhi theexteadereeenttrd |y

to the jnk surface of the. respective. ipk chanbers 9, 10.a 11 e
respect] ve“a iu%&%%% aﬁ.}ﬂ¥%aﬁﬁaa ?ra}égnnﬁﬁﬁeﬁfYﬁPQIﬁg cgﬁggﬁﬁgg é? Een of
the actuabpbsSndSchdbacandcdd i66nvamtied Onfébeieary pfetderedk chanbers

9, 10, 11 so that the each of the actuators 15, 16, and 17 can_ 30 contact
With the ink whiBHIi slhous et OoF SPEEH 1vitk VéiR¥nBér thralPheCa¥ b tgh WO E! not
shown in t Lgure, oy C |, Der t r i

nount ed atQ%%%é%f5?%£Q%a¥¥§§?oﬁpwg$§%'aﬁ%gﬂgglfr$? %?%@?ﬁéﬁﬁﬁﬂtiéiﬁéfﬁé i nk
chanber 9 andotdingnio ehasriisrdibzEntandA ¢het panert t8 oA dvatidedihychivission

provi ded between the {nk chanber 10 and ge i ch er 11. Each, of. the
wave plroeve‘ﬁ‘t‘rﬁ@ W9 §l,hrﬁ8t la]ﬁdﬁ}?"&?‘?rtshg'f{t Lﬁ’E{,ﬂﬁS i 505 PO PadaP P RE P eg't he
each of ot hes iaHg ehaher o 9medlfoRBelde SpEb: i tHANKEARAMBEY § he MAN GOt tom
preventing walls faces to the actuators 15, 16, and 17 and extends to the

vertical dfeeeticont et hesPakt YR fakechampera 8./ X0 anFet 5pEREIRASRATW BT t he
o B S SRRl haaeeglo) Bk chheyet g e o
partition aathstontocanhcestaok whtenbsrs Sk Mhard 19 . hduded upplgaqiorirsk 12,
15 chamber via the through hole provided on the container 8.
Each of three different wave preventing walls; not shown
in the figure, is provided on the position of each_of inside of
the ink container 9,10 and 11 such that the each of the wave
preventing walls faces to the each of actuators 15, '16, and 17.

20 Fig. 15 is a perspective view of the ink cartridge-which
stores plural types of inks, viewed from a back side thereof,
according to an embodiment. A container 8 is divided by partition
walls into three ink chambers 9, 10 and 11. Ink supply ports 12,

13 and 14 are formed for the respective ink chambers. In a side

25 wall 1028 which extends vertically to the ink surface 6f the
respective ink chambers 9, 10 and 11, the respéctive actuators
15, 16 and 17 are mounted on the container 8. Each of the
actuators 15, 16, and 17 is mounted on the each of the ink chambers
9, 10, 11 so that the each of the actua'torslls, 16, and 17 can

30 contact with the ink which is housed in each ink chamber via the
through hole, not shown in the figure, provided on the container

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



13 and 14 are fornmed for the respective ink chanbers. Each of actuators
15, 16 and 17 is nounted on the container 8 just nearby " the each of the
ink supply port 12, 13, and 14, respectl er Each 15 of the actuators 15,
16, and 17 is mounted on the each of the dn chanmbers 9, 10, 11 so that

t he each of the actuators 15; 16, and 17 can contact with the ink which is
housed in each ink chanber via the through hole, not shown in the figure,

provi ded on gt BeovEQaE Adibledh 28 Faechafuddie ovaye e YaRtdngnva!l he, BR4
shown in the figure, is provided inside the each of the ink chanber 9, 10,

and 11 suclhet hartehcpnofalilhe wided ps aventiday metvsehatks ik chembetruad or s

15, 16, a 1 S i i 8 to Fig. 11. Fig. 17 is a perspective
vi ew of th%gﬁn%h%arﬁ gg% mﬁ?c%l'ZS stores plural types of inks, viewed

froma back sideEtbRrebdfthe ageopdiev@nitd nanwelbodin@nshofAnCimtaienti g@rdAs

same constitute elenent as shown in Flg 14 to Fig. 16. A sloped face
whi ch sPopéds P¥ovidediineisds fheecieh o T‘ﬁeﬁn]&ﬁlﬁ‘ig%?tf ol f & 8A.Sweleh of

actuators %ﬁatléaa%flzhésﬂgwgtr%@egelhg%ﬂp@%ce%c@ol&?éaetua@agp 150 of
the ink chanmbers 9, 10, and 11. Each of the wave preventing walls, not

shown in tRé,farguie arndse)preawdﬁed tihesvelet { bl dackctfi onheo Ehk ickhasdoefa®s . 10,

d 11 h . Furth t.h t 15, 16, .and .17
e provi ded 5. oRtShet Botidb O A Gal et Rt LA, GFR SAER BIRLr T IE ho

contai ner s8orkp phusatasgpecash ofiké hevivewed Pf edend i Bgekad1de | therei ded
inside the each of the ink chanbers 9, 10, and 11 as _shown _ in Fig. 11 to
Fig. 13 FRgeCI8ing te 2R GEPAgEMENSnal A\FORK 24N §d SaP BHIRAIPHEMI toft iorp a

maj or partwgilghﬁqﬂ@lﬁﬂr%te mﬁ%{an@er@o@ar@é US4 t abt g for, tl?e?oftg'g 12,

cartridge shown in Fig. 1. Acarriage 30 capabl e of . reC|p 0 ing in'the
direction &8 &hé W dalhe ofortnesd rieportdiengepaeet ivies isgurppedewst h Eacubtfank
unit 33, MhE uagggsrl %iggthﬁQS%%ounted.on the container 8 just nearby
the each of the ink supply port 12, 13, and 14, respectively. Each
15 of the actuators 15, 16, and 17 is mounted on the each of.the ink
chambers 9, 10, 11 so that the each of the actuators 15, 16, and
17 can contact with the ink which is housed in each ink chamber
via the through hole, not shown in the figure, provided on the
container 8.
20 Each of the wave preventing'wails, not shown in the figure,
is provided inside the each of the ink chamber 9, 10, and 11 such
that each of the wave preventing walls faces to the actuators 15,
16, and 17 as shown in Fig. 8 to Fig. 11. _
Fig. 17 is a perspective view of the ink éartridge'which
25 stores plural types of inks, viewed from a back side thereof,
according to an embodiment. A container 8 has same constitute
element as shown in Fig. 14 to Fig. 16. A sloped face which slopes
to the ink surface is provided on the bottom face 8a. Each of

actuators 15, 16 and 17 is mounted on the'sloped face 1025 of each

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



is provided in a |lower face of the subtank unit 33. Mreover, 15 the ink
supply needle 32 is provided in an ink cartridge nounting face side of the
subtank unit 33. In the present enbodinent, the ink cartridge shown in
Fig. 1 is used. Therefore, the wave pré@enting wal | 1192a is nounted on
the position which faces to the actuator 106. However, the ink cartridge
shown-in Fig. 2 to 20 Fig. 17 can be used instead of the ink.cartridge

shown.in Fig. 1, dheeefior e, the veye. preventido wal in shown i;l@e':ﬂiggulfee,é()p

Fig. 17 can be used. for the present enbodinent. Fig. 19 is a detal

cross sectimmatowiided ahsadsubhankaahi¢ef t38 asikachembedi Aent0ofandel 1 iagui d
contai ner gccording to the 25 present invention. The subtank unit 33
conprises %yqlﬂ('%U6bI¢'needle 32, the ink chanber 34, a flexible valve 36

and a filter 3Fyudihddh@dak cebagbenaddrstihe, iTk ishichotsesh W grdsded
supplied fromthe ink cartridge via ink supply needle 32. The flexible
val ve 36 i% shedesingaed @hahettrd ¥4 BRkablad jpdinea @ ot §egpighele &M t36 NGrosed

by neans t S di e n i : i nk
supply pagiaggg3g5§%H§L§abf%%ﬁ{Sﬁf?h%3ggggs%£gg%%§¥?ﬁcte %Hﬁ%é¥ﬁ§qﬁ%ge
suppl y pasisegele3bheseaamuint hat vtk whimbd3s 9 ha 0r,eeoddl hgshehdwBlirs&Fighat
the ink can be supplied up to the recording head 31. Furthernore, the

act uat or fdﬁtﬁéﬁuﬁg founted on the side wall 1050 which extends to

vertical direct iyq%.t PgtNe & BkosUr£@6E1 ofa RRBNG, Ehewiah! aRfedi Sihiarle unit
33. The actuator I06 is nounted on the side wall 1050 so that the actuator

106 cdf cenmades mixth ofi Akei ek deet edandicleapberrajushselighd thd athitbagh
hol e 1001g whi §§rt'§?§é O‘é:n%% on, the side wall 1050 eBWaygaere{l?lVgnh'fn.g
ex endrs om e § dal to. t

wal | 1192& fiTter "37 to the upwar Iréctio e ink
10 surfaceezdprivatattiheg ivavé&epd evednt i cig ofiat he ¥182¢9 dacks tecdieing pepeat or

106. A gap is ﬁtoviged,betmgggg%g%htop wall 1060, i%p hgjﬁfe%e%%mgrd t he

ink surfadé SHIPPRE WabR %r T} ﬁnWéIP3'1%§?£? the reco El 1
is provided in a lower face of the subtank unit 33. Moreover,

15 the ink supply needle 32 is provided in an ink cartridge mounting

face side of the subtank unit 33. 1In the present embodiment, the

ink cartridge shown in Fig. 1 is used. Therefore, the wave
preventing wall 1192a is mounted on the position which faces to

the actuator 106. However, the ink cartridge shown-in Fig. 2 to

20 Fig. 17 can be used instead of the ink cartridge shown in Fig.
1. | Therefore,. the wave preventiné wall .showh in Flg 2 top- Fig.

17 can be used for the present embodiment. - : :

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

25 present invention. The subtank unit 33 comprises the ink supply
needle 32, the ink chamber 34, a flexible valve 36 and a filter

37. 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

30 closed by means of the pressure difference between the ink chamber
34 and the ink supply passage 35. The subtank unit 33 is so

constructed that the ink supply passage 35 is communicated with



A gap.is provided between the actuator 106 and the wave 15 preventing wal l
1192q. If ink is filled in the ink cartridge, ink is filled in the gap
bet ween the actuator 106 and the wave gfeventlng wal | 1192g. On the other
hand, if the ink inside the ink cartri ge is consuned, ink is not held in
the gap between the actuator 106 and the wave preventing wall 1192q. That
is, the 20 capillary force, which holds ink, does not works between the

act uat or 1Q@1ea'i’@cbli‘@1\°@vﬁe£’éeyf@d r&%awalthelia;%qca;r hse %!L&%ﬁl%‘%ﬁh opcofnthe

subtank unit 33 viewed fromthe direction of the side wa 1050 is simlar
to the cros§09edum@nhe©ﬁ Bhe |nk cartridge shown in Fig. 5 (B) . Agap is.
provi ded betmeen he S|de not sho in the f| ure i adj. acent
to the side 6% TERESt he ﬁe%%t%?%%%n |rmf%&ﬂqe t ﬁe EESe &8? t he

i nk SurfaC@aQHOMUQOtMC&CEthE@HSJ-@@ Vs tail ey 8 i eelddli ohot & hfhd eviel supfatbe
i nk surface of the other glon of the container 1. Therefore, with the

- consunp®i oRMENSt hee N’ﬁilll%%F 8 SYRFITHKUBRERGer 3DeREL YO 2061 SgropRked
surface bel @Heté"'Pdé'wQﬁ 1\A@b%olgécekbr?am tmeacw@geoerffy@@ameoﬂe!akt;1‘9?9{%&' SO

decreases. e actuator 106 ther does not m stakenly detect the in
consunpti orinkt meisde 34e Fuk tChemﬂmrreM teherolugihgtt e ¢hroughwawke proédenvhnghwal |

1192q from,the filter 37 can. accqQrding to the 05|t|
Botuat or 108 RECYHISS S0ci O 1BRaT i L0GPT acth e Yener PRt eyl StoThe.
gener ati onegtehal Wave Mlecmueernﬁbueaceﬁebupmedvasﬁ@etwn Scofthékink

Furthernore, interval of the gap between the wave__preventing wall. 1192q
and t h&0si G4TRare FO20-hddn e cHRifgeBTr S¥eRbH AT YAl tREZFodiatesn Tt

act uat or Qgttgratg?ggléélbt %nﬁamh rovi dbR%S m@ﬁe eép J@Wh@%@t 'mléﬁgl on.

of the actu or cterlstlc of 1 nk. erring to Fig.
18, when t hechhkssupphydpohe 2 nif sunfaqannandmﬂhd_wawerpm&ﬁ&ntnmgomghlthe
i nk supply n dle 32 of the subtank unit 33, the valve body 6 recedes
agai nst thétl §§ Hing 5, so that an ink passage is forned and the ink inside

t he contai ner A gap is provided between the actuator 106 and the wave

15 preventing wall 1192q. If ink is filled in the ink cartridge,

ink is filled in the gap between the actuator 106 and the wave

preventing wall 1192g. On the other hand, if the ink inside the

ink cartridge is consumed, ink is not held in the gap between the

actuator 106 and the wave preventing wall 1192q. That is, the

20 capillary force,'which holds ink, does not works between_thé

actuator 106 and the wave preventing wall 1192qg. |

The cross section of the.subtahk unit 33 viewed from the

direction of the side wall 1050 is similar to the cross section

of the ink cartridge shown in Flg 5(B). Agap is provided between

25 the_eide wall, not shown in the figure, which adjacent to the side

wall 1050 and the wave preventing wall 1192g. The level of the

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

of the ink surface of the other region of the cohtainer 1.
Therefore, with the consumpticnlof.the ink inside the ink.chambef '

30 34, the level of ink surface between the side wall 1050 and the

wave preventing wall 1192q also decreasée. The aetuatbr 106

thereby does not mistakenly detect the ink consumption status.



1 flows into the ink chanber 34. At a stage where the ink chanber 15 34 is
filled wth ink, a negative pressure is applied to a nozzle opening of the
recording head 31 so as to fill ‘'the recqrding head wth ink. Thereafter,
the recording operation is perforned. en the ink is consuned in the
recording head 31 by the recording operation, a pressure in the downstream
of the flexible 20 valve 36 decreases. Then, the flexible valve 36 is

posi tioned away fuiherida/e thedYed§tBOoASHE WREEOFR QpaREAgaSa ShoMIb i
Fig. 19. Wen the flexible valve 36 is opened, the ink in the ink chamnber

34 f | ows frem thre fiddedidlg cReabe3thargedghCEREdiRR pasthgerossLion of
Acconpani i i [Nt 9 t r.ecor di | 31, the
B T e e R T b R Y S e A
needl e 32.ofVbheay®te r4 thiometfundlo wal@owlandh tilke i nAvee peed et t hg wiaddosairtsy
provi ded at_| east one of the ink cartridge and the subtank unit However,

the acPuatdr 106 andUFhESKICE Spr VBT RG waf | t08n 45 ROCPBPeRi 488 BEME of
the ink catdiddge @nd.die subb@nkndniche By 4 avidi ngobbhecant yat haHieand
the wave preventing wall on both of the ink cartridge and the subtank

uni t, the daflorsidBso shanesisflorhelitike eateitegel Andn kbestibeaamk wmiit can
be accurate) y . deteatad, J20L cexpupl oL ieof ecor g, ARARL AN, G2 g et 1o
stop the recording operation en Oneé of tHe Cases arises suc that t'he

nunber of drhe Hlr elaateswdisicharged fimkn t he recording head 5 reach to the
predet er mi ned nunber of droplets during the nmeasuring _of the nunber of
dropl dfs after Fi5deddting & FO6- Wi cHIER AbEnti@df SHWPLe BORE Caftr itdGe,

detect's t e rRnd 105 ot habet B AOLUALAN crEDGrIOUNbEYy et e DAk NI ¢

33 detects the ink end. Furthernore, t recordi ng” apparatus can be set to.
stop the subteedorgiitg3dpetheivnl whéedyothrefetihe aasesstartiizespicly that

(he prurtsl Syt UAL bR SCh B9 LRI P R0t a8 PR L ERR Ny ©
nmount ed on fhewsnintcarthe tge chdelbeet 34t hent aksesnge attre the ink chamber
15 34 is filled with ink, a negative pressure is applied to a nozzle
opening of the recording head 31 so as to fill the:recbrding'head
with ink. Thereafter, the recording operation is perfdrmed.
When the ink is consumed in the recording head 31 by the
recording operation, a pressure in the downstream of the flexible
20 valve 36 decreases. Then, the flexible valve 36 is positioned
away from a valve body 38 so as to become opened as shown in Fig.:..
19. When the flexible valve 36 is opened, the ink in the ink
chamber 34 flows into the recording head 31 through the ink passage
35. Accompanied by the ink which has flowed into the recording
25 head 31, the ink in the container 1 flows into the subtank unit
33 via the ink supply needle 32. _
Moreover, the actuator 106 and the wave preventing wall are
provided at least one of the ink cartridge and the subtank unit.
However, the actuator 106 and the wave preventing wall can be
30 provided both of the ink cartridge and the subtank unit.
By providing the actuator 106 and the wave preventing wall

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



t hat the actuator 106 nounted on the subtank unit 33 detects the 15 ink
end. Wiile the recording apparatus is operating, a drive signal 1is
supplied to the actuator 106 at a period ﬁhich is set in advance. Fig. 20
is a cross sectional view of another enbddiment of a subtank unit 33 of the
i quid container according to the present 20 invention. The actuator 106
is mounted on the side wall 1050. The wave preventing wall 1192r extends

fromthe topWald c2G8Q inmaczktfi%deogﬁa%eugﬁhggnguﬁi gﬁpkbésgst:z:gggigig of

downward to the ink surface. There Is a gap between t ower “én
the wave Sledhe@teidng wabt €9®wland eherdddndama3 Appddrasarercaa bapsis 26

provi ded b en,the wave.preventi wal | 1192r d.the side wall adjacent
to the sidE&&§1FhfogﬁFoﬁélggp?PFﬁ?gg?%r%gfnWﬂ?%ﬁ%ﬂéﬁﬁécaﬁﬁﬁ,aﬁﬁ?§§ssB€Pmeen
the wave  preéventhagundlelr dA92e @sbidies dagtHatged & mehai MdAd ity hBS&a

enbodi nent shown in Fig. 19. Because a gap is provided between thé wave
pr event P ng TR&CH tBphe rrmdesnr e dsngebonll deprkent dus inge hs deasmat ing

1050, the Lev@he nefmlehes i H-SyLfac tor 106 is always equa
to the |evel o? rlt he i nk siauro gget%o ft %lé@ghée%@?%%%%ﬁoof’ ‘f’ﬁéc%(%r?tnéci“ﬁ%?e§4.
36 Ther ef onefthehénkhctamt niddOp ditants thHee iinkk eewid ost ahas bye sletestbng

the ink su ce at the nouptin osjtion of _the actuator ,106. Fig. 21 is a
Cross sectﬁgﬁapoﬁpgﬁgo?nfgB?hggbgﬂB hePit 53 3nfetrnkft tof 5% nk unit 33

of the |iquid corbatRermacePrtdingecbPdi N8 dPfsaitud PYAMd QB¢ t@gtégt'% or
106 is_nounted on the side wall 1050. The wave preventing wall 1192s

ext end’? f r BRFPREIPGPOPEEAT 1anEt UMb ht BE Fhe tarSS8Y amNeesaplbharyat orloe,
o o ! Sk RS e LB YIS ekl 14%5, 0t e 10
gap is provpdeke hetavkedre thsmadavempeevefitdgpl evad la fEEI2 s handct e Si depeyal |
adj acent to, the side wall.1050. Therefore, the | evel of the ink surface
ar ound thewg&fﬁa{%rma\ﬁged_on the ink cartridge, detects the ink end and
that the actuator 106 mounted on the subtank unit 33 detects the
15 ink end. |
While the recording apparatus is operating, a drive signal
is supplied to the actuator 106 at a period which is set in.advance.
Fig. 20 is a cross sectional view of anothef embodiment of
a subtank unit 33 of the liquid container according to the preserit
20 invention. The actuator 106 is mounted on the side wall 1050.
The wave preventing wall 1192r extends from the top wall 1060,
which is located upside of the ink surface, downward to the ink
surface. There is a gap between the lower end 192a of the wave
pre.venting wall 1192r and the filte.r 37. Moreover, ‘a gap is
25 provided between the wave prever.lting wall 1192r and the side wall
- adjacent to the side wall 1050. No capillary force, V.JhiCh. holds
ink, arises between the wave preventing wall 1192r and the
actuator 106 as similar to the embodiment shown in Fig. 19.
Because a gap is provided between the wave preventing wall
30 1192r and the side wall adjacent to the side.wall 1050, Ithe_level

of the ink surface around the actuator 106 is always equai to the

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



is always equal to the level of the ink surface of the other region 15 of
the container 34. Fig. 22 and Fig. 23 shows a detail and equivalent circuit
of an actuator 106, which is an enbodin% t of the piezoelectric device of
the present invention. The actuator expl’a@ined herein is used at |east for
the nethod which detects the liquid 20 consunption status in the liquid
contai ner by detecting a change in acoustic inpedance. Especially, the

act uat or '§%g§§éo£9r the g@émﬂ%ﬁha@e QRIRLLS: t PRe! TGN de G@NSYERLION,y,
status in the'lTiquid container by detecting at |east the change in

acousti c idpedanteg tihye tek ectrifaget de thesomant iy pggetndynf ¢ Drheesd st or
vibration.hgig. 25 22(A) is an enlarged plan view of the actuator 106. Fig.
22(B) sho a B-B cross-section of the actuator 106. Fig. 22 (C) shows a

C-C cross-secti an@f bhejactalatebsd0@edtiidnadd «Aw aBl FiuGthed LB)tisdowns
an equivalent circuit of the actuator 106. Each of Fig.. 23 (C and Fig.
23 (D) SshorBPedieneet @4t arsugEehHnaE oth @ £t Blee ddiqvetbeCBDa108T afftPEhieng

equi val ent_ Ci ' or i : ' - - 4 0K
cartr dge."Hroe Bhdint InERE RS HHO MIRREE 10K 12 Febhbblon BrL B e
act uat or @61 arid &t.he Teguwsak gntedInt g o ltl Afl oLIse eacendsof r&H6E vheror her e
i's no ink iéhthe i nk c%rt%idge The_actuyat or 132 i ncLudes a base plate
178, a vi Bfakd AQehratd l1¥8e Lihresobl ectid EaPAYERTY6HOT SR UPPET % ode
164 and 5 9 | odBi s&Lepltdenlbbhe ANaVPPBLcOLaet hadaydier M Ngds 1684 aHeower
el ectrode termnal 170, and a supplenentary el ectrode 172. The base plate

178 hdd a adtruatar Wiapes opiewilRy 161 e mypraskineattelshown sircdiicer 1The
vibrating plate 76 |8 BIQVi ge qsoggo%dg{aebeé&gegq W GRL S ,5)dgd
. e base p 1

~"right side" in follow ng, o ate 3 such as to cover the
openi ng 16da11Thel g ezaed eche | sidéayet 1l 168jasedi sposetieosidieghtaldi de@saef. t he

surface of the vibratin late_176. T | ectrqde, 164 dth
ol ectr ode TS e St on +REED! 85 GoRe itk SUPAFEE. B0UPoRPD Gt 1t 1oRe.

upper ‘is always equal to the level of the ink surface of the other region
‘15 of the container 34.

' Fig. 22 and Fig. 23 shows a detail and equivalent circuit
of an actuator 106, which is an embodiment of the piezoélectric
deQice of the present invention. The actuator explained herein
is used at least for the method -which detects the liquid

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

25 22(A) is ah enlarged plan view of the écﬁuator 106. Fig. 22(B)
shows a B-B cross-section of the actuator 106. Fig. 22(C) shows
a C-C cross-section of the actuator 106. Fig. 23(A) and Fig._23
(.B) shows an equivalent circuit of the actuator 106. Each of Fig.
23 (C) and Fig. 23 (D) shows the actuator 106 and around the actuator

30 106, and the equivalent circuit of the actuator 106 when an ink
is filled in the ink cartridge. Fig. 23(E) and Fig. 23 (F) shows

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



el ectr.ode term nal 168 connects to the upper electrode 164 15 electrically.
The lower electrode termnal 170 connects to the |ower electrode 166

el ectrically. The supplenentary electro 172 is di sposed between the
upper el ectrode 164 and the upper electtode term nal 168 and connects both
of the upper electrode 164 and the upper electrode term nal 168. Each of
the 20 piezoelectric lrayer 160, upper electrode 164, and the | ower

el ectrode 1L66RA% Cidifdl M c P I Ofo@Swhés FRERPALE RN i frach, Ofet PR
circular portion of the piezoelectric |ayer 160, the upper electrode 164,

and. t he | ow&rtalideerode 166 form a piezoelectric elenent. 25 The vibrating

plate 176 is for i 51.d the, _surface o he_base plate 178
to cover .the ope%ﬁ%gggg&gg?cﬁegggv?tlg?u%%i ?sb?g?nggag(f/ hl ’p%rY%%ﬁgtb?n?he
vibrating plate 176, apiiekzoefllacesithbappenietry d6luppet dlre-tapetd ng4l$dd of

the on the surface . of the base plate 178. The face of the base plate 178
whi ch 936 6BBBEI $Ee St HRADiGbhe 2pi BPBRF cRt FFer @@ esimingd| 16§ a8 ek

side” in £okbeyhRd. céemiALE W tANNE LG LSO A NAle i dRre THE . COMILY
162 is constructed Stl:JChmthat dltr)tgue' %{?&i t§y Li%g cont acf}érajmetcﬁr%?c?ugzs BS‘wlérhe
vi brati ng peseerlyee i1y rbast ediorrulee bhspepbpering 8 luoh apritoximetélyui d

does not leak to the right side . of th urface.of the. .bagse plate 178 even
if the quﬁ?a Eﬁf’é%'i e A tpf}a%gz.la’ héd®| 8&8?1815@0??0%8 1%%13 "re}ée |
| ocat ed onftbhe,rvghthsideaflddas bryght adidg" plratfe 11 duinghabfi She ppasi te .
side against the |liquid container. The |ower electrode 166 is provided on
the vi BY at Phgtepl 38 eSuTls a%ichP tInates Kdec OResingr 16Re cThe B E2zqRorasion of

the lover 1electifes Hi&p MULOn 1S b M8 de BET OB QfF 2LRE, £ PHET; f.pge
166, and thg cent ersof tphe operrlli n§%161 substanti f‘;illlf_;l matcﬁ}gg,\,%e alrrg 10
of the cirpubbe ptdti Giheofupphe edwetrefectdbdedl ébel sowet ¢bedierodemmldér

(han the LeRaOl eI CRENI ok 1, 2 2298 PELE ol PYSelo0r 2 e on
center of &becerodel aerpankilon éddconnects to the upper electrode 164
15 électrically. The lower electrode terminal 170 connects to the
lower electrode 166 electrically. The supplementary electrode
172 is disposed between the upper electrode 164 and the upper
electrode terminal 168 and connects both of the upper electrode
164 and the upper electrode terminal 168. Each of the
20 piezoelectric layer 160, -upper electrode 164, and the lower
electrode 166 has a circular portion as its main poftion._ Each
of the circulax‘porticn1of the'piezoelectric layer 160, the upper
. electrode 164, and the lower electrode 166 form a piezoelectric
" element. ' .
25 The vibrating plate 176 is formed on the right side of the
surface of the base plate 178 to cover the opening 161. The.cavit}ll
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
30 opposite side of the piezoelectric element, called as-"back side"
in following, is facedwith the liquid container side. The cavity

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



the center of. the opening 161 substantially match. The area of 15 the
ci.rcular portion of the piezoelectric layer 160 is set to be smaller than
the area of the opening 161 and | arger Sgan the area of the circular
portion of the | ower electrode 166. The~upper electrode 164 is formed on
the right side of the surface of the piezoelectric |ayer 160 such that the
center of 20 the circular portion, which is a piezoelectric layer 160, and

the center 9& vtlfi)(}a(%g Egatj:gll Qgt n”@}tlé;riwas-gh QE@%?QJ sEBﬁ hat
%%L d% 1 % %

circul ar portlon of upper ectro is set to be snaller t he
area of theheilicplial dpeist non béakru1>mmenrmghﬁ6é1dwubﬁlmhe puefaeée@fruhe

| ayer 160 and | er _than the a t he, circul ar. portion of the | ower
el St r ode HORE FHb AR SvERel huk B dotd oh SO 4o | PEeaBar BEITTE Payh? 160
has a structure fHe heweandykePe8abdY1 dd1€ sMBbFa ol tdrPBhef r idie: WBPRIof the

el ectrode 164 and the main portion of the |ower el ectrode each fromright

si de fdce ‘ahwmme St A6, ah@tt AGs PRECHAFA Ppodei ¥R Bustofthehd iquid
pi ezoel ectri e 12‘8. C?rﬁwsfrfeelcé Vil de 196 YE AP £ ibratin
ayer 1 Ch | oh of

plezoelectrlc circular portion, Is a fmin porti
each of thelgiez06lacth thakayies céﬁﬁertdfethppﬁrrcﬁﬂlazepectliod@flﬁkie lanekrt he
| ower el ectrode 166, forns. the £|ezoelectr|c Ieneaf%ln t he actuyator 106.

As expl ai EFHIRAS 166 it QR £5] @ MBSt tYR CActRE WiMe Tt RESGT BPSE §ilvs -

plate. WthidentheftidcyE 3crh808f>éh9ﬂg afs 1t hep SPREF 1 £1 PfHaQ@%e%GAf , TIgd Tadlaar
portion 5 of the piezoelectric layer. 160, the circ ortion of the

| ower 10e| exft rtde cizadlekepopenpngofiaihe th%vecrp@rlne@@rpéﬁ héé ipesdtartgede
By t t i i .eqi whi
7R B, RS VELN S, Lbes UDLAL g eyl oy vian seLyallic il onates

each of thE&HI@Uf@fm@@rbhOﬁhefrﬁ@etumﬁekalﬂfaﬂﬁﬁts@ﬂﬁad@4oﬁndhéh&o®Emcular
portion of the piezoelectric |ayer, 160 and the circul ar, portion of t

| over el e Kigs 16faFlEn the FPﬁaﬂe?%%rd? R PHEYFPRG t16L a?
vi brating yjeatenkegoBBSt heashdyind brat eupWEbhkRathe GhteHl arrRoGlianogf the

| over 15 the circular portion of the piezoelectric layer 160 is set to be
“smaller than the area of the opening 161 and larger than the area
' bf the circular portion of the lower electrode 166.
- The upper electrode 164 is formed on the right side of the
surface of the piezoelectric layer 160 such that the center of
20 the circular portion, which is a piezoelectric layer 160, and the R
center of the opening 161 substantially match. The area of the
circulér portion of the upper electrode 164 is set to be smalier
than the area of the circular portion of the opening 161 and the.
piezoelectric 1ayer 160 and larger than the area of the circular
25 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
30 of the p-iezoelectric layer 16.0 can ef-fectively_dfive and deform

the piezoelectric layer 160. The ci'rcula_r portion, which is a

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



el ectrode 166 and the circular portion of the upper el ectrode 164 15 which
connects to the piezoelectric layer 160 electrically, the <circular portion
of the lower electrode 166 is smaller.-thgn the circular portion of the
upper electrode 164. Therefore, the «circular portion of the |ower

el ectrode 166 determ nes the portion- which generates the piezoelectric
effect wwthin the piezoelectric 20 layer '160. The center of the circular

portion of chhecpbezoehegtrigng | ayer i@@erthglggeﬁédglefgépdefépﬁs apg.t he

| ower- el ectrode 166, whi ch -formthe piezoelectric elenent.,

'subst ant i aPipzeal eAtroct hkemnemt ém chet het vpear 0661 AsMerpoduénegdtdizocent er
of the circula shape: openi ng 161, whi ch _deterpi nes the.vjbrating,
section ofgﬁﬁegleggFéfiéékTééﬁﬁg ,éﬁﬁswﬁngf deéﬁ}?ﬁénng}%é?réﬁ%ﬁ%%n
center of thbeiasdulaiopotfbonWreELBbaigpert BeeetRbae 4 | ke reubuatpdsie: S&eti on

of the actuator 106 matches to the center of the actuator 106.. Because the
mai n pottiBh Ote PHEZpRE26EF &6t kI Xe e l6Re nEhe fd navd a30Por b er &tfi Aeskesn of

the vibratipng.plate 1{6; haw ¢iibeuhgar shap ~ iQr aLi.n Qﬁ%i f
.the actuat or 506 is'synnetf?g r é %ut@ a cen?’fadgﬁ1égqag%ga?%§ 1 é%gﬁ
Because t hareiabr &8y nghs®cstiorctsresy et rvidatataboytreg icentwridf ddmsaactyat or

106, the excitation af the unnecessar ibratio occurr owing to the

asymmetric’s F%é?ﬁrwe&ggﬁf ggelegQ/]éﬁ Je’a%./ pl &t é?ocﬁleet,elfrﬁle“%cggi}fr g%? Prening

detecting tLbe.r es@ned rifid 8 UeaEyh Sof Nereasescultit BerFaLe, otIeQQiéS%od);hﬁ' )
, the

vibrating section is symetric about the center of the actuator
act uat Bt 18bectsodadyp 4 dnddeher acr ardar ey ipusof Hdeunéeenndsst victlpyeshape

for each of tz{]ﬁi r&iheez9%&%9&5&0%&@98@0&%30%ooggggg@ggroaf@eﬁae.{Osr%uet B

unevenness 0 e resonant freguency for each plr ézoel ectric
el enent 1l74dreacheaselse aFfgat bEtiner epebioausd t be wikhraatimgp$ece ibecdres an

i sotropi h , the vibrating section is difficult to be inf]uenced by
;ﬁg Lﬁgbgn%%ggf%fvfﬁgaffxingngﬁP?nﬁthénﬁﬁﬁgfﬁb BPBERSE. OfhatPfs 1MeE

vibrating eee¢t€dé 966 and the circular portion of the upper electrode 164
15 ~which connects to the piezoelectric layer 160 electrically, the
circular portion of the lower'electrode 166 is sméller than the
circular porﬁion of the upper electrode i64. Therefore; the
circulérportionofthelowerelectrode166determinestheportion
whichgenératesthepiezoélectrideffectwithinthepiezoelectric'
20 layer 160. | |
- The center of the circular portion of the piezoelectric.
- layer 160, the upper electrode 164, aﬁd.the lower electrode 166,
_which form the piezoelectric-element,'substantially'match to the
center of the opening 161,. Moreover, the center of the circular
25 éhape opening 161, which’detérmines the vibrating section of thel
vibrating plate 176, is provided on the approximately center of
the actuator 106. Theréfore,fhecenterbffﬂu&vibratingsection
"of the actuator 106 matches tb tﬁe éenter of the actuator”106.
Because the main portion of.ﬁhe piezoelectric element and the
30 .yibratingsectionofthevibratingplatel76haveacﬂ1tularshape,
the vibrating section of the actuator 106 is symmetrical about

a center of the actuator 106.



bonded to the liquid container uniformy. Therefore, the 15 actuator 106
is easy to assenble to the liquid container. Furthernore, because the
vibrating section of the vibrating plate 176 has a circul ar shape, the

| ower resonant node, for exanple, the 6Pinary resonant node dom nates on
the resonant node of the residual vibration of the piezoelectric |ayer
160, and thus 20 the single peak appears on the resonant node. Therefore,

the peak and thﬁe@&é th m%ﬂ&%{iegek%ﬁqscg%ﬁgxr%ea&%m}é;s dananant

frequency can be clearly detecte urt her nore, e accuracy o
det ecti on of tHeearesanantl0d r edpecagyitanibe diuthlkennnacesased viramnilar ge

the area of the %‘%brati ng sec}li on of the circul ar shape .25 vibrating, plate
176 becaus@CTWer of f PEHRACEC of PENESYRPPIEdfe SHF UEHE Sc St - etireec\‘terlbcr?g%'i ve

force and therdidfer epae @leclibgcyamy | daec©ind heneeserphnt EaRRBhcy

occurred by whether the liquid exists..inside the liquid container
i ncreade. THEreRSe$ acerBHit femarst.edbBygavhe Vilr atMidFagfinghese@DiQR bridt i ng

late 176 J e ' he_ Vi j f
Phe base plariieoe el LE LR AEHERe SAIRIERER DY chad i AR
constit ut eis pastyheobaseu phat erd 7&riiavhng die unsmaidesonyil thacehape domeans
it is difficult to be displaced by the vibratjion, and the vibrati pl at e
176 havi n 3T} RGeS CBhPFPBTEE: R ¢ GRETs SP PS SaS5oeerte dREHICIoEd by

the vibratdn. ynBYehRkgst Wor | _%Yl@r.sreséér&%@r erelii@ndgt UBb Or <LeR Can Ree
reliably 5. fixed to the liquid container by the base plate 178 and at the

same tl0me niveql gt tacamsitenentt A 4vibraerAagspl afwrUlrsrmgre hdeaguseathen can
be increased. Therefore, th i rence of a |t : ' er

el ectrormt\fl\cli)er J(;lrer{ S l?ﬁegagf%%ﬁgﬁggrOpch %Egpgﬁpn?if%u\gl(ejberoaf(g]t%%r(%gg%ant
frequency idepeindeicdne whetdweri nffQ dedd ¢y d hexivstesrdmsisde offhe hlei guixdng
contai ner |ncreases, and thus the accuracy, of the detection of the

resonant fHEqUEhAPS ROPEESEs PTOEGFEher MRk, L freddifs &/ Y HE Wi SIS E ot St he
vibrating gides 1¢6 drie | 28g8iat RoRtdgRuat LARFEEmi e Vidiatd irdeceaases

so that the :
15 actuator 106 is easy to assemble to the liquid container.
Furthermore, because the vibrating section of the vibrating
‘'plate 176 has a circular shape, the lower resonant mode, for.
example, the primary resonant mode dominates on the resonant mode
of the residual vibration of the piezoelectric layer 160, and thus
20 the single peak appears on the resonant mode. Therefore, the peak
and the noise can be distinguishéd élearly so that the resonant
ffequency can be clearly detected. Furthermore, the accuracy of
the detection of the resonant frequency can be _fur_ther increased
by enlarge the area of the vibratirig section of the circular shape
.25 vibrating plate 176 because the difference of the amplitude of
the counter electromotive force and the difference of the
amplitude of the resonant frequency occurred by whether the liquid
exists inside the liguid container increase.
The displacement generated by the vibration of the
30 vibrating plate 176 is larger than the displacement generated by
the vibration of the base plate 178. The actuator 106 has a two

layers structure that is constituted by the base plate 178 having



accuracy of the detection of the. resonant frequency increases. 15 The node
of the vibration of -the actuator 106 | ocates on the periphery of the
cavity 162, that is, around the nmargin of the opening 161. The upper

el ectrode termnal 168 is formed on the‘?%ght side of the surface of the
vibrating plate 176 to be electrically. 20 connected to the upper

el ectrode 164 through the supplenentary: electrode 172. The | ower el ectrode

term nal 170 4 o] e i 51 de; of r e . af .the: vi ikng
M AL
the . uppebyeltdet node atGbri,s drat e ontbdees imghtlsicel o hivei®d a large

pi ezoel ectric llayer 160, there is a difference,in depth that is, _equal to
Phe” sum of “PRBLaRPEEAschMerhs th &5 5aructs PE FLgRISGtd bVt ¥ herehi tRness
of the | owek, ehest EQQQ&?@rQ%MﬂS&’EJF@, UHera el ade a4 Badréheaypper

el ectrode termnal 168. 1t is difficult to fill this difference in depth

only by5théiggpeEo3bhel btgrbdecamsr ingid v dhsg tbase pdasiebladst andi #F the

di fference i h t ectfo 164, 0 ti ' t he
upper ol odeRsad s iy PhetHRNna (b e nrad a0 2l VAR o
so that theibpperoel eatr bde itG4enskl. beTlvete béfe, Thiee eflDf Berdiies of the
enbodi ment usEs tae sggﬁ%enentar¥ egectrode 172 as a su o#;iﬂf- nmenber to
connects t RBPUpHBFCePect Mo UEE aRtet hECTIBheY © et ¥t T thgrdthberaee By
this suppl efephar¥mgl eetaodsr Il Rehaeft tthefepicezaebeatiebCoh aygscdé0 and -
the upper electrode 164 are supported by the supplenmentary el ectrode 172,
and t hi@ tkBeuppitlikedstedens 182 thgnl ¥aid gesitedderethare 38 s sapenghtys and

also the u r C 6 t e t i nal 8 be
firmy cogﬁgcqéﬁé%%fg gﬁ%éggg e rPgQ%F%ﬁgkﬁﬁéﬁgqﬁﬁgaﬁqéﬁhqéé%%%c ion
whi ch faceartbetherpi egoehest rilee elcpntandd kifn thkevibbaat hegp dtaé el 1676

constitute . the vibrating section which actually vibrates in the  actuyator
106. Mboreover;239€ stt"& SFE?BHF‘EWB ‘?%Fr‘?ﬁﬁégaé agpgiecreases so that che

accuracy of the detection of the resonant frequency increases.
15 The node of the vibration of the actuator 106 locates on the
| periphery of the cavity 162, that is, around the margin of the
opening 161. | |
- . The uppei‘electrode terminal 168 is formed on the right side
of the surfacé of the vibrating plate 176 to be électrically_
20 _ connected to the upper electrode 164 through the supplementary;
| electrode 172. The lower electrode terminal 170 is formed on thé
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
25 piezoeleCtricllayer 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 eiectrode 166 between the upper
electrode 164 and the upper electrode terminal 168. It is
difficult to fill this difference in depth only by the upper
30 -electrode 164, and even it is possible to fill the'difference in
depth by the upper electrode 164, the connection between the uppef

electrode 164 and the upper electrode terminal 168 becomes weak



106 in one body by firing together the nenber included in the 15 actuator
106. By form ng the actuator 106 as one body, the actuator 106 becones
easy to be handled. Further, the.vibratign characteristic increases by

i ncreasing the strength of the base plége 178. That is, by increasing the
strength of the base plate 178, only the vibrating section of the actuator
106 vibrates, and 20 the portion other than the vibrating section of the

actuat or 106 - ndeeehdQlppd DEREEE robH 1 AERANChe MR BF§VENthORePErd N his
vibration of the portion other than the vibrating section of-the actuator

106 can beemdeddignant wgeisntheaswpr)l ¢hen sareegtdr tafodend 73ase plsapportidicand

‘at the sane tine, formng the actuator, 106 as | hner .and 25 smal | er as
possi bl & aRdFGr _rtnoncgorfrhee&ﬁ Bﬁgt‘i‘%e]bﬁ&feggf?gea}sgﬁﬁ% & ugge’bgg%ictglréj.d%l tis
pref erabl ed:niysa head zhyCompd esugdlanairt (iZE) ectheadé 1hanthatwmZzicheonat e
titanate. (PLZT) , or piezoelectric nmenbrane wthout using |ead as a

mat eri al fRIrezAe §Sitadcel a¥eFilSq apertisuPPsy e sreReflétapre sppreséed

zirconia g, eher@@ﬁpfém@n@ﬁrg eil%!ét;}fodteh§72pgaﬁ'g? ra'h%tsetﬂZ%O;?;Eé&f fefi%mlb‘ae it

;
is preferable to use sane terial. as bas ate 178 fora material of
vi brating 1;§I4at®mﬁﬁave43ie§iueedmna¢h&mt¢ahssgnémigtlsi | @Bd, ateppehe pbatirna,

| umi d. nickel h lectrjcal conductivit b d for th
material | 67 S GEpaPd ML (riSIEPRE, ¢ L FE- TOUR I THC oA E 0188 HnE U Ber

el ectr ode dogn@cald . 168, and the |ower electrode termnal 5 170. The
actuator. 106 constructed_as expl ained above can be applied to the

cont ailfler whi chTB§nPae ARl eEbT HC Frmeskampidet he Hel brrt g Grect®ncuhipl
mount ed on an Nk rirl . far i et re ' r.at an
R e A L e A T R e G
recor di ngchesdithe tbéuailradidty seewiamwhliehFagtu&?l anditiares23ni she

nount ed on th% r g term ned position onéﬁﬁ]eili ui d container so that the

cavity 167E3R 8§n? gt \/%?Vﬁo‘f%é’ 13 qui S PESTHEEAR S ithsitqe™ fi € actuator
106 in one body by firing together the member included in the
15 aétuator 106. By forming the actuator 106 as one body, the
actuator 106 bécomes easy to be handled. Further, the.vibration
characteristic increases by increasing the strength of the base
plate 178. That is, by increasing the strength of the _basé plate
178, only the vibrating section of the actuator 106 vibrates, and
20 the portion other than the vibrating section of the actruatoi* 106

does not vibrates. Furthermoré, the prevention of thé 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 th:e same time forming the actuator 106 as thinner and
25 smaller as.possible and forming the vibrating plate 176 as thiﬁner

és possible. ' |

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

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



liquid container. When the liquid container is filled with [iquid 15
sufficiently, the inside and outside of the cavity 162 is filled wth
liquid.. On the other hand, if the Iiqui 3inside liquid container consuned
and the liquid | evel decreased under the ” mounting position of. the
actuator, there are conditions that Iliquid does not exit inside the cavity
162 or that liquid is 20 remained only in the cavity 162 and air exits on

out si de therfeavielthl 16én Ihegaty! UaéPIvé‘-QG Aeot s At di8ast gk e%ﬁ Ce
in the acoustic inpedance occurred by.thi.s change in condition. By t

det ection. afiaked didterenceclachrbosti condpedamey the dt ussot fQﬁ6tban
detects th%] %H%ﬁfokﬂﬁl gﬁ (%f%é%ﬁf 1%Qtl%%%|l ed 'Te?g6é$§]kﬁﬂutge

cont ai ner I qul d’irs con nore an pre ér m ne

Fur t her nor e:,pptehGeaé'E:luabdé t@bmenal deg@ctand hthd YRMvedt elibet rodeut rinigh de
the liquid container. The principle of the detection of the liquid |evel by
the acPuatldP-will be expl ained. 30 To.detect the acoustic inpedance of a .

medi um an i npedanee 5 ERALRG! lleStddn Rl AN d tans (i#ac{ Lsiig |
measured. To neasurg t he i npedance characf%rlstlc or t qﬁ%?%%a%%ﬁ hg.
charact eri $wpd i eforo &henpdet 2 inensiiiss opntd fusilt quad .beFos eckampllee the

transm ssi gn CI ui pplies a co stant vol.t age_ 9 t he nedi sure
a current FIGWYt ro%8§'$ %) Pﬁﬁpmnt%né% ﬁ&lnﬁaﬁgrfg%ﬁdﬁﬁ($@th5ge in
transmni ssi gatc|ﬂdziﬂrtd1pfg)va1dp§r£t@@nshantin¢curda&m Sot 0 at hesri®dindp agElich
measures a vol tage applied on the nediumwth changing a frequency. The
changel? n €@PféatsvyraBiaAdliABIdorPayeshvaneeraeasdied headhe transnission

Cireuit shows thenghaides ddl jBsblif shPRIANCE. o FULDIRLADTS; Lk Ghange |0

a frequency fm requency when the current v 'ue or t age
val ue 10 bevadnes prexdietrermonedi po st omlosot sddvsyuiecohaadgeerre@chasttilce

edance: ¢LUEL \BaNIE D SROVLAURY G d e UL S BeL LR VIR
liquid container. Whentheliquidcontalnerlsfllledw1th11qu1d
15 + sufficiently, the inside and outside of the cavity 162 is filled
with liduid._ On the other hand, if the liquid inside liquid
container consumed and the'iiquid level decréased'ﬁndér the
mounting position of. the actuator, there are conditions that
liquid does not exit inside the cavity 162 or that liquid 1is
20 remained only in the cavity 162 and air exits on outside the cavity
162. The actuator 106 detects at least the difference in the
acousticimpedanceoccurredlnﬁthischangelecondition. By this
detection of the difference in acoustic impedance, the actuator
106 can detects the:whether the liquid ié sufficiently filled in
25 the1iquidcontainerorliquidiéconSumedmorethanpredetermined
level. Furthermore, the actuator 106 can detects the type of the

liquid inside the liquid container.
The principle of the detection of the liquid level by the

actuator will be explained.

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

measure the impedance <characteristic or the admittance



only i-n the resonant frequency. The piezoelectric elenment, for 15 exanple,
can be used in a case of using the nethod of detecting the resonant
frequency by nmeasuring the. counter electronotive force generated by the
residual vibration, which is remained Ii? the vi brating section af ter the
vibration of the vibrating section of the actuator, as a nmethod of using
the change in the acoustic 20 inpedance of the |iquid. The piezoelectric

el enent 'S%tl‘?%%@@érlé"@i& AN ) %rgﬂgn\a%glgheemgm'a;n 1 GRsdW.

resi dual ration renai vibrating section of the actuator. The
magni t ude Diie tthensousiséonet ctn dDEppld eflsox constangeso it afe tdnet hamid turde of

the vibrating section of the actuator. Therefqre, 25 the larger the

Lol Lt oo B R 1 S et | BRIt (i et P i e

the resonapted i &UIENCYHeMDEEAYRE ss d6RRNEGTUIRNDEHE] 8ESQUEBAYL St I Feasd dual

vibration at the. vibrati ng section of the actuator, the period, on which
t@

the madni te@ehst mecdhancanAt BpasrEes rdfstlitAg el apPd iekargethe dithigds with
Ther ef or e, r f i i i t thQr
corr espondgsﬁ%%ﬂf%é re u(e;%cc)g' o?ﬂ%h%ﬁ%ﬁkg%%ﬁgiifgﬁg%vﬁ gﬁ%gélﬁea ee, t he

resonant fwvahueneyasmars dthe Her equasay sahen thecwui brahowg tSectdhemgkd inof

the actuator and the medium which contacts to the vibrati © secti , are
in a resorBfRULIUIPERANES 'obFHFEh?HEOF%sMFMéHC? g’g‘?qlﬁ{éc form

obt ai ned |}y dIR3SUAT il dienEPWHESET tBLCEEF LERE WAl O bTer WaeR Ty Wanald ng

5 section and the nediumare in resonant condition is Fourier transforned.
Becausl® t Heeagrigrsptmicotimafm (He idtimior dleon@hoys dihsplcd@@@entl nf GC OBty Cone
directi On’in%)l’gd trLlee vi bration involves the deformation such as deflection
and extensi'on, the vibration has various kinds of frequency including the
resonant frequemxhekOt hsn mdteiet ehewntdiwveesohanictfuagre ey detact § tithged by

Fourier transform ng the waveformof the counpter . electronmotive force when
the pi ezodEd95 ¢ Nef BREATOARAG? € nE™ h Qrfetﬂﬁ i?‘féui‘ SO t\ﬁceoﬁ 96n and

then specidyiyngnt bRe MBSS 040N NBtdPEHILAUBAEYpiezoelectric element , for
15 example, can be used in a case of using the method of c_iet;ecting
the resonant frequency by measuring the counter electromotive
force generated by the residual vibration, which is remained in

the vibrating section after the vibration o.f the vibrating sectiqn

of the actuator, as a method of using the change in the acoustic

20 irﬁpedance of the liquid. The piezoelectric element is element
which generates the counter electromotive force by residual

. vibration remained in the vibrating section of the actuator. The
magnitude of the counter electromotive force changes with the‘

amplitude of the vibrating section of the actuator. Therefore,

25 the larger the amplitudé of the vibrating section of the actuator,
the easier to detect the resonant frequency. .Moreovef, depends

on the frequency of the residﬁal vibration at the -vibrating
section of the actuator, the period, on which the-magnitudé of

the counter electromotive force changes, changes. Therefore,

30 the frequency of the vibrating section of the actuator corresponds
to the frequency of the counter electromotive force. Here, the

resonant frequency means the frequency when the vibrating section



conponents. 15 The frequency fmis a frequency when the admttance of the
medi umis maxi num or the inpedance is mninum The frequency fm is
different fromthe resonant frequency fs with little value -because of the
~dielectric loss and the nechanical |oss#5However, the frequency fmis
general ly used as substitution for resonant 20 frequency because it needs
time for deriving the resonant 'frequency fs fromthe frequency fm which

is actuall ured. . By inputting.output of the actuator, 106 1.0 the
transm ssi ég”@@? raccﬁﬁ%ét%%gngcgh%%‘?d BB MR CELEF 3e%8c'fh? he- @RS ¢

i npedance. s@btibh, i sSrerones bysdmEnexpefidieidnt hat there is al nost no
differences with the resonant frequency obtai ned by the nmethod, whjch
neasures the frefRERGPIFNTEY MsATh§TeRNenmyetaincde YAYRASTBIOREF ethd

-adm ttance,haracherdstihe abuhPer el i ahd vd e R Radn VAL Gh WRASYES
t he resonanf requené@ fg gyuneagurlng é% the counter el ectronotive 5fce
gener at®ed bgct henresdduhle madinat izore aint hesvnbnat cngdsedbnon sofFdleier

" actuator. 46 The vibrat | i f the actuafor. 106 i ‘tion which
constitut cETIRRERENTTy TRSCTIRR TRE qRiRTATHQY BY FRE OFGHRNGT14E TR M n

the vi brat§0gp Ph@ékedt GoBaNyl bAYIdh +ScSiBA | Guenthy vibiiedon nidwg JdLgui d
container, liquidis filled in the cavity 5 162, and the vibrating region
contacts wik® d9fpARGIRd1 geichhas defleetk iunraichextenphen. | iV kicdsi atot
exists in j G aj f£i G ithe Wi ' ' acts
wth the TTo0 S KIPRETLE el BRlct o e K LB i R R ¢
cont aiXer , £s or Tthee-e fwirter, attihieg reeghantdbéesgnencgofid att sj wdded thhe Hauguied but

10 contact%%yﬁtp t he az or v uum T %Bcavktgrégﬁaiscproyidegoon Rpe
actuator 106 01" CHE Y EREMY S HRAdhPEdThe SREPFE e B W o lioT Hat Ao
liquid insigle phe dénudehi 08 &hdef S6ABEAS kBALHA ¥iBrahi Reer e@somaf the
actuator 106 by the cavity 162. The reason will be explained as follows.
: condition and then specifying the most dominating frequency
components. ‘

15 The frequency fm is a frequency when the admitténce of the
medium is maximum or the impedance is minimum. The frequency fm
is different from the resonant frequency fs with little value
because of the dielectric loss and the mechanical loss. However,
the freqpency fm is generally used as_substitution for resonant

_20 frequency_becéuse it:neéds time fcr deriving the resonant
frequency fs from the frequency fm which is actually measured.
By inputting output of the actuator 106 to the transmission
circuit, the actuator 106 can at least detect the acoustic
impedancé. | _

25 ,_.' It is proved by the experiment that there is almost no
differences with the resonant frequency obtained by the method,
which measures the frequency fm by meésuring_the impedance
characteristic and admittance-chéracteristic3cf the medium, and

' thélnethodq thchxneésurcs the resonant frequency fs by measuring

30 the counter electromotive force generated by the residual

vibration at the vibrating section of the actuator.



15 Depends on the nmounting position and nounting angle of the actuator 106
on the liquid container, there is a case in which the liquid attaches to
the vibrating region of the actuator even  the liquid level in the Iiquid
container is lower than the nounting p6§|t|on of the actuator.. Wen the
actuator detects the existence 20 of the liquid only fromthe exi stence of
the liquid on the vibrating region, the quuid attached to the vibrating

region of the agldighol Rt gyerls; @b AR AR AR LIbEON, of pbbes sxl sl sliee of

the liquid. For exanp ower th nount 1 ng
posi tion leorﬁsheltaﬁe,@.tt@ﬂ’e, candtythzirtmatoﬁstdmetérrqmeldw ahtaghesihg tdie

vibrating. region by the waving of the_liquid caysed. by the i nqg of the
i qui d corft i thigt E}a%seﬂbﬁfrt%ﬂ% %QEﬁeﬁf’Gof Wgﬁé‘ Lc{:;lqul“llggels tﬁ‘l’efséﬁllﬁ?c&r 106
Wl m sjudgesed hiad ttﬂéerleduade&eﬁgam&qum LAat s Fipued GONH R&Lvidy

this way,. the malfunction can be prevent eg by using the actuator. having

cavi ty5 30L& taret igre, vidy sthiowh 19 iy . corgRqE® witthhd igasd \ileidenehe
1 aui & docs ek exbc i dle Liygul o Cont el ger. ang g LiguLd Ghe by liguid

cont ai ner Tengins i e cavi he act uat or i's set

t hr eshol d cealdee mdfr tshﬁfﬁ)@ﬁetrﬂﬂ@e ehet hebkaqihg. redhah d¢ontadtd heidh giied
does not exist around the ca,vi%# 162, and, the anpunt of the liquid in the
cavity is Siidyhiahdsirrain SBHAIRICTRE B8 1N Gest he dd QU L EIRAN Y HAE i s no
ink in the,ligy du%lfa%tr@ é;ldr{ dde AU R Rs %Qmmhtehqlaawa Yukb2,

and the anount of the liTqui |'arger than this threshold value, it is
j udgedOt hatorttheartes ivwsl ik hen gawe dr qmocﬂnm)nt ai ner.. For exanple, when the

actuator 106 is unted o he Si of ,the 0 t ner it is
actuator 106 i s ggunt ed on bhe. sdeuablopl pLhe. g, ceont AlOgt. A,

| evel i nsildﬂzetdtadd ,Oahd ieondabeeled Sgria@ivehat hate mgelauumlld@gup@au@iuaa of
the actuator 106, and it is judged that there is ink inside the liquid
cont ai ner GRMSRICIRE FRBALES| Bydine VﬁQFéélf‘ﬁerWh‘Eﬁl&fcﬁﬁﬁa?ﬁ%?a?%rkﬁ(béngiy t han
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15 Depends on the mounting position and mounting angle of the

actuator 106 on the liquid container, there is a case in whieh
the liquid attachesito the vibrating_region of the actuator even
theliquidlevelintheliquidcontaineris1owerthanthenmﬁnting
position of the actuator.. Whentheactuatordetectefheexistence
20 . oftheliquidonlyfromtheexistenceoftheliquidbnthe&ibrating
reglon, the liquid attached te the vibratihg regien of the
actuator prevents the accurate detection of the existence of the
liquid. For example, If the liquid level is lower than the
mounting position of the actuator, and the drop of the liquid
.- 25 attaches to the vibrating regionby the waving of the 1iqu'id'caused
by the shaking of the liquid container caused by the movement of
thecarriage,theactuatarlQGwillndsjudgesthatthemaisenough
liguid in the iiquid container. 1In this way, themalfunction can

be preveﬁted by using the actuator_having cavity.
30 Furthermore, as shoWn in Fig.. 23(E), the case_when'the
liquid does not exit in the liquid container and the liquid of

the liquid container remains in the cavity 162 of the actuator



15 the actuator 106 can judge that there is no ink in the liquid container
even if the ink in the cavity is dried and di sappeared. Furthernore, the
actuator 106 can judge that there is no ink in the liquid container even
if the ink attaches to the cavity agairft’ by shaking of the carriage after
the ink in the cavity disappears 20 because the amount of the ink attaches
to the cavity.again does not exceed the threshold value. The operation and

the princhple; of. qeLect)ng el 1, Eo0eliccon, ok Lhee d A coghanner
fromthe fesonan requency of " the medi um and the Vi rating section of the
actuat or tA&tobsaiinedhe?2dibhyidedses imy: ke stoanbendet lee taeonmty 16 2f,oané wil |

be explained reference to Fig. 22 and Fig. 23. A volta IS Iieﬂ_on
~each of Fﬁé.'ﬁﬂ‘ﬁélﬂte!ctfct’%}}fdehi%‘ﬁl%nﬁnt REe SR &l é& r%&agf]i%% éﬁ‘?’bu@ 15t he
upper el egﬁgggﬁo&a%ﬂ@é JiQBi%ngiuassd'w@e @leasd 1edgot e Ak hell Qqulhe

el ectric 'S generated on the portion of the 30 pi ezoel ectric 'l ayer -
160 wher ecbheapneroel BECttrhe liapeird B30 dts arsamdhitéieedaby tiyhé6dppendetbet r ode

164 and the | ower _el.ectrode 166.. By this_ electrig field, i ezgelectric
| ayer 160a88F8pﬁ%?;%§¢4§“¥{ l&e%%?ﬁgfi%ﬁagfg?ﬁ%t%F@?%é?é%%%ﬁg%Vaégrl 60,
the vi bratiagedr eghoncéidiin tihe Yhbehei Nogwl dtconkéb riaf | eebs ardmpl by at es.
For sonme period after the deformation of the piezoelectric |ayer 160, the
vi br at i onwiPRht Befdeeddeer ridifailfs "PHERE OPbERE i fife el 5herligrid

act uat or égﬁtaﬂqgrt qsd ﬁé’%d}%@@ﬁé@?hiﬁe%é ﬁSQI’lQSﬁjI H’l@tli iQﬂlifo c&ﬂ@ainer

vi brating section of the actuator 106 and the medium . Therefore, . the

resonent whadi therl hpiiwkdreveie inshdat thg begtidrcarhiner isedpwarchhahe

easi |y obt ai ned by, appl ying the _voltage of a | se_1 ve or .a rectangul ar
wave on 1 FEe e o A F AR PE10eE et Wi PRS: Hade JrBBses nac
vibrates ther¥i bgaihigi $eLdé Aho i duiel aeintatioe rldbent hber eshdual 1¥vbLati on

al so deforns the piezoelectric |ayer 160. Therefore, the piezoelectric
| ayer 160ingédertded igvd do6antainer ekt M3MBErVENFBIIdE MPRIS 18guRPeE t1on

of the actuator 106. By setting the threshold value in this way,
15 the actuator 106 can judge that there is no ink in the liquid
container even if the ink in the cavity is dried and disappeared.
Furthermore, the actuator 106 can judge that there is no ink in
the liquid container even if the ink attaches to the cavity again
by shaking of the.carriage'after the ink in the cavity disappears
20 because the aﬁount of the ink attaches to the cavity again does
not exceed the threshold value. '
| The operation and the principle of detecting the liquid
conditibh of the liquid container from the resonant frequency of
the medium and the vibrating section of the actuator 106 obtained
25 by meésuring the counter electromotive force will be explained
refereﬁce to Fig. 22 and Fig. 23. A voltage is applied on éach
of the upper electrode 164 and the lower electrode 166 through
the,uppei'electrode terminal 168 and the lower electrode terminal
170. The electric field is generated on the portion of the
30 piezoelectric layer 160 where the piézbelectric layer 160 1is
sandwichedkn/theubperelectrodel64emuithelowere1ectrbde166.

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



15 electronotive force is detected through the upper electrode 164, the
| ower el ectrode 166, the upper electrode term nal 168, and the | ower

el ectrode term nal 170. ‘Because the reggnant frequency can be specified
by: this detected counter electronotive force, the liquid.consunption
status in the liquid container .can be 20 detected. Generally, the
resonant frequency fs can be expressed as following. fs = 1/ (2* n.*

(M Cact) (12 (s hesia M %gn%_%s %@%_o%q@&fri@ liaRAt anee Qfhd Ra pHdiiald ng

section 25 Mact and an additional inertance M; Cact denptes a conpl'1 ance
~of the vitsgitdmyisbihitdre vEbgat 28¢ @laiwwg el last seodi vrbpitehe dttat or

106 when the ink does not,exist in the cavity i.n_the present enbqdiyent.
Fo. 05t acige Rt st S R e it S8 Ui pliltAe T R R IEagEP AR
section afhd RaAGitUanokitl6dantet beos avehyidéd2imhaie thibrdtikdgleestien exi st

~in the cavity. 49 The Mact is obtained by dividing the product of the
t hi ckRes®lofthehachuntari d§ésection and the density of the vibrating

section by the glea ol; 5 Viikabiignserl | an. (r Ul HIRHTaGE, 25 showhd N the
Fig. 23 (A) , the Mact can be expressed 5 as 1o lowing in detail. Mct =
Mozt + Meliéotatddel sectkbdecifr ode2cedtidy (2§ ardecbe dpkiums Ghteaiefed ey

di vi di h duct of the., thick of th ' lectric | 60 i
the vi br &fnd SN CHIFTHET QAISTTS of 1% HELBF 8087 eEEFF (Pagbf 65 by

the areap@lithtcif pé eznal18ebbie iharepy 1681 Mie aieodel thgeobt &l prd oy
dividing the product of the thickness of the upper. electrode 164 in the-

vi br 401 nyrayecteBnaangtRadydasi (WA Phe thgpari eFARUTUAEL A642B9T 18€ -ar ea
o oo, B SRR, WehesigicRpLn R AGR BY bt
section amé thetdenstt yosf, ttiee | eeeidekéctviddeation also deforms the
piezoelectric layer 160. Therefore, the piezoeléctric layex 160
.~ generates the counter electrométive force. This counter
15 electromotive force is detected through the uppef electrode 164,
thé.lower electrode 166, the upper electrode terminal 168, and
the1owerelectrbdeterminal170..Becausetheresohantfreqﬁency
can be specifiéd by:thiS detected counter electromotive forbe,
~the liquid consumptién-status’in_the 1iquid contaiherzcaﬁ“be
20 detected. | .
' Generally, the resonant frequency fs can be expressed as
following.
fs = 1./(2*7t*('M*Cact)”2 _ -: _ ‘ (1)
where M denotes the sum of an ineftance of the vibrating section
25 Mact and an additional inertance M'; Cact denotes a compliance
-of the vibrating section. | _
- Fig. 22 (C) shows a cross section of the actuator 106 when
the ihk does not exist in the cavity in.the present embodiment.
Fig. 23(A) and Fig. 23 (B) shows the equivalent circuit of.the
30 vibrating section of the actﬁator 106 and the cavity 162 when the

ink does not exist in the cavity.



166 by the area of the |ower electrode 166. M/ib is obtained by dividing

t he product of the thickness of the vibrating plate 176. in the vibrating
section and the density of the vibratig% plate 176 by the area of the
vibrating region of the vibrating platé~20 176. However each of the size of
the area of the vibrating region of the piezoelectric |layer 160, .the upper
“electrode 1-64, the lower' electrode.166, and vibrating. plate 176 have a

relationship asy,shguncahove,ptbendyl iy caes; aTRYO ceRcpplatde deapd the
vibrating regionis prefer P8 Be i cr scopi c to enabl e the cal cul ation ' of
25 the Machidkmestheft hiltknesbradeéngi tsectianmd anéa tae wheheioy bife the

vi brating section. Mreover, it is preferabl tplat t he gorti on__other than
‘the circuf BPrabRe orfSHIIAT | HYa FBFn 3072 SH of NEacK PHRELAG pieTuetRetri c

Tayer 16051 HRPRE, SleshEPEa nlbhe FiNd2the) , l1aeMast esd Bdee 4B d Sed
m croscopic so that it can be ignored 30 conpared to the mai'n portion.
Ther efbor eas Maetlowinaniwfdetwil i nertance of the each of the vibrating

regi on of the upper electro 6 | o e e, A6, the . o
pi ezoel ectric ﬁgé;%tr —58J1P71t60f qg%%eﬁre&% r%p?%llgéépﬁ(%{e&?%-%% he ac% uat or
-106. Mor egves, MpAe icoopkhaned Bacdivisding ot iprodecef of hehparhidmdéas med
by the each of the vibrating_region of, th% ug{p r el.ectrode:. 164, h@ﬁl ower
el ect r odeP 881¢ tHEFAH LTSSt LR¥EFayel WB0-"Sad riRe Wb PEEEAGD %nél ® 176.

Fig. 23 (MnsifIor23iB) piekb8ielBr{Dd 1ay2d f@ 193 v shoW UfFe the
equivalent circuit of the vibrating section of the actuator 106 and the
cavi ty lG2iezoeldesel edayeal 6 . cMedwictsodedct s shtws ned kydphidapg Wiet he

vi brating section of the actuator 106. Each 10 of the , |.ectrodel ,
Cel ect rog%’i?g‘é?ﬁ e 6%0%&% S5 oftpl i'tgﬁceupé:fert h%i%?%%%% ngl:jggeclﬂ Qér)lheof the
pi ezoel eck{hEat BYrsedtbibn Wi Uppeders eeyrofieHkbdppehieell everoakerss ase 166,
and the vibrating plate 1.76. _Cact can be shown as foll ow ng equati.on.

.1/ Cact =tRa/agsa PL+the /R EL6GErPIs( 1P Eel G iU IR 1EOP IR EIFD)PY 3) |

dividing the product. of the thickness of the lower electrode 166
15 in the vibrating section énd the density of the loWer'electrode
166 by the area of the lower electrode 166. Mvib ié'obtained.by
-:dividing the product of thelthidkness of the vibrating plate 176
in the vibrating section and the-deﬁéity of the ﬁibfating_plate'
176 by the area of-ﬁhe vibfating region of the vibfating.piéte_'
.20 176. However each of the size of the area of‘the'vibratihg_région
ofﬁhepiezoelectriclayerlSO,theupperelectrode164LthelqwerL
'eléctere.166, and vibréting,plate 176 héve a-relatiohéhip as
shown above, -the- difference among each of the area of the {ribrat ing .
region is prefer to be microséopic'to énable'thé éalculatiqn'of
25 . the Maét froﬁ_the’thicknesé; density, and area as whole_of the
vibrating section. Mdréover, it is preferable that'the_ﬁortion
other than the circular portion which is a main portion of each
of the biezoelectrié layer 160, the upper electrode 164, and the
lower eléctrode_166 is micrdsbbpié so that it can be ignored
30 Jcompared to_the_main pétﬁioh; Therefore, Mact isféum of the
inerﬁance of the each of the vibrating region of the ﬁpper

electrode 164, the lower electrode 166, the piezoelectric layer



Fromthe equation (2) and (3) , Fig. 23 (A can be expressed .as Fig.
23(9). The conpliance Cact shows the volunme which can accept the medi um by
t he deformati on generated by the application of the 20 pressure on the
unit area of the vibrating section. I n>$t her words, the conpl i ance Cact
shows the easiness to be deforned. Fig. 23 (C) shows the cross section of
the actuator 106 when the liquid is sufficiently filled in the Iiquid

cont ai ner n pec | 'y 0 e .vibrat| reqi f the tor 106
Co fil1odt60" &‘aﬁ%ﬁﬁ?ﬁ%?é% ‘Ii%éep(‘fwl\r?e?xggh%}\?\% a‘ucnq%ia?!gz?roﬂ%(c:)ﬁé%%ée%e
maxi mum  wviaé ueongdl thre-addidti 0pad dawerltiance wienhé hsodd ph d drsesiub{i chent |y
filled in the |iguid container, andotée peri phery of the vibrating region
of the actdat&r 108 Vilélﬁtﬂr@jrﬁﬂfﬂnt CPEHRRET FHECKERER 16tah Bl Q¥ essed

as 30 M naxect 8@/ {28 K A& (Bi&25&T @t £ {3 " DAyéf T160, *A0d 2 K)v i s £,
denotes the radius of the vibrating section;” p denotes the density of the
medi urpp apkRtke dehot es the wave nunber. The 51 equation (4) applies when

the vibrating regio t he. act r 106 4| i rcul.ar. shape havjng t.he
radius of "a". P‘%ﬁ% 283?%0% ‘ zl%?ltteBﬁt’aﬁ(l: I\%Bsg owE Fhet dus t(iFltF’y?’h?ﬁarth? he
mass of tdguwdirérit rg r&gat b@nths visreases sdddisi lof byet hereifeeticd the
medi um whi ch 5 exists around the vibrating section. As shown in equation

(4), the MIBLCERVERANGES - sTHHTTIARAY VY SHre ChEEMGS Sof Co R ADFRLE ng
section "@mandide odensd t\b&_}:&fattirf‘l%o@%@'glig*hpofT]Egg\t’\/Qc\f@ugnge{Og. cai, be

expressed by follow ng equation. n* C (5) where fact
denotl®s tdfe chsorpnt fr Eqlentyodelt h&adidatatadwp seendorCvikheshowe |titgui d
peed of

the: sound SRERSS nE8bol 1Bra bl SRt iny. oBats TR tov o Y avam
circuit afedhehs hippleimnelets raaet 16a, of hé heowet Ual &t A8Ee argk t e avtid y 162
as in the case of ' -
vibrating plate 176. Cact can be shown as following equation.
.1/Cact = (1/Cpzt) + (1/Celectrodel) +(1/Celectrode2) +
15 (1/Cvib) (3) _
From the equation (2) and (3), Fig. 23(A) can be expressed
~as Fig. 23(B). |
The compliance Cact shows the volume which can accept the
medium by the deformation generated by the applicatién of the
20 pressureontheunit areaof thevibratingsection. Inotherwords,
the compliance Cact shows the easiness fo be deformed.
~Fig. 23(C) shows the cross section of the actuator 106 when
the liquid is sufficiently fiiled in the liquid container, and
_ theperipherycﬁfthévibratingreghmuoftheactuatorlQGisfilled
25 with the liquid. The M'max shown in Fig. 23 (C) shows the maximum
value of the additional inértance when the liquid is sufficiently
:filledjjltheliquidcontainer,andthepmripherycﬁfthevibrating

region of the actuator 106 is filled with the liquid. The M'max

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

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



Fig. 23(C) when.the liquid is sufficiently filled in the liquid container,
and the periphery of the vibrating region of the. actuator 106 is filled
with the liquid. Fig. 23 (E) shows the cross section of the actuator 106
when 20 the liquid in the liquid contaiter is consunmed, and there is no
liquid around the vibrating region of the actuator 106., and the' [liquid
remains in the caV|ty 162 of the actuator 106. The equation (4) shows t he

i i d d h
Tquld Contsaar T (1) FBHLWEPRERE Theny o F Tt St her HRARG LEFoF e

liquid in tiwe lisqoidcedat asigse iavaonrs tiedradnds| o fui g exrmeeddaﬁeuadau he
vibrating section of the actuator 106 becomes gas or vacuumw th the

liquid remd "SGR MheSBaVFt e 18920t Hey Nihatark Nse mesgst €Lsédea¥ 1 PBRE R8Ny
equation. MectiBn' ié%r(cﬁ}.)ea?s%d"’@‘i&%utal(i%n9§%é l@?ftela'tcgf'eé'?e Hedlibs: ﬁﬁ@'&h‘m

related to the vibration; S denotes t area of the vibrating region of
t he ac5uaEUnSLGGarbﬁndhtbevvbbaatmggregcomohs circul ar shape having 52 a

di fa", t h They ef the additional
[ nertance M fol [Bus i RB eqiit | DAL} hneltl ne FRui H TRE SGFF: cPRATRY®

filled in tshgnhlfﬁluadtit?%ﬁltﬂﬁ radidst b2 Ry vpbeky ingf sébeiyhbrat khg f1egi on
of the actuator 106 is filled with the 5 [iquid. The additional ine rtance.

M foIIowsdﬁhéiéquaﬁlbhe(®¢dmhenp the liquid in the liquid container is

consuned, and there'is no uid exits around t Vi_b t|n regi on, of the
otont e 106 anEh€ e e & pERbS S Shed By £ o) T pa ol e0eS i@ s hown

in Figjg23 (E) ,kletoth ektaaftdd/tdonal |n<?ﬁ fance 10 M , when the liquid in
t he I|qU|d contalner is consunmed, and there is no liquid exits around the

vibrating whgremaﬁtdémoaeﬁmw@mesdﬁEhtamdqnbacykﬁytﬂeWsurammmgﬁbéwudme
cavity 1.62, as Mcav to .distinguish with the additional inertance M nax,

which.is t HBERATYT tiiGhdl ARBFtAHCE WET Tt Ket B DNy 251 "eh8GF bPat i
region 15c03eﬁb@e§cﬁﬁguéﬁeéﬁﬂ%ﬂ gHd kbegawbtBphg8cki @Hk8ugh the medium.

Fig. 23 (D) shows an equivalent circuit of the vibrating
15 section of the actuator 106 and the cavity 162 as in the case of
Fig. 23(C) when the liqﬁid is sufficiently filled in the liquid
container and the periphery of the vibrating reglon of the
actuator 106 is filled with the liquid.
Fig. 23 (E) shows the cross section of the actuator 106 when
20 the liquid in the liquid conﬁainef is consumed, and there is no
liquid_around the vibrating region of the actuator 106, and the
liquid remains in the cavity 162 of the actuator 106. The equation
(4) shows the maximum inertance M'max determined by such as the
1nkdens1typ whenthellquldcontalnerlsfllledw1ththe11qu1d
25 Ontheother hand, if the liquid inthe liquid container is consumed
and liquid éxisted around the vibrating section of the actuator
106 becomes gas or vacuum with the liquid remaining in the cavity
162, the'M' can be expressed és following équation.
M' = p*t/S (6)
30 where t denotes the thickness of the medium related to the
vibration; S denotes the area of the vibrating region of the

actuator 106. If this vibrating region is circular shape having



Fig. 23(F) shows an equivalent circuit of the vibrating section of the
actuator 106 and the cavity 162 in the case of Fig. 23 (E) when' the
liquid in the liquid container is consunmed, and .there is no liquid around
the vibrating region of the actuator 2022106, and the liquid remains in the
cavity 162 of the actuator 106. Here, the paraneters related to the status
of the medium are density of the nediump and the thickness of the nedium
t in equation (6) . Wien-the liquid is sufficiently filled in the 1liquid
cont ai ner ,2 (RE1US gi 42 CorfthetSs SRt Ret FROVE B AgTSéct | oIS T ndhe

act uat or --mth Lquid. vl [ hel filded L Qui
cont ai ner ,]aqﬁ%et I qull (]:Iﬁleg—'rggkgi%e Qllr%%gét:g%v?%%%%é &ﬁe“&gg %rF@vlalgﬂtinqj

- contacts wid buffiecyeht ayimid lsettinorhef ighed cottmimer 1664 tlie jpetrigdery

addi tional jnertance during the praocess of the shifting fromthe M nax of
B et R RatReSaneotepnon"sl B8 et b TS 1A B i A kR
actuat gr 1G6niid COPRENRIA I thesRUS enetbgntdMOKESEoWE thBRdiRAiWH (6 L haRges

according to the containing status of the liquid in the |Iiquid container,
the addititdifall i5®idj har k@ cel MIArcaRariges, igndopespadnt 2R Ry 2aln$o
changes. her. t | § .quid_ [,gHi tainer
can be detl-elic?}[%(ral?iif g%%f)e%%r%_ﬁégpgg%%atn%afrﬂg 3?&?/# epgcqlg%gtf@?%hgie as.
shown in Ehg 123u(iH) iandemsiingd He eteatiaeontl{6leRo express 5 the mcav, the
equation (7) can be obtained hy substituting the thickness .of the cavity
“d" into the "t HeFR { RS LHUR fon’ 8). 73 Mca ot pRa/STH: Wb oGPEF CPF ot he
medi ugp ar ¢ di Her eMe 1y§@§dqfn thaui duuid Boneache othekonkifeaddidd eRake
inertance M changes and resonant 10 frequency fs al so changes because the
density piissngi Liapeft enteordragnd othee’ hfgteimshdeion ipd ESfpasStHRERT

Ther ef oren gefieanty PR3 PhoLi8 LAkl 5204 0, AR Y 12Bechbyngalhe,

r esonant _réquency eover, en only one ol the inK or air contacts
wi th the dibrdtigng sheetithnthkt tdeiadbnalodn2@6anandMt hexi nkhaod 15 ahe is
not exi stin%_tQ%ether, the difference in M can bg etected | .
additional inertance when the periphery of the vibrating region
15 of the actuator 106 is filled with the liquid.
Fig. 23 (F) shows an eéuivalent circuit of the vibrating -
section of the actuator 106 and the cavity 162 in the case of Fig.
23 (E) when the iiquid in the liquid container is cohsumed, and
there is no liquid around the vibrating region of the actuator
20 106, and the liquid.remains:hxthe.cavity';62 of the actuator 106.

Here, the parameters related to the status of the medium

are denéity-of the medium p and the thickness of the medium t

in equation (6). When the liquid is sufficiently filled in the
liquid,container, the liquid dontacts with the_vibréting'section

25 of the actuator 106. When the liquid_ié.insufficiently filled
in the liquid container, the quuid-is_remained in the cavity,'

or the gas or vacuum contacts with the vibrating section of the
actuator 106. If let the addit_ional inertance during the process

- of the shifting from the M'max of Fig. 23(C) to the M'var of Fig.

30 23(E)whéntheliquidardundtheactuator106:h;consumed,because
the thickness of the medium t changes according to the containing

status of the 1iquid'in the liquid container, the additional



by calculating the equation (4). Fig. 24 (A) is a graph which shows the
rel ati onship between the ink quantity inside the ink tank and the resonant
frequency fs of the. ink and the vibrating section. Here, the case for the
20 ink will be explained as an exanpl e 8f the liquid. The vertical axis
shows the resonant frequency fs, and the horizontal axis shows the ink
quantity. Wen the ink conposition is constant, the resonant frequency

i ncreases %&ﬁﬁw l\ﬁqlélﬂ%}%q%’e%a,SIar}gi (?EfeS(}l"laéﬁ'lcF rﬁi‘e%&%@ltdyt %l Sé:\rﬂgﬁl%glé.lk i's

suffici ent ed in the I nk contal ner, . inkis fille the
vi brati ng Tlegrafowd, thhe astivakarcel06, théheigaxd nim Eddiltiiconad coméatiziece

M nax becones . the val ue shown in the equation (4). \Wen the ink |
consuned, %?f&ibteng?EeFEeﬂ Y SReCAtguhie i W%?tagfil)ﬁ&ureéﬁiyon g?r?helée‘teﬁator

106, and the ihly BOhERARINEiIEN 2t3W_%:)C§MHtLYsi]r@2thEk@%@ém:iC§_I§ qeal cé @ec?tr@@%e
Mvar is calculated by the gquation (6) based on the thickness. of the

medi umb t . tIBecH$ .t RBe" equasken | (V) farefgaecbbaipey by s titivdiimss$hef 54
t he mediu e ed ta the vjbr.atjon, t. LQCess. ,dyri i . iRk is
consured oS o BE FaATed b, PRRE e o theeparargBREN )
(B) ) of the cawitasal@2 pfgphe actuator7106 as small as possible, that is,
formng the thickness of the base plate 178 5 as sufficiently thinner as
possi bl e (ref er Marefivipr ,23f (10)9 medimmeare|dif fdrent itypesgsof Hel quiic wiess of
the ink involved with the Lbratiaon,.and t-ink-max, as the_t-ink when the
addi t i onalS* G e T Hte 12 MORES W BHSHTECC t He SREUSESr *R06 F SORBUNT od
on thg bottomaic) g inksandifge frdzantald adsihe sunkagerebLQct he
ink. I'f ink 1's consuned, and the ink | evel becones |ower than the height

t - i nk- max faa@mdihg &ot uaé ati fifertdwe o vthe geaposi t yon chdliges fageor dhrg to
t he equation (6)

accor di ng ttﬁ@et%é),fezg%t' gﬁuré%)sggﬁgé%;%ﬁ?%&n%%ﬁﬁ SSt %%#Elr’:%\;g’ga? g%ln?ﬁltn t he

range of "firequdts ast Uatid¥edRb-, Whedadn Uy atieablyrlgetiekt ot heid Bbntacts

. consunpti on status. ' o
with the vibrating section of the actuator 106, and the ink and

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

Fig. 24 (A) is a grapﬁ which shows the felationship between
the ink qﬁanﬁity'iﬁside.the ihk_tank and the resonant frequency
fs bf the.ink énd the vibrating section. Here, the éase for the

20 ink will be explainéd as.an example of the liquid. The vertical

| axis shows the resonant frequency fs, and the horizontal axis
shows the ink quantity. When the ink composition is constant,
thé-reSonant frequency increases according to the decreasing of_
the ink quantity. ' | ' '

25 When ink is_sufficiently filled in the ink container, and
ink is filled around the vibratiﬁg region of the actuator, 106,
the maximum édditibnal inertance M'max becomes the value shown
in the equation (4). When the ink is consumed, and there is no

.ink around the vibrating region of the actuator 106, and the ink

30 .remains in the cavity 162, the additional inertance M'var is

calculated by the equation (6) based on the thickness of the medium

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



Furthernore, by enlarge or |engthen the vibrating section of the actuator
106 and arrange the actuator 106 along a l.engthwi se direction, the "S" in
the equation (6) changes according to tEe change of ink level with ink
consunption. Therefore, the actuator 20 106 can detect the process while

- the ink is gradually consuned. For exanple, the actuator 106 is nounted on
the side wall of the ink cartridge perpendicularly to the ink surface.

vhen the. diflk neliS GONSIIEE A0 hOR Jllod @YE! HhEGERGS. 40 dLhe bl DR ALK e

regi on of e actua bécause the additional inertancé M decreases
25 wi t h t henkdesrceasiungdogr ddheal hk chevied detlketedsondntmingdquentg"” fgefer

gradual 'y increases accordi to the atLo 1) .Therefore, _unl t he |
ink |evel 5% F\?mgt'h?ﬁ(?ﬁ ?grlfrg% GV e ?g i(&t t;hé (%Ctt%:torcg\(}?t"fls 182 (1 éfer to
Fig. 23 (@dssibife atiwatier (68meaAg ghaduBit¥nedetectthiderd ¥k paensumms on

status. -30 The curve X in Fig. 24(A) shows the relationship between the

i nk quéntiasysebhiaiaplly ridlidmest asmesHibkankeiRd thEifesdhtht) - f H&GFGency
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gradual 'y changes with the decrease 05: the i nk quanti té i nsi de the.ink
tank. 5 | ANgetENCe LR dBR% wieH EKBMRLEuatlaF AT d3fet? TP H Gless

of the gragiah ceRsUBRt LAB Phktbert PKags HbLL £as€a Mo e Isugiadeand gas
having different density with each other are existed-together and al so

i nvol ¥ed wihehinkbr atfi ank e congivmgdt oand rdregi BHUEVEloREGRFEFOHPWIL thani nk,
the liquid,decreases,. wi.th 10 i in i i i ved
W th the JTBr BEFBRC br S TR TBENS A PaSPEn20F  tht 26 B Gran R T
exanpl e, dhh@igeasecybedihde achaaiqratlith i(s) roumd etdeareddreantnf reguenicgge
hori zontally to _the_ink surface, and t-ink 'hs smal | er tp]gn th?1 t -i nk- max,
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of the i-nl&n@lq the gas-1elher efkofernt Rer KOl BF "t ", the actuator 106
15 can gradually detect the ink consumption status.
Furthermore, by enlarge or lengthen the vibrating section '
.-oftheactuétorlOGandarrangetheactuatorIOGalongalengthwise
direction, the "S" in ﬁhe equation (6) changes according to the
changeofink1eve1Withinkconsumption.'Thereforé,theacﬁuator
" 20 106 can detect ﬁhe process while the ink is gradﬁally conSumedw_
For example, the actuaﬁor'los is mounted on the side wall of the
ink cartridge perpendicularly to the ink surface. When the ink
ié consumed and the ink level reaches to the vibrating region of
the'éctuator 106, because the additional inertance M' decreases
25 with the decreasing of the ink lével, the resonant frequency fs
'gradually increases according to the equation (1). Therefore,
unless the ink level is within the range of the radius 2a of the
cavity 162 (refer to Fig. 23(C)), the actuator 106 can gradually
detect the ink Consumptidn Status.'.
30 The curve X iﬁ Fig. 24 (A) shows the relationship between
the ink quantity contained inside of the ink tank and the resonant

frequency fs of the ink and the vibrating section when the



equation (8) can be 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 Mmax in the' equation (4) by additional nass' of the ink and the
gas. 20 M =M air. + M ink pair * t>Pair/S + pink * t-ink/S (8)

where. M, max is. an inertance of an air; M ink is an inertance of an
ink; pair is a density of an air; pink is a density of an ink; t-air is

t he thickn : { i L rat.ion; . =Rk, e
t hi ckness gst gtr ﬁglﬁﬁﬁr%nlv?ori %?H\f\iﬁtg ﬁ%ﬁg‘%ﬁ?ﬂ? ?o%%#gé;% Slu%rrgé:ggn\mgni %h%g
act uat or 1086 lengmourtedaonb¢ hedearsteard thdget happrsoxiardt dreguenicroftabfy to

the ink surface, the t-air_.increases and,t t-1nk decrease ith the

i ncrease OFL?H@kgﬁES VM%W%EEFE?A?B Qﬁaq“f?g%iynﬁhﬁpgﬁfsnw’t tﬁs‘é&%ﬁﬁﬁ%ﬁﬁm ved
with the yEbtpéi oAk ageanEit{eivsbaating 199iampef the actuator 106. The 30
addi tional inertance M gradual |y decreases, and the resonant frequency
graduald y i ncr eabesd®fabbod e lrafgeyhen the achbptandlOfhear-defiect the

Ther ef or e, j [ ;E@i i NS e.fnk. : 0 '
consunpti oﬁ%ggﬁ%lik?g% gtoﬁ/eag et eéjt&g%.d"{#%el%%eggattbgnl?g) l%i‘g’ﬁ% sa%‘%ﬁ%/ﬂ% t he
density ofthaeliquid ciritegassbhavbhg tdief Gemsemptdeorsitthawwitheedehsottlye vfarthe

air is small,conpare o the d nSit‘¥1'0El tBe Jiqui.d so .that the density of
the air cafPiS-B0 HOGRGTET. 20feh RhanHOL VSR Or HOK 1PE 3G deACTAE THRY i hik
cartridge tgélbstanid Bl doynderpeish @i arhd odie dHK supfRf e dit sHat U e an

be expressed as the equivalent circuit, not shown in the figure, on which
t he rel§i oningpezelnh o hidieugarnyol il madinm havel vedt vokh 10he v ithe tastruat or

106 is *i “%@%é”t d, {18 Ui8Q Mg MELE Eﬁg qeeLum,, | Dyl ved, with the
vibration o he actuat or i's gas, can be “expressed as paral_xl el :
circuit. I|fhéetaddhevtareahef acheategi onewhermeoutted medithe i imkolceed ndidgle t he -

vibration of the actuator 106.s ink_only as Sink, and let the area of the
Fegi on whei @ AR rhoL S Hend oy SHTGACR AR VE b3k | b ST LI SCeiatse 106

i's gas only-A$%-max, the medium involved with the vibration of the actuator
15 106 includes both of the ink and the éas. Therefore, the following
equation (8) canbe obtained if let the area of the vibfating region

of the actuator 106 as S and express the status when the additional
inertance is below M'max in the equation (4) by additional mass"

of the ink and the gas. |

20 a M';' _=-'M".éli'r_ + M'ink = ,oai_'_r-* t-air/S +pink * t-ink/S (8)
_ where ‘M'max is an inertance of-an air; M'ink is an inertance of

an ink; -p air is a density of an air; pink is a density of an
ink; t-air is the thickness of the air involved with the _vibfation;

and t-ink is the thickness of the ink involved with the vibration.

25 In case when the actuator 106 is mounted on the ink cartridge
'apprqximately horizontaliy_ to the ink surface, the t-air

_. incréas_es- and t.he t—ink decreases with the increase of the gas
and the decrease of the ink wit_hin the medium involved with the
vibration around the'vibrating region of the actuator 106. The

30 additiona-l inertance M’ graduélly decreases, and the resonant
frequency gradually increases by above changes of the t-air and

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



.Sair, the follow ng equation (9) can be obtained. 1/M = 1/Mair + 1/ Mink
=.Sair/(p air * t-air) + Sink/( pink * t-ink) (9) The equation (9) can be
applied when the ink is not held 20 in the cavity of the actuator 106. The
case when the ink is held in the cavitf'scan be cal cul ated using the
equation (7), .(8), and (9). In the case when the thickness of the base
plate 178 is thick, that is, the depth of the cavity.162 is deep and d is

comparati velyy 83 Qieeihe tIRLRLekags il d 118, MEdhuBt ddded@y. orphd the

case when usi ng actua ving a very rati'ng region conpared to
hei ght of ¢heatiqui (7 codépemnds ortlhe cacttiet denddey odt tHet @éguithbepaosess
of the gradual, decrease of the ink but actuall ?%t ects . whether the ink

level is hPghehe &Sfrtﬂ%?l?%awacthé%&mwyp&ﬁ t6n 338 of PHBLACTRUEPRFS In

other wordse, die RGidatpodeheci sqhhe sexdisdenase feddiay B¢ ahet BEr can
vibrating region of 'the actuator. For exanple, the curve Y in Fig. 24 (A

shows tbhe bel dgneorehi p between 57 the ink quantity in the ink tank and the

resonant. frequengy, s, of JLAG VLT 8hLng Seetianauhen, the vibraling seelion
is small circular shape. e curve 3Ro that” "t he resonan ?reque y fs

of . the i nkulseichiithia Vi pripdipehdientian whanges nexsueaky , duhengr bt thecamnge
of change of ink quantity Q which corresponds to the status before and
after the PHENPREASEhaghehe rﬂHUcJé’rﬂ@ed‘efs%é”cPHé' %Erﬁficmffl &&FF?O@F%r%he

actuator. By ik £HaNA8s &, LRBreMQRORRBYL Ukl AVSTICYa e Eheap ihg dei et ed
whet her the ink quantity remained in the ink tank is nore than the

pr edetl®r mafed hguanthayor10g e ek ol of amsi hjetieg et uatherel OBe filgdium
detecting the .. existence.of the |liquid_s,nore _accurate_than the nethod
oo o8 oy B RHEIE TR i Ear s S, R RE BREHE " ' 18 Tedhr Th s
the act uatedpddsatbbedrdlelexi stence aff 18€ thekabya difr€ied ggieaniatd ng
with the liquid. Furtherpore, the nethod using an 15 el ectrode to detects
t he exi st éﬁ??e%ﬁlPWelP\ﬁ‘RlB?dMEPFV‘HV?@OH of the actuator 106 is ink

only as Sink, and let the area of the region where the medium
15" involved with the vibration of the actuator 106 is gas only as
.Sair, the following equation (9) can be obtéined.
1/M' = 1/M'air + 1/M'ink = Sair/(pair * t—air-) +
Sink/(pink * t-ink) (9)
_ The equation (9) can be applied when the ink is not held
20 in the cavity of the ;act:uatbr 106. "The case when the ink is held
in the cavity can be calculated using the equation (7), .(8), and
o). A . |
In the case when the thickness of the base plate 178 is thick,
that .is, the depth of the cavity.i62 is deep and d is coﬁlparatively
25 close to the thickness of the medium t-ink-max, or in the case
when using actuator having a very-small vibrating region compared
to height of the liquid container, the actuator does not detect
the process of the gradual decrease of the ink but actually detects
whether the ink level is higher or lower than the mounting position
30 of the actuator. In othér- words, the actuator detects the
existence of the ink at t:he_vib_ré.ting region of the actuator. For

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



i nfluenced by the nounting position to the liquid container and the ink
type, but the nethod using the actuator 106 to detects the existence of
the liquid does not influenced by the upting position to the liquid
container and the ink type. Mreover, 20 ‘because- both of the oscillation
and detection of the existence of the liquid can be done by the single
actuator 106, the nunber of the sensor nounted on the |liquid container can

be reduced OBpRr t USi I r S r ' [ and
t he detectfgﬁ g?ﬁtﬁgggﬁ%gfegﬁéhg?:#ﬁ% ??%ﬁ?géa%ﬁgrg?%?é?kgh£9§§h%#g%igg
cont ai ner oéntbe wabohadchgr edcaticm IWihenprihee.vifaratiergsestidrhel s osmall 1
gener at ed b% thz act yat or 6 duringYIh o%e gtion of the actuator 106 can
be reducedBySefti RgePhe ?eﬁQHﬁf'fréﬁﬁg cg 35 CPReT BT RIBRY ett T TRy er
160 out of rsher aud enkr £ed ey vibirgt i24(ScsionsHhR dLbatireps i pabei ygen

t he densitX of 30 the ink and the resonant frequency fs of the ink and the
vi bratihg tBec¥erge oif henas ¢é YnEHant HFiQy. whdEh) cprkesgondedt ast
exanpl e 0f sLh gtk de £8r SN AR oF Bne 2HBhet1ein! (e GRS ILAICHa sLOCT RS ES,
the resonant trequency fs decreases because the additional ihertance

i ncr eases. mbunbiher pasids ont hef r esenantuatoequemyy flsiar ehdhfésr erfit tird h

the types of the ink. Therefore, By neasurin he resongnt .frequency fs,

1 can be CORPTTRbA LETMRRerS  HE T3 DB JSL 4 TLHBRE GEnare § MR THet 1 ed
together dininged heh EB2fidl tRHKOL s e PKah @ HNBrbAKtE2RknedRRIE{ONG, . the
actuat.or 106 can distinguish the ink tank which contains the different

type of0 the ink Themebedt PonuRhBE the astuater 106 dar abvwcitiely tdet ects
10 the st aé*'?s@én%%,[eolt Lqul d w4 |1 Re Gxp! aéQSQFEPﬁd%QB! tflllg.r}cle 'hldaoci"’!w’}%'cda Ige

case is assuned t he si'Ze” and the Shapée o e cavity is ~designe
t hat the |¢tguiwl zaes haerqua ey b itrfkec casutyt 162 beft hé¢ Befaetvatercal¥e even

when the liquid inside the liquid caontainer is enpty. Th ctuat or. 106 can
det ect thetg?a?%%u?ﬁoYrﬁP?i%ﬁﬁ?Fﬁ% r?%ﬁﬁﬁ?qqﬁaéglﬁh%iﬁ t FI9Ed Y n

the cavitycdbadfiddow B UBLOT1iquid. Furthermore, the method using an
| 15 electrode to detects the existence of the ink by conductivity is
influenced by the mounting position to the liquid container and
the ink type, but the method using the actuator 106 to detects
the existence of the liquid does not influenced by the mountihg
position to the liquid container and the ink type. Moreovér,
20 because both of the oscillation and detection of the existence
of the liquid can be done by.the single actuator 106, the number
of the sensor mounted on the liquid-céntaiher can be reducéd
_compare to the method using separate sensor for oscillation and

the detection of the'existence_of the liquid. Therefore, thé_-
25 liquidcontainefcanbenmnufacturedétealowprice. Furthermore;
the sound generated by the actuator 106 during the operation of
the actuator 106 can be reduced by setting the vibrating frequency

of the piezoelectric layer 160 out of the audio frequency.

Fig. 24 (B) shows ﬁhe relationship between the density of
30 the ink and the resonant frequency fs of the ink.and.the'vibratihg
section of the curve Y shown in Pig. 24 (A). Ink is used as an

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



106 can detect the status of the liquid when the. liquidis filled in the
cavity 162. The resonant -frequency fs is a function of the inertance M

The inertance Mis a sumof the inertance of the vibrating 20 section Mact
and the. additional inertance M. Here, tfe additional inertance M has the
relationship with the status of the liquid. The additional inertance M is

a quantity of a virtual increase of a nmass of the vibrating section by the
effect of 108oJBdlum ekl siad Al aund, LABCNLD" 3ld NGSLELLOD. HlkaALRer HOT dS,
the 25 additrional Ther ance st noun i ncrease of the nass o

t he vi br atadditstehabnindircdnts imcreases. byl hﬂzhﬂmrmrdm afhe heescvmekmtatl ng

section that virtually absor s t he mediu Therefore, wh th Vis
| arger th A RN RRC L Hohn(@)e SYREP ©hd Hbdnim ulire e

virtually @}DSQEQEQri 8gt Bge %Qesldn@wtd ﬂ’x%@lé}ﬁ;@r i fis | heecavint el &on fiared or e,
t he status when the I\;Igcav is larger than the Mnex is safe with the status

that the whefher ddm dinkerfi & Hiffewent Brgailly Tae Pesormited raffisx 59

fs does not chan becau he M ednt case.
- Therefore(5 Ifh%ggg?uar[ tsJ(IjO]G1 nnot deetrem{ ttcﬂ %altus Jo]‘%rﬁ?ne liquid in the
l'iquid contai nertheéaefidie otthey ahandtdrf 1bbechh daytingsaimhl ehe tirn tdrek M
max 5 in the equation (4) t he medi um whi CQDSg S VI rtual |y absorbed is the

i quid rerdt el FINGHATANG P UERZRRF thPy acftmin the Iiquid

container. In thyg Eéﬁ@ut@%ﬁ%&itthf‘e M-rGhapgesos ‘é‘&'nCQcch§aQéi eitceM th
the case when the liquid is filled in the liquid container, the resonant

frequéfcy e shatgesef Therkfquid wifid he @a@tl@atﬂ@ld 106latai ldéndetl kova ngt at us
206 eon nodif bl 18 Abdinda GO G I G VL b MO DRE LD AF et oF

106 can acclit at us~o e I|qU| I's tha cav is
smal | er truaarslgrhsei Mo oBXtwWies Litild @uindbé Srémabie®d i mhisheavavytyeA@x of

the 15 actuator 106,. and the liquid container is_enpty, The condition
' the actuator 106 even when the liquid inside the liquid container
is empty. The actuator 106 can detect the status of the liquid
15 even when the liquid isnot filled in the cavity 162 if the actuator
106 can detect the status of the liquid when the. liquid is filled
in the cavity 162.
| ‘The resonant frequericy fs is a function of the inertance
M. - The inertance M is a sum of the inertan.ce of the vibra't_ing
20 section Mact ‘and the additionél inertance M'. Here, the -
addltlonal 1nertance M' has the relationship w1th the status of
the 11qu1d The addltlonal inertance M' is a quantlty of a v1rtua1 .
1ncrease of a mass of the vibrating section by the effect of the
medium ex1sted around the v1brat1ng sectlon In other words the '
25 additional 1nertance M' is the amount of increase of the mass of
the vibrating section which is increased by the v1bratlon. of the
. vibrating section that virtually absorbs the.medium.:
Therefore, when the M'cav is larger than the M'max in the
equation (4), all the medium which is virtually absorbed is the
30 liquid remained in the cavity 162. Therefore, the status when

the M'cav is larger than the M'max is same with the status that

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

)



M max > M cav, on which the actuator 106 can accurately detect the status
of. the |iquid, does not depend on the shape of the cavity 162. Here, the
M cav is the mass of the liquid of the ﬁgl ume which 20 is substantially
equal to the volunme of the cavity 162. Thérefore, the condition, which can
detect the status of the liquid accurately, can be expressed as the
condition of the volune of the cavity 162 fromthe inequality M nmax >

Mcav. For exailnot! Enhabet BEcRLE UshOfy fa%e@%eknehéﬁge%té}ﬁsciéq%%'.af
shaped cavity 25 162 as "a" and the thickness of the cavity 162 as 1 d",
then the f{Orexsfione.i hbquadtivataahlbeaobici detlecMthmxstapid/ofaghe 1(iH)idBy

expandi ng the j,nequal it 1Q),. the follow ng condition can be obtained. 30
a/ld > 3* n ]7%3 é(}{llelgIl uelc%/nc(eoqnfjpﬁlirfeyr'( 10) and (11) are valid only when the

shape of the cawor ¥he63therchasd| aift tBye wOIcAG LBesRAUBE: OThah&hd be il max
is 60 not circular and substituting the area n a2 with its area, the- _
rel ati ofshill S&SnESHatAedi(fenstBR BeAt e whiFh i s dh tas 1d vvadsierbadd is

length of the agydi aehaliheadgRt Pneapabergefkye 'Tg}f‘g L 5
actuator 106 has the caviaty 162 which %ast95£%%e‘g}% |use§{)af%r ?ﬁebgﬁqeln%ﬁnénlm
"a" and t h&htepigubdd aomg aganeirt.y Id'thitshadssathesfapsehehe ddihaore shewd chn

inequality .(1 t he _act.yat 106 can detect, the liqui.d statu i t hout
mal f unct i onl(seéé}flfﬁ}ﬁgﬂg “Pﬁ:g“ ?Flauﬁacﬁecﬁ'ﬁ?& ﬁé‘?ﬁiléqué t§ & etdnénltlﬁ'lfllj\.lillélq}%d
remai ned i kdit@ingayi thel G2scHinBecadseRe FddidHerRls .i Neptapesrinf Lygnces
the acoustic inpedance characteristic,. it can be said that the nethod of
neasur ilfig AFEUEG@At dP6eFaBt ABRBEL Ve of bt werel dthed liigudet dat she 10qubg
resi dual vidypatiior reasures at | east the change of the acoustic inpedance.
15 Furthernore, according to the present enbodi nent, the

The condition whether the actuator 106 can accurately

detect the status of the liquid is that the M'cav is smaller than
the M'max when the liquid is remained in the cavity 162 of the
15 actuator 106, and the liquid container is empty. The condition
M'max > M'cav, on which the actuator 106 can accurately detect
the status of the liquid, does not depend on the shape of thle cavity
162. |
Here, the M'cav is the mass of the liquid of the volume which
20 ~ issubstantially equal to the volume of the cavity 16.2 . Therefore,
the condition, which can detect the status of the liquid
accurately, can be expressed as the condition of the volume of
the cavity 162 from the inequality M'max > M'cav. For example,
if lei: the radius of the opening 161 of fhe circular shaped cavity
25 162 as "a" and t_he thickness of the cavity 162 as "d", then the
following inequality can be obtained.
M'max > p*d/mna’ (10)
By expanding the inequality (10), the following condition can be
obtained.
30 - a/d > 3*n /8 (11)
The inequality (10) and (11) afe valid only when the shape of the

cavity 162 is circular. By using the equation when the M'max is
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actuator 106 generates the vibration, . and the actuator 106 itself neasures
the counter electronotive force in actuator 106 which 1is generated by the
residual vibration remained after the vibration of the actuator 106.
However, it is not necessary for 20. th&%ibrating section of the actuator
106 to provide the vibration to the liquid by the vibration of the
actuator 106 itself which 1is generated by the driving voltage. Even the
vibrating section Jjtself_ does not oscillates, the piezqgelectric layer 160
def | oct s T COrDHAF AV DA Hoglt Hel® Vi%9r the 1151 o CSui k7 cortct s
25 with theMdreHdHip $eehieen %émﬁ%idﬁ'&ethg%%f@%'ﬁi@{ asVh Ry Addon
generates the counter electronotive force voltage i'n the piezoelectric

| ayer - 160 atdtl & rleansftdr athithe manidry agldedtheomstitle daor dee vasintiggsl t o t he
upper el ectrode . 164 d the. l.ower el ectr 166, , The st at of . the ligquid
can be detected ruesior%e t ﬁfstlb%gﬁgﬁgﬁgﬁ. P orhaesxgrr%ﬁl%a,‘wltny g%é"ew%%c hheasl nk

j et recordheNgadppar af Uhe bpenshat usi ofa't herd bket@dk:Wioft BRel ddviepntal ned
inside the ink tank can be detected using the vibration 61 around the"

vi br ati ng e Fahisfyiihe sepdatéPnvilim P8 Jeedrat B8y Gy )t heh¢iastaratay
gener at ed 1) 1 he BREEREOSAL! NYlIPE! Oa Ofis LIL h&RE A0 & SERANN W,
print head during the printing operation. Fig. 25 (A) and Fig. 25 (B) shows
a wavef or iahef ltieidespdtalines v$ praptiorrgf thigelaguadt bs 196 amed tive the
measuri ng net@pd %f the residual vibration. The change of the ink |evel at
the | evel S8V *%hd funting position of the actuator 106 in the ink

cartrijdge can pecdelecthd Qydibecehanpeettaide fiEQuUatds ahe heoampliict ude
of the residual vibration remained after the oscillation of the 10 actuator

106. | n Fiigressnse shpmacteistB)C, tHe V@Rt PEalSadd thathowke t Retheft &de of
t he counteg :t,1,0 [ ' i Vil I f the
e e Y A O e A e s S

vi brati on16f blye rastidandr vib@ét ithe mpasefresmaof lehestanakeoghsngrabfofthehe

vol t age genera%es 15 as shown in Fig. 25(A) and Fig. 25(B). Then, the

anal Og Si aﬁglus 1C lmpedance. .

15 Furthermore, according to the present embodiment, the
actuator 106 generates the vibration, and the actuator 106 itself
measures the counter electromotive force in actuator 106 which
is generated by the residual vibfation remained after the
vibration of the actuator 106. However, it is not necessary for

20. the vibrating section of the a'ctﬁator 106 to provide the vibretion

| 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_defofms by vibrates together with the liquid, which contacts

25 'with the vibrating section with some. range. This residual

- vibration generates the counter electromotive force voltage in
the piezoelectric 1layer 160 and transfer this counter
eleetromotive force voltage to the upper electrode 164 and the
lower electrode 166. The status of the liquid can be detected

30 using this phenomenon. For example, in case of the ink jet
recording apparatus, the status of the ink tank or the ink

contained inside the ink tank can be detected using the vibration
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is converted to a digital nunerical value corresponding to the frequency
of. the signal. In the exanple sown in Fig. 25 (A and. Fig. 25 (B) , the
exi stence of the ink is detected by neasuring the tinme during the 20
generation of the four nunbers of. puIsesG%ronlthe fourth pulse to the

ei ghth pul se of the analog signal. In detail, after the actuator 106
oscillates, the nunber of the tinmes when the anal og signal get across the

predet er mi e t W, i dg t. i
predeter gt HeDGB-NPLhateL0rgh 1o chavoLLage o, 12 LiRdegl,
signal  bedoneshe outira tdountgerteratiee ®iyghhle m@unpspcamdnghaothaﬁ dfr the

fourth counts t.o the eighth counts is asur ed % predeterm ned clock
pul se. Fi g.C¥%1PR° R ”PH€9WQV%P6FHF IRELI NG NEREL N WABBEE2 T30t he

level of the nmoumtiigng2pea) td.en FQE] tbe (8 ‘?téﬁév@é algﬁvelfbgm 3P ) reshaugit he
wavef orm when the ink |evel is bél om1the | evel of nounting position of

t he actéatdﬂhT@Gloeoﬁﬁaﬁmﬁgapﬁ@ang 19§ @np 6he andSEIQDQZ@eFde othehE|ne
of the Flgreéﬁd&Ah 99&%291§§e FQu th %n5§ 4 e 8ld %ﬂe% v Longer

than the time o (B)-. 10 her mords depen s on exi sPence
of the ink thtehe\ohnlmnfgr pmsltﬁlenf@ﬂrtt}lﬂe COtHi st do ﬂdee iei ghehiaRUBhBt L Edge
different. sing 5 this difference of'the tine, the consunption status
of the inkC2 aﬁ %?E%@éﬂyt#ﬁbCP@&@Sn1PotE%nﬁﬁeqqﬁP%Muﬂrb§h§l@ﬂﬁ}lFV@ﬁ1the

fourth coupische t&ssd@st thﬁram%w&%m%%eefakb@rtw@ &,fcthrlatc% éskbl;ﬁé' on

of the actuator 106 becones stable. is only one of the exanple.o
starti h¢) t hetmesour @fent Imoﬁ’ngo@r&% c@mi §FigbuR5 (B0 , mehsuvenentat aamx be

started fr e S u The si.gnal s fromthe rth counts to
o ot B con e AESLE FEAGEUEE Sond RO H A e oLt 2ol e hbt e 08t at g "
ei ghth Coubysthe segdasarnedi byat hen [aj’fEdBé&icfﬂmﬂibehoek gl s@e Ryridbseal
nmeasur enent, . hg r esonant frequenc%%can be obtained. The clock pulse is

prefer 15 £E&1HeSBOPRISRE HafiGrg BY sEi® e Hrduad rH Bad iQooE EBe 293t i ng

106, the waveform of the analog signal of the voltage generates

15 as shown in Fig. 25(A) and Fig. 25(B). Then, the analog_sigﬁal
is converted to a digital numerical value correspoﬁding to the
frequency of the signal.

In the example sown in Fig. 25(A) and Fig. 25(B), the
existence of fhe ink is detected.bylnéasuring the time during the

20 generation of the four numbers Qf:bulses from the féurth pulse
to the eighth pulse of the analog signal. _

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

25 side. Thedigital signal is set to be highwhile the analog signal
becomes fourth counts to the.eighth counts, and the time during
fourth counts to the eighth counts is measured by prédetermined
clock pulse '

Flg 25( ) shows the waveform when the ink level is above

30 thele?elofthenwuntingpositionoftheactuatorlos. Fig. 25 (B)
shows the waveform when the'ink level is below the level of the

mounting position of the actuator 106. Comparing the Fig. 25(A)
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such .as the sem conductor nenory devi ce which is nounted on the ink

cartridge. It does not necessary to neasure the tine until the eighth
counts, but the time until the desired unts can be neasured. In Fig. 25,
the tinme fromthe fourth counts to the ei ghth counts is neasured,

however, the time during the different .intervalof'the counts also can be
detected according to the «circuit configuration which detects the

frequency. For. ex I8 e apad | by (a3 §tAPhE rarRdfdherh towetwat i on
of the anﬁlﬁfﬁﬁé;%ﬁheg\gga 1t"%soggael ,?%he r(esonant §25 frequency can be
det ect ed hy defeeetighght beunt seid riamgere thear thecbimesof cchhd 8 x2ik (Bdunt s

to increase the speed, of detection. Myreover t i nk. i i
unst abl o SRUOEREE M aEFBRASBIOR FEarbt TYaee ot TRE i o8 Per Tt 53 he

time fromdihe fQuiih cot@eRt $ot enkheigwehfeébugesnis ¢afif beenlet e@yedsting
detect the residual 30 vibration accurately. Furthernore, as other . K
enbodi frentthis i ffevencenbér the £ hume, voe AERN SRS B DFat e Hoiier ™

el ectronotive, force during e r i P be cmtced
More speciFAbRFI§SCarEE? t%_}ge g%tgﬁgl?lorggeéfg%ﬂogg% IggtéggglJ tgﬁgndi gital signal

is set tofmrudilgkoudtti g tbestpardetrer menedrpeensdofandet himeafiyar ¢ihet he
ti mes when the anal g signal is get across the predeterm.ne f 5
vol t age frVdrﬁrtaﬁéqrbwf_v‘élP?a@%t%?%rgtlé)stﬁgcﬂi“ﬁﬁ ?/%%]g%'e gl{tdelsi (gn{gooﬁgﬁee%gf By
neasuri ng (e Gauph (NYELEE a rt g BHSRAsarehehief bk foant hecalattact et
Furthernore, it. Can be known by conpari ng. Fig. 25 (A) with Fig. 25(B),

the anpli tnedswfentdns wavefasr mtefr tigse feomtde des RS T¥StSive force is
different when the ink is_filled. in ' g nMerbdhes e s
not existed in EIhﬁlg ?h‘ﬁn%g?tfﬁodﬁgbe f]%\glstel# %lr&él?&tsh%bi n '%g%surrpti on status in
the ink cajdddcd@sl cand e demectesh bjtenastrhi ngunhe taonpihiet etiehof covats
wavef orm of the counter electronotive f ng(rvmihout caggulsateiag%rteg% ¢
resonant 15 PeRedERe Py Nt BrEPeEPFMEAPH P AT PRI &I &Y B T &l'6FENEE Vol tage

the resonant frequency can be obtained. The clock pulse is prefer
15 | to be a pulse having a same clock with the ciock for controlling
_such as the semiconductor memory device which is mounted on the
ink cartridg'e.. It does not. necessary to measure the time until
the eighth counts, but the time until thé’ desired counts can be
measuréd. In Fig. 25, the time 'ffom the_fourth counts to the
20 .eighth- counts is measured, ,how.eve'r, the ti_me dﬁrirﬁg the different
- interval . of the counts also can be detected according to the
circuit ébnfiguration which'detects the frequehcy.
For example, when the ink quality is stable and the
flﬁctﬁation of. the'-amplitude_ o.f thi_a peak is small, the r_esonant |
| 25 . '-frel;:iue'ncy .can be detect_éd ‘by' detecting the time from the fourth
- counts 'to the sixth counts-to increase the speéd of detection.
Moreover, when the ink quality is -unstable and the fluctuation
of the amplitude of the pulse' is large, the time from the fourth
(V:ou.nts. to the twelfth counts can be detected to detect the residual
30 vibration accurately.
Furthermore, as other embodiments, the wave number of the

voltage waveform of the counter electromotive force during the



i s set between the peak point of the waveform of the counter electronotive
force of the Fig. 25(A) and the peak point of the waveformof the counter
el ectronotive force of the Fig. 25(B). 6'I' en, after the actuator 106
oscillates, set the digital signal 20 to be high at the predeterm ned tine.

Then, if the waveform of the counter electronotive force get across the

reference voltage, it can be judged that there is. no ink in the ink
cartridge. f i f KOWY g‘d.eCTMrE}%Dfs' we;k9rge1goese get
acr oss theprrfee{ig:tle%%g\g@légl P%g]é?&i {:Qcan be ﬁt ged tﬁat theré |9s ?ng 259?% t he

ink cartridpe. aftgat@6 Stowscti hdatanuftdot digngades hoola bfist het aot bat bigh06.

A pl uralit;(/:1 of. the actuators 106,. four (gunbe hi n the case ,of the F!a% 26,
are for med L1810 R CORTETINGS BT 199 BYSRET 057 1S CEiRSr WRELr ed

by cuttingthle Ry iddgefl act ugter at@8ss Wi Shedst d aRimsh | Pe PALROEY as
shown in Fig. 26, at eac% of the actuator 106. |f the each of the _ :
pi ezoel &ct Vodtapentmey shet hewedehteage shdeprarbhethioh vaktageuaide 196,

which is f i ' Lg. - ' t...sh :
he. act uat SrUT08 Sshonh "eacurary €55 TRUAR hinbel; oFf RS T R e
actuat or 1@6n bbi dbtecseflorned as one body, at each of actuator 106. By

formng .a pl uralité of the actuator 106 in one boa?%f aﬁgl uralitg of

actuator 5 106 cEH*bBEHBALEact U@l oFf 6EPIRePY R"RHE ¥a i fre (Pant R so

the handl i pggdurz@g)t,h_etheawifaxd@no@ewsw@@éyoﬁﬁh%@cw@ Kol has a
r

thin plate of a vibrating plate 176, a base plate 178, an elastic wave
gener at@ ngedlegkremokivei Eevet ets rd f g vantntwhery the dakniigafil bedi hy member

or an uppet 10 tyod i . : a ] hal i nber or a
| ower el eé %oc glltterglr({rﬁoen%&%rp%%jl%%eji%g’l etc?%:fécg% gr?etthl?é %?fgcfag%ﬂhée%e' a

pi ezoel ect Therwtbrat i tige pl @k eca@iswangl isroatettus dnl ajter idkOcaatri dgpPeran

el ectrode 164, and a_lower el ectrode 166. The yibratin late 176 _i5s
formed on PRedEbBCEErr B¥eMBRSEAL Bakhe pPERE 192 dt}i% ‘feﬁ‘ée PR EIE rode

166 is forpedneart BectePombEfidee fOlckh@ithout calculating the resonant
15 frequency. More specifically, for example, a reference voltage
is set between the peak point of the waveform. of the. counter
"electromotive force of the Fig. 25(A) and the peak point of the
waveform of the counter electromotive force of the Fig. 25(B).
Then, after the actuator 106 oscillates, set the digital signal
20 to be high at the predetermined time. Then, if the waveform of
the counter electromotive force get across the reference voltage,
it can be judged that there is no ink in the ink cartridge. 1If
the'waveform of the counter electromotive force does not get
across the reference voltage, it can be judged that there is ink

256 in the ink cartridge.
Fig. 26 shows the manufécturing method of the actuator 106.
A plurality of the actuators 106, four numbers in the case of the
Fig. 26, aré formed as one body. The actuator 106 shown in Fig.
27 is manufactured by cutting the plurality of actuator 106, which
30 is formed in one body as shown in Fig. 26, at each of the actuator
106. If the each of the piezoelectric elements of the each of

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



vi brating plate 176. The piezoelectric layer 160 is formed on the top
surface of the lower electrode 166, and the upper electrode 164 is forned
on the top surface of the piezoelectric |ayer 160. Therefore, the nain
portion of the piezoelectric |ayer 16064 20 formed by sandwi ching the main
portion of the piezoelectric |ayer 160 by the maiin.portion of the upper

el ectrode 164 and the nmain portion of the |ower electrode 166 fromtop

- side and frombottom_side. A plurality.of .the piezoelectric ment 174,

f our nunb@FsSh%%ni¥Ptqﬁ§'c§§e SFeFbeC%%?ri%P?Qﬁng %m?#ﬁ%?gﬁrb?ggiﬁgoﬁpate
176. The jhowey. ebeshhasieniBbrhsthioeaesy @uticied opesatd weeo©f ohewNibnat i ng
plate 176. The piezoelectric layer 160 is formed on the to surface of the
| oner el eéfr 68EMEB6asanbet hedyppak epebt PédactBators 1Py oFP¥ e op

sur f ace-oglwslgiég?&e ﬁgtgé&atgcyre%%%oxa% ,gagigi%ﬁéfm%eaé@&érwal 168

and the |ower elettrode termn ~are for e end portion. of the
upper %l etb6oden 1< reanth fidvrer Gfed |edierctalvedty ade thébsafeetfinar audbel so of

the actuator 106 _are sed separately by cutting each of the actuator 106
separ at el §Pe ARy 1 RA IR 1G E%-%’é%’g?%%rﬁ?tjao%g’??c%'f‘e?h%a%%t uat or 1086.

The through hol-ehd 283 Ja% J0h 6Bh &4 ot PRiA e oirhg Jiaseadiad p14¢8 1PeWhich
faces with the piezoelectric elenent 174. The through hole 1/7/8a .is seal ed

by the vi@rddss plate 1188, Thenvidkadtiig pladiee IJETETRS iNSr nBEV DYt Her
mat eri al I | CiriC | gl,ati- ra L SLI | wm and
zi rconi unﬁgé?g%f%?\%%?se& é”geodse;?gflé ‘Jfloq;gzbré]%L e O?Eﬁg@&%a@?ﬁg- IO?/_‘.S aﬁ}'h@é@
pi ezoHl ecéléct pb@ererdrnlithall’46i8s dond nedeaminbé Fobmahgngemhart erld3cl ewef ace

with the through hole 178a. The |ower, el ectrode 166 is forped o té‘le
surface ofletHeCIs Fretimfipitdle 178 R FOHS Ve Bx CerTed 6%%“&% €s

direction, piledfde1dd86Hd 9Api-Atkhg. pPdhe oM ez d£0 O OE 1@ rt DEOUGHh hol e
178a. The upper electrode 164 is fornmed on the surface of the 15
pi ezoel ectPPer |lest UBle sihhs ans e lexeangégctsodRe16pposThe Vidinadcii®dn of

t_he | 'Omrpféggtlrﬁd§slpgrmg\@io(}ht.ﬁrui, E&g@ur%arceecglfoghe base' plafe 178, and

15 .t.:he lower electrode 166 is formed on the top surface of ‘the

vibrating platé' 176. The piezoelectric layer 160 is formed on

the top surface of the lower electrode 166, and the Lipp,er electrode

164 is formed on the top surface of the piezoelectric léyer 1'6(').

Therefbre, the main portion of the pie;belegtrié layer 160 is

20 formed by sandwiching the main portion of the pie_zéaelectric layer

160 by thé maih.portio_n of the upper electrode 164 and the méiri

portibn of the lowér electrode .166 from top side and from bottom
side.- _ _ 7 ‘

A plﬁrality of the piezoelectric element 174, four humbers

25 in the case of F.ig. 26, is formed on the vibrating plate:176. "The

| lower electrode 166 is formed on the top surface of the vibrating

plat_e' 176. The _piezoel'ectric layer 160 is formed on. the top

~surface of thé lower electrode 166, and the upper electrode 164

is forme'd 6n the top su.rfacé_o'f the piezoelectric layer 160. The

30 upper electrode terminal 168 and the lowef'electrode terminal 170

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



in Fig. 28, fromthe region of the through hole 178a. Each of the upper
el.ectrode termnal 168 and the | ower electrode termnal 170 is forned on
the surface of the each of supplenmentary-el ectrode 20 172 and the | ower

el ectrode 166, respectively. The |lower “electrode termnal 170 with the

| ower el ectrode 166 electrically, and the upper electrode termnal 168
contacts with the upper electrode 164 electrically through-the

suppl ement Bswe £'d Bt 16672 trRedebi¥efuabsignat thed eRanudthsr 106 are
pi ezoel ectric_el enment -and the 25 outside of the actuator 106. The upper

el ectrode ‘#%?@n%%arf{’;@b’ah&l @\hétmsmacé} &dt £bgeacevat aal 1 0 Gepagaiedai-ght
hi gher than the g *?tsrPJ dé Oseéé‘tcltc{r{ Slfeé ?far?c@t ﬁ""&'h%h {Eéuéé‘%%@."f
es an ec Ig. shows

t he hei ght of th ectro piezoe ric lay
t he. manufEot mrhlmggmiehhbel 0fgd He ﬁotmacﬂcnm 1GEe £36e sdmwha haEégpla&ﬁe 1/igr st ,

a throygh ho 40a i s fornmed. on green heet 940 by erforatln the
green hee"fmjfgbgﬁeﬁ "b]rté'égk&p%ea?s%e?al ’i)‘rf%-zgifeﬁ‘ﬁnt‘l']h'/e4 gr ggﬁ Sheiisly

becomes therdiase gkatedldy @hd arifi&t e plurei NgsPr opes S i biRR iGiL PN atlheet
940 is forned by the material such as ceramic material. Then, a green

sheet 941 3% | &9 f—l‘éﬂé@ld b tthe dMatierdialofwhieh gh@%neéﬁéérlgmnsmhetgmen
sheet 9414ﬁ§§%§§% %Iyl dg% Q%hgag% %7%n%ftegrth%d%ﬂéﬁ{gkprogdgi The

green 5 shee or ne eri Al Ssueh S8 Rt Um B% ?hen,

a conduct ipesdiayler t84}2e déte:xpmeai@elaechtaclyayerhe K@ zalk @ ricoadeakhye
| ayer 944 is forped on the surface of the green sheet 941 sequentially by

the méPhod Gudf HRIPRYE @0 ke VrHér%Heﬂj@tlﬁxFé 17yt foge ‘bb'é]@)rﬁi’se EREopEHer
el ectrode 1§ 1384 .t hengonslmet e ckQ-daY k6944 BEFRSESHE NG dIRRSE A8k esﬁf;rode

164 after the burning process. Next, the green sheet 940, the green sheet
941, the tdendibravénygpiateda2s Smesm@b@%emmqﬂ@d Ity ehe k66 dandcthen,

conduct va s B4t 0C A, 98, PHEOR ] I SRR TRIVRL B0y Ttne
el ectrode 17N nahe 16 pandelbetroder 16k ecs rosmed on the surface of the
15 piezoelectric layer 160 so as to be extended to the opposite
direction of the lower electrode 166, which is right direction
in Fig. 28, from the region of the through hole 178a. Each of
the upper electrode terminal 168 and the lower electrode terminal
170 is formed on the surface of the each of supplementary electrode
20 172 and the lower electrode 166, respectively. The lower
electrode terminal 170 with the lower electrode 166 electfically,
and the ubper electrode termi'nal. 168 contacts with the Upber
electrode 164 electrically through: the éupplementary electrode
7172 to deliver a signal between the pié_zoelectr’ic element and the
25 outsideléf the actuator 106. The-upper'elect-rode terminal 168
and the lower electrode terminal 170 has a height higher than the
h'eight of the piezoelectric element which. is the sum of the height
.of the electrodes and the piezoelectric layer.
Fig. 29 shows the manufacturing method of the actuator 106
30 shown in Fig. 26. First, a through hole 940a is formed on a green
sheet 940 by perforating the green sheet 940 by a press or laser

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



termnal 170 to be higher than the piezoelectric elenent.. The spacer

“menber 947 and 948 is fornmed by printing the sane material wth the green
sheet 940 and 941 or by lam nating the gEeen sheet .20 on the green sheet
941. By this spacer nenber 947 and 948, gquantity of the material of

t he upper electrode termnal 168 and the |lower electrode term nal 170,

which is.a noble netal, can be reduced. Moreover, because the thickness of

the upper &g|LchiRdgg ptl%rd@s%al +68 And Qﬁeéewo £k %trfn@éw eheImAle A0 can.

be reduced, 25 the upper electrode termnal 168 and | ower el ectrode
terninal sLEh @&ncbeaa\ccumateryabn Mregh t @ Qefeanssabt*é ﬁ‘élgiﬁ danfingpted

connecti on 944! h iS conn ct d th conducti,.v e 44

o he SRuPEhe st acellt Thel SpSaN BRERCoIh " THICor RER Bl BRlort
conduct i ve Heayeh344 ris fiaived, 74 fﬁdﬂ@@hé%ﬁxﬁﬁig Qsheo ¢ ead 4T naihel@&etﬁ‘rd the
| ower electrode termnal 170 . can be easily formed and firmy fixed.

Fi nal | §, tsﬁ@e\fp%‘éi i kexmesdiby the WhaFli@S@%%’Ua% % ICOREMTEPEEFS 0dd Nt nal
170 are- farnedh Qidive gggyehj%&nd gme%ewgtgﬁed%ye\ie 1@yer ;942 and

t he conductive Tayer rin rmng o € upper el ectrode
t erm nal w&d@rwlwméayemwelmtfmdedt ennt malsurf®cet bé up@egreedreﬁhﬁﬁm

term nal 8andthe r electrode.terminal 170 are f ta be.

connect ed ® g ﬁFﬂHePﬁéaE?%@%It@& PrEDP BHC rpléatf Bf &BEFHPEal | n%wf%lvﬁoms

the furtheryeirhenemednEmnthel 1herd Bl ectaidde dge, Ofaanthlér Q@@ﬂhctlve

invention. I'n the ink cartridge shown in Fig. 30, ink absorbing nenber 74

is praQi déaven t5fd depramererthe vBPRACcElEstRde &gt FRT etNe, DHEINARY s

provi ded | g%lc e the 10 container 1, as a wave preventing wall. The act uat or
t

70 is fix 5°the bottom of the container 1 to face to the t hrough hol e
lc. the ink abSTQIXbI ngp}tmmgeEeEM Premtenp$0t he:hmvgreenbwlmlele&s ®41inkhe

i nside the | cartridge to_enter into, the ou ole 1 The_ i nk
absor bi ng A& §rt tvﬁer]é%gfﬂbra%%nt Ehen P iekR® ?Crbﬁ%bl §Y6f | ’15‘-’”?% e
. close to thadaetyatkolaydr dud attaph ddahhep@ehe@d! orThedspacer member 947
15 .and 948 are provided on the green sheet 941 to raising the height
of the upper electrode terminal 168 and the lower electrode
terminal 170 to be higher than the piezoelectric element. The
spacer member 947 and 948 is forrﬁed by printing the same material
with the green sheet 940 and 941 or by laminating the green sheet
20 on the green sheet 941. By this spacer member 947 and 948, the
quantity of the material of the upper electrode terminal 168 and
~the lower electrode terminal 170, which is a noble metal, can be
redﬁced. Moreover, because the thickness of the upper electrode
terminal 168 and the lower _electrode_ terminal 170 .can be r'educed,
25 the.upper eiéctrode terminal 168 and the lower elec;rode 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
30 électrode' terminal 168 and the lower electrode terminal 170.can
be easily formed and firmly fixed. Finally, the upper'elecﬁrode

terminal 168 and the lower electrode terminal 170 are formed on



The i nk absorbing menber 74 is designed such that the hole dianeter of the
porous part 74b aroynd t.he ink supply port 2 is smaller than the hole

di anmeter of the porous part 74a around the actuator 70. Furthernore, the

i nk absorbing nmenber 74 is designed 20 $uch that the capillary force of the
porous part 74b around the ink supply port 2 is smaller than the capillary
force in a degree which holds ink. Thereby, if the ink absorbing nenber 74
exposes fromink, by. consum ng of ink inside the container 1, i.nk jn the
"Nk absor bFAE 7S EEHLABET T2° FPORECOAY CTIDA T RAZITI B8 SEBING Semp Y SR by
its own webght tuiiey icHe SUPRENg RSN tthe uppedl d1ddErddK tidiwii@ 1t DES and
container 1 consumed up, the ink absorbing nenber 74 absorbs the ink

remai ned i Rhehkover clgr thiorde |termyingde 17&8pi ther yPPeFcelecihedeftreninak is
drai ned fropit - I . re ause
t he resi dugﬁ13 \ﬂh@r g}?ﬁ%\agf ﬁéecga%c%é]ugf %BE%QC gtgaggg fgjtxlniéﬁegfb%ﬁée%{f es %e(t%s,

t he tin ngwotht hieei pkezeatecani beldyet heso rel eatt ycalelect ed. 68 Therefore,

t he ink absorbing, menber-74. can protect the actuator ;70 from.the wave of
ink and al so abs +%s_§ﬂesﬁﬁwsréﬁﬁ : éﬁ?Ft%%h?ﬁrﬁmgﬁdHEFBtith§%%nﬁéke
the accuragy,ofighe dnkrngredehecihpBnoiohhe BEyR! Qhk108rt Bi ddd-shdhwrsShows
further other enbodinent of the ink cartridge of the present invention.
Fig. 31(A)ingFimg cR@ssinkcabenidting ewmbefr ¥helHanom inothe [perityskiner
cartridge of. the present enbaodi t- _The ipk.cartri 0 he. present
enbodi rrentPh%os lga?{rtoou%%%&hgouﬁgeg‘ﬁlfhggbovhégngf %%eg]?av%(ﬁe% hlgl%locf\ :Clr}lneer 1,

whi ch mont @bmisaimkr 110adhe waokt preparit i0d wdld t hrhugicthod ot 00i s diosed by
the actuator 650 and forns an ink_storingapart. The i nk_absor bi ng nenber

78 is pro¥? ddif BPSERE Phet PRGUE FINER Ar bAghe Fo I t&ewhPERUPR W lvilfed

i nsi de ther OBl Y=ok ARG AERBAE Yheptdyaugh il Qahve 88 BuMEYEs of ink
preventing wall. The ink &bsorbing nenber 78 has a i nk absorbing 15 nenber

78a whi ch imsideindednkneader idee the englerhoheo| thandindvgh hole 1c. The

ink absorbing member thereby prevents the wave or bubbles of ink

15 to move close to the actuator 70 and attach to the actuator 70.
- The ink absorbing member 74 is designed such that the hole
diémeter of the porous part 74b around the ink supply port 2 is
smaller than the hole diameter of the porous part 74a around the
aétuator?O. Furthermore, the ink absorbing member 74 is designed
20 such that the capillary force of the porous part 74b around the
ink supply port 2 is smaller than the capillary force in a degree
which holds ink. '
Thereby, if the ink absorbing member 74 exposes from ink
byconSumingofinkinsidethecontainerl,inkintheinkabsorbing
25 member 74 flows out from the ink absorbing member 74 by its own
weight to the ink supply port 2. If all the ink inside the
container 1 consumed up, the ink absorbing member 74 ébsorbs the
ink remained in the through hole 1lc by the capillary force.
"Therefore, ink is drained from the concave part of the through
30 hole 1c. Therefore, because the residual vibration of the
actuator 70 changes at the ink end status, the timing of the ink

end can be further reliably detected.



i nk absor bi ng nenber 78b which is.provided around the through hole Ic.

Fi.g. 31 (B) shows a.det.ail ed cross section of the actuator 650 and the

t hrough hole Ic shown in Fig. 31 (A . Fgg. 31 (C) shows 20 a plan view of
t he actuator 650 and the through hol e 1 €% shown in Fig. 31(B). The actuator
650 has a vibrating plate .72 and a piezoelectric elenment 73 which-is
fixed to the vibrating plate 72. The vibrating plate 72 can be elastically

defornmed and i s resi stant .. db FERL hecshapeef the
Theryéalfoei%, rﬁ'{%?) 1ar‘lr%4; %{%}ﬁ]ﬁg@a%ew hHEBEn b

.25. piezoelectric enent . gh-hole is is Iong and narrow
r ect angul argt uareb b hf wnals hef wanhe off isk @inccal ap affegpels Ehg. 1192 reRewsiest her
‘enbodi nent, of the throygh hole 1c. I.n each of Fig. 32 (A). ,.(B): (O
" bhe | efitt 1Rt FTAMET MALE ficgbe ITORONE RS SSHES LR rpsPnk B (D)
Kin the tduuegh 0lT ithe I tan@drhaowi.ght hand side of the figure shows

- the status that .ink Kis remained in the through hole |lc. In the

enbodi frent of FiFGS- 31 shdws Ehdehenathsr emboghrengPhohg ok carEsifgs as
the vertic 9 wall. . In Fig.. (A; i ACELd he dihkqegh
hole Ic i§ﬁ4§ anbe S?Htv%? %%%1§%ir§%7fogqgﬁz g%e%s mn%%sgiggﬁﬁﬁhg to the
out si de. Idf Ehg.bAHdB) paatsifephedirportironiligeantd the presént wedodamenite si de
face of the through hole Ic. _The stepped portion if, .5 which is provided
above t he Beppéd Spottiidqe ef Fgewy{é§2?$mﬁm99]1m%q%35§aéb§rﬁqgﬁ%|§91?n

Fig. 32(Chc bhec hBrnouaibhdld 3286 the aboewaied b havheot ensiz dimd ek .
direction in which ink is easily discharged, that _is, the direction to a
i nk suppl Theobpt2omipamyeohrdechhiragohaiele dst ishehASEA Phehg §areatrs

provi ded i_n the_cantai ner th V, i 0Y ek es to
t he actua@%& §§8;?ﬁgggrﬁ?nﬁ%f5&fﬁ§32%§%%%df ?ﬂ%ﬁ%ﬁ$gﬁgﬁﬁﬂ%?gglc sﬁgazgin
Fig. 32 (1A)ptev{&qd atrenguet i hyidé dhekt Krbnghhe lienkc séhdribngs partvided be
reduced. Therefore, because the M _cav can ge sHaIIeB ghfn {he 15 M max
expl ai ned ingigdegtheocgRyaEnpgr baNG RF RN &fFohrougn hole lc as a wave.

preventing wall. The ink absorbing member 78 has a in}; absorbing
15 member 78a which is provided inside the through hole 1c émd the
ink absorbing member 78b which is provided around the throggh hole
lc. , . '
Fig. 31 (B) shows a detailed croés section of tnhe actigator
650 and t.he through holé ic shown in Fig. 31 (A) . Fig. 31(C) shows
20 a plan view of the actuator 650 and thle through hole 1c showp in
Fig. 31(B) . The actuator 650 has a vibrating plate .72 and a
piezoelectric element 73 which is fixed to the vibrating plate
72. The vibrating plate 72 can be elastically deformed and is’
ink resistant. In the present embodiment, the shape of _thé 8
25 piezoelectric element 73 and the throughhole 1c is long and narrow
rectangular, and both ends of which is circular shape. '
Fig. 32 shows other embodiment of the through hole 1c. In |
each of Fig. 32(A), (B), and (C), the left hand side of the figure
shows the status that there is no ink K in the through' hole lc,
30 and the ri.ght hand side of the figure shows the status that ink
K is remained in the throﬁgh hole lc. In the embodiment of f‘ig.

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



characteristic of the actuator 650 at the time of the ink end status can
be greatly different with the vibration characteristic when enough
gquantity of ink K for printing is remained in.the container 1, and thus
the ink end status.can be reliably deteBfed. 20 Fig. 33(A) and (B) is a
slant view of the further other enbodinent of the actuator. Fig. 33(B)
shows a part of a side cross section of the ink cartridge, -on which an

act uat or - SALEN (LNg; §IOOM PNt ANQUA ! BaEL Oy g TH Bhe %h@eugheﬁo}é & he,

present odi ment, "the ‘actuator conprises a concave part forn ng base
25 plate 8l atted ipi ezoediect) idi relcanent 8@ offemsconcay expardidy ite ther med
on the one side: of the face ?f the concave part form n% ggse plate 80 by
the techni?jj‘fes_léif’c'h 38 Eighi 7§ Bhnd ﬁ"@f@&deé?ﬂritéonell_@n‘é d s FOERESD on
the other & d@e0bibber{@cerof nd e RIMIANE1ePBE ! FIOITEREpBRAG Y @ilsh G, The
bottom portion of the concave 30 part” 81. operates as a vibrating region
Wi t hi n5t hevldisit ageppay ided ehgviegt bastt girade P8Ot ivhel ©f oreWidhe Whdn &tieng
regi on of t, act ar. 670 is_ determ y i r f e, concave
part 70 - 831& ueracf e%?itrﬁ)lroen, ]teh'e %gt ng%r aggs?haégf%hgﬁs%f)%gﬁa%ogter Egt t}}%és Wit h

the structggewf lighehaet eatends06ostihandiredt fon 22, vhi othiiatk tikeeabalde
plate 178 and the vibrating plate 176 is formed as one body. Therefore,
t he manuf ESHIATPSToddes difti et Hé XeghdPRc£Qr nd ™¥n SHPPRY- B8FEr Rdge can

be reduced, andathe, & sl el iTRWL AL WolkNSh & 1 hG &3 uir@gei_@kﬁqu@@dbe
reduced. The-actuator 670 has a size which can be enbédded.into the :

t hrough hdlre the pootiededroh sheh tchat ailerwave Byreavars igrbeddilngapescess;

t he conca\/tef]D art 8Jtoc%a§500perat es as the cavity. The actuator 106 shown in
Fi g. 22 can e T F0red 6 be enbedded into t hrough hole is as actuator 670
shown in Fig. 3Zcovdieaves,tlidiehupecopreeethroggheddl d1228hown Arovided
near by the concaveégart 81 in the container 1 such that the wave

preventi ng 2@l tP1980- f BRIt M &t d&FoK B70DFI Ik I YHARPETS GAT vi ew
of the ot %@r@@@@g!i?etnlthheélfeécﬂee, bacaGbealiy v The ach YRt Oha 680r Ram PRAKI NY

76 on the outside o
15 M'max explained in Fig. 22 and Fig. 23, the wvibration

characteristic of the actuator 650 at the time of the ink end status
can be greatly different with the v'ib.ratio_n characteristic when
enough quanti'ty of ink K for printing is remained in the container
1, and thus the ink end status can be reliably detected.

20 Fig. 3-3 (A) and (B) is a slant view of the further other
embodiment of the actuator. ‘Fig. 33(B) shows a part of a side
cross section of the ink cartridge, on which an aétuator'670 of
the embodiment shown in Fig. 33 (A) is mounted. In the prese.nt
embodiment, the actuator 670 comprises a concave part forming bés'é

25 plate éO’ and a piezoelectric element 82. The concave part 81 is
.formed on the one side' of the face of the concave part fo_.rming
base plate 80 by the technique such as etching, and piezoelectric
element 82 i.s mounted on the other side of the face of the concave
part 'forming base plate 80. The bottom pdrtion of the concave

30 part 81 operates as a vibrating region within the concave part
forming base plate 80. Therefore, the vibrating region of the

actuator 670 is determined by the periphery of the concave part



base plate, which constitutes the actuator 660, or the through hole |Ic of
a.mounting plate 72. Caul.king holes 77 are formed on the outskirts of.the
actuator 660. The actuator 660 is fixed-to the container 1 through the
caul king hole 77 with caul king. 20 FurtH&rnore, also in the present

enbodi ment, the wave preventing wall, not shown in the figure, can be
provi ded nearby the packi ng 76 such that the wave preventing wal|l faces to

h h 3 h I
(ne golualer €10,55 shou LT T D s pepvent 0 yel).

through i nkheés Wt B @lﬂStH@-taide@dt,oﬁ h@evxemewarewemtg .ng2vyallh wl@ﬁ@hbﬁle
previously nounted on the periphery of the packing 76. If the wave
prevent i ngPa®g Pliaset had rﬁiﬁgéﬁev\m}éﬁab%% R¥ASugH & #R, EQrehésuaRerP®bo can

detects injk,, Jé(]fg lfu,stﬁ@%ﬁantgag Ve eng B r%vc%@ts' @tgrm_guﬁel%gﬁut ctIPyAL e, on

the ink cartridge t'ogether actuator 670 as one ody Because
the pr 6ce$m}ofca1mm1tdgaag c'ahebwamedtma:eed/erundtghaabbsonfohenamkf@ratmnrd@@n S

abbrevi at e, the 71 acturi nﬁ 4:ess |sTreduced and II:—LF cI e tine
and cost ofK r@fid |‘5l §°t faNi iR ePiTTUge TR 2FEHAERY. © %E 5B

and 35C shaw il &y iWendkdube tlhteueheh@heou@ﬁ BeTor i rtgré@l@éwtdaerthe
enbodi ment. As shown respectively in Figs. 5 35A, 35B and 35C, the plane

shape of tdrataHmsugh -hoBe thd Bé‘déﬂgaPEPF?’aFy tsﬂﬁaﬁ@élcs'i&’@npaﬂcﬂ(ﬁﬂrar
rectangul Upe 5%3-1%45 gtecaé pe s, gegugtothfoée'sg%urﬁlwegg peLal g

device is ei ng unted thereto owWs a°s ant vi ew of
the caofi quratddonot baterfiipedded ]1(ihttohehaot1gatlma>ldaﬁz =1 @nteuaody &0 ashovumt i ng

nodul e 100. The nodul e 100 is npunted on the predeter osi ti aqn, of the
cont ai ner 3P F&8- ai? i nKIog&PVELdgel eﬂ‘?‘é’errBHGVﬁnigﬁgi“éaﬁo ?EPU{)%@IPH

the ink cRRsUIPELAN-ShakVe pdrd kA ¢aANtRE N&ntheKlat 8aEhnghat diRastavet he
change of acoustic inpedance of the ink |iquid. The nodule 15 100 of the

pr esent e@b‘@d’erlf'éntnghasﬁlld 11il§diud f@@t?tsalt@erth@@ﬁttuﬁléornéﬁ@er 101 for nounting
the actuator 105:40 bhefONLAl Mofad viR% of! BHE % ERDE Adita {RHE 119 ciRNDer

101 has a struc ewhlc nmount's _
15 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.
20 Furthermore, also in the present embodiment, the wave
preventing wall, not shown in the figure, can be prov.ided nearby
the packing 76 such that the wave preventing wall faces to the
~actuator 670 as shown in Fig. 33(B). If the wave preventingwall,
not shown in the figure, is form of a mesh or a material which
25 p.ass through ink such as porous materiai , the wave preventing wall
can be pre*{riously mounted on the periphery of the packing 76. If
the wave preventing wall is the member which paes through ink,
the actuator 660 can detects ink. In this case, the wave
preventing wall 1192u is mounted on the ink cartridge together
30 withthe actuator 670 as one body. Because the process of mounting

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



a cylindrical part 116 that contains the actuator 106.which oscillates by
the driving signal on a. base nmount 102,.the plan 20 of which is
substantially rectangul ar. Because the nodule .100 is constructed so that
the actuator 106 of the nodule 100 can ndt be contact from outside when
the nmodule 100 is nounted on the ink cartridge, the actuator 106 can be
protected fromoutside contact. The top side of the edge of the

Lolibogan

cylindrical part 116 is chanfered 25.so that cylindri
be easily WP@UFﬁFBuFﬁégH%¥%Fe%%P€hrFQ”FS?né%”%Q%Fhé§F2 %gr ridge. V E?g.

37 shows apaexphededimpewnef ihhecapdulegd08rshowdutad. Fig. 36 to show the.
structure of the nodule 100. The nodule 100 includes a quu%d cogﬁsi er
mount i ng menmber E0ds ¥R f 3GR anfedbh Sovamd 38 VHRESRE &G FETGEFCBOLE

nount i ng - e | im0, 2RG En&PMcaLBePailel}3n Figs,
FurthernDFEgQF%%%%gﬂ%$%826%Q%§g a ‘%ﬁ& W re 104a and lgib, agt%aggrl%SG;
and a 5l m5@8. 3PReded A8y, the plleepbhtpeldd §lke ndueovatomod emdEempal bahi ch

is difficult to be rust such as stainless or stainles I eni ng
s Pt B THEY CHIRHSH St ~BI T HRTEST | e e e e Shgafhge’
base mount c4Q2.WakChoRY €ad Nohdidedidui d hed geindreenhnal Bevimeunsi agpabbenber
101 so that the cylindrical part 116 and the base nount 102 can contain

the | ead wofebgdag madntedbth¥heteencave part 113 is formed on the central

part of the eyl pfe.cfe Rals 110 a0« Idip ohashe K1 hia iR RRbe! PBrms

cylindrical part € pase nount 2 can contain the actuator 106,
the fihm 108e acncudter ploat en HhelhOdy Hreaasturdt iorg W@6uile thnedhednoduide

plate 110 through the film 108, and the.plate 110.and the actuator 106 are
fixed to tRE° LFJIREPAT FEF REE ?Fﬁﬁmhgﬁge?oibi%o%ﬁéié?grS?“?ﬁé“Féag

wire 104a gngh i04beatbeiagtuatpie MGulkheodilgncdB8randrébecplbatectidheare
nmounted onthe |iquid container nounting nmenber 101 as one 15 body, Each of
e

the | ead wind ¢OdaumpHiQnssratemsimeths apnyAAger st ghadet§chiedodl ete? Pt
| LET DYoo Lo e RO GGl e N 21 Cohe ol of
15 100 of the present embodiment has a liquid container mounting
member 101 for mounting the actuator 106 to the cont:a_iﬁer 1. The
liquid container mounting member 101 has a structure which mounts -
a cylindrical part 116 that contains the actuator 106 ~which
oscillates by the driving signal on a base mount 102, the plan
20 of which is substantially rectangular. Because the module 100
is constructed so that the actﬁator 106 of the module 100 can not
be contact from outside when the module 100 is mounte'd on the ink __
cartridge, the actuator 106 can be protected fromoutside contact.
' -The top side of the edge of the cylindrical part 116 is chamfered
25 so that ﬁhe cylin'dl;icall part 116 can be éasily fit into the hole
which is formed in the ink cartridge. '
Fig. 37 shows an éxploded view of the module 100 shown in
Fig. 36 to show the structure of the module 100. The module 100
includes a liquid container mountirng member 101 made from a resin
30 and a piezoelectric device mouhting member 105 which has a plate
'- 110 and .a concave part 113. Furthermore, the module 100 has a

lead wire 104a and 104b, actuator 106, anda £film108. Preferably,



t he signal of resonant frequency detected by the actuator 106 to recording
apparatus. The actuator 106 oscillates tenporally 20 based on the driving
signal transferred fromthe lead wire 104a and 104b. The actuator 106
vibrates residually after the oscillatién and generates a counter

el ectronotive force by the residual vibration. By detecting the vibrating
period of the waveformof the counter electronotive force, the resonant 25

frequency garr qndi;ng ;to t i t.Us. e;d 4 aul it
l'iquid conchal glfat%cag l&e 8?&%98@ %'%P?nr%g Vg%lhgé %%edigégﬁ%u%tor%lgfsbeand
t he pl ate A} tsmcdeals tsheuante@at or #66inThesf al hoy108Thes qqreefiefgabllw fiGr med

by such as pol yol efin and bonded to t actuator 106, and the pl at 0 by
heat seal ifRFm eéb%bﬁ&iengepﬁéaéopae’&ua? of P oeY L I ¢k Ib?ﬁtteufg(?r\fae t%’et he

filml08 fiace %hhtflaﬁzewm&nearwx\f@m@ég i6f thq RN B8nOA1 hESHIRIt ing
decreases,” and thus the portion other than the vibrating plate does not

Vi braté F@mbEendflose, thhe thangel bhdr heat esantan 1§ rated ditgy Hesteo meuarid

after i.n theatuat 106t Iat 0 I | at

circul ar gﬁ?p% r(fémt e opé’ﬁl gg flﬁE ?ﬂ}% %}ééefgrr%nt %ch%s?% g’rerr'é) IJitn
cyl i ndri cali3shapeornée® cacthat@nthffl parandftdiee foyllmnti8 carlepé ot meds iamd
rectangul ar shape. The lead, wwre 104, the actuator 106, the film 108, and

the pl at etilfobé‘éﬁ BRUNG } 0% 199 EhE t aHle rRVEIF ¥TomPeRd BAEeA bt Pase Each
of the baﬁ\%un@y@ﬁ EReohPgih 88E X €adff 1 oleher 18etyatPl 0d OGngt e bhbhe108,

and the plate 1.10 i's arranged symretric. wi'th respect to the central 10
axis @6 tHQOWDdEIhe d0ua fFor tivesr sr eoneachedftq Itélecehaeﬁslb@ thheudbaséenount

Sorstanti HCLRE, TR e gl ekl SR Enbrte PG 1Ok AR Y hher e

base nounf ﬂ;QlZdl goheriBdrsuelnt ay mdnieeanea .of Théee 098} Nthel 14 adswh aeger
than the area of the vibratin 15 re%)l on of the actuator 106. The through
hol e 112 94PorREdLBAPY hEN@ At taIT (NG pltREel 110 Whrand ey PBR4EI A0

section Q%r%hﬁouﬂEEHaEHrtﬁQGlI@&Fé -cd¥Se ST it ihg Fen®d: od: ad3onthe
CaVIt>1/5 body. Each of the lead wire 104a and 104b transfer a driving
signal to piezoelectric layer by coupling with the upper electrode
‘and the lower electrode 166 of the actuator 106, and also transfer
the signal of resonant frequency detected by the actuator 106 to
recording apparatus. The actuator 106 oscillates temporally
20  based on the driving signal transferred from the lead wire 104.a
and 104b. The actuator-_ 106 vibrates residually after the
oscillation and generates a counter electromotive force by the
residual vibration. By detecting the vibrating period of the
waveform of the counter electromotive force, the resonant
25 frequency corresponding to the consumption status of the liquid
in the liquid container can be detected. The film 108 bonds the
actuator 106 and .the' plate 110 to seal the actuator 106. The film
108 is preferably forme.d by such as polyolefin and bonded to the
. actuator 106 and the i)late_ 110 by heat sealing. By bonding the
30 actuator 106 and the plate 110 with the film 168 face with face,

the unevenness of the bonding on location decreases, and thus the

portion other than the vibrating plate does not vibrate.



162 is fornmed on the actuator 106, and both of the through hole 112 and
the cavity 162 forns ink storing part. The thickness of 20 the plate 110 is
preferably snmaller than dianmeter of the through hole 112 to reduce the

i nfluence of the residual ink. For exanpl®e, the depth of the through hole
112 is preferably smaller than one third of the diameter of the through
hol e 112. The shape of the through hole 112 is substantially true circle

d tr] iLth 25 t to,.t tral ' f th dul 00
Furt her mor GPSEREORS, SO RPERE: AF U “ROPBATTo: FSIREP GRS CHE S ESF of

openi ng  ohohBen§avhtyadb2abrt hesacbugl 8ke 1060 THesmgriphery of the shape
of the cross-section of the through hole 112 can be tapered shape

f .
st epped shape. THee mldi%e 1100i$ & imnwicadsbaPeheard dbe eppning 1o Eé?ﬁléﬁn of
the contai %ggmﬂﬂﬁl ltOEaEsF Pc?rr%éﬁ qlfxggytfghgr}%%lf@? et %g‘tﬁﬁh@w? P(;G the

cont ai ner e ink’is consune e 1 nk aroun e actuator 106
i s exhaust edd thee fridsonast ard fdmegliamcyeot atpelactataime. 10Begiead|wire

changes. The change of the ink level _can thus be. detected. Fjg. 38 shows
the slant vPéw bRt RE“BEREF é%od?}ﬁ%n‘f%ﬁ%fl(%e a%dﬁ’l‘%ﬁp%%‘_a leJg%oCeafré iFic
devi ce mougt i BEhEBMRLENACRhS dPERBA 1R BAskNRolh€Uiod .CORABhNET t ABUSHdNY.
menber 101 in the nodul e 400 of .the present enbodi nent. The cylindrical

part 403, wmhiush s &hecyepddrinsal 04haple dof aharedOen the fidgel ABumnd 02,
whi ch has S re ped_pl an h . Of WA re.roun b e
@ e.lgﬂ‘ﬁ:e ﬁl.rba.ls a%é'%gg%e&4§)ilﬁr9%r§1?3t'%w1w %S?ﬁg:t e gﬁ(?ecce![%ziaqlo

liquid conPalner nount i ng ernor e, pi ezoe
appar atgis aruatd g heemban1 40500 nclrudeheanbaar, deshhpefl tdleente4850f tid ch

is set up on the cylindrical part 403, and a concave part. 413. The

actuat or 1B®S¢ MUHaRled bhe A Btar8eparte 413 i 881 f th% PHetSilde face
of - the boasd,shaprth el.exerht4881yThs diPcendall akhe Joand sbaped ©enent

406 is chanfered i'n predeterm ned angle 15 so that the board shaped el enent
is easy to fit iPhe dusirsdoriiddofohhehkeashinart liddgéeswhenmaduditihg hate
actuator 19}§e ta?:eiancg(f t%%réggeirgl eg' 114 is larger than the area of the vibrating
15 region of the actuator 106. The through hole 112 is formed on
the center of the plate 110 where the vibrating section of the
actuator 106 faces. As shown in Fig. 22 and Fig. 23, the cavity

.162 is formed on the actuator 106, and both of the through hole
112 and the cavity 162 forms ink storing part. The thickness of

20 the plate 110 is preferably smaller than diameter of the through
hole 112 to reduce the influence of the residual iﬁk. 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 holé-1'12 is substantially true circle and symmetric with

25 respect to the central axis of the module 100. Furthermore, the
area of the through hole 112 is larger than the area of opening
of the cavity 162 of the actuator 106. The periphery of the shape
of the cross-section of thé through hole 112 can be tapered shape
of stepped shape. The module 100 is mounted on the side, top,

30 or bottom of the container 1 such that the through hole 112 faces

to the inside of the container 1. When the ink is consumed, and

the ink around the actuator 106 is exhausted, the resonant



Fig.. 39 shows an expl oded view of the nodule 400 shown in Fig. 38 to show
the structure of.the nodule 400. As the nodule 20 100 shown in Fig. 36,

t he nodul e 400 includes a |iquid contai ner nounting nenber 401 and a

pi ezoel ectric device nounting nenber 405. The liquid container nounting
menber 401 has the base mount 402 and the cylindrical part 403, and the

. piezoel ectric device nounting nenber 405 has the board shaped el enent 406

and the 25. concave part 413. The actuator 106 is connected, to the plate
210 ' and FERGHSTY, Rb KnEa0 AT (TR ST haVeRAS 900 Tt CANEad farre

- 404a and 4@4b]eaetuabar + o6, pandeaetitkm. 408. According to the present
enbodi ment, the plate 410 is rectangul ar shape, and the opening 414
provi ded on theFb8arl siBowshdgedl eneitiftv 2661 otdereembadiverapqll ahe

shape. Thﬁ\olﬂ‘ailg."“"fﬁ? gggh%gzﬁhgec@r . dteachcwah@&ﬂéo emb&€ 4dd mfgg_érgaad the

pl ate 410 can be at and renove rom -t ase nount ach of
75 theg aohueherlififid e tlinerdifi8unandgthemptatl® 14i6 tke atgdniged 00 of
synnetricﬁﬁgth resgect to.the central axi.s i s extende

ic dto,
per pendi chP§rPEFFERE| SRCPAIPRBE pl d e G341 Pahd 48Pz 0 ¥BASE PeRr8ugh

the cent eky0in@peRhNIsHdfe , FLE AN &n eAaehbebethurm: Co0Y efhieh hBe a
actuator 106, the film 408, and the plate 410 is arranged substantially on

t he centrafivaxesshredelepenthg edges ofhehi ¢l arghrhvnded12ipitde Hedudd t he
t f 410 is f such t t hol
S50 FL Phebfearhabendic Lag RIS SHET | BAL chBerBeed ohel BEABE pughy o'

e ar e opening o
act uat®@r apPa86us Teaintavid yedb@r afo st hrec hodemtdFodibshagdeti lkd enairaugs hol e

412 together fornms ink storing part. The thickness of the plate 410 is
pr ef er abl YPERBIT2r5¢halP GrafBEerY binthiCthriRigh 4fbl e aha EFBRCA¥RRPYE, the

- thicknessspi thghhat8aftdP ic% SHRIrk@nhgklas ene ddid4le ghrt he 3dbA5RI &6q OF
the through hole 412. The shape of thé through 15 hole 412 is substantially

true circbe Hml ss@embacecodi tive raosysk shapedt fbewent r406 axiie 6pPpt fedndiiul e

‘1"1).(2)- 'Clgebglfl‘@%%a‘lfd bRSpetr O88nERE RN 1 81 A LRe £ELA RRCEY. Qb LD FBEOMg: Dol e

15 so that the board shaped element is easy to fit into hole formed

~on the ink cartridge when mounting the actuator 106 to ink
cartridge. | | .

Fig. 39 shows an exploded view of the module 400 shown in

- Fig. BS‘to show the structure of_thé module 400. As the modulé

20 100 shown in Fig. 36, the module 400 includes a liquid container

mounting member 401 and a piezoelectric device mounting mehber

405. The liquid container mounting member 401 has the baSeJnount

1402 and.ﬁhé cylindrical part 403, and the piezéelectric device

mounting member 405 has the boérd shaped element 406 and the

25 concave part 413. The actuator 106 is connected to the_plate'410

and fixed to the concave'paft 413. The module 400 has a lead wire

404a and 404b, actuator 106, and a f£ilm 408. .

According to the present embodiment, the plate 410 is

_rectangular shape, and the opening 414 provided on the board

30 shaped element 406 is formed in rectangular shépe. The lead wire

404a and 404b, the actuator 106, the film 408, and the pléﬁe 410

can be attached to and removed from the base mount 402. Each of



t apered shape or stepped shape. The.nodul e 400 can be nounted on the
bottom of the container 1 such that the through hole 412 20 is arranged

i nside of the container 1. Because the actuator 106 is arranged inside the
contai ner 1 such that the actuator 106 éXtends in the vertical direction,
the setting of the timng of the ink end can be easily changed by changi ng
the height of the nounting position of the actuator 106 in the container 1

by 25 changi h i ght. of .t he .hase unt 402. Fig,. shows t he
further otﬁ%&pgﬁ%ﬁg¥gghg%§f the %635129%9 an@hg%ﬁngﬁggelggOsﬁgwﬁrfﬁnﬁFS.
36, the nodymendtQQd covikEhgredPect NGd WARS cankrgli ExCONVIRL FI8ri SRR leing@d gmegber
501 which has a base_ nount 502 and a _cylindrical part 503. Furthernore,

~ the nodul e PSFPSHE e 1 REST 20T d) thier BL 304L QB¢ 809h4 14candidisolpessa

film 508, anduapliice oo ORI, S | S FORERAL QO NecLoOLEE QL the

base nmount 502, "which is includedin the [iquid container 76 nounting
menber 501 cengetisarit hle bastuntoemtl 0802 th@nfedmt 408, tdred Hleaghlwitree4504hsand

504b. Th ' 13 i d_on th |indrigal t 503 so that
Uhe oyl | maPLRaToRs) FUBERARAA S0k Girtiot M RAUAEY. 168, CHRGOPFRATBOBL: and

the plate 510. TirReachuatgh Boldbr i3 drioeiidd drhe Hel ezpekechbli Endeyi g€
mounti ng menber 505 through the plate 510. Therefore, the |ead wire 504a
and 504b, 4tReisdrmesy s4oB thatethe|snemef bhg thurugh hpdesul® dsel aoaer ed

on the liguid cgatalpgr PS&ﬁEi - Yt TPE, | i .ndrical
part 503, thg top face o? |cﬁﬂ%§ S agﬁézg%h%éggggbg?g18fd?§%c?§%#é€$%
f or nred1®n iK€ . bablee mEontt ywhi2 hohasheaasguarer sitapedd phart landhghiogdges? of

whi ch are Eougggd. ghe actyator 106 is _arr ngeg_og t he concave gart 513
whi ch is prOIEHBGT FOTTE Y HpSCRRI AN - t RO G ARPFESIO hafe BOSCEHERO | s
sl anted inivesid tatabldl E@alL1eR. tHan Bhamcerredfl tofe tREoNBHAHA 9921 S For
slanted, and the actuator 106 is nounted on this slanted surface.

Ther ef or e, SKATPhE. RIS ChPESEO e Béabf 41e ibostakl oF thee sheeivird he
container le d€y;iameter of the through hole 412. The shape of the through

15 hole 412 is substantially true circle and symmetric with respect
to thé central axis of the module 400. The shape of the-
cross-section of the periphery of the through hole 112 can be
taperéd Shape or stepped shape. The,module 400 can be mounted

~ on the bottom of_the container 1 such that the through hole 412

20 is arranged inside of the container 1. %gcause the actuator 106

is arranged inside the container 1 such that the actuator 106
extends in the vertical direction, the setting of the timing of
the ink end can be easily changed by changing the height of the
mounting position of the actuator 106 in the container 1 by

25 changing the height of the base mount 402. |

Fig. 40 shows the further other embodiment of the module.
As the module 100 shown in Fig. 36, the module 500 of Fig. 40
includes a liquid container mounting member 501 which has a base
mount 502 and a cylindrical part 503. Furthermore, the module

30 500 further has a lead wire 504a and 504b, actuator 106, a film
508, and a plate 510. The opening 514 is formed on the center

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



actuator 106 slants in the vertical direction of the container 1. The
slanting angle of the top end of the nodule 500 is 20 substantially between
30 degree and 60 degree with considerin? t he detecting performance. The
modul e 500 is mounted on the bottom or tRe side of the container 1 so that
the actuator 106 can be arranged inside the container 1. Wen the nodul e
500 is mounted on the side of the 25 container 1, the actuator 106 is

mount ed 0%&&%@3@@% soguch, dhat dihe h?a%fé‘%%%%tlgﬁﬂé‘&ﬁsc&ﬂ%wsﬂkdﬁ,

downsi de, or si contarner 1 with slanting. Wien the nodule 500 is
mount ed orl dae wibet S0meokntihgo¢ont dilreercohcatviee pagttuaf 8r 1$060Fmedrast drtebl e

to be nounted on the container such that .the.actuator 6 ces . tao 30
the ink'- sﬁ}ﬁ'dln)ﬂrd&at BRIE 13 Fﬁe&%%ﬁtt%engyain fERASIRAET r?gjgog C%—’?gﬁ:.onéfflsrhoms
a Cross-segid apahatioeWs 8E OWxk tfha pebbomied tide1cert siner thaetudwr
nmodul e 100 shown in Fig. 36 is nounted 77 on the container 1. The nodul e

100 i s5nourftéedi nf ided cont Bheepiezosbeehri ct HEVABEUMOUIGAE NFe MEMPETe s 05
through t si de wal | he, ,contal LigNQ; 3855 h 52 RIRYIdRG, on
t he connec%%ré)ﬁl a\gge Bﬁgﬁét%le%h t rgéllslelefrd)elje\/\’/a;Elrpl%o?eta'ﬁe cont adl) naer ‘1 and t'he
modul e 10Qite acseakolel deen e inmdabe , 1804 arlte tHieteco AL ase nMourThed odul e
100 is preferaple to include the cyl.indrical pa as explained in EiLg.. 36
so t hat tﬁé‘ermjd{ﬁ‘él‘ioﬁoeglﬁlﬁﬁrsérﬁ =) t'ﬁ%&fﬁ’?i r%él BY i fider trhy- tﬁﬂe' op
end of theodiHa HA0LEPEIsE t PRe QY @hBEroflwhiikh 18 sliheit @Ot dieterichl
contacts wi'th the actuator 106 through the through 10 hole 112 of thedpl ate
110. Becausigadtd aresdraherfedquesdy BaseHrouRe Nl hash ST OEaRe

actuator 106 is djfferent depends gn. V\/qﬁ; he &gi.r rLence qf ;the
vi brating pg@& iaé“r(# 55 ﬁéitgéacst t_ﬁ%teé‘g]slc%@rles |Jq}§qec§5 or Iglgs%%{g%gt?nk +
consunpt i Gir13imdfeds otan hee cdelcestcepartsisng wind amdl @ro®ddeucnhéheotep not

only the nodul e 10Q can 15 be_ npunted on _the _contain and detect. the
exi st ence B Lane ofphpeF¥blpdet LHaert4(§’(9gsﬁ§ i %%njt ,lnr’rf)’&ﬁ%lc go

e
shown in HiGectA®n. Or the nodule 700A and 700B shown in Fig. 42, and a nold

15 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 éide of the containef 1, the
actuator 106 slants in the vertical direction of the container
1. The slanting angle of the top end of the module 500 is

20 substantially betweén 30 degree_and 60 degree with considering
thé-detecting performance. '

The modulé 506 is mounted on the bottom or the side of the
Container_l so that the éctuator 106 can be arranged inside the
contéiner 1. When the module 500 is mounted oﬁ the side of_the

25 container 1, the actuator 106 is mdunted on the container 1 such
that the actuator 106 faceé—the upsidé, downside, of side of the
container 1 with slantingl‘ When the module 500 is'mounted'on thg
béttom-of the container 1, the actuator 106.is'preferable to be
mounted on the container 1 such that the actuator 106_faces to

30 the ink'supply port side of the container 1 with slanting.

-Fig. 41 shows a cross-sectional view around the bottom of

the container 1 when the module 100 shown in Fig. 36 is mounted



structure 600 can be mounted on the container 1 and detect the existence
of the ink. 20 Fig. 42(A) shows the cross section of the ink container

when nounti ng nodul e 700B. on the container 1. The present enbodi nent uses
a nodul e 700B as an exanple of a nnuntiﬁg structure. The nodule 700B is
nmounted on the container 1 such that the liquid container nounting nmenber
360. protrude into the inside of the A 25 through hole 370 is forned in the

nount i ng pé@t&ég%%nt%q(;le&?ga tRrouads il %O%7Qﬁ];ﬁ§8§§%8l bhe Q’rg@igtlﬁa Q'heer

section of the actuator urthernore, a s forne
. bottom wall sgf thh¢. thaoddel & Q0B, pandt aapeeziet@adh ithed@iideewa hbunff itige

menber 363 is _ forned. e actuator_ 106 is arranged.to close the one of the
face. 30 o T oS 132 RTHEr 159 65 e BORVACEE Gt hite FR A B h et o

. 176 t hr ough Yeltrele@l €ndB2i @€ e pireznel &sAtd tndevii GRINPHA I, 1 TR 363
and the through hole 370 of the nounting plate 350. 78 The hole 382 of the

pi ezoebect¥gal bgdvieed rbamodiyl erdiffepndeBhampntdiaiahioughhedasd Bz 160 t he

nmount i ng pl - n.. 4 i art. .pi.ezoelectric
dovi ce moat PogT Seabde b She L BRI o) Bas b GRREk s e S BB 38 g
pl at e 350 zndotthm tot hié mvduaieer 0 kbanBressehtd by shée Octrihe .37Ry iiaispiredinded on
the connection part of the |iquid contaiper nmounting nmenber' 360 and_ the

cont ai ner e ¥RE €84l Phdhg Meditidrel 8921 R3AH & o crBd adyethé, Piadh the

materi al  sUEh Aheynt BehikackeSitAr t k2 i dGuatdr Hd Aardfdh thet bﬁr@;lagu! e
700B and the container 1 is separate body, however, 10 the piezoelecfric
devi cdOnodttliend laepbdhecahabe Kdhst Begpegebyhe xgsamandf fraguenay aifhehel as

shown in Fig.. (B). .- .npdul e 0 h i ig. 42 does . nat _need to
anbed t he *asiRu M EAE s T e e S 00 R o f [ T GO "BegtREG R
Ther ef or e whelthe rf ohaicig cumieessckendOoRse \EibHAtA ngAs 86t i bhe fexehasgaadbrt he

15 nodul e 700B becones possi bl e so that the recycli ng of the mpdule 700B
al so becort®é pEssiBied FheRs i ENpoTdt HMSPPERST Ehatyet el S dpeBected

mal functi QRS Y the module 100. Furthermore, not only the module 100 can

15 be mounted on the container 1 and detect the existence of ink,
but also the module 400 shown in Fig. 38, module 500 shown in Fig.
40, or the module 700A and 700B shown in Fig. 42, and a mold
structuré 600 can be _mounted'd_rl the container 1 and-'de_tect the
existence of the ink.

20 ~ Fig.-42(A) shows the cr_os's"'_sec.t..ion'of the ink container
when mquﬁting module 7OOB,on the cdntéiner 1. The pre.sé.nt.".
embodi.me.nt uses a module 700B as an'example of amounting structure.
The module 700B is mounted- on the container 1 such that the liquid
éontaine_r mounting member 360.protrude into the inside of the A

25 through hole 370 is formed in the mounting plate 350, and the

| through hole 370 faces to the vibrating section of the actuator
106. Furthermore, a hole 382 is formed on the bottom wall of the
module 700B, and a piezoelecpﬁi‘c device mounting member 363 is
formed. The actuator 106 is arranged to close the 6ne of the face

30 of thehole 382. Therefore, ink contacts with the vibratingplate
176 through the hole 382 of the piezoelectric device mounting
member 363 and the through hole 370 of the mounting plate 350.



the contact of the ink which is dropped froma top face or a side face of
the container 1 wth the actuator 106, the ink of which 20 is attached to.
the top face. or the side face of the container 1 when the ink cartridge

i s shaken. However, because the liquid 7®ontainer nmounting menber 360 of

t he nodul e 700B protrudes into the inside of the container 1,.the actuator
106 -does not nalfunction by the ink dropped fromthe top face or the side
face 25 of,the container 1. Furthernore, the.npdule 700B |s d t he
cont ai ner {“Eeg'b"]t%gta%oﬂ?ytlb%rptle&roeﬁﬁg_Jilﬁr'gﬂ’ﬁﬁep AR TE mﬁ‘ﬁ’%ggﬁmﬁﬁ i ng
pl ate 350 gre ot hWlidhaokof nSidacahttihg poatai 3w thdet Hdte foenbosth ment
of Fig. 42 (A . The enbedding of the electrode of the 30 | ead wre 104a,
104b, 404ainkoter B Parind @8@ RIRMPEI L IC Y19 PGt ing PRPBEEhes3
nodul e bec y r reTgsetelal i N, FE (,

Ther ef or e, Q{;rﬁzc#%%%%%;&%;roéggsa%%?olnes %ﬂgg% rrnﬁ?%%\glnésgbldtt%e 3§§)cﬁgﬁg%h%f

t he actauat bildObabecbaks poOssi bkelisg shatictheer 8F¢cliisngpumfvitdesl awt uther

106 al so.becones possible. Fig. 42(B) .shows the cross .section of e_ink
cont ai ner CANETC bR tR Hd é’ctjtzﬁg‘feo}léb d §iP7 lrb%ﬂt"ﬁjluﬁ%rmﬁ m m%th ?ézcsztiliarl%]éI 5
menber 361chés dBHbHigkon .t hensosda dtyeparaleeBy 2w iR Bh€ oaaledabpret HOH6 in
the ink cartridge of the enbodi nent shown in Fig. 42(B). Therefore, the

prot ect i ngphesibe Ma6eTaRd FuEh astYAAet IF0BrSI MG Qriel Bbdy [AF 1 nbdife; and
the protecth NG, JRINCT G LW nLpAREILEE! 11 8 BCHPLEL JOB Mol die

contact by the user-. whi provi on the front face of
t he actouat giie Ifife zdesl et thaing etk wvircd heusitdagwakmbefr the bencensiertuted Hey

actuator 106 includes the piezoelectric |layer 160, the upper el ectrode
164, the ¥ RRTE Plecthodee b6y "the' \ﬁsbrsg'f.‘?‘ﬁé 1prl’;l}:tﬁsleg 17%2, (Bé_n'd t he mounti ng
plate 350. The Vi alighd PhebB JH& S ih Piget DRdeRensPUMddgopbabed IEhe350,
and the lower electrode 166 is forned on the vibrating plate 176. The

pi ezoel ectk¢ad payerinteoths rasiuked RIOWE iHPigacé of FiBhe | owePeEréCtFade
166, and téﬁélﬁgyﬂiﬁa(%¥gégg%:H%%dd%éfgﬁqﬁqe. Also, the exchange of the

15 module 700B becomes possible so that the recycling of the module
700B also becomes possible.

There is possibility that the actuator 106 malfunctions by
" the contact of the ink which is dropped from a top face or a side
face of.the container 1 with the actuator 106, the ink of which
20 is attached to the top face or the side face of the éontaiher 1
when the ink_cqrtridge is shaken. However, becauée the 1iquid
coﬁtainer mounting member 360 of the module 700B pfotrudes into
the inside of the container 1,.the_actﬁator 106 -does not
malfunction by the ink_droppéd from the top face or the side face

25 ~of the container 1. '
.Furthermore, the module 700B is mounted on the container
1 so that only part of the vibrating plate 176 and the mounting
'plate 350 are contact With ink inside of the container 1 in the
embodiment of Fig. 42(A). The embedding of the electrode of the
30  lead wire 104a, 104b, 404a, 404b, 504a, and 504 shown in Fig. 36
to Fig. 40 into the module becomes unnecessary for the embodiment

shown in Fig. 42(A). Therefore, the forming process becomes



on the top face of the piezoelectric layer 160. Therefore, the main portion
of. the piezoelectric layer 160 20 is forned by sandw ching the nmain
portion of the piezoelectric |ayer 160”g% the main portion of the upper

el ectrode 164 and the |ower electrode 166 fromtop and'. bottom The
circular portion, which is a main portion of each of the piezoelectric

| ayer 160, the upper electrode 164, and the | ower electrode 166, forns a

25 piezoel g6t Lhe el@f%ﬂt' T i | egtric i S far on.- . LE
vi brating %ﬁa g i76. btﬁ?%?ﬁ?b%éggégfgﬁk%?gkﬁggg%i%é%é%ﬁ%ﬁ%ﬁcggfégg%? and
t he vi br at ispgt péattehel Zécgandnigt af eshd hetuaitbral 0 6ig lsert beaomesnpadis thl ¢ he

actuator 106 actyary yjbrates. A through hole 370 i ovi.ded. on the
mounting pl ate 3%69'3%£E%?tﬁgFﬂﬁ?éﬁméqﬁ%sé §§6tF§nf8§n§ € oK heCRF ALGAI |
of the conuaéaehouhtiago athef@loar 8,04 nh coHd aedst MAdr the VA bpabt &gt phat e

176 through the hole 380 of the container 1 and the through hole 370 of
t he nouht i RgMPEAt 86350.-s Theumied@ SBOLBE Chatednesi daenagad e livhevitthy ot

hol e 370 o ' j t ercfor i nk. taring.
Vor cover, BeEdasat e 28, Bhf i Bartaiaharer 2l BybPRintaf el e e,
361, the aebyntor Mreforde photeedesct Didgn hdebewul 61 dend ottacdct Jdeobase

plate 178 shown in Fig. 22 can be used instead of the nounting_plate 350
‘in the errbbBFhﬁri’cOtsHBgﬁP?W- BiSg2 ™ S14‘132 ?5&5[1] HHIPT BT eCEL g3 'Eﬁz%lgéﬁévx'ish‘éﬁw

enbodi ment cLhabr508BE | 888 FcPPAor STIHIGIAY & S Waigh denghudgs Lheractaat or
106. In the Eresent enmbodi nrent, a nold structure 600 is used as one

exanpl &0 of hehe 38 uitigly ist poevide. oFheheof bt facteurcd 606 aasuather actaat or
100 1 and,g URLEUEDGL 64« I APLUSHOL 0B S00 LG IO DT, B, o
such as siloedmdlesies. tHh@ikebe leenter 13641 neb udes appéeadevtieddtika n-its
| nsi de. Thghg%g%égiggztggi;f%Jf%gggi%%atingplate176,andthen@unting
plate 350. The vibratingplate 176is formed on the mounting plate
15 350, and the lower electrode 166 is formed on the vibrating plate
176. The piezoelectric layer 160 is formed on the top face of
the lower electrode 166, and the upper electrode 164 is formed
on the top face of the piezoelectric layer 160.
' Therefore, the main portion of the piezoelectric layer 160
20 ié formed by sahdwiching the main portion of the piezoelectric.
-layer.160_by the hain portion of the upper electrode 164 and the
lower electrode 166 from top and bottom. The circular portion,
which is a main portion of eaéh of the piezoelectric layer 160,
the upper electrode 164, ahd the lower electrode 166,_forms a
25 piezoelectfic eiement. The piezoelectric element is formed on
the wvibrating plate 176. The vibrating region of the
piezoelectric element and the vibrating plate 176 constitutes the
vibrating section, on which the actuator 106 actuary vibrates.

A through hole 370 is provided on the mounting plate 350.

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

1.



that the nold nmenber 364 has two | egs extended fromthe actuator 20 106.
The end of the two |egs of the nold nenber 364 are forned in a shape of
hem sphere to liquid tightly fix the nold nenber 364 with container 1. The
nmol d menber 364 is nmounted on the cont&Pner 1 such that the actuator 106
protrudes into the.inside of the container 1, and the vibrating section of
the actuator 106 25 contacts with ink inside the container 1. The upper

el ectrode 164, j ezoel ectri I r 0.. and t he. lower_ el ectrod 66 of
t he actuator 106-Lt}ge‘raree[¥poro 'ec%%ﬁ F%élrtfﬁ%ﬁ:l? é‘gl%}ﬁet&égl d\’lrrl?sr V&Cglrn%Gﬁiaégc:luégg t he

mol d st rudhyaudi@ hehhvbei 8 dicE t4h2 doasatabr nesd the SRabuyy sbIelcIiy e
- 372 between the nold nenber 364 and 30 the_container 1, .the |eaking of ink
fromthe QntEdigndOURtdas Pdateddedd. TBeeboLe, 3B ludd q IenFd i e rigdtdur e

600 has a dfr phihabh hdiee %lodoﬁtgwﬁn%ﬁéfi% g988e o gbgtew@% féfmt%

outside of the 81 “container 1, the no structure 60 an protect t

act uat br H¥®rifmpmpardte out side contact. There is possibility that the -
actuator 106 functions by the contact of the jnk which i {r d from
S op Tace or aMErdS FIce HPARE (OB R TErS1o% T0E L he BEPUSFBP oS BI0ENS he

i nk of whipgh tieg taldgaebabBe t B dihethepad gLt 6F osecsh AR baseecobdt herd @meai ner
1 when the ink cartridge is shaken. Because the nold nenber 364 of the

mol d st r ubtked F0GOPFBEF udedhg maget RéaFAst e shownt ke Kight aiznepn e Hged
actuater 398 t%%%soﬁ%mbwﬁ%bﬂ%%e tiéﬁagihzééhé’ fe%%%qnfefn%”ggéﬁntﬂp Fi@ce of

the side face of the contal ner shows an enbodi nent of “an i nk
cartrildlge4and)amndnkB)j.et recordi ng apparatus which uses the actuator 106

shown in Fig. 2. Aplurality of ink cartridges 180 is nmounted on t i nk
jet recording gfjﬁar aﬁ%@)v\h%%wﬁagna “’dﬁfﬁ 7% o’Fl'l‘f‘Fnk S FFFE Yy T@qg |
nenbers 182rakdudehebderhi18A ea6uEOET EBPOAEE k40 1d¥e, eaehtdk prBkent

cartridge 180, respectively. Each of the plurality of ink cartridges 180
contai ns GMPPERERTTLypeBObf PRRUCEOFE eXAPpl %, usedl Biecant e&armpd coPti Ake The

actuator %g@ntthCQtpgéggfé.ah&k@ﬁéﬁd structure 600 has the actuator 106
<15 . and a mold member 364. The actuator 106 and the mold member 364
are formed in one body. The mold member 364 is formed by a plastic
material such as silicon resin. The mold member 364 includes a
lead wire 362 in.its inside. The mold member 364 is formed so
that the mold member 364 has two legs extended from the actuator
20 106. The end of the two legs of the mold member 364 afe-formed-
'in a shape of hemisphere ﬁo 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 con-tainelr 1, and the \'ribrating' section of_'the actuator 106
25 contacts with ink inside the container 1.. The upper electrode
164, the'piézoelectric layer 160, and the lower electrode 166 of
the actuator 106 are protected from ink by the mold member 364.
. Because the mold strﬁctﬁre 600 shown in Fig. 42 does not
néed the sealing structure 372 between the mold’member.364'and
30 the container 1, the leaking of ink from the container 1 can bé
reduced. Moreover, because the mold structure 600 has a form that

the mold structure 600 does not.protrude from the outside of the



acoustic inpedance, is nounted on the each of bottomof the 20 plurality of
ink cartridge 180. The residual quantity of ink in the ink, cartridge 180
can be detected by nounting the actuator__ 106 on the ink cartridge 180.
Furthernore, the wave preventing wall, ot shown in the. figure, is
provided inside the ink cartridge 180 such that the 25 wave preventing
wal | faces to the actuator 106. Fig. 44 shows a detail around the head

menber of the ir j et recordiyn [ i j rLec N p at us
nas an i nkCrREESatCT g e Ber TeaRa R 0y ST HEa T Are 8 R
nozzl e pl ateoh8the Aupktidal ¢dryt dt NoZThleeeldd postsiidhi ljicly Cudt ithle, a@uatsor
formed on the nozzle plate 188, The ink introduci nenber 182 has_an air
suppl y hoIéof8@?%ﬁﬁp%ﬁﬂ?%&1%h§b8dﬁ%?ﬁﬁc?ﬁ$%F%f8équ$HéggPF gﬁBBPﬁgh%ﬁ%ml81
suppl i es airibg pheei bk Saridd doRel®E t82 cBhealipkri Nt HOEHCERG 4l @itdB3
introduces ink fromthe ink cartridge 180. The ink cartridge 180 has an

ai r intsoddébngheliek of sthix ignat mckepsioythertondrceTre tiier sifer R ng
inlet 185 _introduces.air fragmt ' I N t hg_j

i ntroduci n§E5-Ne A 185 T %H@“?hgﬁsﬁ%%h3H§§F¥d%%7?§§§%??%§ iﬁﬁbggsfﬂg“?nk

i nt roduci ngoil Blreimbkd33 6 0o ft hige MK di gt roshiieten g 0 Mgdaarr Ul e82i nBy thientmodiei ng
air fromthe ink introducing nenber 182 tq thg i nk cagﬁridge.lSO, tﬁgbink
cartridge P80CBR GAMANET dhet BEAALFDOT 18 FPBH I He Mt UCRFLPI ¥ 48 to

the ink inﬁﬁQWﬂ'E&&?eWﬁ_t]kﬁaz-to%pfglééffgﬁrtﬁ?é & 1de g AWRY 8 £ PEKY XA i i |
not shown in the igure, is provided inside the. ink cartridge 180 such
that th® Wwave preventing wall faces to the actuator 106. Fig. 45 shows

ot her enbodi nent_of t iLnk cartridge. 18 0 Fi - t or
106 i s nount ed oﬁl?heﬂgg’thtogrﬁ f gc%mb%g“%grg%,&hmﬁwghh}fsCFJfIgCrrr%e%et gggeglgll{;rﬂ{ed
in verticalediresdidihg abphhatuskyicari isdget I8RAA tshawr 106 tdhewr gn R A). A
wave preventin wal |l 1192v is provided on the position ere _has the

h
predet ermi Red ‘h@ELgHR MitgnPERENE FATH FRES d0t hE TSR M thENtHF kit 194

and recording apparatus which has a plurality of ink introducing
15 members 182 and a holder 184 each corresponding to the each of
ink cartridge 180, respectively. Each of the plurality of ink
cartridges 180 contains different types of ink, for example,
different color of ink. The actuator 106) which detects at least
acoustic impedance, is mouﬁted on the each of bottom of the
20 plurality of ink cartridge 180. The residual quantity of ink in
the ink cartridge 180 can be detected by mounting the actuator
106 oﬁ the ink cartridge 180.

Furthermore, the wave preventing wall, not shown in the

figure, is provided inside the ink cartridge 180 such that the
25 wave preventiﬁg wall faces to the actuator 106.

Fig. 44 shows a detail around the head member of the ink
jet recording apparatus. The ink jet recording apparatus has an
ink introducing member 182, a holder 184, a head plate 186, and

| anozzle plate 188. A plurality of nozzle 190, which jet out ink,
30 1is formed on the nozzle plate 188. The ink introducing member
182 has an air supply hole 181 and an ink introducing inlet 183.

The air supply hole 181 supplies air to the ink cartridge 180.



al so faces to the actuator 106 inside the container 194 of the 20 ink
cartridge 180. Because the actuator 106 is nounted on the container 194
slanted in vertical direction, the drainage of ink can be inproved. A gap,
which is filled with ink, is fornmed betf@en the actuator 106 and the wave
preventing wall 1192v. The gap between 25 the wave preventing wall 1192v
.and the actuator 106 does not hold ink-by capillary force. Wen the

cont ai ner i k! Ao ldlihg VBYEe L S 1g8NerAlAdy sl denkhe aant shaer; 494 by

the waving, and there 1s po t hat e actuat or Uncti ons by
det ecti ng cagax igigeah8ai r Thiblhhk cattseididyy 18haahankaiof 1t1heod1mk11u\@\1e11e|3y 30
prOV|d|ng t he wal I 1192v, ink wave around the, _actuator

ve preyenting
106 can bé é&gh EHRPIYnBOREI £BAct i TIE A% RO L LRAUGHN 1136 a4k e
prevent ed 1r§3rodnafaesa§l£'a£t&§m EQ@ aolf %U?ﬁ'l?kh&ﬁé thigh dge tll%oﬁdﬁ R clat iy

45(B) is mounted on the side wal e supply port of the container 194.
‘The actuatmembedt ¢ b@hﬂnmnkuﬁuppkyup@x@el&hl$UPDllgétnoh1tacéh@flmwe

cont ai ner n%roduc1 aicritlu 01’8 Ivghe @Hﬂt ‘iﬂg,?aﬁe%%é Hgﬁl.glegk l%léppl %)},port :

187. The Waveé preventing wal provi near i nk "Supp port
187 i nsi darntheduernitng agar £iSé4 Shéhlhhainth@dweyﬁgFmémﬁéﬁIlﬁy\Mﬂ|thk192NV
faces to the actuator 106. The wave preventing wall 1192w is forned in

L- shape t G3TEFFESE HELy bhevank ERECTAYLE of 89 ACCalTGT thensURPLyalfsr 106
10 is pref %&apkamwtlﬁﬁi QQrEPPdé:é’rltBQ)r t8f chdIg M %Brgaﬁe%g%n@eﬁ he> .

cont ai ner 194, Because ink 1Is supplied to the outside through the ink
suppl ¥0 port 187FurnheamdractmaEOwaye6preweabupgcwnﬂ&ctgotuﬂhpwnthe thﬁlng

of the ink.near end b rqvi.din he..actuat or__,106, near ks
oot 1oy LiRERE ong BYRREGENCLRG A CRE N Mar SRS LR LRECSERR Y
the ink neaweepgevehtiihberanne fabysprovictiengcthataet uakor 106 nearby the

ink supply port 187, the setting position of the actuator 106 to the
connecti on poi nFi8n f£ReSBaWEi 85BEsnerRediARNEoRE aF REr 1Bk cEABEr idge 180

shown in Fig. 44. The actuator 106 is mounted on the bottom face
15 194a, which is formed to be slanted in vertical dlrectlon, of the
ink cartridge 180A shown in the Fig. 45(A). ‘A wave preventing
wall 1192v is pfovided on the position where has the predetermined
height from the bottom face of the inside the container 194 and
also faces to the actuator 106 inside the container 194 é'fr'-the
20 ink cartridge 180. Because the actuator 106 is mounted on t_ﬁe
container 194 slanted in vertical direction, the drainage of ink

can be improved. '
A gap, w_hich is filled with ink, is formed betwe.e'n the
| actuator 106 and the wave preventing wall 1192v. The gap between
25 ° the wave preventing wall 1192v and the actuator 106 does not hold
- ink byl capillary force. When the container 194 is rolled, ink
~wave is generated inside the container 194 by the waving, and there
is possibility that the actuator 106 malfunctions by detecting
'c_;‘_;as or an air bubble caused by the shock of the ink wave. By
30 p&*oviding the wave preventin'g wall 1192v, ink wave around the
actuator 106 can be preVented so that the malfunction of the

actuator 106 can be prevented."



reliable during the.mounting of the ink container on the cartridge 20

hol der of the carriage. |t is because the reliability of coupling between
the ink supply port with the ink supplygr}eedle is nost inportant during
the coupling of the ink container and thé <carriage. If there is even a
small gap, the tip of the ink supply needle will be hurt or a sealing
structure such as Oring will 25 be danaged so that the ink will be | eaked.

To prevent this {4hddhcOfacHF IEBE t%@eiirx'&kcjaﬁr%b@t €8 oHSEROLY MSpiag
special structure that can accuratsgﬁg/ h

_ I'y positioningT™the ink .container during
the nount#h§Bof 1shmounkedomnaitier ¢ heathref agbe Thepdtopertt led the

positioning of _t at 106, beco el.i able by arrangi the 30 .
act uat or n‘g%?{)?/l{?%éalﬁl ’ s&%’ﬁl ?/C%)%? or uor ﬁearnng(r:'_er?o rFltee%c 1785 %rm(%é”%]a]h be
further rebtalddtoposatewredhbycdmiindyy 1bhei actheakotuadObatod he eritteyg of
the width direction of the container 194. It 84 1is because the waving is

the smal | 32T Hhe R UBBAYaPRAEF ¥®T1 s ThY WAYCaRT§XFBL1RGevhtlehd

whi ch i t i f {.dt i t. dyki : td f
ich is cepters)idfey %elaéjgsf_ whd bnkdélfpﬁ?l}!' Yot H@hngnﬁbﬁewcﬁd}ngr?ﬁnoetfrh?he

i nk container on the ho Fig. 46 showvis ‘further other enbo
i nk cartridge sushlgat Eihg wdée e vendvisigawal bdd 928t faoas dfo theianic uzardrr i dge

180C, and Fig. .46 (B). shows a cross secti whi.ch _.enl ar.ges the, side wall
Toab of “ant0ht % s RERCRtINe vAEE bIAE(AS CPTGECIaRCE StRbs o
per spect i Vef fié @i ¥& DMdrke etoBhe Gfatd@ £si AR . Waldr kAl Ot het S hato£ardy | dge

180C. The sem caonductor menory device 7 and 10 the actuator 106 are forned
on t hellsanks dredgrerdyaraurtedian the cemket &t FhrageidigndirastapBvRe itheri g.

46 (A , 't MEe PEYENT Bad WAl L nt192Xs1SH Loyl ded p sl fs ique jpner
194 such ti%t‘e/%he wave pr evgﬁti ngnwa?% Slli%%x ?aces to@t lfejcesé%itéueg?%% 0. As
shown in Rl inkGs(@Bplandof€)187t hiemksemdcentuetor he6rorgl ihiiyceontiastisor med

Formed ot (Gl G 6F the. LB ROROUCTOrasTy Ho S8 26h ehe sare
circui-t bopyel neh@byAcHe gt @RipplyPBoL: g, 6helre RNt eHe it orsiide Wal |
194b such that the different-type Oring 614 surrounds

15 can reliably detect the timing of the ink near end. .

o Furthermore, by providing the actuator 106 nearby the ink
supply port 187, the setting position of the actﬁator 106 to the
connection point on the carriage on the ink container becomes
reliable during the.mounting of the ink container on_the cartridge

20 holder of the carriage. It is because the reliability of coupling
betweén the ink supply port with the ink supply needie is most
important during the coupling of the ink container and the
carriage. If there is even a small gap, the tip of the ink supply
needle will be hurt or a sealing structure such as O-ring w.ill

25 be damaged so that the ink will be leaked. To prevent this kind
of problems, the ink jet printer usually has a special structure
that can accurately positioning. thé ink container during the
mounting of the ink container on the carriage. Therefore, the
positioning of the actuator 106 becomes reliable by arranging the

30 actuato_r nearby the ink supply port. Furthermore, the actuator
106 can be further reliably positioned by mounting the actuator

106at the center of the width direction of the container 194. It



the actuator 106. A plurality of caulking part 616 is forned on 20 the side
~wall 194b to couple the circuit board 610 with the container 194. By
coupling the circuit board -610 with the container 194 using the caul ki ng
part 616 and pushing the different-typ%40ri ng 614 to the circuit board
610, the vibrating region of the actuator 106 can contacts with ink, and
at the sane 25 tine, the inside of the ink cartridge is sealed from outside

of the ink B@&gﬁggg%aer Qa%ﬁ?i i@kﬁe%lgf@sé QhER0, 198 itnfke_céﬁmﬁerﬁg%thrs

menory device 7 an he sem conductor nenory device 7.

term nal G2y amsherdst hehei gaatebedfieenitchel seremoeducine afermrey w30itdevi ce
7 and outsj.de the ink jet recording. apparatus. ,The sem conductor .nenory
devi ce 7 Gl G55 0t FREA Ty MWL DR PH dEPoToRERORGE G BE O21 58
rewritten such g§gEEPRQWowddruBeRar s HdleemBBHEARAYCS O HEETRK Y- ad@idge/ and
the actuator 106 "are formed on the sane circuit board 610, the nounting

process d&R-beFigni sheR) ahvifeat FResSERG TG PO RRg Rk ec e idaridéO6r
menory deweee [oangs the saelial of k008 LBR Wicif A dns LG e MARgOVer,
uring of t ge 1

t he wor ki ng protess [ the manuf acturing he i n cartri C and
the recychionpy of theinkkceartriddgeld80Glhawmn e Bigml44d (M. Fugt.haernone,

the manufacturing cost of the in cartri dge 180 an be. reduced because
the nunbef§oYF P%ésﬁﬁFF_évecé{heHegF%‘auté}é‘ii. ’i%bntl'f%fcatgf%a?]djre f@éﬁngéag the
i nk consuppki @AxStatUsilgsl d8oct herrotIndiorT i et @RRAUEt o1 aRBNOIr Y

device 7 stores the information of ink such as residual quantity of ink
det eci@d bre aheuatoual®s ang6foThed o8 thhsamentésadast brareory idethee 7

21T 25 L NSk QHOBLATD 1L oL bl BLBLEEIR] LS pRATR BreloBld o5
when det eahilngl 1 9ex iirkp consdeptingn det @b elsontlad nexehd ¢ endtict bat nérowyveevi ce
7 previousty SLOres SiP HeSonant L LeMUenGY oL (el b Nk AL den ier .
cont ai ner PX§¥eREipg yall fdf 4xst El
46 (B) and (C), the semiconductor memory'device 7 1is fofmed.on the
15 | upper side of the circuit board 610, and the actuator 106 is fo_'rmed
on the lower side of the semiconductor memory device 7 on the same
circuit board 610. Adifferent-type O-ring 614 is mounted on.fhe
" side wall 194b such that the different-type O-ring 614 surrounds -
the actuator 106. A plurality_of.caulking part 616 is formed on
20 - the sidé wall 194b to couple the circuit‘board 616 with the.
container 194. By coupling the circuit board €10 with the
container' 194 using the caulking part 616 and pushing' the
different-type O-ring 614 to the circuit board 6_10,. t.he vibraping_
region of the actuator 106 can contacts with ink, and at the same
25 time, the inside of the ink cartridge is sealed from outside of
the ink cartridge.

A terminals 612 are formed on the Semiconductor'memory
device 7 and around the semiconductor memory device 7. The.
terminal 612 transfer the signal between the semiconductor memory

30 device 7 and outside the ink jet recording apparatus. The

semiconductor memory device 7 can be constituted by the

semiconductor memory which can be rewritten such.as EEPROM.



when ink is filled in the container 194 sufficiently, or when ink 20 in the
container 194 is end, that is, ink in the container 194 is consuned, as
one of the characteristic paraneter. The resonant frequency when the ink
inside the container 194 is full status®r end status can be stored when
the ink container is nounted on the ink jet recording apparatus for the
first time. Moreover, 25 the resonant frequency when the ink inside the

contal ner g9dalige (i !sSHAURN: SN GHAMIACARDLS ShaT efle I Mhélhelog

manuf act ur1 ng he Corit al ner se the unévenness o

detection apé Idsmecesmduaie (et ictiy cafi ti bbacdnébe, conpensantethdyprsiagddg
the -resonant fre uenc% ¥\lnen the ink inside the contai er 194_ is full 30
_status or &M Bt atiRIFRed Rt s ol Hr iR MR A ’éiﬁ‘kd}éqtf%nd

readi ng ouheddey didwi & 7 Bedr eReNa ud £ SHURTE Yorak het DRKI Bkri £idd@cydt ng
apparatus side,” it can be accurately 86 detected that the residual

quant i toy oforekves, déereasking @IIOKF@SSr‘éﬁé#@@l@éle\/la&nefaﬁgrlﬂg ofhblae ifnkr t her
ot her enbodi nent of i nk rtrid 84 T i nk, c id shovvn in
i rtrl f%& uarf Ct% 5166 C\Aﬁl %h |spﬁo hits ‘%H ]13%%6

Fig. 47 (A‘f‘—;l m)un ng 1 n ver t3n on
the side wee |siksthi Dfed he m&r&helrmerrel9éheTxInenwaaetpfemgn&b@tg cy\ﬁ|dhe1]1912<X i's
provided inside_the container 194 such that the wave preventi ng wal | 1192x
faces to t$FWhidee 01f8qché33ﬂ Reat PRy PEGPBRaBFSL Flléea’&‘t"ﬂ%?ﬁ? 9bdhe BegtEhange
of the resiguale quantddy ink inside the container 10 194 can be detected
continuously by the act uat or 606 which is long in vertical direction. The
| engt hOof t he aéfthfatagrtuact@rl §06 pledgfeatabt e | iodgeonishaptileoa ﬁmttu@firtsmie

hei ght of the si 94 t he actyat.or

length fromis ﬁgn trah?f}al P%}‘% rsgﬁlll?ﬁ@é (%ﬁzbfefn'ae'{‘omf heevbocte[ om en o%h’[e

si de wal | ﬁxﬁfdﬁﬁt1o1fheffefmkesu¢:heasy\a\eeM@mequang1\n@rl bf 1l xdedd v dtpya

| ength substantl ally fromthe top end to the bottomend of the side wall
194b. By prifviafitiptiHe WRe ghéfenti nghfaSemireRductre RENOTYpASYERE Hg

val | 1192x gy, vents tihe Mg ioh k@%a@é@ugg the ApM- Y ristic parameter
15 euch as the characteristic of ink and the ink cartridge used for
the actuator 106 when detecting the ink consumption status. The
semiconductor memory device 7 previously stores the resonant
frequency of when ink inside the contalner 194 is full that is,

when ink is filled in the container 194 sufficiently, or when ink
' 20 ‘in the contalner 194 is. end that is, ink in the container 194
. is consumed, asoneofthecharacter1st1Cparameter Theresonant
frequency when the ink inside the container 194 is full status

- or end status can be stored when the ink container is mounted on

_ the ink jet recording apparatue for the first tihe. Moreover,
25 the resonant frequency when the ink inside the container 194 is
full status or end status can be stored during the manufacturing

of the container 194. Because the unevenness of the detection

of the residual quantity of ink can be compensated by storlng the
resonant frequency when the 1nk inside the container 194 is full

30 status or end status in the semiconductor memory device 7
previously and reading out the data of the resonant frequency at

the ink jet recording apparatus side, it can be accurately



606 and prevents the mal efaction of the actuator 606. Furthernore, 20 the
wave preventing wall 1192x prevents the bubble generated by the waving of
ink to enter to the actuator 606. The ink cartridge 180F shown in Fig.
47(B) mounts a plurality of actuators £86 on the side wall 194b of the
container 194 and conprises a wave preventing. wall 1192x on the face of
the, 25 plurality of actuators 606. The ink cartridge 180F further -

conprises j§ Ay, ventin |1 A\hi kS| opg,l ical
di rection, along Cl?htg{ag gglemai}%ls\é%glfl%' \%gt%ﬁtﬁr dét?e!%rrﬁnkng% d%ﬁff%\%% t[Cc%eths(? de
wal | 194b refssmndeheradort.ai ner 194. A gap which is. filled wth-ink is

formed between the actuator 106 and the wave 30 preventing wall 1192x.
‘Mor eover, the gdp %et WeEi'th u\ﬁ/&gér %&é‘%’éﬁf’&ﬁ&lwﬂt 4 g ARk Gt Hd9sat or

106 has a @ougirHd ShRRGE t Sl 1 b8k stﬂb%vrggﬁﬂ%i:sw%) hduhdk e LaRid lary

force. \Wen the 87 container 194 is rolled, ink wave is generated Inside

the cént&%feihigh by long vVdvivegtigad dhveetienpusditsi ksiidy vaht 1b of

act uat or | f i.0 by ect| . ai e .caused . -t he
shock of tjtﬁ% {%ﬁt\%g&tg.r E?Lls'i mflﬁ%r‘s Y)_gl?%e e%lﬁ%ﬁe%afllsﬁ;&%g’% T PGt f})/d( B),
by provi diimg itdeet hawemreivent 109 swath thh¥2xhe ividve paeeeatangded e 1ackuat or
106 can be prevented so that the malfunction of the actuator 106 can be

prevent ed F2FE§ hRvehe p‘?’}éQ/Je‘?ltc_?%&k\ﬁal"libffg’é?ga@alBPe@%n’%%e AU dI8I-e
generat ed iy chRRgWANE NhOfrd k0 ket itQ bhe; Act U Qe 196 LBcEiGe, 48

shows further othér enbodinment of the ink Cartridge 180. The ink cartridge
180G 3howd Sidncdi dpe A8yt ddscmttigmonallly by (08@® antuatbotéiwhath i1D90ngeach

of which i.s l.ocated on.the upside nd downsj de ,of the ink surface inside
t he cont ailﬁler\pefggzll.éja‘ﬁ\1 8["5?5#??9‘0f ﬁilaeveilﬁ?%g%ntolfﬁgtﬂﬁl PSP _8rar6206ex118nded |
fromthe pepfiravall 1d3880rdenanat HetitalheobasHomeasajHt HIO@heBesaus@aeach of

| oner end og the partition walls 212 and the bottom face of the container.
d

194 has a'pf8detEFrfitRd Yal) t HDRAIGHAYH °06f N thendanAEh fygm the
comuni cak@sswhhbi82¢) PEORMheTPBp dd ¢&Y EhEAUS I8P ERAS 8 he side wall

15 194b. Therefore, the wave pre_venting wall 1192x also has a length
substantially from the top end to the bottom end of the side wall

- 194b. By providing the wave preventiﬁg wall 1192x, the wave
preventing wall 1192x prevents th'e. wave of ink around the actuator

606 and prevents the malefaction of the éctuator-606. Furthermore,

20 the wa"\fe preventing wall 1192x prever_lts the bubble generated by
';he waving of ink Eo enter to the actuator 606. o |
The ink cartridge 180F shown in Fig. 47(B) mounts a

plurality of aét__uators 106 on the side wall 194b of the_'container

194 and comprises a wave preventiné,wall 1i92x on the face of the

26 plurality of -lactuators' 606. The" ink cartridge 180F further
comprises the wave preventing wall 1192x, which is long in
vertical direction, along the side wall 194b with predetermihed

gap with the side wall 194b inside the c.ontain.er 194. A gép which

is filled with ink is formed between the actuator 106 and the wave

30 preventing wall. 1192x. Moreover, the gap between the wave
preventing wall 119_2)( and the actUatér 106 has a enough distance

such that the gap does not hold ink by capillary force. When the



plurality of containing chanbers 213 divided by the each of 20 plurality of
part¥ition walls 212. The bottom part of the plurality of the containing
chanmbers 213 conmmuni cates with each otQ§{. The actuator 106 is nounted on
the side wall. 1070 which faces to the 1'nk supply port 187. The actuator
106 is arranged on substantially center of the top face 194c of the
contai ni ng 25 chanber 213 of the container 194. The vol une of the

cont ai ni ng.ghanher 2l i $sanianged spch tLhAgk the yehurgeel ke RNt ahoi ng
chanmber 213 of the ink supply port 187 is the |argést, and the volune of
t he cont ai sengadhambep4 243 ghadimting degreddeseas st pessdbsiahget habnthbe

i nk | t,.187 i to the i t 30 of the_i trid
180G Ther 8P PacoF d EBRERRAR RO SehANnar ST A haaiiat an der HLBRIEATHF o « ne
actuator 18¢ tmeMHIk sFdehdfinkhRad8. eanNkamiilag €batHeembbdimenthehbik

supply port 187 side of.the containing chanber 213. Because ink is drained
fromthe i AR Bi@pl47 Jort bysprogadingi Fbe v s PHGVERLING #ied 1i hi Patuci mlg
inlet 185, ST of o151 t he Lcopt ai pi.n a 213 ek the ok
supply por¥5?§7agf§% tgﬁ? eaggﬁég?%ing chaﬁgereZ%?pof the inner 6%rtt% t he
ink cartridgéfut80GonForf etenaudtwer | hké | nathh®ec gnteaiemitregl .c haiizerwis

which 1s nost near to e ink syppl ort 187 is .cons d, and _duri t he
"ok Tevel BEEYRBEBAC T rig ThamieP B18VRRFEH 7S HigePURBIF 98PTBALRE Thk
supply porthd8iadesgeasesnkt b6 OhPer €ONtR: NAKLLeFbEses . 213 are filled
with ink. When the. ink in the containing chanber 213 which is nobst near

to thelQ nk suppl §iporid 389w fuwdhaunethet qimiqdimesity ofrithe dnkgeafferidge
cont ai ni ng anbﬁy A i 1.5 S d C ed f,r.gmt i port
187, then %ﬁg'in (?ﬁ}ﬁhgggggéﬁéelggggn?%gﬁ?ﬁgygﬁ" éﬁg§R3n?§ ﬁéﬁigﬁﬁgé'to :
be consunetlogo arfdad Hdweon wkll evso oéathefSehond icohbaanedgprchhahars i

begin to decrease. At this tine, ink_is filled in_the containing chanber
213 whi ch 2P¢ aﬂY’Palﬂ? Fh%réhﬁhéﬁkt [F9rd 36y cl&fﬁg’@d oM THS T stppt y ‘port

187.. In thisrd@yey idKwhbe GNSHER i Qa1 Y B& CANhReNt RGe fHEdF®bm the top
15 wall 1080 downward to the bottomwall 1090. Because each of lower .
end of the partitionwalls 212 and the bottom face of the container
194 has a predetermined gap, the bottqm part of Ehe container 194
communicates with each other.. Thé ink cartridge 180G has a
plurality of containing chambers 213 divided by the each of
20 plurality of partition walls 212. The bottom part of the
plurality of the containing chambers 213 communicates with each
~other. The actuator 106 is mounted on the side wall 1070 which
faces to the ink supply port 187. The actuator 106 is arrénged |
on substantially center of the top face 194c of the containing
25 chamber 213 of the container 194. The volume of the containing
chamber 213 is arranged such that the volume of the containing
chamber 213 of the ink supply pdrt 187 is the largest, and the
volume of the containing chamber 213 gradually decreases as the
distance from the ink supply port 187 increases to the inner part
30 of the ink cartridgé 180G. Therefore, the containing chamber 213

becomes wider towards from the actuator 106 mounting side of the



20 213 which is nost near to the ink supply port 187 to the containing.
chamber . 213 which is far fromthe ink supply port 187 in order. As shown
above, because the actuator 106 is arragged on the containing chanber 213
that is farthernost fromthe ink supply port 187-, the actuator 106. can
detect the ink end. Furthernore, 25 the plurality of wave preventing walls
212a can effectively prevent the waves of ink. The ink cartridge 180H

shown i n Rlg AR(B)g Nasand:0R Maldo cR8Q mndubdiol trwypiald? K19, ceadthef
which is located on the upside and downside of the ink surface inside the

cont ai ner d@t.aiai3yy pthamdddn 2 13f. wave preventing walls 212b are extended
fromthe top | 1080 .and .t he_ bhot : I 90_ al Srt HEr e e gap
bet ween t he pa\rl\%etciad“r?%/vdlnlk ifZ(éfaﬁﬂ%gﬂhgnge%%g ??gn%ﬁigﬁ%gét%m 89 " wal |
1090, anong ¢4 ke tdny @ridny tok the vwaveopuevegtingewal 852120k iandartvrmgde

-wall, not shown in the figure, |ocated on_¥qug. %irect'on of'_tl con ai ner
194. Thet dfese thengonépdnies FRRMPSEr$ Lt @i Fgad i cSHPRE Xi RYT thanber U413 i s

equal . 5 Ry Eﬂgrdm{t%’irﬁwghérkﬁezpbgﬁ%ﬂ. t Me QfnntaVSa Bf et RgkwRIrt ridbi,

the wave preventing wall "212b which extends fromthe top wall_ 1090 and the
side wal | ,18082. sownekamphe, filygirionk liocshedcentahngng ahaeeet oht bvhird

container 194 can _be coupled liquid - fi I roai Lot Lghtdy-add kased he
wave prevéﬁiﬂﬁﬁtw€ﬁﬁr2§?béaﬁ YR SPRRLY, %&%s?sﬁol?héogﬁgﬂ%%%fi106-anoﬁ% t he
plural ity ofe Wayue 1d¥eav et thg wehta2h2hgexhendsrf2oin winech ops weddt 1G80; gas

enters to the containing chanber 213 which is nearest to_the a%%ya or 106
when tlfle |tayghegink ARPBLYIRRTE 1 ASiAREHIRE Sont BF M09 OPEALHREY F6 HTE

act uat or 708 “Hhor SYEFR. TE o T Bel MBE" e surt ate Tor- et eet G the
: , : g the ink
end is detzraniwtedttbyid heostpowids 6 dthet Halld GWaPlYempr21 38% ¢ & KON of
ok e Al sueiel AURuandn s dctitl S
boundary afy, tB@nted from the ink supply port 187, then the ink in the second
15. containing chamber 213 is beginning to be consumed so that the
ink level of the second containing chamber 213 begin to decrease.
At this time, ink is filled in the containing chamber 213 which
is third or more than third by counted from the ink supply port
187. | In this way, ink is consumed from the containing chamber
20 213 whilc.h.'is most near to the ink supply port 187 to the containing.
chamber 213 which is ‘far f;om the ink supply port 187 in order. '
As shown above, because the actuator 106 is arranged on the
~containing chamber 213l that is farthermost from the ink eupply :
port 187, the éctuator 106 can detect the ink end. Eurthe'rmore .
25 the plurality of wave préventing _wells 212a ean effectively
| prevent the waves of ink. _
The ink cartridge 180H shown in Fig. 48(B) has a top wall
1080 and a bottomwall 1090, each of which is located on the upside
and downside of the ink surface inside the container 194. A
30. piurality of wave preventing walls 212b ere extended from the top
wall lOBOIIand the bottom wall 1090 alternately. There are gap

.bet:ween the partition wall 2i~2b, ‘which extends from the bottom
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20 side wall 1070 and the top wall 1080. The ink cartridge 1801 includes at
| east two containing chanbers of containing chanber 213a and contai ni ng
chanber 213b which are partitioned by thg wave preventing wall 212c. Anpng
two containing chanbers, a negative pressure generating nmenber 1100 which
generates a negative 25 pressure is provided on the supply port side
contai ni ng chanber 213a which is relatively near to the ink supply port

187. Among,a twa geent ahahﬁgtﬁ@a@lpﬁﬂiw%fa%@au@oelpﬁeb@n@mgimdl on Ahe
i nner - side containing chanber 2.13b which is relatrvely far fromthe ink
suppl y porandgihe 3pide bedikr A sBovnr adtbe fRELESp WRCRLEI8ONofidid

cont ai ni ng,. _ chanher : r 4 i ve rt ~Whh cheac ts
t he. bubb%gjﬁﬁggﬁﬁbn %%@Q?nggg%%gﬁ%ﬁklgéftr?ggggﬁggg'mﬁgﬁ ?ﬁgg?nEfQEQﬁp
cartridge siffflades imaraddAc taoradh iori nghetairben 24 3carst raqugd .1801 is left for
a long period without to be used. Ip Fig. 4§ic%, he buffer 214 is faqrned
as a céncave parfturiiedToFFer RIRGY FP‘SnP REAL L E LAl 3V PAS VRS @Gntiai ner:

194. Becausg he HiegakleV prevRheIsy! 2 JENST 8b 1 18 IR Nder e ddd G o thhiae clygf fer
214 accepts the bubbles enters inside the containing chanber 213b, the

negative wildsd@P@ gedethe imiglenwabér 1NAVCGhawn timetbef f egure 4 lomrtmde eant
the mal functjqn of the actuator 106 C ) t i I ad. . hy the
attadhing‘%%h%hﬁgIggngﬁ”fﬁﬁéagk%a %?éng%s %%?tﬁ%&ngge%g§8h?ﬁe§gﬁﬁ;guantity
whi ch can dieymans wrediaf-teghdatyect ingcdde k. wavenreareriie rghanadéd 20 b
changi ng the capacity of containing chanmber  213b agd t he Ifqgéh of the
wave pPevefitichyifalfasest tq fhenacFugRten 1§ APONEB6SshoWh 1 HOESf. A8 S( D)

a plural ity Qi MaWe wR8VEnbhNgx Mahds AR e LByt RALE §dOMdaRke citde sval |
1070 15 &nd the side wall 1110 of the contai ner 194 alternately.

Fur t her nortey, tédac lkroof admé ngndh2hdd 21 3 edehclofis earsat frerdet RAGUARRN
2120 13 LSRG IBLLLIE PR Sl SHCSBER MRLSONSTy ARRRRR,
prevent i NG onehk sl RAdAd eadtot i@ eShalee Waldventdingshelh 212b which is nearest
15 to the actuator 106. Therefore, the level of ink surface for
| detecting the ink end is determined by the position of the lower
end 212f to the level of ink surface.along a vertical direction
In the ink cartridge 1801 shown.in Fig. 48(C), the actuator
106 is mounted on the éide wall 1070 arodﬁd fhe boundary of the
20 side wall 1070 and the.top wall 1080. The ink cartridge 180I
includes at least two containing chambers of containing‘chamber
213a and containing chamber 213b which are partitioned by the wave'
preventing wall 212c. Among two containing chambers, a n'egatlfve
pressure generating member 1100 which generates a negative
25 pressuré is provided on the supply port side containihg chamber
213a which is relatively near to the ink supply port 187. 'Among .
twoéontainingbhambers,theactuatdr106ispnovidaioﬁtheinner
side containing chamber 213b which is relatively far from the ink
supply port 187.
30 A buffer 2.14 is formed on the top wall 1080 of the containing.
chamber 213b. The buffer 214 is a concave part which accepts the

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




20 in.the figure, which intervene between the side wall 1070 of the
gontainer 194 and the side wall 1110. Therefore, ink does not remain on

the wave preventing wall 212d. A plurality of actuators 106 are nounted on

the side wall 1070 which extends substant) ally wvertically to ink surface
among the wall of container 194. A 25 plurality of actuators 106 is nounted
on the different height to the ink surface with each other. Thereby the

actuator 106 - calagdal®ft ikhRa hiKaCONSEARI ORett ehys; i %rar@fi_%ag%piebﬁ Ilé(;e
present enbodinent, the buffer 214 is provided around the side wal 70

of the actleforfd06 nounrg ipey isidevidihong ttlee beopsedl.| ' 108Pig 3 F( Q). , 4sheshows
a plan croggffgrgglop%ls iew of the further _another enbodi,lment f the . .ink .

Fofit iPEH " gaPtr 5%'8 YHOK of

cartridge accordi'ng to tﬁéms e88nT. “THvEnt P61 f”nlfclllleo?’ﬁﬁ
the presengi@sbedlrentoadlof t BReacndkhahel06 946. NopBtadsen thiee riddgie: Wad |
1070 which faces to the ink supply port 187. Each of a plurality of wave
pr eventi nPTSRIYT© BRSSAtEME MahiaL Aé 00 pEf Ehﬁebb\éfﬁrlgéﬁaa%ﬁ?‘%fhet%cond

si de wal | J3a0h s \WhicQyd %gr-&%n@h@eéamgnﬂ ekl e104938Ndc 4 idg, face
where the ink suspply port 1817 is provided, a tcer nate'i ve?y.' t:By tqhee%a;{lur ality -
of wave proemessurg gealdradlizey wiarddere1fl@Adsnflr bhe bheferdeldvatdn phrBeerand

t he 1120b, .t he tuator 106 .is effective r ot ect fromthe wave of. ink
and the gef& EF?%HHS PR U 8§Luﬁgo§uquv)6r gglfg‘d?‘sl%qﬁcgt.l%tgﬁoﬁﬁkfrﬁ an
cross sectywnde \t@Wcofi dhe ff BubBees 8ROt heraerbedbrengs of Huie Hd¥fore,

cartridge according to the present. invention. In the ink cartridge 180L of
t he pri@serthefiddiaventitt Waigdt ganope 108n534med uht teelr gie et 9igd healink1070

whi ch fac t i Y, : T A\ e L g yal b 2129
i ncl udes %éagggn I ﬁ%‘g%g%?p’g%ofﬁg{éﬁngg?eag%a%@ Btfhaé&gtth%ﬂgjfﬁgﬁgawave
prevent i n@1l3mlandoft hehilemgth kehtt Heowarve phrevente ngamlal10202wher e t he

ot eventi ng wal | 15100eati (e otEs SO rhrehErfor 3¢ () gapP LiaR Wiveh &
capi | | ary Jrowgee Wrik@ntihgPraYl der ek ek dditidiPR¢bR% he side wall 1070
15 and the side wall 1110 of the container 194 alternately.
| Furthermore, each of one end 212dd of each of the wave preventing
wall 212d is sloped toward the upside of ink surface. Moreover, .
A gap, in a degree which can pass through ink, is provided between
the each of wave preventing walls 212d and the side wall, not shown
20 - in the figure, which intervene betwéen the side wall 1070 of the
co.ntainer 194 and the side Wall_lllo. : Theréfore, ink does not
remain on the wave'preventing wall 212d. Aplurality of actuators
106 are mounted on the side wall 1070 which extends substantially
vertically to ink surface among the wall of container 194. A
25 plurality of actuators 106 is mounted on the different height to
the ink surface with each other. Thereby the actuator 106 can
detect the ink consumption status sﬁep by step. In the present
embodiment, the buffer 214 is proi)ided aro_un& the side wall 1070
'o.f the actuator 106 mounting side among the top wall 1080.
30 - Fig. 49 shows a plan cross sectional view of the further
another embodiment of the ink cartridge according to the present

invention. In the ink cartridge 180K of the present embodiment,



20 part 800 and the side wall 1070. Therefore, the entering of the bubbles
between the actuator 106 and the wave preventing wall 212g- -can be
prevented. The ink I'evel ‘around the actuator 106 is equal to the other ink
level in the ink cartridge 180L. TherefoP&, the actuator 106 can
accurately, detect the ink consunption status 25 inside the ink cartridge
180L. Fig. 51 shows ot her enbodi nent of the ink cartridge using the

tuator 106, The ink cartrjdge 220A sh A first
or cventi ng Wil o333 R oD ek L EERaPR | erd e i SRy PR L SARTS F0B1, -

whi ch | ocatese uaal geppi ytherd rilsvsur ta@ﬁ,of?»@ gowruar dyt or e/ d @lfe%rnft%%
anong the wall of the ink cartrid 220A. Because tKere is a predeterm ned

gap bet weerValfe 2L8RepxEApds of remet q rfsltr%a@édﬁr webht 1 hg0aednd 22 aﬁ?@tomlde
ot tom vl L 199497 o 1,y Sttt ilar, 220 ks san 1 gyt § i

supply port roug otton1 ace of thein ridge
second 5wa\sad[erﬁa/cmbvhage\nﬂid i AR 4 uipp 1fyosaed 18achs phat itibe, sxect@:riﬁhat\dla/\éQy.
preventing-wa 4 extends u mard fromthe bottomface of the 5 |nk

l]. 2
cartridge ?’ZOtAL&P Wet  HiY Qipprye o eV oset i yé 1df 2LRE Yhteh exkands

preventing cwal &i 22 %a1Becapss atdaﬁfﬁelﬁza)wr @H@ta%rtruart%% 1@@pls Q%E@'@Eav%*ﬂg
upper end of the second wave preventing wall 224 and the top face o he

ink cartri @g‘@tZZGAd Frrmcre faotes of ntok tarel thekgsnpphyiporaf 2.3@ bhbbligh t he
top face of ?ﬁ b% gantridge 220A. 10 A ventilation side ink chanber 225a
is formed on BRI Rner part of the first wave preventing wall 222, seen

fromthe ink suppliyg. porsha@ds,alyldiheddgstsamviorlevwdrti g vakl £322hen
225b is formed on the front

the other han ction side ink chanber

si de of théngégsmer%wi 1Ry &Ht FRG wéf ICaF3& 1098eACEPE PR T FRe1Br &8RPy
port 230, @Mvgheléﬁconﬂn\@l@lakeefaemffwgmlsloﬁgﬂ theT @%es\é%'tug;ﬁbaé rtngﬁt
ventil ati-on side ink chanber 225a is larger than the volune of

det ection $hdea¢rkakdhmanis iz28bunpederredtticonidsi delsnel 10 Mmocbhéﬁbels 27 is
formed by PRVt UG 19PBe BNLER. AL R0E" AL &N SGRII ALY BNEROTRILD:
15 abendingpart 800, at least a part of the end of the wave preventing
wall of which is bent ﬁoward.the side wall 1070 where the actuator
106 is mounted. A capillary force does not work between the wave
preventing wall 212g and the actuator 106. Furthermore, a gap,
on which a capillary force works, is provided between the bending
20 part 800 and ﬁhe side wall 1070. Thérefore/ the entering'of the
bubbles between the actuator 106 and _the wave preventing wall 212g
- can be preveht_.ed. The ink level around the actﬁ'a_tor 106 is equal
tb the other ink level in the ink cartridge 180L. 'There'fore', the
actuator 106 can accurately detect the ink consumption ‘status
256 inside the ink cartlr'idge 180L. |
Fig. 51 shows other embodiment of the ink caft;idgé using
the actuator 106. The ink cartridge 220A shown in Fig. Sl(A) has
a first wave preventing wall 222 provided such that it extends
from the top wall 1081, which locates upside of the ink surface,
30 downward to the ink surface among the wall of the ink cartridge
220A. Because there is a predetermined gap between the lower end

of the first wave preventing wall 222 and the bottom wall 1091



20 preventing wall 222 and the second wave preventing wall 224. Therefore,
the ink in'the ventilation side ink chanber 225a is collected to the
detection side small ink chanber 227 by the capillary force of the
detection side small ink chanmber 227. Jherefore, the detection side snal

i nk chanmber 227 can prevent 25 that the air or air bubble enters into the
detection side ink chanber 225b. Furthernore, the ink level in the
detection side ink chanber 225b can decrease steadily and gradually
Because tHfethentn} airenr isiage2? bk, chafrisan Q?Eﬁsllélqcbrt%*@dlﬁ{‘ FHRRLY BREC par't

R A e

230, the i det ection si consuned after the
ink in theaventidedtdrnenmgj dealiinke shanbefo2?dd $scloonsanedhed3ecdhd aetveat or

106 is nmounted on the side wall 1071 of th #nk c rtrgdt%goz 0A of t@g i nk
suppl y poPreY$otdide Wathat 2fts X RBAS SPREAHRI T ID 71 DT HEY 2&& Pdn

i nk Chﬁnb%kzéé?t%db@ezbak oS YRR Y rROLpR3Y phee. 2Thes aed Uit @hel@6 rdet Sct's
the ink 5 consunption status inside the detection side ink chanmber_ 225b.

The resi dwalveqpaavenyiof waklat22 he Beicaiusg thesedis i mredatienféared 8a8 can

be detected stably, b t tu t I, 41 f
he. dot scEFGHCErab PP RHAT OS06hE S LarThirve: Brehy e ARRGRr 78 Aalght

of the noumki Rgppesktki 88 @Belﬁnkf@ﬂcfiwg@mszs amy hmmlfd@mmallhtboﬁmeof
the detection S|de i nk chanber 225b, the timn to det er m ne, Sh |nk

residual GUXNRRRELY 2OTAN 3k haRUIRIHE OPRAS oS dthe RBERE T

i ssu i edfro i dgleeehher
Si derl)nk charr% ré%gjgg%%/&% h%ra etlg%t Fgﬁng?g%n%ﬁ%?ﬁﬁggﬁgﬁqber 227, the 15

act uat or b@&totﬂfevshacftlnsrtf Vaeapeeviey ttilg wahd Ag2ofsdarkirangde By stRBLWavi ng
"nic rosi GBSFQRARe | By, CRa ERET ol 8 e BESTTte The et G447 on Chi GBS aR T nk
chanber 22Znhol dsdkbkctiba sdeéectk othshiser Sl isnkE cafrenben 222 €annt
prevent ink to flow 20 backward fromthe detectiaon side i k chag‘oerl %25b
to the side of the second wave preventing wall 224, seen rom the
15 .supply port 230, by the second wave preventing wall 224.° The
volume of the ventilation side ink chamber 225a is larger than
the volume of the detection side ink chamber 225b. A detection
side small ink chamber 227 is formed by providing a gap, which
can generate the capillary phenomenon, between the-first wave
20 preventing wall 222 and the second wave preventing wall 224.
Therefore, the ink in the ventilation side ink chamber 225a is
collected to the detection side small ink chamber 227 by the
capillary force of the detection side smali ink chamber 227;
Therefore, the detection side small ink chamber 227 can prevent
25 that the air or air bubble enters into the detection side ink
chamber 225b. Furthermore, the ink level in the detecpiqn side
ink chamber 225b can decrease steadily and gradually. Beéause
the ventilation side ink chamber 225a is formed at more inner part
of the detection side ink chamber 225b, seen. from the ink supply
30 port230,ﬁheinkintheckxectionsideinkchamber225bisconsumed

after the ink in the ventilation side ink chamber 225a is consumed.



- the ventllatlon Si

ventilation side ink chamber 225a. A check valve 228 is provided on the top
face of the ink <cartridge 220A.. The | eaking of ink outside of the ink
cartridge 220A caused by the waving of .the ink cartridge 220A can be
prevented 25 by the check val ve 228. Furthernore, the evaporation of ink
from the ink cartridge 220A can be prevented by providing the check valve
228 on the top. face. of the ink cartridge 220A. If ink in the ink
cartridge 220A is'consuned,. and negative pressure inside the ink
cartridge 220A eRseedtstddieor pressiy encafnttelde onhebdk saaeew30122®71tme'the

check. val ve 228 opens and introduces air to the i r e. 220A Then
The. chock Sae D55 G10820™ BE e i SHRE LY pPBEE i 50 isieiie EPAE 4k the

cartridge 220A £ P8 othabker hd4iedddt i il cCheandk (Dabhors aisktai hed nk

cross-section of the check valve 228. The check val ve 228 shown in Fig.
(O has a svapVe 282twhR3h islicdieudes 'Eh%ngétgazarf ok 0ed deyr ecliisherhe Anink

airhole 233, whi h co nlcales be n u f e ink
5 cartrd dg‘éOféib"‘P? OIE)r (r)g/rﬁdled oY ee ﬁhﬁkh\é\g(rg?rtilg gggg I&gh&%{ﬁ? Z? 2}%

ai rhol e 238nhtacas duailt haahtangeo232x aE[hﬂlaltrllnﬁln@ 2B3sk8d nxpehedmlarmbad} osed
by the flange 232a. The check val ve 228 opens the  fl.ange 232a inward the

ink cartri@ge %9%)Qﬂuﬂ?tqQR?quﬁﬁ%ﬁLWéprW8§§EF89|Eh?h%CFH%t%Er%9§dﬁ%tﬁ?@

exceeds thg, i BEese 9fhhesghecke 1Qal e 228 shwet hendecEiganse of J2up .
inside the ink cartridge 220A, and thus the air outside the ink cartrldge

220 is |ntFodUhemhmrﬂx)bM:h@amghﬂeathelmgeng@ﬁfth@ mheORlVGJN@SQQBO@hUMn in

Fi 5 D h | 232 f d, b b I 235. t.h :
negatlé)( é?%é%ﬁ?%“¥ﬁsxgé PhRe" Q%EFE§:¥?EEQ 25d)e£%§e §£E Elﬁ?é%éu?erh t he

15 check vah¥eb@28.2sbher Naltieniddlt frResemidrdvepens fiheespduay @3t ity
i ntroduce the outside air into the.ink cartridge 220 and then closes to

mai nt ai n tﬂ%fﬂegakl@@iﬁﬁﬁséérér?%%YdeﬂiheBPﬁRuéﬁr%?*d@%FUBBﬁP%Qﬁ{@m§¥5bIe
The ink. caLie]dge S208 300WRd Rrfhhe 5 HoB NAS 8nPOBYSC 20nTRHRE! 22 1 1

cha 225a instead of
chamber 225b by the detection side small ink chamber 227, the

15 actuator 106 does not influenced by the waving of ink caused by
the waving of the ink cartridge 220A, and actuator 106 can thus
reliably’-measdre the ink residual quantityﬂ Furthermore,
“because the detecticn side smail ink chamber 227 holds ink, the
detection side small ink chamber 227 can prevent ‘ink to flow '

20 backward from the detection side ink chamber 225b to the

ventilation side ink chamber 22Sa
A check valve 228 is provided on the top face of the ink
"cartridge 220A. The leaklng of ink outside of the ink cartrldge
220Acausedbythe“mv1ngofthe1nkcartr1dge220Acanbeprevented

25 by the check'valve 228. Furthermore; the evaporation of ink from

" the ink cartridge_ZzoA_can be:prevented_by providing the check
‘dvalve-228 on the top'face-of'the ink cartridge 220A. If ink in
| the 1nk cartrldge 220A is consumed ‘and negatlve pressure inside

the ink cartrldge 220A exceeds the pressure of the check valve

30 228 the check.valve 228 opens and 1ntroduces air into the ink

" cartridge 220A. Then the check valve 228 closes to maintain the

pressure inside the ink cartridge 220A to be stable.



providi ng the check valve 228 on the ink cartridge 220A as shown in Fig.
51(A). The porous nenber 242 holds the ink inside the ink cartridge 220B
and al so prevents ink to' be | eaked outside of the. ink cartridge 220B
during the waving of the ink cartridge 220B. 25 Fig. 52 is a cross
sectional view of an enbodi nent of an ink cartridge for use with a single
color, for exanple, the black ink as an enbodi nent of the |iquid container
according to the present invention. An ink cartridge showm in"'Fig. 52 is
based on the nEtipodsihal aedetR)s shhwposiddated led FH@SBrQGFGl§Grchéh6r 30

e oo BRE Rl JH b ol Snllcfild16anaakneholy AP19Y. 29 @) hegoaan!

e
frequency® he er el'eCtrondtivée torce "~.generate y the

resi dual vibtationwhesniined dded heangbrasiangofhed $gctibive AN & hehabeve
mentioned nethod. The actuator 106 is wused for an epbodi r_rena%ﬁf the |iquid
censor t haB3detlekel qomund Catered t RIPSCAGST 45816F A OBRBAAENRNEISOWM i n

Fig. 52 cogpgi ontALPEY ; I,¢ R neofh RIS A iG> Ko anidh vk ReLWdese t Op
wal | 1 308§PF%2§§8d§%%§P%§bg§ %%% |1 quid surfacg'égﬂ%nk K, an inﬁ_sup%ly
port 2 whichodapps3d esaddquiodt Ke olit sigle 237@ .cofihai akrhale 3 3adsuapened 106

whi ch detects ink copsunpti st at iLnside the contajner a_fLrst
partiti on®Ral F&?§§§ g@{i& epi&?f’??ozéggt I %%tg]i‘e < iv%hzan%e?gsu%ht{"lﬁat
ink Kin Bohhgef o3 inkwohamrbee Gak codmimidad 210 wheh edoh eséderivasi de
the container 1. At |least two ink chanbers include a ventilation side ink
chanber 1R8as@hreH rebhmimkcat et widge 230ne%ptrde tARPHGRS W& 8EtHNTCReaE i nk

- chambgy 1g3bye 1190 aG) 4Ol 100 5kSo FOUAL Ok O1d fithd qakw%ytggége.oizm;e |k

chanber arr I's provided on the top wall 10307 of.the
ventil ati andsildes ithle ghanbersiiZ3ahehich aserttriildgeed?2 O tsh insrpdypher entJhe

check val e 228, Shout 10,k 6,0a008, U500l ] oo LI 5:280, tovmrer.
Fig. 56. hisidkakKveSLonsumed pyardbbbe Lentaigernd 286si def beeomssa exte emel y
negative pressure, 20 air is introduced to the ventilation side ink chamber
123a fronpressure inside the ink cartridge 220 exceeds the pressure of the
15 check valve 228, the valve 232 presses and opens the.sp;ring'235
to introduce the outside air into.the ink cartridge 220 and then
éloses to maintain the negative pressure inside the ink éartridge
220 to be stable.
| The ink. cartridge 220B shown in Fig. 51(B) has a porous
20 member 242 in the ventilation side ink chamber 225a instead. of
providing the check~va1ve 228 on the ink cartridge 220A as shown
in Fig. 51(A). The porous member 242 holds the ink inside the
ink cartridge 220B and also prevents ink to be leaked outside of_
_ theihkcartridge220Bduringthemmvimgoftheinkcartridge22OBa-
25 " Fig. 52 is a cross sectional view of an embodiment of an
“ink cértridge for use with a single color, for example, the black
ink as an embodiment of the liquid container according to the
present invention. An ink cartridge shown in Fig. 52 is based
on the method that detects the position of the liquid surface or
30 an existence of liquid inside a liquid container by detecting a .
resonant frequency by measuring the counter electromotive force

' generated by the residual vibration remained in the vibrating



the outside of the container 1 by the airhole 233, and the airhole 233
thus prevents the pressure inside the container 1 to-be negative. .
Therefore, with the:consunption of.ink advanced, air is introduced to the
ventilation side ink chanber 123a througb 25 the airhole 233, and the |evel
of liquid surface of ink K decreases . The partition wall .193a is coupled
with the top wall 1030 Iliquid-tightly. Therefore, even the ink is
consunmed, ink Kis filled in the detection side ink chanber 123b in the
cont ai ner sdctuidn | artidreg |tdvelatoivel ingoitd ongdf aeshofl -i nkhK 3@atHeyr t1P & He

| ower 30 end 193aa-of the.partitiop wall 19 ' E k! {.pn
advances an®ft HEH 89e?m%?d$’?‘%tf (?fsgp?ai:%q%%g’%n “\%@Pgégﬁeigﬁ%&?ﬂ?“%ﬁgr “end

193aa of thige paiit idd iy WRld ok93ae gmBoENinens showhei96FigletseXtdompisisdes i nk
chanber 123b. Thereby the ink k remained in the detectjon_ si d‘g# k chamnber
123b f | owsa cintag nete 1 whighpimnyaiss diguignl anmk H%ﬁi“t‘?rﬁse%’gt rPAd t he

act uat qr 19%%:%:(%19%?&‘8:?1?1&%1I§g§gda]%lgpggggr@f imek?fé}{%ktimﬁiﬁﬁ% A 106

can det'ect e s us 1 nsi the i nk cartrldge isini st at us.
Thus, it i3 wiecH enespleeds 193pd dt & detendenthehiehtaener bf arhectyagyind

surface of ink K to be a ink end. Furthernore he volu e t.ection
side ink chafdrciBdptrstet ¥t FOREH™R .1f:'ﬁ‘e.SEafc:iltl%_l e A\/\?egﬁet'%%nés?ﬁ%&evﬁl’l
1010, whi ch,@xt ends: A dalhY1vesia caliclOphot i beohskatsuebacerwarnichk he
partition wall 193a. Therefore, the ink quantity renumins inside the

cont ai ner chamiben sdethethang ink in AREBRE ¢&8 bek SAMRRT R’ G Hétdhsen

the side wall, 101 id t.he .parg,iti . 1P3a and.t he el ghk Qfantdea-d ower
end 193aa ‘i’%thteﬁé:% ?trn%% ilg%l\%r%l?%g?ﬁtt\gqt e :?nk surface. 15 The vaol_ ume of

t he det ect { oM sdéla Vet Clherdet s 128k nkschamied el2Blywiniad commgrafREe Wiltdn,

hal f of the volunme of the wventilation side. ink cha . 123a, illary
force suchABBotRNeFRRAT hire Ked66S 1RELS ?I%né){nc?%‘&b?ilé{lg th'OH%}gle gtl nE o

chanber 123, Thenaetuad an 106 oadp heaseth ®s of neansind dreneler detect i ng
20 the vibration wthout vibrating itself. Mreqver, the detailed
~ The airhole 233 is provided on the top wall 1030 of the
15 Ventiiation side ink chamber 123a which"ventilates with
atmosphere. The check valve 228 shown in Fig. 56 can be used_for
airhole 233. However, the form of the airhole 233 is not limited'
to the check valve 228 shown in.Fig. 56. If ink K is corsumed
and the contéiner 1 inside becomes extremely negative pressure,
20 air is introduced to the ventilation side ink chamber 123a from
the 6utside of the container 1 by the airhole 233, and the airhole
233 thus prevents the preséure inside the container 1 to be'
negative. Therefore, with the consumption of ink advanced, air
is intfoduced to the ventilation side ink chamber 123a through
- 25 theairhole233,andthelevelofliqﬁidsgrfacebfiﬁdebéreases.
The partition wall 193a is coupled with the top wall 1030
liquid-tightly. Therefore, even the ink is consumed, ink K is
filled in the detection side ink chamber 123b in the container
1 until the level-of liquid surface of ink K reaches to the lower
| 30 end'l93aa of the partition wall 193a. When the ink consumption
advances and the level of liquid surface of ink K reaches to the

lower end 193aa of the partition wall 193a, gas enters to the



configuration of the airhole will be described in Fig. 56. A packing ring 4
and a val ve body 6 are provided in the ink supply port 2. Referring to
Fig. 54, the packing ring 4 is engaged wth the ink supply needl e 32-
comuni cating- with a recording head 2581, in a fluid-tight manner. The
val ve body 6 is constantly and elastically contacted agai nst the packing
ring 4 by way of a spring 5. Wen the ink supply needle 32 is inserted,
the valve body 6 is pressed by the ink supply needle 32 so as to en an

i nk passadetecséonhat denknk nstiafecahd 23dnt alrherelyi shg uppr iedamg i

-+ recording 3 pgggdﬁg#xg SRRy 169! c20aB00LEC:S e upl éu%%'e

32. € con al ner eéreé I's noun

sem COﬂdU@bQI{: penany Pr&nsediuwhi ehi siad exrdaid e iadcuatesi do 6t hbanprk
cartridge. If there is no partition wall 193a in the contaiper 1, bubbles

may be gef&PE Rk BytPRENRERMF Of THRISRAFER FRe niddForsBY GakdGi6Fhti on

of i nk; capttidgge9EPSE ALePnbYas ke asnit he: SGAMY NG HRET alikoRndUEEAGuEhe
printing process. Then, there iIs a danger that the actuator 106 may det ect

nlstakenlyhuhatltheseﬂusJen&ughnd mﬁ3aﬁ taedeortminervhich kaveli RIE &heaches
to the actyator, 106. b | vgn i I|tt| nt of

ink in thelgBidotity T Hérel's "al S0 & danger’

actuator oE06ndmetdeitaen ﬂhafeaﬁﬂmc%a'&rﬁ%'fr thepeid Sielﬁ@rimﬁlmeldf b;tr rtehe bmbbhe
attaches to the actuator 106 even if the ink is f|IIed in Hgﬁ,gcontalﬂer
n

However, Re&BEERNENE & itdsewahbokl Henivhdrht et ¢ndsi PP ot Frbfce

presefy UPOQAJ‘%'H}« sht}%aeertaﬁa% "rtFirt%%ntvﬁl1ti193é(\/aVlT@Qar%ffolr@k areund
the piezoelectri'c device even he ink cartridge vibrates by such as

the scanniing qpenattpnrewaing 1mmed@ruhﬂ|qqpqﬁxnﬁ§n§ Mbﬁnpﬁeﬁeﬁﬁﬂﬁg the

brevent s RE 308 gRRBYBF: BRE o (TS BUBHIbEe h ot ore e V2 1t Aa* BUB os

generate tRetpLrvenibhatdion 1&13@eahakt1¢é1&f€1eght bﬁetherlmxt_zeﬂrenmlll93aa in
the direction vertical to the ink surface.

15 The volume of the detection side ink chamber 123b is
pfeferably half or smaller than half of the volume of_ the
ventilation side ink chamber 1.23a. A capilla.ry force such as to
.h_old ink K does not work on the.detection side ink chamber 123b.

- The actuator 106 can be used as a means of merely deteeting

20 the vibration without vibrating itself. Moreover, the detailed

configuration of the airhole will be described in Fig:. 56.

| A packing ring 4 and a valve body 6 are provid_ed in the ink
supply port 2. Referring to Fig. 54, the packing ring 4 is engaged
with the ink supply needle 32'communicating with a recording head

25 31, in a fluid-tight 'manner...' The valve body 6 is censtantly and
elastically contacted against the packing ring 4 by way of a spring
5. When the ink supply needle 32 is inserted, the valve body 6
is pressed by the ink supply needle 32 so as to open an ink passage,

=le that ink inside the container 1 is supplied to the recording

30 head 31 via the ink supply port 2 and the ink supply needle 32.

On an upper wall of the container 1, there is mounted a



separates the ventilation side ink chanber and the detection side ink
chanber air-tightly and liquid-tightly. Therefore, the partition wall
prevents the bubbles to nove close to the actuator 25 106 and contact with
the actuator 106. There is no limtatior7f the size, thickness, shape,
flexibility, and material for the partition wall. Therefore, the size of
the partition wall can be made relatively larger or smaller. The thickness -
of the partition wall can be made relatively thicker 30 or thinner.

Fur t her nmor eemt bendhaper ofieridrey parnist 7 orh Vel Isteagshéatsqrrari@koinfe@earleril ar .
Preferably the shape, size and thickness of the partition wall is changed
according tB tﬁ%rEEéB%eof the 98 ink cartridge. Furthermpre, the partition
wal | can be maderfreRertheshapdpr@tetioh emlfil el e muatier i@nt Forerexanpl e,
material such as plastic, tefron, nylon, polypropylene, or PET can be_ used
for the pabubbies way|be mastayaisid byt kdepaeritBoRIwAPK | ¥nheRelS 939354 he

air-tight or liquid-tight tari ol 4 BaSSicH HE ewahs &asy Of
Iiquid%ywbgﬁéggng?ﬂ%ﬁg%%f%?H@%E§%5¥?H§Q artlfggi aalf are made fronf%ane
mat eri al sepéhatibdhedwontqitter patdttihg ppacessi orfvert | tdwrebésf ardmtgémn one

body. The manufacturing process of the ink cartrid can.t hereby be
reduced. 1Bh&F FheRGtyat et 4hdtay \Siéft\?icévxfnbfst?{ﬁ‘én;[ﬁgcek&%? 1% Ge R ER D

stores pluggl {yPese UohtsnerViewed thieoink aBtadhskdeot bre eattuaweeoras ng
to an enbodinent. Fig. 53 is a perspective view from the side of the top

wal | 1038 hhitte wevicgap8divpsivee of Ehereiiduildttdaer paeenbiof ArkkiBnDY t he
wal | of the container 8, A contai - 8 _h S dE VA + MRt PRee d ks

chanbeL% QFQEBaé%%rl i FhreSJ%%rypﬁ%€%§§§f%%°1§‘%n 14. aFé formed f%ﬁrthe _
respectiveibpkmehaaberst mOstaktapywahbtl@B@ref itshewar eéspecifi vehe rkuldhlarber s

9, 10 and 11, the respective actuators 15, 1 nd 17 are nt ed. on .t he
‘%’ie g@tﬂ%ﬁeﬁ{l t

cont ai ner aBtaghefatot hRearEhAt'oPs 4%° 9% ah P cot €1 nk

20 which igs,hpusgdyip each ink chanbers via the through hole, not . shown in

the figure, provided on the container 8. Partition walls; o
However, according to the embodiment of the liquid

15 container of the present embodiment, the partition wall prevents
the waving of ink around the piezoelectric device even when the-
ink cartridge vibrates by such as the scanning operation during
the printiné process. By preventing the waving of in'k around the
piezoelectric device, the partition wall 193a prevents the

20 genération of the bubbles. Furthermore, even the bubbles
generate in the ventilation side ink chamber, the partition wall
separates the ventilation side ink chamber and the deteqtion side
ink chamber air-tightly and liquid-tightly. Therefore, the
partition wall pfevents the bubbies to move close to the actuator

95 106 and contact .with the actuator 106. | |

There is no limitation of the size, t.hickness, shape,

'- fl-exibilit'y, and material for the partitionwall. Therefore, the
size of the .partit:ion wall can be made relatively larger or smaller.
The thickness of the partition wall can be made relatively thicker

30 or thinner. Furthermore, the shape of the partition wall can be
square or rectaﬁgular. Preferably the shape, size and thickness

of the partition wall is changed according to the shape of the



not shown in the figure, is provided each of inside of the ink container
9,10 and 11 as simlar to the ink cartridge shown in Fig. 52. The
partition walls provided in each of ink chanmbers, 25 9,10 ' and 11
separates the each ink chanbers 9, 10, sand 11 into ventilation side ink
chanber and detection side ink chanber. Fig.. 54 is a cross sectional view
showi ng an enbodi ment of a mejor part of the ink-jet recording apparatus
suitable for the ink cartridge showmn in Fig. 52 and Fig. 53. A carriage 30
capabl e 86k afartadidygeocaFumghemmblie , di e gtaixdri tafort We 1wi e bef mgde ¥e@®r di ng

paper is equipped with a subtank unit 33, whil.e t r r di ; IS
provi ded Fhe ik &2 TR oot e SRR 243, %Fe%%%ﬂgigg e Ji%%
supply negghie 232pi 8spieyider-dd, aplbhk S6T bt cifel ementomPET faoebsiweedf t he

subtank unit 33. In Fig. 54, the ink cartridge shown in Fig. 52 and Fig.
53 are usker WiswPeaititlie® waklcarP¥eEREAL Yhovis PadttHdt &g}ésiﬁlr&%decag be

used. nSE \S/%%%Ptg]jee iag:%e_scg%rp,ltyo&wi&q%hg{ti Br Gt A Ner vhiich bBser hed pd 4y ough

the i y nee of the. ~s ank unit 33, the valve body 6 recedes
agai nst tthierspyh ngsSor Sd duiat. aMorekvpassayecpstafioemethdndetirr tiiiid omhsi de
the container 1 flows into the ink chamher

chamber 34215 349 MaA& 14PN MM VeG Shéq, tF\‘?e%?ﬁ?E?&Ugeg%rgg%ﬁ% ?:aae Cﬁcl;ﬁ?aé- K

nozzl e Op;?&%]@ﬂtpéntxbﬂieegﬁdb@g fhead 3L ha@ddy fi lThd heametardimndiead
wi th ink. ereafter, the recording operation is performed, Wen the ink

i s consunpbéess hef reeor dilngedetd dae 5AR Here FeR0MR EFGRAt i on, a
pressyre 1n th%ﬁpowgg}ﬁ%g %r%%%cgh%élghgw 12 Yﬂgvgn§6c§§€fﬁ§§§ﬁdxmh?n1
i's p ne ro

the fi%xible val\Ve ositi away m a val ve body 38 So as to
beconme opensfks hemrdhet{pexi bfe inkal veidfeids fopenedy altesidsk threxndwf i nk

chanber 34 flows into the recording head through the, i.nk pa 5.
Acconpani 3eFPFA e tG AR \‘Rﬁ‘ibeﬂlﬁ‘égtfl oWEd* i%c}st fReP 558?8Fﬁ\éeh\g%§d‘§%eor%he
ink in tggq@%i%r%@'tw tdpflaws1b 88 Hike sybtanicdiups3devdmrhbe iqikisuppl y

needie surface of ink K among the wall of the container 8. A container
15 8 is divided into three ink chambers 9, 10 and 11. Ink supply
ports 12, 13 and 14 are formed for the respective ink chambers.

On a top wall 1038 of the respective ink chambers 9, 10 and 11,

the respective actuators 15, 16 and 17 are mounted on the container

8 so that the actuators 15, 16, and 17 can contact with the ink

20 which is ho.used in each ink chambers via the through hole, not
shown in the figure, provided on the container 8. Partition walls,

not shown in the figure, is provided each of inside of the ink
container 9,10.and 11 as similar to the ink cartridge shown in
Fig.' 52. The partiti-én walls provided in each of ink chambers

25 9,10, and 11 separates the each ink chambers 9, 10, and 11 into

ventilation side ink chamber and detection side ink chamber.

Fig. 54 is a cross sectional view showing an érnbodiment of
a major part of the ink-jet recording apparatus suitable for the.'

ink cartridge shown in Fig. 52 and Fig. 53. A carriage 30 capable

30 of reciprocating in the direction of the width of the recording
paper is equipped with a subtank unit 33, while the recording head

31 is provided in a lower face of the subtank unit 33. Moreover,



Fig. 55 is a cross sectional view of an another enbodi ment of an ink
cartridge as an enbodi nent of the liquid container according to the
present invention. In. an ink cartridge of the 25 present enbodi nent, a top
wal | 1039, which |ocates upside of the ddquid surface of. ink K is sloped
to the liquid surface of ink K. The actuators 106 are nounted on the top
wal | 1039 such that the actuator 106 can contacts with ink through the
through hole Ic provided on the top wall 1039. The partition wall 193c
extends 30theoink seippdly maedla(Bo idoyrwaided drt he imk csutfradge foubhengor e,
.the present enbpdi nent - has ond, partition_wall_193 mhl ext ends
fromthe tgﬁcﬁaf+gﬁ6§g§hﬁn§P EaP% u%bfé%%io Nsf {2 i Hk Eaﬁ%@?riﬁ%% and
separat es thewHeleetibons 5ia8R k. chagberuskiBb naleh@asthatiokt Woredei@gdi on
side small ink chanbers 1123a and 1123b such that ink housed in both of

t he detect sbawsi de ehher fakuchanbeso gdn3aeanded123b can conmuni cate each

ot her ach of t ct uat,or s 1 6a 0 t t

1039 ofgeach ofwﬁﬁg té%eép?éﬁl q §%gl% th q%%@rgqfﬁnéa %%%ﬁﬁgé

respectivekyrolbe ot AR ©ipphe n‘é@ldﬂld a2 |ocfntlsedmhmal«n}cbamber3 J128a whieh is
i port 2 is larger than the volune of - 10 the

close to the .ink suggl%%

det ecti on BPH¥ P nkech eﬁgﬁfﬁﬁﬁvﬁﬁ%ﬂ? ?&qgeﬁatﬁ9eF9aFaPnfF851?%%S?%% Hippl y
port 2. FUERLDREARR uﬁ@@m&oﬂwfa@éh&%n@%tl%tﬂpmo%dﬁqt%hé iinfkc e raser
1123a which is close to the ink supply port 2 is. larger than the vol une

of the det@éti dxt si dagralwheantk thiearbér champely whi &h fsliedavisiel ynkarafrom
t he In Sugg%étg\gét r2esvg1}rhl PF;-.%5| t]hleéj E)eé:tnigoznzﬁ.enggeh?lé%;r?gpg relC,%DSIb nﬁ

Ther ef int ven Bh SI i ST consune

first. Wtheaﬁoﬁﬁtﬁﬁ)falsoﬂooflllmktlﬁléivzﬁé’tfcﬁﬂjlrtd‘leldaﬁxlahtﬁf ihRk sSIhdmeceftidgr the
ventilation side ink:chanber 123a decreases. On the other hand, because
t he partltFBﬁ hRFPrdong corpht et t b R FouTRd | s coupled 20 liquid-tightly

or air-tightly, ey qu{@clta}@ms%%%gu%dcnan‘eﬁe rdé3bak gl hbh@h Wy h drik -
until the level of ink surface reaches
recording operation, a pressure in the downstream of the flexible

15 valve 36 decreaSeé. Then, the flexible valve 36 is positioned
away froma valve body 38 so as to become opened. Wh.en the flexible
v'a.lve 36 is opened, the ink in the ink chamber 34 fl’owé into the
recording head 31 through the ink passage 35. Accompaniegi by the
ink which has flowed into the recording head 31, the ink in the

20 container 1 flows into the subtank unit 33 via the ink supply needle
32. |

.. Fig. 55 is a cross sectional view of an another efnbodiment
of an ink cartridge as an embodiment of the liquid coni:ainer
aécording to the present invention. In an ink cartridge of the

25 .present embodiment, a top wall 1039, Wthh locates upside of t:he
liquid surface of ink K, is sloped to the. liquid surface of ink
‘K. The actuators 106 are mounted on the top wall 1039 such that
the actuator 106 can contacts with ink through the ﬁ_ﬁrough hole -

“1lc prcjvide_'d on the top wall 1039. The partition wall 193c extends

30 © from the top'wall 1039 dowm_va.rd to the ink surface. Furthermore,.

_the present.embodiment"has'a second partition'wall 193d which

extends from the top wall 10398 inside the detection side ink



-

to the lower end 193cc of the partition wall 193c. Next, if the ink surface
in the ventilation side ink chanber 123a reaches to the |ower end 193cc of
the partition wall '193c,” 25 ink in the detection side smal'l ink chanber
1123a is beginning to be consuned beca ink in the detection side snal
i nk chanber 1123a flows out to the. inK supply port 2. Wth consunption of
i nk advanced, the level of ink surface in the detection side small ink
chanber: 1123a decreases. On the other hand, because the 30 partition wall.

193dd a”dch'agwbteckpl‘é@b' 23839 b 55068 €k |ddb et i & ghitde/ a1k @hanibieghtil2pb t he
detection side small ink chanber 112.3b is filled with ink until the |evel
of ink sustabsaseachesvodehectden disigesmahl indsaeBrer fid 1332t3R9 o 2n&l |

193d. Finally, .if. the.level,.of ink £ iaN; S | ink
chamber 1f2‘§£’_tq%taéﬂ shotuésetq]%n?Dg\%&roégé‘%ﬁtﬁt&&fﬁgg%ﬁ%lﬁi %)I?l}t\%glalﬁﬁ%gBd,
ink in. thesdetget i on2sbdeasinatbmikichaebeachl23thes. begiBawingf othe 5
consuned because ink in the detection side snal# i nk chag@;b #}2%b fhoms

& srd °t0 68

out to0dt h@ctHRteESpl§6porRA 2L 06k e MR t &G A EPfat BF s¥4: “Can

detect t hgfi e cgggﬁg@ﬂ%bﬁﬂ St USmali 8P 1B SéRPmbdbs equena hecause2Bhe
volunme of the 1nk chanbers are designed such that the vol une decreases 10
fromthe vespekativehysi de i nk chanber 123a, which is nearest to the ink

I t 2, tp the det i i de . |1 i h d h
POPELY BT 2, SR S 9 TR TR b Bt A i

to the detectio ichis farthest fromthe

i nk suppl Y speibs?, tbhenér eareseypDf patet exting sameamicHan the aofuakorg 106a
and 106b increases wth 15 the advance of_.ink c nsuggtLon, Therefore, the
frequéhcy tbe deleeekippreiste ink FRRTREEES? IR M ithel et LAkt Wyt b A edFilal

quantity af i ”bg;l Laicnsr  ofytee i £aktel dgeumbBoyh dHe BegecbBohas
one secoghepg§¥i%| n%§§| T AS ot her enb&ajnent, the container can 20 have
a plural i ydefsmall iinkoohawmbés 1193 & Whi chhies gépset torirhsi dekisHPriyaRBEF 123b

I's separ ageids,ilgtrgey}:rk?aen gkeoxyo run(ljee%%ct':[kileoae%ieg@ion side small ink chamber

1123b which is relatively far from the ink supply port 2 within

15 the detection side ink chamber 123b. Therefore, ink in the
ventilation side ink chamber 123a is consumed at first. With _'

consumption of ink advanced, the level of ink surface in the

| ventilation side ink chamber 123a decreases. On the other hand,

because the partition wall 193cc and the top wall 1039 is coupled

20 liquid-tightly or air-tightly, the detection side ink chamber

123b is filled with ink until the level of ink surface reaches

to.the lower end 193cc of the partition wall 193c.

_ Next,iftﬂmainksurfacejjltheventilationsideiﬁkchamber

” 123é'reachés to thé lower end 193cc of the partition wall 193c,

25'iiﬁk in ﬁheldetection side small ink chamber 1123a is beginning

td be éonsﬁmed- becaﬁse ink in the detection side small ink chamber

"_1123a_flow$'out to the_iﬁk_éupply pbrt 2. With-consumption of

ink.advanééd,'fhé level of:ihkfsurface in the detection side small

. ”iﬁk'éhambef:il2§é'dééreééé$; 'On the other hand, because the

30. partitiOn wall 193dd’énaithe top'wall 1039 is coupled liquid-

| tiéhtlyorair—tightly,thedetectiohéidesméllinkchamber1123b

is filled with ink until the level of ink surface reaches to the



smal | .ink chanbers. A plurality of second partition walls separates the
detection side ink chanber 123b into two or over detection side small ink
chanbers. Each of the volunes of the 25 of the detection side small ink
chanbers 1123b can be varied gradually,;fromthe one side of the side wall
to the other side of side wall which faces each other. Preferably, as
shown in Fig. 55, each of the volune of the detection side small ink
chanbers decreases gradually fromthe detection side small ink chanber, 30
whi ch is relctervehy 1983 &0 tmteepaﬂ:kleu@pwmowm tRo rtad ydei éathicohevsilde

smal | ink chanber, which is relatively far fr n1the S 102 rt
Then, !the é&ftl}zitkorsuﬂfl@%lr?fdett%tégtt HriocekE ?m?ﬁjadh’alfuglg%'ﬁl@ Hg%

ink K insige hed i eaEl (bHOE. AR LONRE oDaaRLTR e 1l el QbBHhelhnk
chanbers are esi gned suc at the vol ume decreases fromthe detection
side 5 sndln thakdeteobsrn Kiz@asmahi chnk sheedren 8 12RE iakoedigityngpér be, to
the detection sid i cha mhlch r
port 2, thEW‘iSNE‘%%an%??/‘a?e 61nkd3e?g?‘ Ei My 5 o ecllf %éfgg o@glolln}lbpgcyha{t"wéglzg? gg%gor
106 gr adualdiywdeeigases tas the isblspear pbirdge . shown in Fig. 55. Therefore,
the frequency of. detection of ink 10 increases with the decreashﬁg Ohx

e

resi dual quantit Fherefpre, FietHeFIES i aerdat PP AB LS E S
nearby the Corpgr\t,,% 1%5‘19%%%%9@9 aﬂg 4§ 1&p AC ARV l06 B elcguBRUBLE Y BEAMBY

the partition eref even if the bubble G generates and
enters |nt@fthaedehkc¢mambem$kanaﬂHeshanbérSQQBUﬂwﬁeﬁﬁmheOﬂnmeléeFﬁ@ﬁé@sthe
ventilation side, ink chanmber 123a do s rea | 193cc
of theIBar@IFWbﬁhﬁaY?niég LIRS Ko f?% tﬁgthqllgM% S%QQF 2d

boundary betaeepxt Qﬁprg ekt 1038 amk tdtﬁ:ecﬁt&rdri tdicie mbl11198g ohather
upper side of bounda et ween t he top wall 1039 and the sid mall 1030.
Ther ef or e, 1t1ﬁéabab§|@1@1@ﬁ)7é§o pherdteftt kh&d deosPas! ajd”t‘}ﬁ&h& 6t 1%?8 56

shove urt Wil e, cSORALEeLof eyt garty e avstna Ebaaatiugtor
detecting an ink by the actuatgors 106a and 106b increases with

15 the advance of ink consumption. Therefore, the frequency of
detection of ink increases with the decreasing of residual

quantity of ink. _ |

"The container of the ink cartridge shown in Fig. 55 has one

secoridl partition wall. As other embodiment, the container can
20 have a plurality of partition walls so that the detection side.
ink chamber 123b is separated into three or over detection side
small ink chambers. A plurality of second partition walls
separates the detection side ink chamber 123b iﬁt-o two or over
detection side small ink: chambers‘. Each of the volumes of the

95 of the detection side small ink chambers 1123b can be varied
gradually from the one side of the side wall to the other side

of side wall which faces each other. Preferably, as shown in Fig

55, each of the volume of the detection side small ink chambers
decreases gradually from the detection side small ink chamber,

30 Wthh is relatlvely near to the ink supply port 2, to the detectlon

side small ink chamber, which is relatively far from the ink supply



has a first partition wall 222 provided such that it extends downward from
the top face of the ink cartridge 220A. Because 25 there is a predeterm ned
space between-the l'ower end of the first partition wall 222 and the bottom
- face of the ink cartridge 220A, ink capz2flows into. the ink supply port

230 through the bottomface of the ink cartridge 220A. A second partition
wall 224 is formed such that the second partition wall. 224 extends upward
fromthe 30 bottomface of the ink cartridge 220A on the nore ink sup?Iy
port 230psi-de of Thee ,f ¢ hestaduattiori b6 wainl d@Rect Badurupeoehes ©f gradua
predet erm ned space betweepn the ugger end. o thet§egogd partition 103 . wal |
224 and t ReneupPEaee 8f tRE KnknEirer FAGeB%082 Ak ESn flows into the ink

supply port 230ythrough the deRef age olothrel € thar tinkdgehad@fxs Aare
ventilation side 1 nk chanber 225a is fornmed relatively 5 near to thg
ai rhol e 288siGnetihsuch Herathaie, valueeederbnageael TR Chn &fEF 298t €©

formed relatiyely far from.t ai { segend, Rant bbrenawal |
224, the ag?égtf%#uéﬁ%ﬂ?ﬁﬁa%1%§SWb%395§5%§3§ﬁ§yécagﬁgc?§on éﬁgg;gnall I nk
chanber 22% ane &6t8edionhei el sumEll afnk kehandre | athiigrh sisdéairnkremakber

225a is larger than the volune 10 of . the detecti side ink ,ch r 5b. A
detectioniggdéUBR%YIP°¥?ﬂ@«:ﬁéﬁbéﬁmﬁz?anrYﬁin%% i%k?ﬁ?ﬁRQﬁahgggggggﬁ : i ch

can gener capil,! PHE 1Pekween dekeakitisd ipdr tattondyal |
222 and ?hg %%E%EHQSEFF?F¥5£856 I 224.}$herefoﬁz, the iink in the

venti | at i ehosindenihig cHdihehe2680rs , cbhe ebre@uency el Aat&aioh 25 inbe

'l _ink. chanb 227 h N . LLA 21 j |1
"k cHhmbehaa7oe T F SO CpaPEr EPERT el T 233 CRR. Br SUeRt Lot T he gas or

air bubble to epheehbpherthe tigt esttwatosi dosianki shawbeted25tearhy t hbenor e,

the ink level in the detection side ink chanmber 225b can decrease adily
and 20 grEéﬁéliprnBé%hhs@%%ea\?é‘n'f’i‘?étqtdi?tsci%g%ﬁrtﬂ(lﬁh%?%&ecg aTs E%’%rmed

at more i Q?Ei?’i‘é@ 9&1%“?99@? eGieoR roirde Loknchanbies RALe Gsgenetaoest he
i nk suppl § port 0, the ink in the detection side ' _
and enters into the detection side ink chamber 123b when the ink

15 inside the ventilation side. ink chamber 123a does not re'ac_h to
the lower énd 193cc of the partition wall 193¢, the bubblg G stays
in the upper side of boundary bretween the top wall 1039 an.d the
partition wall 193c or the upper side of boundary between the top
wall 1039 and the side wall 1030. Therefore, the bubble G does

20 not attaches to the actuator 106. ' ' B

Fig. 56 shows further other embodiment of thelink caftr_idge
using the actuator 106. The ink cartridge 220A shown in Fig. 56 (A) V/
has a filrst partition wall 222 provided such that it ~.extends
déwnward. from the top face of the ink cartridge 220A. Because

25 there is a predétermined space between the lower end of the flirst
partition wall 222 and the bottom face of the ink cartridge 2204,
ink can flows into the ink supply pbrt 230 through the bottom face
of the ink cartridge 220A. ' .A second partition wall 224 is formed
such that the second partition wall 224 extends upward from the

30 -bottom face of the ink cartridge 220A on the more ink supply port
230 side of the first partition wall.222. Because there is a

predetermined space between the upper end of the second partition



i nk. chanber 225b is consuned after the ink in the ventilation side ink

chanber 225a is consuned. . 25 Because ink is supplied fromthe ventilation
side ink - chanber 225a to the detection side ink chanber 225b by the
detection side small ink chanber 227, tjhg 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 neasure the 30 ink residual quantity.
Furthernore, because the detection side .small ink chanber 227 hol ds i nk,
the detectj,9m SixdesaaBlle kBl A8de Fhenbemi22Zrcandgeevain, iimk can fillaws
backward fromthe detection side ink chanber 222{% to the ventfil tian,side
i nk chanbein®@5ehe Thekasunalpr P2O6 £40nbRREEERORPENEPofaRE CT1615 o™X he

i nk supplé Port 2302€%ge of the detection side ink chanber 225b. The 5.
actuator 168*HetRFTs?f¥ i nk consunption status inside the detection side

i nk chanber 225by Jdher ¥ e dials iglearinkt yhefibenk2258 thefeimehgeladse® Yo t he

i nk near end can be detected stabl nt i t.he r..1 1 e
side wdl | BearHe §beertToRl e Aife | ﬁf? @K%%i“rerﬁgﬁ?’ 1?)%%tt%%trtﬁglne9g%§qiiw
provi ded op,the.topaalils Eelaeaf rEhgt ikl ycaat rixtge t220AirMoileo¥2d, ®Bwheck
val ve 228 1s provided on the airhole 233. The | eaki n% of i ng rc()lgt Si d295 t he
ink cartritge 22@hd pausétioy wehd 2911 ithe EEH PhR 18I GG8™5D A c4h be

prevented by the, check valv o 27 Lhe euaret at iras vafl umk
from 15 t h8" iarH‘SFgcgégnosfl engmlgﬁﬁ lcrg{%&?ﬁggPZ%JAgcan be prevented by

provi di ng the mheekcvahveor28 dnihkectampedme@safis hargemnkt kalr £hR AR UM 0A,

If ink in the ink cartridge 220A |s consune and n Lye . p insi de

the i nkO capfr iRt KNt sdde tlﬁ'% Bli‘%'ggfﬁe?%ﬁb' tﬁeggﬁég\é?\?gl ~{:’/]gC$ L2%3“¢alt e |

check val VEngzcaan&%\ls B 1 LNEL PANE &S, dirbv2@ihBt & ddie, Wik ctactnigiges 1220A.
ec

Then the ¢ k™ val ve 228 closes to "accel erate the drai nage. of inﬁ]f{o t he
ink cartri dge 2208 1aFy goh&Tomtnmr, ATHREN &H6t BaF SEnBBHEFAEAPT 012 the* 1Tk

cartridge grsuiinghgahgegg%ga%grrtw%np@aiE'kzﬁéft rigee AS0A shewtink in the
ventilatioﬁ side ink chamber 225a is collected to the detection
15 side small ink chamber 227 by the capillary forc.e of the detection
side small ink chamber 227. The first partition wall 222 can
prevent that the gas or air bubble to enter into the deteétion
side ink chamber 225b. Furthermore, the ink level in the
- detection side  ink chamber 225b can decrease_ steadily apd
20 léraduaily. Because the ventilation side ink chémbgr 225a is
formed at more inner part of the detection side ink chamber 225D,
seen from the ink supply port 230, the ink in the detection side
ink chamber 225b is consumed after the ink in the ventilation side
ink chamber 225a is consumed. .' o |
95 Because ink is supplied from. the vehtilatioﬁ side ink .
éhamber 225a to the detection side ink chamber 225b by the
detection-side small ink chamber 227, the actuatorllos doe; not
influenced by the rolling'bf ink caused by the rolling of the ink
cartridge 2204, aﬁd actuator 106 can thus'reliably measure the
30 ink residual quantity. Furthermore, because the detection side

small ink chamber 227 holds ink, the detection side small ink



in Fi.g. 57 has a partition wall 212a which extends downward from 25 the
top face 194c of the ink container 194. The container 194 is separated into
a ventilation side ink chanmber 213a and a detection side ink chanber 213b
by the partition wall 212a. Because | oygr end 212aa of the partition wall
212a and the bottom wall la of the container 194 have a predeterm ned
space, the 30 ventilation side ink chanber 213a and the detection side ink
chanmber 213b communi cates with each other. The actuator 106 is nounted on
the top wahkmb@4c29f ddie pletesid ankstdef 1ok tehanierd ffm 2bdbdeThetvohume

of the detection side ink chanber 213b is sma|ler X%%an th@ﬁ¥%lunﬁ f the

venti | ati 8Adsi Hek| FHeRRINPAS 2 £9at NFHEenyb 3nkCDIS 14 *dEt f-sf a8 nk

chamber 213b i SrpEef &Rl o 19ERL Lol bhec hal dopiyineiyob uie toie LhR
cha

ventilation side I'n nmber 213a. A buffer 214a, that is a concave part
for accepsipglyhsomt 230babde e fthehdere et son ¢ idse inkkcleamkeey dgePr80ANEs

formed on the top |1 .194c of the .detecti i i nk. 2313b n
Fig. 557,aFHBaBHFféﬁﬁhfﬁ%F?%t?oF dlégcag%%%@% %gﬁgrE%g%ggﬂgﬁgxﬁ%aaFgélo

fromthe papewakbnl84geof nk hensmndai 1esb 194heThe shdffadr qRadaitgcoéptiskt he
air bubble which enters into the detection side ink chgnber 2é3b 1
m st akenl gtwhed tHeingiciasgd [toedhenl PheneRY &9 &7 S8Rk ERaRbaP1¥13b.

The buf f ep, 2048, DG eOX. PLEVEILS, s Al ke alhackt entheeagtuabar

106. Therefore, 15 prevents the mal function of the actuator
106 to deteat thk chkmbemd2@sbngly by the attaching of air bubble to the

actuator 106. Furtherpore,_ by adjusting thg volu fot detect Lon si de
ink - thamber 213P by *haryi hd S BEAeH EhOBf g}f' e“%ﬁﬁ%% olrhl)elv?/aﬁ)ltf g%llfagngr
changi ng the.yi dtb pesneenmdhnepal t iat tRBcWal412d 220 ainids tprevdidde 20 wak|
194b, the predeterm ned ink quantity.remained after th detection?9§ t he

i nk end canrbelehahyed T g eakd nghehsi Phirdwet i dhdtifer EnG8drreABCof “Yhe i nk
Cartridgecéggéd ryiJH% %%EHEEQQSf%ﬁ%ﬁi§ﬂ9$@r£915§942§§Ahﬁ§1%e prevented
- by the check valve 228. Furthermore, the evaporation of ink from
15 the airhole 233 of the ink cartridge 220A qah be prevented by
providing the check va1ve 228 on the top face of the ink cartridge
220A. . If ink in the ink cartridge 220A is consumed, and negative
pressure inside the ink carﬁridge 220A exceeds the pressu;e_of'
the chéck'valve_228, the check valve 228 opens and introduces air
20 into the ink cartridge 220A. Then the check valve 228 closes to
accelerate the drainage of ink from the ink cartridge 220A.
Fig. 57 shows furﬁher another embodiment of the ink
cartridge using the actuator 106. An ink cartridge 180A shown
in Fig. 57 has a partition wall 212a which extends dgwnWard from
25 the top face 194c of the ink container 194. The container 194
is separated into a ventilation side ink chamber 213a and a
detection side ink chamber 213b by the_partition wall 212a.
'Because lower end 212aa of the partition wall 212a and the bottom
wall la of the container 194 have a predetermined space, the
30 lventilation side ink chamber 213a and the detection side ink
chamber 213b communicates with each other. ‘The actuator 106 is

mounted on the top wall 194c of the detection side ink chamber



partition wall 212b which is fornmed in L-shape. The partition. 25 wall 212f
extends froma top wall 194c. A lower end 212bb of the partition wall 212b
is longer than the tower "end 212aa of the partition wall 212a in the
enbodi nent shown in Fig. 57. Therefore,,,gas existed in the ventilation
side ink chanmber 213a is difficult to enter into the detection side ink
chanmber 213b. Therefore, 30 the malfunction of the actuator 106 to detects
the ink end wongly caused by the attaching of bubble to the actuator 106

can be furphep pravest afle JUEhBRIETRER iR gade i Ak oMibdad2 bEb Weesmd et ower
end 106 212bb and the bottomwall la. A capillary force, which_can hold

i nk, does hbanwoh& waleme hpl oAted Al s dené Ko fBA™BRY 2128b HMU the
bottomwal | la. _Fig. S yrt h notherhepbedi mgAL ofs the fdkap
cartridge Y@&Jm%\nol nlg%%ar({k%:/%gtfel%fgo%{.%‘%o%iei n g, 59 has a I|ko§erti ti _o%y val |
212c whi chgingl skopsithn awer thatlife oifnkhsuvdagee cthéehepaenttilohinal $1@42nk
extends froma top wall 194c. The distance between the side wall 194b of
the inkd cafFh#MBgE 488T: and the partition wall 212c narrows toward -

downsi de. Theref ong, r3as 21Q.xisi€d d B ddr-arantbiahat Fon sddiptiit chanber
213a is difficult to enter into the detection side ink chanber 213b.

Ther ef or e, buhkle nehf cncentonr ¢ i ddiehyi kheagtradaend 88f bEbbPETEY ¢hethe
actuator 106  can,b urt her, preve ) Fur [ RO, i revi
ﬁg} g%%cii thé)é%%%ggﬁ?q éid&hqn%pc%a c92B1h8 . Proyiged

bet ween t h8P| % ce an ottomwall Ia of the container 194.
15 A capi | kar yrhionaetfevhizan cas Bokdedinks adeesmcacte werk ovethangappward

provi ded between the | ower_end 212cc of the partitign’ | 212 a he
side wil | £52B. thegtoBowahdwa of Gr PheF&n6PHE lBﬁBoh?ﬁeﬁ?%h%é%% %f%:%?ia

. cartridge ;gg .pég K LA e 489Pnsevers nidig t R0 dbascaibhr side 20hk
partition wa F 12d whi ch extends downward fromthe top face 194c of the

i nk cont ai nbambez. 2 Fiip trhisstradres) 1 ya whesohbewhnk i tfddde S donthe Hie§egsion
part ity on yell 20T QRS Hhsis dapiatl, D buad lpediald ahnd o

bubbles to attach to the actuator 106. Therefore, the buffer 214b

15 prevents the malfunction of the actuator 106 to detect the ink

end wrongly by the attaching of air bubble to t;he actuator 106.
Furthermore, by adjusfing the Qolume of the detection side ink -
chamber 213b by chahging the length of the partition wall 212a
or changing the width between the partition wall 212a and _the side .

20 wall 194b, the predetermined ink guantity remained after the

detection of the ink end can be changed.

Fig. 58 shows furth_er another embodiment of the _ink_

cartridge 180. An ink cartridge 180B shown in Fig. 58 has a
partition wall 212b which is formed in L-shape. The pall*tition.

25 wall 212f extends from a top wall 194c. A lower end 212bb of the

partition wall 212b is longer than the lower end 212aa of the
part;.ition wall 212a in the embodiment shown in Fig. 57 . Therefore,

gas existed in the ventilation side inkl chamber 213a is difficult

to enter into the detection-sidé ink chamber 213b. Therefore,

36 .the mal fuﬁ:ction of the actuator 106 to detects the ink end wrongly
caused by the attaching of. bubble to the actuator 106 can be further

prevented. ' Furthermore, a gap 1is providéd between the lower end



separated into a ventilation side ink chanber 213a and a detection 25 side
i nk chanber 213b by the first partition wall 212d. Furthernore, the second
partition wall. 212e separates the detection side ink chanber into a first
detection side ink chamber 213c and a,ggcond detection side ink chamber
213d. A gap is provided. between the 60tton1ma|l |l a and the first
partition wall 30 212d. Furthernore, a gap is provided between the side
wal | 194b and the one end 212ee of the second partition wall 212e. A

concave 1Q7,p,paLtqihPbRticdadwan a Harth ebptiopawal Fo284¢ vii dlorcanhbutif er
214a which accepts the bubble. One end of the second partition mall 212e,

whi ch ext énds dd¢S)mOtthe0plarqn thergamprromzledtmrawerﬁ fréesi guetignnd 294BP

ext ends 5 % &é B %he t&gn where just under the buffer 214b.
Ther ef or e 27f 8¢, Ph&® |rs partltlon wal | 212d prevents the entering of
bubbl e into thepigrstsgdefsastvsorfwujen nknohhabereriBtimdrt t hé thebblisk
enters into the detection side ink chanber 213c st akenl g %g gubble is
i nt roduice§ar6TEAEePS8Pti oANWATRKN CRE trdsBeuAddC tHEMD YurFeF- 212a°8y the

second paFE%EEQQo%Al?@ﬁZC TReER 08 &1 ddia chnhblechs Caughir . heThéffer

214a. The ore he mal function of the actuator 106 to detects the ink
end w ongbyrbyttibe walaching exﬁerbim@lr@ﬂt e thp ‘aelLdthc 108henwliiehanse

provided [n the se¢ ond . dete k ch 243 c e Lyr r
preventedgeigeﬁpg 81S§ﬁ8w¥aﬁarg%§ ﬁ%t Her fﬁ?@% é%ﬁ ?§O@ é& the
cartridgep $§Qlt66nlW&lqamh@dﬂﬁhﬁﬁﬂﬂésﬁmwwrdndéwQs1@é hatharepar¢i t gea wal

212a as sane as the partition wall 212a of Fi The. par.ti_tion wall
212a Xt ef¥SSHEGNRILNS VERFEABtEED $ade lnklglilg"@Frt %%3?&1; 2‘ i dic EF §94.

The contaiper .1 0 o ALO; Ak VaRkihet i:0omsi denierk relanbene213a
and a detegg%gngg?%zjﬁﬁgﬁﬁ%%ﬁ%ﬁgl8513 lby the partition wall 212a. Agap.is

provi ded het fieenot ibhechotedimywahé altaiaaahdrglefda;bb]tq @ Wag laczuzgor 106
AT W TR R T T
the lower end 212cc and the bottom wall la of the container 194.
15 A capillary force, which can hold ink, does not work on the gap
provided between the lower end 212cc of the partition wall 212c
and the side wall 194b.
Fig. 60 shows further another embodiment: of the ink
_ cartrldge 180. An ink cartridge 180D shown in Fig 60 has a first
20 partition wall 212d which extends downward from the top face 194c
of the ink container 194. Furthermore, a second wall extends from
the first partition wall 212d toward the side wall 194b
substantially parallel to the ink surface. The cont:ainer 194 is
separated into a ventilation side ink chamber 213a and a detectlon
25 side ink chamber 213b by the first partition wall 212d
Furthermore, the second partition wall 212e separates the
- '_ detection side in_k chamber into a first detection si_de.ink chamber
.2,13'c.'a:nd-;_'a se:cond'detect_:ion side ink chamber 213d. A gap is
'provided._ __betw.een the bottem wall_ la and the first partition wall
30 212d. Furthermore, a. gap is provided between the side wall 194Db

and the one end 212ee of the second partitionwall 212e. A concave



25 between the buffer 214b and the actuator 106. Therefore, first, the
partition wall 212a prevents the entering of bubble into the detection
side ink chanber 213b. If the bubble enters into the detection side ink
chanmber 213b mistakenly, the bubble is gjrectly caught by the buffer 214a
or 30 introduced to the buffer 214b along the tapered face 1040.

Therefore, the mal function of the actuator 106 to detects the ink end.

- wongly by the attaching of bubble to the actuator 106 can 108 be further

prevent ed. ,Jhe ishapevanddséz e ohrithef s eraldanshe totfem ariif fer y2 lstape
and si ze. %ig.,62 shows further another enbodinent of the ink cartridge
1180. An inkhtelrtz¢erpta80rE Mg e n. Fig. 62 has a 5. protruding part

214f, which 1 Y : LDer W i ( |
ic prOtérygi%gJ NF deet Qgggget g?ggaﬁigﬂ gnaxpast Whidhestimdsa

194c. The actuator i's mounted on ottom part of the protruding
part 214f.fhopartd thaam iwdlon wal12f 2 2xd ervleatbwiheasd def railt htk o s 94c¢.

A buffer 214c.js rovi ded. for ,each. of th itio nt or
106 and® 10uBhb! 5Qr't14 PR WAPT “PE3F LA BE Seen's h‘égggﬁt&\gﬁ%r' 13%%%%% :
side wall¢glddp. dherefpsse, pdhe Pesh phery pf2d heracinad arhd @ohtiexring of

surrounded by the_buffer 214c. Fig. 63 shows further apother enb;%@ngpt of
the ink caubblegentu®rhent i detaGded 366 dREWRTPACEE G285 hast 47415

partition %@%llg%%t%§g%. - O SEd t BE it QPch ARSe 4 946 ¢ mlia LK B} ner
p e N

194 is se d into a ventilTation side-ink chanber 213a and. a detection
si de ink chpatbBlkshsbynt hedpaeditsd amenabbit 208gvh Uplevien jpartundepridid ded

on the top wall.194c, and two actuators 106 ar ted .on ot.r,udi ng
part wHi chbpfbeF uikdd 2 iths f&ANE eréH i oR- w??[&rerg :fg ; cﬂéeré)egfo%’?)b&}él’he
concave paptpPfe itheatgReWe lenEOhG ksl &, a Thiefledore] 4chahiclt acaeipirs
bubble. Fig. 64. shows further other enbodi nent of the ink cartridge 180.

The ink caef tidgac18@UoE AGRNC P Hleltiegt seuhd sk WESPRLY Y tha%535 6%l | s
212h, 212ibf2%g£bleQﬂ9t%&?%réﬁggafﬁuﬂmi%ﬂi%%tggdﬁrovided in the second
detection side ink chamber 213d, can be further prevented.
15 Fig. 61 shows further another embodiment of the 1ink
' cartridge 180. An ink cartridge 180E shown in Fig. 61 has a
partition wall 212a as same as the partition wall 212a of Fig.
57; .The partition wall 212a extends downward from the-top'face.
194c of the ink container 194. The container 194 is separated
20 into a'Qentilation side ink chamber 213a and a detection side ink
chambér 213b by tﬁe partition wail 212a. Agap.is provided betwgen
" the bottom wall la and the partition wall 212a. Furtﬁgrmore, a
concave part is provided on a part of top wall 194c to forma buffer
'214b which accepts the bubble. A tapered face 1040 is proVided
25 .between the buffer 214b and the actuator 106.

Thérefore, first, the partition wall 212a prevents the
entering of bubble into the deteCtibn side ink chamber 213b. If
the bubble enters into . the detection side ink chamber 213b

.mistakeﬁly, the bubble is directly Cagght by phe buffer 214a or
30 introduced -to the buffer 214b along the tapered face 1040.
Therefore, the malfunction of the actuator 106 to detects the ink

end wrongly by the attaching of bubble to the actuator 106 can



25 downwar d fromthe top face 194c of the ink container 194. The partition
wal | 212h is first partition wall, and the partition walls 212i, 212j, and
212k are the second parttition wal |'s. Because each of |ower ends 212hh,
212ii, 212) j , and 212kk of each of tbe partition walls 212h, 2121, 212;

, and 212k and the bottom 30 wall |a of the container 194 have a
predeterm ned gap, the bottom part of the container 194 comrunicates with
each other. The ink cartridge 1801 has a ventilation side |%k chanber 213a
and a 109y, plurahisky pebveatedt i othesistemmnd isie fntidies PX{3RT 588 °€213)
, and 213k separated by the each of .plurality of partition walls 212h,
212i, 212jotasd EI@Rtr?H§ 58@P8n?8§r?l%F ‘the ventilation side ink chanber

213a and a plurality o the.detgetd iy shaetseal | erfbddrmesttanbér st 3RNk213;
213j, and 213k co nicates with each other. Each of theFact ugt of s ,1Q6h,
106i , 106jcartandg0Bl8G.s Aourinkd Cagit Hifge off FacHAYhcBf FRAch° 6 The

plurality of the detectio id I Lhanhek e 24188, cohlcdlinex13j94 ,and
213k, PespEOtTAALRY péééhg%?ft r%"g”&fc%’art%?]éﬁ 106h, 106i. 106 , and 106k is

arr anged U3, gaopgglgsggnghal top Gerltlen safc .t h@hm@ctla@"eol%‘?ﬁ ofs ST Offe

plurality he detection side snall | nk cha 213h, 4 ol a1 1@nd
. 213k, resplrectho\reloyﬂ pﬁﬁé 96| the BFOPREIIAR Bﬂ)éggﬂgl 5 2? a%giglcls(%chat hat

the vol une t il aSEHEni ke clupireice218a cuhi shouf bratdst d rile
supply p0r2t f8? glecrilgi%‘l got hwg‘?ar gest. Mreover, the: 15 vol urEE of & %nfg
7

chamber gradialded deor eases oasthhep@h? 5E HAR D FBRTE N F (AC S por t

i ncreases. Therefore, the v of t stée ﬁymlahdltnke@ham:)er
213k MR cHhes PRAFEEESD ‘f’?tjm%tl%ge |(rilkgés£3¥)ep yttg%r%e%é7 is the smallest anong

the vol ung, ofy theahnk TebaEbErs, 2AeBeeatipbegas dfs timeroabEBEOTr 41t He
airhole 233, ink is consuned fromthe ventilation side ink chanber 213a of
t he ink &uppiqprpiﬁrd g 7the dffen e 4fet ecti on side ink chanber 213k. For

exanple, the ink.in the SS?{BVH akj,ppnétderidthehagipod 2d8at wufchthe s imdar est
to the ink supply%ort 1 I's consuned,. and during the 63 has a
cartridge 180. An ink cartridge 180G shown 1n Fig. as ¢

15 partltlon wall 212 extends downward from the top face 19%4c. Thel
container 194 is separated into a ventllatlon s1de 1nk chamber
213a and. a detection side ink chamber 213b by the partition wall
212g. Uneven part is provided on the top wall 194c, and two
actuators 106 are mounted on the protrudlng part which protrudes

20 1ns1de the detectlon side ink chamber 213b. The concave part of
the top wall 194c works as a buffer 214c whlch accepts bubble.

Fig. 64 shows further other embodiment of the ink cartrldge
180.. The ink cartrldge 1801 shown 1n Fig. 64 has a plurallty of
'partltlon walls 212h, 212i, 2123, and 212k, each of which extends

95 downward from the top face 134cC of the ink container 194. The
partition wall 212h is first partition wall, and the partition
walls 212i, 2123, and 212k are the second partition walls.
Because each of lower ends 212hh, 21211, 21233, and 212kk of each
of the partition wa11s 212h, 212i, 2123, and 212k and the bottom

30 wall 1a of the contairier 194 have'a predetermined gap, the bottom
part of the container 194 communicates with each other. The ink

cartridge 1801 has a ventilation side ink chamber 213a and a



,25 ink level of the ventilation side ink chanber 213a decreases, the

ot her detection side small ink-chanbers are filled with ink. Wen the ink
l-evel in.the ventilation®side ink chanber 213a reaches to the |ower end
212hh. of the partition wall 212h,' airiesters into the detection side

smal | i nk chanber 213h, and then the ink in 30 the detection side small ink
chanmber 213h is beginning to be consunmed. At this tine, ink is filled in
the detection side small ink chanber. 2131, 213, and 213k. Furthernore, if

the ink | eelrallity ofi déeedetertsicle sindél skl (chambedtrarbéh 2i3ht r édcfes to
the lower end 212ii of the partjtion wall 212i s Nt tAhg

det ecti on a%ﬁ(ﬂ%%ﬁnQQPQH?§e§h§%b5beZi%?? %% é%1$%%($§ %?ﬁlfﬁg de?gcfion
si de smal |41k chanber,1213ianigs 2begi. NNty Bex dem qensuned.t Hen viehits 18 tiay, i nk

is sequentially consuned fromthe ventilation side ink chanber.213a.to the
det ecti on sidte iskethatpkr GHavbend 2 BRuragdcy of YR dgEeahioPs" B " 1d6i |
106j , .and 106k i u og,4he swal | g 1946k diomack @fcddeidet ealchon

si de sﬁalﬂ‘%ﬁ§5mh éﬁﬁéggs%Thggé%ér%?gghe actuator§3106h, 1061, -106j, and
106k 10 csuhedlet eghchhef deereasmtafrst he6hnk 0gdant 94y, sndpl thk 53 gpunted

Furt hernore, the volune of the ink_chanpers d es f .ilation
side ink QARG PP343SIlRS STnEar t%Pt%%eifﬁﬁ‘hg%%b 5€?r}%$?§5%%?%°t%e
detection &} 4le ssmh! shibkrahaabers 242k anagualdy, antetekonespehe itieiy
interval o etecting the decrease of the ink 15 quanti y_graduall _

decr eases.Eddtercef ¢he, arheatpegubtely. df0&he 1 Gk &ﬁ‘&n???% t tatarcrt‘?i‘lﬁ‘F:dcé?ﬁ1 be
i ncreased as the ink end | r aw LeeFl §4c 6F sSheMs ff Uhd herrati ek
enbodi fentSHIS T HE 4 365Fpﬁfgé§wk§gd¥ﬂ§?§Fe65 shows a cross.ngtLon of an
i nk cartriggeH8Qbt stha o2 isemseanduchbr chembeys dev3lee 71 3hd 2136 -aéhdat or

106 are fornmed on the sane circuit board 610 in,the._. rtri . A
di f f er ent -2} GIIRRFEILIS nd ﬁt@BPBWetﬂg %P%eléﬁj?ﬁ%éﬂ%ﬁthcqg?ﬁéggfhe
di fferent-£yne . P:kidih 64uEIIOLRES chite 1activat ©f de 106 chanberr 21 B4 yhdich

caul king part 616 is fornmed on the side wall h
locates ink supply port 187 side 1is the largest. Moreover, the

15 volumeoftﬂuainkchambergraduallydecreasesasthechﬁtancefrom
the ink supply port 187 increases. Therefore, the volume of the
detection side small.ink chamber 213k which is farthest from the
ink.supply port 187 is the smallést among the volume of the ink -
chambers. _ _ -

20 Because éaé ié intrdduéed from the airhole 233, ink is’
consumed from the véntilation side ink qhamber 213a of the ink
supply port 187 side to the detéétion side ink chamber 213k. For
example, the ink in the ventilation side ink chamber 213a which
.is nearest.tb the ink sﬁppiy’port 187 is conSUmed,_and.dqring the -

25- ink level of the ventilation side ink chamber 213a decreases, the
 otherdetectionsidesma11inkchambersarefilledwithink. When
the ihk level in.the ventilation side_iﬁk chamber 213a reaches
to the lower end'212kﬁLof the partitiCwaéll 212h,‘air'¢nters into
'thé-detection side small- ink chamber 213h( and then the ink .in

30 the detection side small ink chamber 213h is beginning to be
consumed. At this time,.ink:is filled in the detection side small

ink chamber 213i, 2133, and 213k. Furthermore, if the ink level



25 194b to couple the circuit board 610 with the contai ner 194. By
coupling the circuit board 610 with the container 194 using the caul king
part 616 and pushing the different-type Oring 614 to the circuit board
610, the vibrating region of the actuaggb 106 can contacts with ink, and
at the sanme. tine, the inside of the 30°I'nk cartridge is sealed from
outside of the ink cartridge.. Atermmnals 612 are fornmed on the

sem conductor nenory device 7 and around the sem conductor nenory device
7. The r 111 1. 1gLoL ML i HC St bt dohyt he
sem condué%o%g%&%ﬁﬁﬁﬁggggéng%e r e\/\n/)rkl ??Xeﬁggﬁczhl%gr%%%%%ﬂ FbSdﬂlfgcause t he
seni conduehdr2 IEnboy tdevpaet 7t aod walld at2 uatdr d@er aiiatiorhedesacthensanme

circuit board 610, the nountin cess .can be .finished 0 e _during
nmount i ng FHQeSEWPaénHHEt6?am9%gnf£§HeVT5% “h }F%éjg%fﬁhggF %gégggg?ﬂe i nk
cartridgegl8@GmaMriegyehambbe MO KiiRgbeg 06R56g e bagcbheuraduf dct uhing of
the ink 10 cartridge 180C and the recycling of the ink cartridge 180QC can
be sinpli Wagd. 1Farihaament iisld ymepurcheedr FRgNCdse Nt hetine Sdget frlige
180C can be_reduc ecause t S the,Part sk caambe r eduged.
Furthernn?g?mgg%aggﬁgigﬁ ggFIB§E§§EE§%eﬁ éef?oﬁ1 t%e top malf 194c downward
to the ink surfrseh dhehpasttthaoorsdldeh,51062) Ireverns 1 hék vevinagnoedi nk
‘or bubbling. The partition wall _212] thereb revents the.mal functiop of
the act uaPBr t1§6 LOPTHE ldc iiforr i fﬁ%téh%}ééﬁ%&tﬁ%%sﬁh%?i%ﬁagfa%ﬁg

i nsi de thepgpBbaknerTHdbe rIhe, SEME cRNAUGIRTs MRFE,Y 1deMi,ce 0635t ahas1bbe
information of ink such as residual quantity of ink detected by 20 the

act ual®@r ¢68. deiicti sthe hdesawirsendifct Bhemamdr yIWNt teY 7 S§€8r &% t RESP -
informatign related to_{he racteri,sti; ham GhaasstReom the
characterlgfﬁgeﬁ ofﬁk.géﬁ YﬁggT%R5§£$ﬁ%f§§£%E%§% grd%gheaacfuatgw 10% when
det ect i ngvtheilakieansidet nkncisdmbars 217he wistrh dsndeet aro neeomk seppte 7

reviously stores the resonant .
P %;ort 187, to the detection side small ink chamber 213k gradually.

Therefore, the time interval of detecting the decrease of the ink
15 quahtity gradually decreases. Therefore, the freguency of the
ink quantity detection can be increased as the ink end is drawing
near.
| Fig. 65 shows further other embodiment of the ink cartridge
180. Fig. 65 shows a cross section of an ink cartridge 180J. The
20 semiconductor memory device 7 and the actuator 106 are _formed on
the same circuit board 610 in the ink cartridge 180J.

A different-type O-ring 614 is mounted on the side wall 194b
such that the Idifferent—type O-ring 614 surrounds the actuator
106. A'.plurality of caulking part 616 is formed on the side wall

25 194b to couple the circ.ui.i:. board 6.10 with the container 194. By
c_oupli'ng the circuit board 610 with the container_ 194 using the
caulking part 616 and pushihg the different-type O-ring 614 to
“the circuit board 610, the vibrating region of the actuator 106
can contacts with ink, and at the same time, the inside of the:

30 ink cartridge is sealed from outside of the ink cartridge.

A terminals 612 are formed on the semiconductor memory

device 7 and around the semiconductor memory device 7. The
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25 fr.equency of when ink inside the container 194 is full, that is, when
ink is filled in the container 194 sufficiently, or when ink in. the
container 194 is end, tHat is, ink in the container 194 s consuned,

one of the characteristic paraneter. Thg yesonant frequency when the ink
inside the container 194 is full status 30 or end status can be stored when
the ink .container is nounted on the ink jet recording apparatus for the
first tinme. Moreover, the resonant frequency when the ink inside the
container 194 is 112 full status or end status can be stored during the
manuf acturing of the container 194. Because the unevenness of the
detection of the residual quantity of ink can be conpensated by std@? g

the resongnt; [Lequency W iheqblkclnsy de.dihe peontahaes :i0dai Sof Uldnds

status or . %ﬂﬁle?a us in the séni conductor nenory device 7 previously and
readi ng outehheothicacef wéeorgsehanh kﬁeq03ncye%mlt¢©@ Bakhj és rEEdB M ng

. apparat us side, it can be accuratel det cted t th es] ity
of ink3s BREFER T & THE ORI EnEE" VAN eviﬁeFl oon gh‘lgﬁ o rtlﬂlﬁﬂ%t her

enbodi nent . pf tdhEuddikorcaitd isdge c180uithBokp Gaotrtld@endlﬁmﬁrsil@mda’sdzl g.
66 has a plurality of partition walls 212m 212n, 2125 and 21%ﬂ§+each of

whi ch ext epais belofvhwkslted rafm e & B) foiHel N AROWTE ik
The —parti tl o Wa(‘:{ev 212”7"l a?nd pﬁ féééﬁa@@f tidd R W?xlel 1nﬁn<§la{=t|9§1d1fét1|§dcon 15

wal |'s 2120519, 26“512 Gre the second partition walls. Because each of
| ower endsmgﬁ&smr thﬁlénwcﬂ}iﬂrﬁ)qp,prmm(ésgl&gqlm ttH@emalplaf@ctanngvallfl she 112yl
212n, 212p, and 212 respective

I ttom wal | ner
194 hat¥ a prEHRt Y &ri HRRE G ,thtenéyc%’g{itléﬁ Bar Eg%fl?]ﬁec%l()%¥ld I 84 '
comuni catgs Wby £8G64H ot Rek heQmMReeovaE, mhhethengt ingf cbbe cpfartthé otk
wal | s 212m 212n 212p, and 212q increases fromthe side near to the

ai rhol e 238aitnr biaferl80TuaTefsr &CdEgeR B?C?Héegtabeb’é‘t”\r/\%%ﬁs e GhsvdR Tdds

212nm  212n 212 nd %g&gemsﬂr h oM ¥RI}a1 1B 2ABLT S¥Ee hdls ti@nOr der
of 212m %T%hﬁ 21 Bcegnd 2124, squ%n?|a9£§ atie enes

the top wall 194c¢ downward to the ink surface. The partltlon_wall
15 él2J prevents the waviné of ink or bubbling. The partition wall
212J thereby prevents the malfunctlon of the actuator 106.

The actuator 106 detects the ink consumption status inside:
the container 194 The semlconductor memory device 7 stores the
1nformatlon of ink such as residual quantity of ink detected by

20 the actuator 106. That 1s, the semiconductor memory dev1ce 7
stores the information related to the characteristie 'parameter
such as the characteristic of ink and the ink cartridge used for
the actuator 106 when detectlng the ink consumption status. The
-semlconductor memory device 7 prev1ous1y stores’ the resonant

25 frequency of when ink inside the container 194 is full, that is,
"when ink is filled in the .contai'ner 194 sufficiently, or when ink
in the container 194 is end, that is, ink in the container 194
is consumed, as one of the characteristio parameter. The re.s'onant
frequency when the ink inside the container 194 is full status

30 or end status can be stored when the ink container is mounted on
.the ink jet recording apparatus for the first time. Moreover

the resonant frequency when the ink inside the container 194 is



25 Furthernore, the ink cartridge 180K has a ventilation side ink chanber
213a and a plurality of detection side small ink chanber 213m 213n, 213p,
and 213q separated-by tHe each of plurality of partition walls 212m 212n,
212p and 212q. The bottom part of the,ygntilation. side ink chamber 213a
and a 30 plurality of the detection S|de smal |l ink chanbers 213m 213n,
213p, and 213qg comruni cates with each other. Each of the actuators 106m
106n, 106p, and 106qg is nounted on the to.p face 113 194c of each of the

plurality .of tgg deLect iy stdeusn®ddh denktoebander sn@k3m mahamaczygpngand
213q, res ectlvei”1 ach of the actuators 106m 106n, #?6&? %ng 1(%6(3>
arranged Qf $ubst:antaahby leént eBeﬁuit%eUt%p”fed’c?élrﬁfto ch6f

plurality of the 5 detection, side k Qamg)%r 213y 26y 3m1,eand
2130, . r@ﬁpé@?ﬁf’eﬂfﬁaﬁf qluﬁPtlgyc%?lrsES’lr}réegbﬂggi IS rrllt%raoduce%i, frorﬁﬁe |

ai rhol e 233 5onEher et ef8entpkvhén aonrs inkdifis dde ttiee ¢@nﬁ3|allé}ﬁfoh9%|30% fudd
chanber 213a which is near to the airhole 233

i-nk 10
chanbes 2k3@tusoroexamgl estaties i AR e hﬁeWéﬁ?P?‘éfl on si (Lg‘e i"nk éleﬂﬁgg 4

213a whi ch is .neanest 10 TR €he33at 8 SORSTEsoRAL ﬁmqmagld:)h@tl nk
| evel of tHE vieYa Pgnrésibcgje nk chamber 213a decreases, the oth

det ecti on icdeiswabkti nde cehaniver sa,w@r4¢¢$ e8idgi t At k@R WABN & LAHE Wevel

in the ventilation side ink cha aches d BT e rthe212mm
of the parqqtth&r?%Ma“Qf%ﬁ] reér‘gb 8%t a“?%tgg %Eefﬂgt%%??%{n&su de-snal | 1 nk

chanber 213m..ahe thamdhe ink in the detection si de small i nk chanber

213mis beginning to be consumed. At this ti i nk 4
det ectioon si de gl .| GBm@WﬁaﬁﬁéFhEIﬁFheﬂ§5&3 gﬁg‘eﬁ u}?%heljrln%:yg

~the ink |evel the etection si ngglok,, ink F ardsehaglarpheaaﬂtmtsytccf the
| oner end ]28102nn 5‘f3 the ép&?a]?t%IL (5% 1% Zlgn alir:@ent ers into the detect on

si de smal lpdnls whather 1218mem, aznarm,h@thheandqf%l?ﬁ terclofarh i oh SR

Isgguef’:l'?lagrigrﬂnzwlasrndIfsrombet enrtlzlong faceb%94%08%ugﬁg ihR LBLhBaYRYr 19K. 1 SThe

partltlonwall212mnj;thefirstpartitionwall,andthepartltlon

15 walls 212n; 212p, and 212q are the second partition walls.

Because each of lower ends 212mm, 212nn, 212pp, and 212gqg-of the

partitionwalls 212m, 212n, 212p, and 212q, respectively, ahd.the

bOttem wall of the container 194 has a predetermined'gap,.the

bottom part of the container 194 communicates with each other.

20 Moreover, the length of the partitioh.walls 212m) 212n, 212p, and

212q increases from the side near to the airhole 233 in order.

Therefore, each of the gap between the lower ends 212mm, 212nn,

212pp, and 212gq and the pottom wall la narrows in the order of
212m, 212n, 212p, and 212q, sequentially. ' '

25 | Furthermore, the ink cartridge 180K has a ventllatlon side

“ink chamber 213a and a plurality of detectlon side small ink

" chamber 213m 213n, 213p, and 213qg separated by the each of

plurality of partltlon walls 212m, 212n, 212p and 212q The

bottom part of the ventilation 81de ink chamber 213a and a

30 plurality of the detection side small 1nk chambers 213m, 213n,

213p, and 213g communicates with each other. Each of the

actuators 106m, 106n, 106p, and 1069 is mounted on the top face



25 cansuned fromthe 'ventilation 'side ink chanber 213a to the detection
side small ink chanber 213q. Because the gap between the each of the |ower
ends and the bottomwall I'a narrows gradually in the order fromthe | ower
ends 212mm 212nn, 212pp, and 212gqg, ink3is consuned in the order from 30
the ventilation side ink chanber 213a, detection side small ink chanber
212m 212n, 212p, and 212q, sequentially. Therefore; the gas is difficult
to enter nlstakenly into the ink chanbers in the 114 sane order nentioned
above. For 1exanpkecaeNenti thgaslenskisyiaf othe heetdeteten ofids denahhl 10k nk
chanber 213m and 213n nlstakenlg and tgf actuat or_ 106 theggghtﬁg il end
m st akenl ycherbepar?1itort 1 3k P 3P12p 4nt 2424, S Cho 1% 1 ongér 't han t
partition n 2 euant sodde sgasrd @mwsmhsnetmntlally

t he. detect%@%héfééggﬁgma g?ﬁé gﬁgﬁéer 213p(£nd 213q@gTherefore t

actuat ors &@ﬁpeandfl@@q tde nftcar 534kenf yeaehef the iMRénd.t YTHU? the the

pr esent ggod i ment, e aCtT?t1nktg§9mg8£305§3$h621@g el p] Nahd V2 94, nnst:

reliabl¥. tPﬁFfﬂgrﬁb 8, °Pécause the partition wal 212m" 212n, 212p,

and 212q pggggg&tgbglyQV|ng of ink, the partltlon wal s 212m 212n, 212p,
and 212q al so prevent the generatlon of the bu Mor egver., rval s
bet ween each of IherPaifi¢Posted] §aS239MN Ceéilgf)oma i 8158 IEB?e %ﬁgach

ot her can a{}(;k e ohBuhbherMah thet wesni 1 heipardidd Qﬂkwathém}ﬂéﬁq
and t he s|§%e?8??¥594 ﬁ@tﬁg cgntalner 1 can be equal. In this case, the

capacity ob13eawh10m iheredot éct kba @deoéﬂa$$3Nﬁktéﬁhﬁﬁéﬁ§t2?§nf1§§3h“
213p, _and 213 e adjusted b t { fels i n
33 2&2%:, gesaS ey kﬁg iH%fup%ﬁl enghi 1akcliBg Q@BE the

wal | s QQZHFhE shows an enbodlnent “around a

recordi ng beadbelk Petd whalert he rienakregmf tbl tcﬂgee adnthodre izaB ;%t:one@medh ngnd
apparatus which uses the actuator 106. F% grese dh 5@; i nk
cartridge dugdAIshbBaNink PP5815?f|§hEs§8nt Vel Stie fﬂ rldge n any

of the inkjcartridge Showine? & coford @:ibelsmdr alnscOcn@rﬂb@f_s ased: 111ed
with ink. When the ink level in the ventilation side ink chamber

15 -213a reaches to the lower end 212mm of the partition wall 212m,l
air enters into the detection side ‘small ink chamber 213m, and

then the ink in the detection 51de small ink chamber 213m is
beglnnlng to be consumed. At this tlme, ink is fllled in- the
detection side small .ink chamber 213n, - 213p, and 213qg.

20 Furthermore, if the ink level in the detection side small 1nk.-
chamber 213m reaches to the lower end 212nn of thg partltlon.wall
212n, air enters into the detection side small ink cnamber 213n;
and then the ink in the detection_side small.ink'chamber 213n is
beginning to be consumed. In this way, ink is sequentially.;

25 . consumed from the ventilation side ink chamber 213a to the

'~ detection side small ink chamber 213qg.
Because the gap between the each of the lower ends and the
.'bntton\wall la narrows gradually in the order from the lower ends
212mm, 212nn, 212pp, and 212499, ink is consumed in the qrder from

30 the ventilation side ink chamber 213a, detection side small ink
chamber2l2m,212n,2i2p,and212q,sequentially. Therefore,the

gas is difficult to enter mistakenly into the ink chambers in the



25 Furthernore, the ink cartridge of the other formalso can be used. A
plurality of ink cartridges 180A is nmounted on the ink jet recording
dpparatus which has a plurality of ink introducing nenbers 182 and a

hol der. 184 each corresponding to the eagh of ink cartridge 180,
respectively. Each of the plurality of ink 30 cartridges 180A contains
different types of ink, for exanple, different color of ink. The actuator
106, which detects at |east acoustic inpedance, is nmounted on the each of
top wal |l ghmkherddibmepkubakidtyb®fe i nkFcraekangye, 1804 iTheaacnigrér 1108 and

a partition wall 212a are provided for each wal | t he. rality of
ink cartEhdgeet8oRi ol desi il qHamhampPedt Eﬁﬁlgl PR% Cﬁﬁ'eulnn'igl%é%}f%?%ﬁé 180 -

can be detggtigd Pf,‘tHQHBEiﬂﬂS hbEecaELUalDr n Q6 DRi kbekknkyS s patdgeidno.
The partition wa 212a prevents the waving and bubbling of ink. Fig. 68

shows a detalk Zrapaddthedeatt imbnbed oogerhehamiche part bEbPURg [Sppaf At us.
In the present enbodinent, the ink cartri 1 |0 BiGe Sfal$
used. .% Ho?xﬁse%l,m?'hé’riem?n ¢ tAF93A%§8 ?rﬁt_%rn?qﬁp gﬂé\cl?n é'Nl(::ltair(?r} idge shown in -
- Fig. 58 tonkidhambfi4 Al $p Gan2heguserhefefidifeer fhe eyttt dmk 1 eaptaniddyesaf t he
other formalso can be used. The ink jet recaqrding apparatus has anntink

i ntroduci 8g merbar stekerd ynglef@rct gahe a1 R Pl at 8, dhd"% Rb3ZFe pl ate

188. A pl gﬁ%g%géeﬁgh%égt&ggorwéEde@Ec@é‘ttHenlﬁnkJe51ci $ihal IpGRIMbEe

nozzl e pla Introduci ng nenber 182 has an air supply hole
181 and ameilthkbiptroducing inlet 183. The air supply hole 181 supplies air

to the ink cartridge 180. he ink tntroducing inlet .1 I nteduces, i nk :
from the ink CEYFEFﬁﬁgoi%OE@Gﬁﬂfﬁ %Eeéggﬁffﬁgg{%§8ASh§§2%h2§?Q'i%??%aucing
20 inlet 185 Aand; phelakt 2uRPkyv Deg bElTk, The mirtitntorodatiagliam,e212n185

introduces air fromthe air supply hole 181 of the inE #ntrogﬁiing menber
182. The. 2iAR. sapdl y1par 81segprevpRF| BBe ARNEHACLAR PHKERALPYRRCT ng i nl et

|1Er31§r gaut(::ihﬁ i %n%g%&%ggglt gg;[eﬂgxq?ﬁivéﬁg-bet%éeinnéééﬁhéﬁi E'He%:iarrtfirtqlaﬂnt\héli@k
: 2g2m, 212n, 212p, and 212q with each other can be equal, and the

15 | interval between the partition wall 212qg and the side wal} 194b
of the container 1 can be equal. In.this case,_;he capacity of
each of the detection side small ink chambers 213m, 213n, 213p,
and 213qg can be adjusted.by’adjusting.the length of the partition
walls 212m,-212n, 212p, and 212q. .

20”' ;Fig. 67 shows an.embodiment'ardund.a:recording head of part
of the ink cartridge and an ink jet recording apparatus which uses
the actuator 106. In the present embodiment, the ink cartridge'
180A shown in Fig. 57 is used. However, the ink cartridge in any
of the ink cafﬁridge shown in Fig. 58 to Fig. 64 also can be uséd._

95 Furthermore, the ink cartridge of the other form also can be_.used.
A plurality of ink cartridges 180A is mounted on the ink jet
recording apparatus which has a plurality of ink introducing
members 182 and a holder 184 each corresponding to the each of
ink cartridge 180, respectively. Each of the plurality of ink

30 cartfidges 180A contains different types of ink, for example,
different color of ink. The actuator 106, which detects at least

acoustic impedance, is mounted on the each of top wall of the



25 cartridge 180, the ink cartridge 180 accelerates the supply of ink from
the ink cartridge 180A to the ink introducing nenber 182. The hol der 184
comuni cates ink, which is supplied fromthe. ink cartridge 180A through
the ink introduci ng nenber 182, to the]hgﬂd plate 186. Ink is supplied to
the head fromthe ink cartridge 30 180A through the ink introducing nenber
182 and di scharged to the .recording nmediumfromnozzle. In this way, the
ink jet recording apparatus perfornms the printing on the recordi ng nedium

116 Fig. _?ﬁxfél 8 $LISHIS ealk@Ralevi ok Of TAR £dbedi sENDsCindE pak ardn | dge
for use with a single color, for exanple, the black _ink_as an enbodj ment
of the |iquadl Oritaiawer pacedddinfry ¢adhetoprwabhtof menpPlynal ARyiek ink
cartridge shown. in FEi 691 s bas :

posi tion o‘FafWél(fl?%&iegAs'ur?%%er eosrl%%gﬁ Cg%ﬁs{llgtr?(’:n?fg]fqgf itlgﬂtlg%éj?}njgi%ae%ttaﬂﬁgqeui d
cont ai ner byo dekBCbiNdet ecitesiongntmduragiencyhdyaaeasuoi ng0thenc ginet eimk

el ectronotive force generated bgéthe resjdual_ vibration gsnained in the

vi br atiing cake¥idee difthg The BRBVET MeRtTdned Ifét REEVERE LBEUR oH"9d8'Y s 10
used for i ts the liquid censor that detects liquid. The ink
DpoTposy B A, i or

cartridge dinent shown in Fig. 69 conprises a container 1 which
contains |iquid Kiandg rdlavdes degaidl Rreosd thecheed upspPee of the Inkuid
- surface of .ink K

an.ink_suppl ort. . 2 i [ lLi:quid K t si t he
cont ai ner 1?taﬁeEEfﬁé?%raRgggigﬁgmhi%ﬁ aﬁgeg?gggﬁg é@%éﬁﬁ%%?gh g?%iﬁggg
i nsi de thecgpntaager 180a andwa fid Skigar bt iien wedd. 198awehech paet iirilons
at least two ink chanber such that ink Kin botB of the_ink chanber. can
conmmuni&at earyr i@geath vhat ithe dékt RRTEGALIPNEROYD AR Filstd i ifmé8-

chanbers ipgl it onzgldgefmkre 2Q Hehapkes s A2Baaahicghe kOrBRHY € at €
W t h atnns%%éﬁgghgaxﬁﬂéhggtéctan %ider?nk chanberélZSbﬁﬂghe actuat or 106
i s nmount edformtdkse opan ved lusk@B0 @het heki hkt che@®ed 1P FPPAFRE S poto R '

e sl G WhrbEafEbee] G0 R IR g gt er
anozzle plate 188. A plurality of nozzle 190, which jet out ink,
15 1is formed on the.nozzle plate 188. The ink introducing member .
182 has an air supply hole 181 and an_ink_introd@cing inlet 183.
'The air supply hole 181 supplies air to the ink cartridge 180.
The ink introducing inlet 183 introduces ink from the ink
cartfidge 180A. The ink cartridge 180A has an air intrdduqing
20 inlet 185 and.an ink supply port 187. The air introducing inlet
185 introduces air from the air supply hole 181 of the- ink
" ‘introducing member 182. The_ink'supply”port_187 supplies ink to
the ink introducing inlet 183 of the ink introducing member 182.
- By introducing air from the ink introducing member 182 to the ink
25 cartridge 180, the ink cértridge'180 accelerates the supply of
ink from the ink cartridge 180A to the ink introducing member 182.
The holder 184 communicates ink, which is supplied from the ink
cartridge180Athroughtheinkintrodu;ingﬁembe;lsz,tothefméd
plate 186. Ink is éupplied to the head from the ink cartridge
30 180A through the ink introducing member 182 and discharged to the
| recording medium from nozzle. 1In this way, the ink jet recording

apparatus performs the printing on the recording medium.



25 the porous nenber 1000. The airhole 2c is provided on the top wall. 1030
of the wventilation side ink chanber .123a which ventilates with

at nosphere. The check val ve 228 shown in Fig. 85 can be used for airhole
2c. However, the formof the airhole 2¢,is not limted 30 to the check

val ve 228 shown in .Fig. 85. If ink Kis consunmed and the container 1

i nsi de decreases, air is introduced to the ventilation side ink chanber
123a fromthe outside of the 117 container 1 by the airhole 2c, and the
ai rhole 2c thus RLEVED! B L herps e ssarel oSl del dwhefeeni ainbedihens bé an
negative. Therefore, wth the consunption of_ ink _advanced, air

i nt r oducednkocaher i gentidatserwitite FRRIEAGRIAT 1592 ERFBRYR: (HhE Eilfaﬁgl e

2c, and the 5 level of liquid suface.qf. i; K g npakbi then
wal | 193aiP§ c%%p"’fréaewcf%ﬁ%&e‘: tO(L)t{o t\e/i\}ﬁ Ilqﬂ)%g# Cgﬁg%gin%gs\%gﬁo?angg shown in

t he figur?IeggguignbggbﬁbMu Therafloresrt evdre tdieowmkin §igons9méé, bRARAK i s

sufficiently absorbed in the porous nenber 1000 .a filled;in
det ect § onogi dee i kathibert f6tE985 ??Ftﬁﬂ?%ﬁiﬁ?hpgepgi {ﬁﬁT}d ﬁ?géy%e P* of

the Teve

liquid surface; of | r 8aches g ddhe | ower denshdfsaer Ay idee eparitigt Bon
wal | 193a?nvé§h8£?hggi%ﬁngﬂgunption_advan%gs, and the level of liquid
surface ofesbnknkK feaghescydy Imeasowdmngehtie 1OBMRESF SIS FAMATVEn LRaFF

193a, t to the detecti i.de _in -523h. Vi Blak i
2bsor bed BYTCHACEGY Bis CRENBEFLH00 VARG 0L SetEance de k. "ehaatar 123

etection side in .
thereby fls@ws jeut akBnghehenkbsupphynpoohe@, matidod he Theediakmasoirst 84 afound
the actuator 106 changes fromink to .atnosphere. Thgé

f the ,agt yat
106 cap dseedt Ponah ERBOIINISOF riehtd NG REnERF i ipe Co ik B
status. Thls, shk c20cksabieokOURE SRgbdiian tdnowlteliar Mige whi chmbeisks
I n

of-the liquid surface o K'to be a ink end. Furthernore, the volunme of
the deteettontsideri nkichdanoent23ls 1sqded &f pindednByueRs R a1dn 16F°

A e
2 which supplies ligquid K outside the container 1, an actuator
15 ..106 which detects ink consumption status ins.ide the container 1,
and a first partition wall 193a which partitions at least two ink
chambef such thét ink KI in both of the ink chamber can communicate

with each other inside the container 1. |
At least two ink chambers include a ventilation side ink
20 chamber 123a which communicate with atmosphere and the detecting
side ink chamber 123b. The actuator 106 is mounted on the top
wall ‘1030 of the ink chamber 123b, and a porous member 1000 is
provided in the detection side ink chamber 123b as a buffer member .-
A coarse buffer material such as filter caﬁ be used instead of

- 25~ the porous member 1000. | _ | |

The airhole 2c¢ is préyided on the top _wall_l(_)_BO.-o'f the
.\}en-ti.l'atioln side: 'irﬁk chamber ,1235 which ventilates with
_atm’osphe.re-. The _check-_val.\{e 228 shown in Fig. 85 can b.e used for
airhole 2c. 'Ho,wever., the form of the airho_'le. 2c is nét lilmite.d'-
30 to the check valve 228 shown.in.Fig.._BS_. If ink K is _c'onsume;d'
and the container 1 inside decreases, air is introduced to the

ventilation side ink chamber 123a from the outside of the



25 end can. be set by the position of the partition wall- 193a to the top
wal | 1030 and the height of the lower. end 193aa in the direction
vertical to the ink surface.. Here, the case of using an on-carriage type.
ink jet recording apparatus, the ink gartridge of which is nove together
30 with recording head during the.scanning process will be considered. If
there is no partition wall 193a in the container 1, or if no. . buffer
material is provide around the actuator 106, bubbles may 118 be generated
by the wayidig Qfndk, pphigd d Screaused bynthehei diatoba 2oftHuskpraventdge
.generated by such as the scanning operation dwgin the«pringkn$ rogess
‘because t dig piesgbrei dgslApvidie AVBYSIRET Wi £R Podbitft g’ head “Then, St her e

is a danger, that t 1a1.0f £ 106, MRy, det &gt Jd stiakeMvrddirted her ehies
enough inw”f%l%%ﬁeggggFgﬁkgghlgfotﬁe | Nk attacheslio'the actuat or 106 by
the wavi ngermfiliatk cevendefirtihehambsr| 1234 ¢ hapught the dimhale 2Re ABhtBener

1. Moreover, there . is also a _danger. that the or 106 nmay detect

m st akénl YL a¥dt Athdriguid syLfmes P Hé&b&(b egz%%tta;ég%hes to 10 the actuator
106 even if theqyakphstfiibhbadwi Dl thes£ant aionel ed. witbwekertomoewedrldilAg ot o
t he enbodi nent of tﬁe l'iquid container of the present qggodi nt, _.the
partition am $ige eaddt ot ABOWAVIMEhS £ 1BHE Car D\ 4 Te: P e el g@FF%‘_’ES\'/i ce

even when the _ink.cartrid i brat.es by ; sughs sc i bgr 56 b d¥baPemathen
during 15‘?ﬁ31ﬁbfnfpggl%r%cégé#g ]gﬁégéﬁtin% th% mavi%g.of‘ink around the
pi ezoel ectgdouievieadert Deopastdtfonlawmlin th8adprevenes side igdneramPen of

" the bubbles. Furthernore, even the hubbl e nerate i.n,t} ilati.gn
side ilfk ciaern, thaecrdingont MFPE %’é%?rea‘?ees Otfheli?‘égiji %]g’f‘?%@né sﬁfggh?nk

chanber and thendet@stiham side 2@ i kaghanbre pabherefor @all e ar t Whieon
wal | prevents the bubbles to.nove close to the actuator 10§ Qggicont ct
Wi th the adtadnsrcongempibeeadianadfe pofotie neiser ©10ddIP LY fidvidtéd©6n t he

-detection side ink chanber, 1230 (9 LRheryLNe Jret WeePather 26k Uaflar 193a,
gas enters to the detection side ink chamber 123b. The ink k
15 absorbed by the porous member 1000 in the detection side ink
chamber 123b thereby flows out to the ink supply port 2, and the
medium existed around the actuator 106 changes from ink to
'atmosphere; Therefore; the actuator lOQ‘can detect that the
status inSiaé the ink cartridge is 'in ink end status. Thus, it
- 20  &$ the lower end 193aa tb_deterhine which level of the liquid
surface of ink K to be a ink end. 'Furthermdre, the volume of the
:detectioﬁ side.ink chambef'132b is'determined.by:the position of
pértitidn wall 193a to the tép wall 1030. Therefore,.thefink
quantity remains insidé the container 1 when detecﬁing the ink"
25 endtcan.be set by the positioﬁ of the partition wall 193a to the
topwall1030andthehéightoftheiowerendl93aa:hﬂthedirection.
vertical to the ink surface. . .
~ Here, the case of wusing an.on—carriage_typé.ink jet
recording apparatus, the ink cartridge of which ié moVe'together
30 withrecordingheadduriﬁgthescanningprocesswillbeconsidered.
If there is no pértition wall 193a in the container 1, or if no -

buffer material is provide around the actuator 106, bubbles may



25 106 and the ventilation side ink chanmber 123a. Theref i

bubbl es generated in the ventilation side ink chanber i2g;E1eﬁ¥2ps|{ntgethe
detection side ink chanmber 123b m stakenly, the porous nenber 1000
prevents the bubbles to nove close to the actuator 106 and contact wth
the actuator 106.- 30 Furthernore, because the porous nenber 1000 is
provided in the detection side ink chamber 123b, ink inside the detection
side ink chanber 123b does not wave by the vibration of the actuator 119
106. Ther gfc0g€nethecadlyuai®mwal08goah indl, i wbl gh AsE a4 PYddievt Prafkd Ofnk

consunption's;atus in the container.1. Th f i i i
Chanber 199 I ARSI BARE TS Sl TS5 (PRl FEaT Rl B et o the |

5 ventil aty i.de. r T : L : . _
or ef er abl ;du%;ﬁaﬁéd?%rﬁh@ﬂb@ ptddassThecdesecttien sikdecankr thaeberves3b

_ ith in a degree not to arise a capillar f
to ho!g i mogéthiewathuaeoprddsd darpde. Tisdd REeRensant BraRr gﬁlf?%dégégt ??\Q
the vibration withaut vibratingeifselLxed0y These difeto d wriodighonrof ivhe
e, ! , shape, " “fIexrbrlity, and material for the partition wal
of the. inke carickidge of ithehembokli aemiclds ttre theyuat womrail®ér PXcédedi ng

t th i : e
o] e present enbodi nent. Therefore,. t %as%égngfft kH_rEﬁéEBBtﬂﬁhEr can
hi% S thé

be made fweH&S PhAGE WD dhetPehe 1§ Ness o partition wall

Can be TR [MEEPRGEEN phecoots A0S ca s hetaonne L shupe 00 ey
partition deldctcansbekaady fhamthawe Har Honﬁq%rﬁfthS%?gﬁL%tgaré{]%? 81 .
PET CAR DRGS0 7 "PReHaTt EE| BACWATT - Pretorably. Ther part i ion wal
e Lo Bt ghoraligue i, o, a0, acpis
made fromasarhe imaTePfdhe ®TERE Y ﬁ'@begh‘f‘%?%efthéaﬁgafc%églggpﬁl’tl: g)%e\\)\,/a\él%:tls an.
be formed tfl'{la QA& %d)Sf The fenu{acthe ip'i@zoelectric device even when theCan
ink cartridge vibrates by such as the scanning operation during
15 the printing process. By preventing the waving of ink around the
piezoelectric device, the partition wall 193a prevents the
generation of the bubblés. Furthermore, even the bubbles
generate in the ventilation side ink chamber, the partition wall
separates the ventilation side ink chamber and the detection side
90 ink chamber. Therefore, the partition wall pfevents the bubbles
| to move close to the actuator 106 and contact with the actuator
i06. |
Mbreover, the porous member 1090 is proVided on the
detection side ink chamber 123b to intervene between the actuator
.25 106 and the ventilation side ink chamber 123a. Therefore, even
if the bubbles generated in the ventilation side ink chamber 123a
ent'ers into the detection side ink chamber 123b mistakenly, the
porous member 1000 prevents the pubbles to move close to the
actuatér 106 and contact with the actuator 106.
30 ' Furthermore, because the porous member 1000 is provided in

the detection side ink chamber 123b, ink inside the detection side

ink chamber 123b does not wave by the vibration of the actuator



25 process of the ink cartridge can thereby be reduced. Mreover, there is
no limtation of the size, thickness, shape, flexibility, and material for
the porous nenber of the ink <cartridge of the enbodi ment of the |iquid
contai ner according to the present emiqdi ment. ' Therefore, the size of the
porous nenber 30 can be made further larger or smaller-. The thickness of
the porous nenber can be nade further thicker or thinner. Furthernore, the
120 shape of the porous nenber can be cubic or rectangul ar _

paral | el epied. TNBR-e@Y¥EE, thele tumtra DA ¢at iml iefboliyhand heipdlaf dekechol e

i ncluded in the porous nenber. Therefore, for exanple, the -5 negative
pressure drheapiid Icé?ryswmtd@rbfs@ﬁélspdfb&g’en&%&‘a}% ¢t i ncludes t he hol e
of spherical shape, ¢aphe LRCheRSEsedyCct AsiCkge ik Stizanedr t he3bolie. On
t he other hand, the negative pressure or capillary force.of the porous
nmenber, \A/r;ixfﬁfein’acﬁhdehalf\eotrol%nablfeISpﬁbﬁrlc:ﬂa]sfha%g, t&gn - ke r @hsédepy

enlarging the si-ze of the.l ole. P ra ; Rlch S
nmade fPom‘éerfq’;ﬁtb‘IOéqs ?elﬂ(?(a%las%é r%gggpoﬁg%? dtl\e/gf%gg\?%?@llc%@% [c):r &?%%aﬂbl_e
to set the 4 apRirera@ilyhake fwidih por audegmaderott sopariiee ex wapdd lairamet er
so that the porous nenber can absorb ink froma cavity, referring to Fig.
19, whi ch fardeorsush iaf tire htdididy ¥:06, and introduce 15 ink to.ink
supply port, referring to B foe LanlBe u QusSa MRIHY oE0REr oy ldee etytiodi nent
shown in Fig. 6 “has " a sﬁape of rectangul ar parall el epi ped. The porous
nmenber 100the isifrdd igsh iwi theitdetidotatomasiidegif chamber 123b such that the
porous nenber 1100 . fjlls from.the.periphery. of.the - 10 to the
bott ortOwal | | a WHSHE i 5| 88at1é811%8?‘6\%nt r?}e%h o es%%%%’ce%ﬁrﬁ%ﬁkﬁési’n%h%%e’
cartridge. ¢ A packi g, I | 93 4mabdraavalive hody @aarie jprowakl of the ilmk

supply port 2. . Referring to Fig. 70, the packi ring 4 _i's_engage W th
the ink suppttyridgslicd BhemaRtiteRt /§ &P?&%Wéﬁg?&?ﬁ nﬁéa%c%‘g%%gitr? a
fluid-ti ghéhe”%@@%ént%o\@ilﬂe%tb()dk‘h@rE%o?@[‘S:t_h%"'éii’e @ftthe partitionwall

can be made further larger or smaller. The thickness of the

15 partition wall can be made further thicker or thinner.
Furthefmofe; thé shape of thé_paftition wall can be square or
rectangular. Furthermore, the partition wall can be made from
the hard matériai or flexible material. For example, material
such as plaétic, tefron, nylon, polypropylene, or PET can be used _
20 for the partition .wall. Preferably, the partition wall is made
from the air-tight or iiquid-tight material which does nbt_pass
through gas or liquid. Moreover, the container and the partition .
wall are. made from same material so that the container and the
parti'tion.wall can be formed in one body. The manufactu;-ing
25 procesé of :t:he ink cartridgé can thereby be reduced. |
| Moreover, there is no limitation of the size, thickness,
shape.,. flexibility, and material for the porous membér Qf the ink
cartridgé of the embodiment of the liquid container according to
the present embodiment. "Therefore, the size of the porous member
30 can be made furthér larger or smaller. The _thickness of the porous

member can be made further thicker or thinner. Furthermore, the



elastically contacted against the packing ring 4 by way of a spring 5.
When the ink supply needle 32 is inserted, the valve body 6 is pressed by
the ink supply needle 32 so as to open an ink passage, so that ink inside
the container 1 is supplied to the recprgling 30 head 31 via the.ink supply
port 2 and the ink supply needle 32. On an upper wall of the container 1,
there is mounted a 121 sem conductor nenory neans 7 which stores data on
ink inside the ink cartridge. Fig. 71 is a cross sectional view of_ a
further ageifer oenho@ MpBioak aneripdr cardn i dige ubas eAbodf HEFRNDILdhe
liquid 5 container accordlng to the present invention. An ink cartridge of
t he presem@r@hb©h¢m%®? has a top wall 1030, which |locates upside of the

|iquid surface o %] dk K (T AGLUALOT $nibht 868 sDWledhape bifethemhal |
1030 such that e. acfuator "106 can contacts with ink thro%&£1thegé€rough
e

hol e | ¢ pioyidesdonnt et qomald MoBoer 10 Bheresprpar £

extends.fromthe top wall 1030 d mbEY! tdref dwr e,
t he prieseR®I@nbbeit SWHas 94 c%%@o %r)b%r%rltc% %Eet}ll%ﬂbosrlg%sa\ﬁ\ﬁl ch extends from

the top wall; 1830 chd RS1ER ft fisnelet €Sl isbiapei, dean ble thandesed 23brediring

separates the detection side ink chanber i&b at gﬁast L ggeé%pfgg%(gtlon
side 15 snh¢|s1z&xﬂhéﬁﬁ%b§lflzé§‘éﬁﬁffl Pnﬁ oused 1n both of
the detection 5' r ean Shrobk2damBad, lﬂﬁ&ﬁh(ﬁﬂtluamﬁwuhedabheeach
ot her. Th®" acti %or 65s nounted on the top wall 1030 of- each gf the

detecti Onoﬁlsfiﬂleﬁﬁaidl ishls peh acdoe s degsaasaﬁcbnfﬁé«@fgrl@gp%?|-"v‘éiey°

Furthernore, a por ous mber 1002 and Lo ek d003m afféigﬁwéded
to eakh ofolde iHIGIRF 'héhaéFE%FF%HIS|% ?@ogﬁ_ ﬁnk chanber 1123a and

the det e%b@é‘ﬁéﬁesé@i@lals igponefeanbrsrddashb, Becdaugecfagaldd npr@@uc@@pfrom
the airhole 128, ink..is consuned fromthe ventllatlgn S|ded éH o
123a, whi dhansteremf IHle oft hee RPFHHS MeFPey &0 RECFEEEEMT BRIt "Sha I |nk

CEanber 1%(%%: at woi g pé):%ougrmefn{b%rp Lhe fbsdob & nk2Bromherahate, flelfeﬂglmgnk in
e | to Fig. 19, which is formed in the actﬁator 106, and introduce
15 ink to ink supply port, referring to Fig. 1.

The porous member 1000 of the embodiment shown in Fig. 69
has a shape .,of rectangular'parallelepiped. The porog’s member 1000
is filled in the detection side ink chamber 123b such that the
porous member 1100 fills from the periphery of the actuator 106

20 to the bottom wall la which 1s located below the ink surface in
the ink cartridge.

A packing ring 4 and a valve .body 6 are provided in the ink
supply port 2. . Referring to Fig. 70, the packing ring 4 is engaged
with the ink supply needle 32 communicating w':_'Lth a recording head

25 31, in-a flﬁid—tight manner. The valve body 6 is constantly and
elastically contacted against the packing ring 4 by way of a spring
5. When the ink supply needle 32 is inserted, the  valve body 6
is pressed by the ink supply needle 32 so as to open an ink passage,
so that ink inside the container 1 is supplied to the recording
30 head 31 via the ink supply port 2 and the ink supply needle 32.

On an upper wall of the container 1, there is mounted a
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ventil ation side-ink chanber 123a which is nearest to the airhole 128 is
consuned, the detection side ink chanber 123b is filled wth ink. Wen the

ink level in the ventilation side ink chanber 30 123a reaches to the | ower

end 193cc of the partition wall 193c, jr enters into the detection side

smal |l ink chanber 1123a, and then thel$%k in the detection side small - ink ‘
chanber 1123a is 122 beginning to be consuned. At this tine, ink is filled

in the detection side small ink chanber 1123b. Furthernore, if the ink

l evel in the detection side small JpK,chamheisrkk?3atkeashiak tasitikethewer
end 193dd58f“1Fﬁé‘g§858-ﬁd“%%?]fYtr{n%c?rglémgﬁﬁl%d, Sir enters 5 into the

det ecti on ;sikde s$@Rl hgknk chanmber 1123b, and then the ink in the detection

side smal " ink chanber 1123b is begi nni.ng t.0' be copsuned, . her-t BhscMay, ink
i s sequential | yFéansdded sf PorRtHe %Féﬁ”ﬁﬁqqﬁll on i cfse)f]i %rk@cﬁarrblér 123a to the

detection side.small jienk, ¢hampgte1idgh. okl sbeeanoe iseclt of the dtguadors
106 is rrm?ﬂ’tbé’gll%]ﬁ%t;hglft (%B \%\/all 1030 of each of the detect.ign gkggia |1
i nk chgnbeyssmithlizda andordifghbto ttiee REEE8N6r 3NYPBELAR - dtR ' e  dedrdase of

the ink quantity step by step. Furthe 11t D& &y o hof o d e lepedtieon
si de ink é#a%%rprﬁ%‘%i%‘?{b%%’sfﬁ?%tr H?%ra}jn&tgﬁé%\}c}l-grre of the voenti | ation 15

side ink chanher 13l3aqg EukifReensreinkhie. v athere asfuaties Sdé08c AFENMOYREE s nal |

i nk chamber 1123a and 1123b gradual |y decreases fr ddopishde
smal | ink arhahketon w2dd WABEHERSD Tt B @R U Phals §§§ Ctq%&t%‘he def ection

side small, ink chanber 11 i GB1ei BcfEFod1@ed tde e helpe wa28. 1030.
Therefore,1QWu¥q50dﬂ% %F%r§§P°8 20_d2te%t$%g t he decreaﬁﬁ_o% égewkngrd
quant iy of agduatlpardecrieasesll 1Bie XerpmEYOBthnEOPHE lqtdht PPV défect i on
can thereby be increased as the_jnk i L e admbdd iGhe nf2 hafz0ws,
further arfo? Hére effodireRt Sof PHELE%ﬁggg%’rtstr%S%% usi ng the actuator 106. An
ink cartrigdge, 1804 shewen 2411153 g. wiix hastangar firemohhaat o 2edd. Mi*dh )

T oM L. £0, 368 101R Shath! 752E0BA QRpaldtesTime
. detection side ink chamber 123b at least into two detection side
15 small ink chémbers 1123a and 1123b such that ink housed in both
of the deteétion side small ink chamber 1123a and 1123b can
communicate éach other. The actuator 106 is mounted on the top
| wa11l1030 of each of the detection side small ink chambers 1123a : q
. - and 1123b, respectively. N S |
20 o Furthermére,la porouS'member 1002 apdﬁa poréué member 1003
_.éfe provided to each of the inside of the detection side small .

| ink chamber 1123a and the detection side small ink chamber 1123b.

Because gas is introduced from the airhole 128L'inkﬂls

cénsumed from the ventilation side ink chamber 123a, which is near v
-. 25 to the 'airhole 128, to the detection side small ink chamber 1123b,
which is far from the airhole 128. Therefore, during ink in the
" ventilation side ink chamber 123a which is nearest to the airhole
128 is consumed, the detection side ink chambgr 123b is filled
‘with ink. When the ink level in the ventilation side ink chamber
30 123a reachéS'to the lower end 193cc of the partition wall 193c,
air éﬁters into the detection side small ink chamber 1123a, and

then'the ink in the detection side small ink chamber 1}23a is
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is separated into a ventilation side ink chanber 213a and a detection side
i nk chanber 213b by the partition.-wall 212a. Because |ower end 212aa of -
the partition wall 212a and the bottom 30 wall |a.of the container 194 have
a predeterm ned space, the ventilation side ink chanber 213a and the
detection side ink chanber 213b conmuhf€ates with each other. 123 A

buf fer nmenber 1005a is provided to bl ock the comruni cating port between the
ventilation side ink chanber 213a and the detection side ink chanmber 213b.

Afilter-like mater whi.ch cl S y es SfifuEga n be
used for ﬁ?f@rlﬁ%n% bg fBgﬁume? tﬁggb% ertﬂ@%be}gg %%eglt he ¥ che

communi calieBgcpobh. suF&ll’stnhﬁl‘erDhE crtehﬂoémflfleerrrenﬁerthanmbeepoxﬁ)lnélenenber
Ther-ef ore the ventilation side ink c

3a_ and det de
ink chanbgreiosp E@@nﬁﬁﬁ%ﬁ&%ﬁﬁeﬁﬁﬁ?(ﬁ 1W*bﬁéﬁ%P%g Bagggr%ﬁgﬁ%;?ntiboga

Because t Qﬁe%v};éﬁf en@@?&d 10058l Se 8BLE JhtRrOWs1 101 98d erdial entbes
buffer material pass through gas and li.quid. However, if the buffer nenber

1005a ol dstblm& delpcthiencapit |smal 1 fiokcehamler BUR2R&: ABAEren bdCoHRY

airtight. t.he buf.fer nb c PP t
passi ng thPo ?\4%%§q§dfFéFldﬁeﬁ% Iﬁﬁb %$%% éﬁﬁggbu ?%%”%Eﬁ%%fgfogﬁa can
prevents Ebﬁsaﬁeaubbhesthy@|@£yjslgwnesaée@uemtI@blyen@nkame@nfsodethﬁk

chanber * 213a, to enter inside the detection si i chanQ& gg n?
attach t ovERE1ARE ARG ADENKTHATRS Y A0R 196115 F’rBﬁﬁFé&no?]l H€op wall

194c of e Q§3gentllat|on side i nk chamber 213a and the detection
side 20 ?ﬁgmbggn% 213b. The volune of the detection side i nk chamber
213b i smal | erBezhamsematobﬁrteha)iaCthétvéﬁtlQQaﬂﬁdﬁplsm%d|°@kt]éﬁa§|?@e‘r’a1§13a

of the. vOr AR Bf S Gt alP bRCEFHB T RIC o o IR hd Pk o !

cartridge; 9h3BcCcendi REth@tidie preEsemin eabodttenhe Aecheaskl evf 204m, inkat is

a concave part for accepting the air bubble ich enter o the in
CartrldgquBOméFE qgggngg éﬁgPhe Furthermore, t“g volume ofst% éetectlon

side ink chamber 123b is smaller than the volume of the ventilation
15 side ink chamber 213a. ‘Furthermore, the volume of the detection
side small ink chamber 1123a and 1123b gradually decreases from
the detection side small ink chamber 1123a which is near to the .
airhole 128 to the detection side small ink chamber 1123b, which
' is far from the airhole 128. Therefore, the time interval of
20 detecting the decrease of the-ink quantity gfadually decreases.
.The frequency of the ink_quantity-detection can thereby be
increased as the ink end is drawing near. 'r
Fig. 72 shows. further another embodiment of the ink
 cartridge using the actuator 106. An ink cartridge 180A shown -
25 in Fig. 72 has a partition wall 212a which extends downward from
the top faée 194c of the ink container 194. The container 194
is separated into a ventilation sidg ink chamber 213a and a
detection side ink chamber 213b by the partition wall 212a.
' Because lower end 212aa of the partition wall 212a and the bottom
30 wall 1a of the-container‘194 have a predetermined space, the
“ventilation side ink chamber 213a and the detection side ink

chamber 213b communicates with each other.



top wall 194c of the detection side ink chanber 213b. In Fig. 72, the
buffer 214a is formed as a concave part overhang upward fromthe top wall
194c of the container 194. The buffer 214a 30 -accepts the air bubble which
enters into the detection side ink chanber 213b m stakenly when the ink is
filled in the detection side ink chambe?® 213b. The buffer 214a thereby
prevents. the 124 bubbles to attach to the actuator 106. Therefore, the
buffer 214b prevents the nmal function of the actuator 106.to detect the ink

end wongly by t hi [ o]} : r j'lrg}gl i -

Furt her nor e, theﬁﬁggtg%?ﬁ?e%rogB?Fééeyg%ﬁﬁﬁ%%tt?ﬁ%ﬁg@?ggtgocr 1 6“5Ca eltnegcts
t he ink.engoganbbewebangem: byewcthslwh igh t hedéergikh dfarider paBaéi tndn tved |
212a. Furthernore, -by changing the w dth bet ?n tEe artition wall. %112a
and The si#eLSRH ON Gl LHE BREUBEE M Hod A ARIGRERLIKS PRVEF ot 4FUSH t he

detection of-1hgdMarfNHotal He itehangeslee 1@ am HRaudLK o3 bt f8e mkhdR shown
in Fig. 73 fills a porous nenber 1005b in the detection side ink chanber
123b of5 t he050k ddr tthelgbuf feg0/marteain CACFRE. the TREMPBE6851IRENRITEI005b

is filled Lnside the tection_side | r. 213 t t.or | |
194.c to t & CREE %ﬁv\gﬁ’le. §§§_§?r eﬁﬁoﬁéﬁ@%&?@ﬁ%@%ﬁht gﬁétesr%%c% 't he
15 act uat oghd G&nthherte drs sadeasek tdmaimbdie2asghuatdrc hEDGenektunat s ods irky t he

entering of the air inside the detection sjde ink chanmber @213b when the
i nk cartri SRR | 1 R WHMHER e e@eebE PR S ERUIN KNS r FEPShoves

back and foggd, W thethescaphbager rbl i dR0r QS e ehadf0%R ohns gzﬁqsdgded
on t-he detection side I nk chanber 20 213b, the porous -nmenber 1005b.

captur#s anat¢nigplevehe dmfdremgnatoiridy pase tiheocagiuagas 206. liquid.

Furt her nor becaus he us _nmenber 0 | ds_.ink, t I er
1005b can %‘?“&%\éﬁ’ tl%eéh%ch{)uﬁf; or mf%ge ?%’éﬁoﬁ g%%?lgoﬂl%%l&dg ec ?%%ptqﬁg% ﬁk end
status as férde exhstbsf Bdtimewbieebdoneals ede byhat t arféreforef, the bufifean t he

25 actuator 106 when the ink container rolls. The . ink quantj h}/ whi Ctj} can
be . consuneBeBIerl 44 deneErPBResF RyRPIGk tehB2EaiPHet BhangR e butter

member 1050a. Thus, the buffef.member-lQSOa can prevents the
15 bubbles, which is éenerated'ih the-ven;ilation side ink chamber
213a, to enter inside the detection side ink chamber_213b and
attach to the actuator 106. |
| The actuator 106 is mounted on the top wall 194c of each
of the ventilation side ink chamber 213a and the detection sidé
20 ink chamber 213b. The volume of the detection side ink chamber
'213b is smaller than the volume bf the ventilation side ink chamber
'213a. The volume of the detection side ink chamber 213bissmaller
than the half of the volume of the ventilation side ink chamber
213a iﬁ the ink cartridge of according to the present embodiment.
25 | A buffer 214a, that is a concave part for accepting the air
bubble_which'enters to the ink cartridge 180A is formed on the
top wéll 194c of the detection side ink chamber 213b. In Fig.
72, the buffer 214a is formed as a concéve part overhang upward
from the top wall 194c of the container 194. The buffer 214a
30 accepts the air bubble which enters into the détection side_ink
chamber 213b mistakenly when the ihk is filled in the detection
side ink chamber 213b. The buffer 21l4a thereby prevents the



by adjusting the volune of the detection side ink chanber 213b by changi ng
the width between the side wall 194b and the partition wall 212a.
Furthernore, the level of -ink surface on which the 30 actuator 106 detects
the ink end can be changed by adjusting the height of the |ower end 212aa
of the partition wall 212a fromthe i k*surface. 125 Fig. 74 shows an ink
cartridge. 180C, the porous nenber .of which is constituted by two ki nds of
por ous. nenbers 1005c¢ and 1005d having a different hole diameter with each

other. The porous nenber 1005c is | t cl agel ol dher getuatrer 108t han
t he porougugbgﬁﬁﬁé%aiﬁﬁgﬁpofﬁ eﬁbﬁéégé?dﬁg%er of ‘the porous member 1005¢c i s
| ar ger th?géb@ﬁtgotﬁbCﬂéﬂ&ﬁﬁﬁtﬁénhﬁ@tﬂuﬁGMSUWE@UEﬂOEOQSOdeqﬁ@t ehpi inlary

force of the porous nenmber 1005d, which has snall hal dia . 181 arger
than the eapiviargly dncéher athachorgust n%h’be‘?‘%ﬂcfo%’, %\Rﬁi 88[;%@51[%2%' hol e

di aneter. . Th thee | ifCh k05 QRESCE | S HirMcHeeapouatsrneaber
1005c to Fﬁggégiﬁégehégﬁ%ﬁﬂﬁﬁbmg{ goeg notcflom/backmard-to t he porous

menbers 10@5cebesatise ke endapah| e hamass W keang 1 g e o rlsng thefbel e

1005d. Therefore, th or.ous ers 1005
attachingP%FtFﬁkoPdﬁsﬁh 158tua€§$PE%€m%§etﬁ@ﬁggeﬁﬁgggfégﬁﬁﬁgﬁg %%ﬁ?%%@

prevents the Ji-vl faehilon vfa @ ke usitdy w06 1Dihiettdet prédet ekmened
status as ink exist status. The porous nenber‘1005ﬁ qﬂn.b forned by the
mat eri al whkchudasity |xseained [htiary ther IFFGEFUCTE RN TN X At Vi or
liquid of the material which forms the porous nenber 1005d. Fig. 75 shows a
cross secti'8H9% “an ink cartridge 180D which 20 is further other
embodigrent - of theeiink cartridge 1596 sisowiy inatidia? 8rf s a@BFOVEIDOTLHAI ch

protrudes inside the ink container .194, . ar.e prowid : sde of
the side ﬁﬁpﬁbrglﬁhﬁfd?E%CtH%Pé%V%%ﬁ? i%%aT%%Péﬁék%gg?g?ﬁggﬁfﬁ§£%€?%§s'
member 103@8 Wi Gl 1S FREQVH fled s ipde dulsemdeberti @usisiide fii Akedhambéde 213b
.is 25 gra uaﬁly conpresséd by the ribs 1100_such that the ar OEotPEe
cross secthenderettheomheiideoankl ChABRRY Gl 3PnEr P8Itk trgnBal i@%ﬁ%

bottom wall 194a. The porous member lOQSb contacts with the
15 actuator 106. There is a case that the actuator 106 malfunctions
by.the enﬁéring of the air inside thé detection side ink chamber
213b when the ink cartridge fall downi or when the detection side
ink chamber 213b moves béck_and forth with the carriage. If the
porous member 1005b is providédcn1the detection side ink:chamber ‘
20 '213b; the poroﬁs member 1005b captures air to'pfevent entering
of air'into the actuator 106. Furthermore, because ;he porous
member 1005b holds ink, the porous member 1005b can prevent the
actuator 106 to malfunction as detecting the ink end status as
ink exist status which is caused-by attaching_of'the ink“onlthe_ ;
95 actuator 106 when the ink container rolls. The ink qqantity which
- can be consumed after the detection of the ink end can be changed
by adjusting the volume of the detection side ink chamber 213Db
by changing the width bet;.wee.n the side wall 194b and the partition
wall 212a. Furthermore, the level of ink surface on which the
30 actuator 106 detects the ink end can be changed by adjusting the

height of the lower end 212aa of the partition wall 212a from the

ink surface.



gradual |y decreases downwards al ong the vertical direction. Therefore,
the. hote dianeter-of the porous nenber 1005b decreases gradually in the
direction dowmward to the ink surface. -Because 30 the hole dianeter of the
| oner part of the porous nmenber 1005b rleduced by the ribs 1100, the ink,
whi ch once flows into the |ower part of the porous nenber 1005b' does not
fl ow backward to the upside .126 of the porous nenber 1005b by the

capillary force....Furtherpore, _the porous r 1005b. of the present

embodi ment pr event’s i hE Sggwﬁt‘_?%cﬂ%i cfatrﬁgléigeungg(gp'lﬁg? R e i “_Pﬁﬁﬁtoéd on
the top waldhidif4s chisttifte:tevbpe wef ki ks o Figefd RembBes MRlofsenghd am oy t he
5 actuator 106 to detect the ink end status as the ink exist status 'can be

prevent ed. TgnI e (D Laxem diolrs diBymedtrong’ iftdy toRah aidigrer @hsodioments  of
the ink cartdifige ! - ' Lg. . B(A). I S ional view
al ong the Ir%%\gi tué?gg?gids?ﬁe)g%g% '%]%GS.eaflt%ktkgea%f%flégg?‘lgdéiggﬁ? @%P%fg)ﬁlﬁ)
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(A) . Ataper_1110.is provided qQn_ the lower side of the side wall of the
det ecti on sitd€9™ h@lﬁ‘a%&r hogﬁg.la"f‘ﬁtéew 8¥\ﬁt%? RPEC YRR o 1AQ%p& i nfEhe

chamber 21%%@1&@&@ E¥rcBasf Qe Eew«am@rrﬁem@ﬁwﬁ% veht bRahadlidRall gB1RY
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the taper 11 Therefore, t orous menber 1005b i's conpresse

gradual |y Kjamesen aperlargentbasi-hegariféagyebonte et be gy swcheohenn
the hori zontal- . pl.at r nher 05 radual |y .decreases’
downwar ds qté’féc?r?g %ﬁgg}\l/g{atél ?glrggi }%% irggln. eﬁef'?PgT%ES\%r Yiad o Y’ﬁécﬂol e
di amet @0 ofonicleef pow® fisonerthe po 1605 megiaduad b yc hectie posvak mimBcrano 264t he.
upper side of the hgl e d})agg%er of . tge gorous menper 1005b by ‘the taper
1110. Becal(S&5t REthi-8Ydramstardofor ki €| REPUBaMEMPEE LHE>PoPBLRUARNDRE
1005b reduegghilhuriheotd@@orkilds thepbikus mehivel PHEE4 T | Q¥R AdHQ henkover
part of the porous nenber 1005b does not flow backward to the upside of

t he por ousPRERYEr MeUDEBS 250 B tangd dQPiSKd RE§VEDE 8 et hE it trasrimioree o ft hekpoe ous
e or JEBehethlitoRr £58My RO UPHg RIUER Snld"EnbeBl BEOVER: L e
15 mal‘function of the actuator 106 to detect the ink end status as
ink exist status. The porous member 1005c can be formed by the
‘material which has a lower affinity for liquid:than the affiniﬁy
for liquid of the material whic_:h forms the porous member 1005d.
Fig. 75 shows a cross section of an ink cartridge 180D which
20 is further o-ther_ embodiment of the ink cartridge 180> using
actuator 106. Ribs 1100, which protrudes inside the ink container
194, are provided on the bottom side of the side wall 194b of the
detection side ink chamber 213b. T"he porous member 10055 which
is p_rov_ided inside the detectior_l side ink chamber 2l3b- is
25 _ grad__ual'l}./ compressed by the ribs 1100 such that i:he‘ area of the
' cross section on the horizontal plane of the porous member 1005b
gradually decreases downwards along the vertical direction.
Therefore, the hole diameter-of the porous member 1005b decreases
gradually in the_direction‘ downward to the ink surféce. Because
30 the hole diameter éf the lower part of the porous member 1005b
~ -reduced by the ribs 1100., the ink, which once flows into the lower

part of the porous member 1005b does not flow backward to the upside



which is nmounted on the top wall 194c, by the waving of ink. Therefore,
the mal function of the actuator 106 to detect the ink end status as the
i'nk exist status can be prevented. 30 Fig. 77 shows further another
enbodi ment of the ink- cartridge usinglg'tuator 106. An ink cartridge 180F
shown in Fig. 77 has a partition wall "2I2c which is sloped toward the ink
surface . 127 A porous nenber 1105e is filled in the detecti.on side ink
chanber 213b. The partition wall 212c extends froma top wall 194c. The

di stance Be! peen b, o el hod 98t Heheapnki saytfosige. 160G tandmciee

partition wa c graduall'y narrows toward downside. 5 Therefore, the
porous nember pboGe membempi86Skdofr trATESHL tARLOGHRINY IFFEURIYS I

such that the area of the cross sectjon . .he Lzant al the
por ous mﬁ@e?tiéﬁg‘btﬁr Sﬁﬁaﬁ‘?‘i}‘ata%lércleda@eg?-‘[qocvr\}aﬁg ag%glége;ﬁﬁ% Zﬁg%r galllomer
side of theshol &, dnanehesngl othenror onserefhes, HOSengrfacielion lodcomes

smal | er than 10 the upper side of the hole diameter of th %lrous‘ nPtnber
t
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part of the porou r, 1005e is reduced by the partition wall 212c, the
i nk, whi cﬁa8n%§ ﬁsrgv\r‘r’/%m?%tdd the | ower part of the ggr ous menber 1005e does
not flow backwarddt.076lR) upsd degof 76 he) paraus fustperberotlnEsemppdiment .

capillary force. Furthernpre, the .porqus, nme 1 e L Presenis
enbodi neniptEFehnl F?\:Rtfbd%?t%%W$@qu%aetoa%g&§{'or9-?%6,Q%égﬁl]ysaermuntsed on

the top wald.:194G1 $Vel Ba ondPvhdd o8l itakinEhel ferteion bé atbhk wacttidmasf the
actuator 106 to detect the ink end status as the ink exjst s%at HS can be '
20 praoentdE. Mitapvers (Blassbavst BB §XOFE GG I3 onV £ UeCt nk Enaier

213a is difficulf t t intq the degegti o sife 4 Ak 10hagherov &b .on
Ther ef or e S&Hé efgrg%??‘i%%mé’%u%eﬁ%y ?EZ zttachia%;e' of ~bubbl’e 96 the
actuat or 10f cawebesfds tdferhpreidanwed.l B6rtiedesest izh aidapinls hedheded
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narrows downward along the vertical direction by the taper 1110.
15 'Therefore, the porous member 1005b is compressed gl-*adual 1y by the
taper 1110 such that the area of the cross séc’:tion on the hori zontal
plane of the porous member 1005b gradually decreases downwards
| along t.he vertical airection. Therefore, lower side of the hole
diameter of the -porous member 1005b gradually become's smaller than
| .20 the upper side of the hole diarﬁeter of the porous member 1005b
by the tapé_r 1110. Because the' hole diameter of the. lower part
of the porous member 1005b reduced by the taper 1110, the ink,
which once flows into the lower part of the porous member 1005b
does not flow backward to the upside of the porous member 1005b
25 by the capillary force. Furthérmore, the porous member 1005b of
the present e'mbodimerit. prevents ink to attach to the actuator 106,
which is mounted on the. top wall 194c, by the wavi‘ng of _ink.
Therefore, the malfunction of the actuator 106 to detect the ink-
end status as the ink exiét statﬁs can be prevented.
| 30 Fig. 77 shows fu.rther anéther embodiment of the 'inkj
cartridge usiﬁg actuator 106. An ink cartridge 180F shown in Fig.

77 has a partitionwall 212c whichis sloped toward t_he ink surface.



i nk, does not work on the gap provided between the | ower end 212cc and the
side wall 194b. Fig. 78 shows further another enbodi nent of the ink 30
cartridge using the actuator 106. An.ink cartridge 180G shown in Fig. 78
has a partition wall 212b which is forngd,in L-shape. The partition wall
212b extends froma top wall 194c. A lower 128 end 212bb of the partition
wal | 212b is longer than the lower end 212aa of the partition wall '212a
in the enbodi mrent shown in Fig. 72 to Fig. 77. A porous nenber 1005f is
filled in pheoHeteaidnder $id6ei Nk fahaetietn ZhdbdetBbeAiparoide makbehadbos9,
which is a bottom part of porous__mnenber 1005f, is sandw chﬁ d

conpr essed 2Bpbt heThewarr tdivd omypbl Hf eréesrgel vani2 terpva éggf:orer,rh? he
hol e di anmet.er ' her 0 S ehkt b dalgeg dipget er
of the portgggt%ﬁ%ﬁe%%%@?h#ﬁggg “{aﬁlceh ﬁ%lﬂe) %iﬁa@mgt er of theﬂﬁgor ous nenber
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ink to att e actuator which 1s nounted on the, top wall 194c,
by the wavidagmeteirnkt t h&herefar eembée 19alSkugEdwnl bf bekemgstamldreribano

detect the ink 20 end_.status, as the j.nk exi st t us _can be preve
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Therefore, Qgas existed in the ventilation side ink chanber 213a is
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member 1005e does not flow backward to the upside of the porous -
15 member 1005e by the capillary force. Furthexﬁnore-, the porous
member 1005e of the present embodiment prevents ink to attach to
the actuator 106, which is mounted on the top wall 194c, by the
waviﬁg of ink. Therefore, the malfﬁnction of the actuator 106
to detect Ehe ink énd status as the ink exist status can be
200 prevented.. | | "
Moreover, gas existed in the ventilation side ink chamber
.213a is difficult to enter into the detection side ink chamber
'213b. lTherefore, the malfunction caused by the attaching of
bubbhatotheactuatorlOGcanbefurtherprevented. Furthermore,
25 a gap is provided between the lower end 212cc and the botton\Wall
Zé of the ink cartridge 180F. A capillary force, which can'hold
ink, does not work on the gap provided between tﬁe lower end 212cc
and the side wall 194b.
Fig. 78 shows further another embodimept of the ink
30: caftridge using the actuator 106. An ink cartridgelleoG'shown
" in Fig. 78 has a partition wall 212b which is formed in L-shape.

The partition wall 212b extends from a top wall 194c. A lower



to the actuator 106 can be further prevented. Furthernore, a gap 1is _
_provi ded between the | ower end 212bb and the bottomwall 2a. A capillary
force, which can hold ink, does not work on the gap 30 provi ded between the
| ower end 212bb and the bottomwall 2aizgFig. 79 shows further another
enbodi nent of. the ink cartridge 180. An ink cartridge 180H shown in Fig.
79 has a first 129 partition wall 212d whi ch extends downward fromthe top
face 194c of the ink container 194. Furthernore, a second wall extends
from theehidr st2pardf thenpaat it 2d2dvaldndidbt he lsingze mghian, 4gp ower end

substantially parallel to the ink:su ce. The I 194 i s 5 ar at ed
into a verti2Rat PorFlg d’é‘rltri-lglcﬂ%ﬁﬁéi éggﬁ léh}Ihae gg‘@é%kﬁ%%t %%%ﬁiln %g anber
213b by the firsigpaiiit hoPovBhs wdmskr fWdthesnpiklethen stoodetpartibni on

wal | 212e separates the detection side ink chanber into a first detection
si de i nk ehaebenk 2h3obeamd2d3becond det ection. side ink chanber 213d. A gap

is 10 provided between_the baott Il ndst heplewer ead:2L2ddebus the
first partition PFOEfzal?mlgﬁrrt Egpﬁgt‘e’:ﬂ%gcgapsi S provi deg) bet vvegrcl) tﬁe si de

wal | 194b rpRsetrheo 09, ends3hdeechbdtdied secpme s sgdr by tihenlaabr QiP@12Rb

concave part is provided on a part of_to pval.l -194¢c to for 214a
~ whi ch acc@pdsthhEipaps e 1?6'bF‘urT}?FéF‘?1§)91é‘l;)'.,B§%&?sl i ré"rat'ig(?g %ggﬁ‘rﬁ(}gd
“inside th&eﬁr&;@%ld% gctd oM Sd densABide hoke diaiieaie 2d Bahe(her ensl m2idee of

t he secon partition wall 212e, which extends toward the side wall 194b,

ext ends unolsft.o Thes poshe kol ehdiamgtat AUnddie BF P MEMCLFARECFRECE or €,
first, the

- (i ehePartislonwall 520 PLAven! soc20-Lhe et eriing et ububhl e
into the FEC8t LABIRIT YN [%?r&elfrll% ¢ an%er 2??30. T°f the %ubbl e "enters
into the defectd eRePStoinhembarhieros2dnd firsthakend portcus hembée 10§5h.
absor bed by the_porous- -nenber 1005i. Furth rrr[)reog'ofzj éjgeee?)ublal %rreg%%?es to
the secondhgabplei 8haRarpr 2@2%?%?%’:%5‘?%'3?? iTfH% dCEd H8 e "posIti on
whi ch i s Js‘t{%ﬁa BQdSEe§5dE>QﬁwQ§Ef eb 2ddai Ry &lher sesondipatdiidregn tial linR1. 2e. .
Theref ore, he“bubbl e 1's caught by the buffer 214a. Therefore, the B
' which once flows into the lower part of the porous member 1005f
15 d.oes not flow béékward to the upside of the porous member 1005f
| by the capillary force. Furthermore, the porous member 1005f of
the.present embodiment prevents ink to attach to tlhe 'actpator 106,
' whi’ch is mounted on the. top wall 194c, by the waving of ink.
Therefore, thé malfunction of the actuator 106 to detect the ink
‘90 end status as the ink exist status can be prevented.
Moreover, the bottom end 212bb is longer than the lower end
212aa of'the partition wall 212a of the embodiments shown in Fig.
72 .to Fig..77. Therefore, gas existed in the ventilation side
~ink charﬁber' 213a is difficult to enter into the detection side
25  ink chamber 213b. Therefore, the malfunction of the actuator 106
to detecﬁs the ink end wrongly caused by the attaching of bubble
" to the actuator 106 can be furth_ef'prevented. 'Fur_lthermore, a gap
is provided between the lowéJ_: end 212bb and the bottom wall 2a.
A capillary force, which can hold ink, does not work_on the gap
30 provided between the lower end 212bb and the bottom wall 2a.
Fig. 79 shows further another embodiment of the ink

' caftridge'lsb. "An ink cartridge 180H shown in Fig. 79 has a first



mal function of the actuator 106-to detects the ink end wongly by the
attachi ng of bubble to the actuator 106, which.is provided in the second
detection side ink chanber 213d, can be further 30 prevented. Fig. 80
‘shows further another enbodinent of thexg¢nk cartridge 180.. An ink
cartridge 1801 shown in Fig. 80 has-a 130 partition wall 212a as sanme as
the partition wall 212a of Fig. 72. The partition wall 212a extends .
downward fromthe top face 194c of the ink container 194. The' container
194 is sepgsat £dion niad 1la2vedtHiath entshde downwrdrifeomtizs tardfactet 4 i on

side ink 5 chamber 213b hy the partjtion wall 212a. A _.gap 4. i

bet ween t Pk thét t¥RCRACRIPET t hg%é%irWSﬁ’%FFCEfg%ﬁ& gﬁpéﬁégdn%?%%r
1 1005b is pgRyided-dinspdectbecdetpsti omisigdec bnkreharther s288b. waFur tiersror e,
a concave part is-provided on a part of top wall 194c - to forma buffer '
214b whi chsalssepnsiahky s ld e IAtpapes dankf auEL 202 10400¢ £OPLaHRGed! Betiieen
" the buffer 214b_and.the actuat.qr . 106. . f i i dd 1, wal |
212a pr%veﬁ?gaf%teegelr?tté)r? Ngngfggﬁ%%?es}%%ghghcg{%ée%??gﬁ iﬁgnﬁﬁ(é%dh%rhber -
213b. If gheebubid ecRamBes i7iIbt e dehectfiomnstsi geritik ionanbell 2 23Rd.

m st akenly, the bubble is absorbed by the .porous fre 1005b. Fng I f_.t he
bubbl e r eaBWESheBFR: uSHSr SPERNSF B 1FdORct YRh! sidhe S nREPRhARBEr Db,
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buf fer 214% a?ong the tapered face 1040. Therefore, the mal function of the
act uat or 1963¢oadét acsscbhd dekecsngnwsdagl yintsy aelan #ciichg & Fbi® to
the actuator 10 n 20 be further t gd. e, §haps,ande 54 28 g tdhe
bufferlocanpﬁ%"l‘g?(%g?et“é?%rilttr}};lerfogthtéjgn{e%}aé[ﬁl Egzg;gl\/gﬁgovevﬁ, the second
partition waklf242e parthei @nbedi lment2d .shewntharfbge, 79 gam e provided on

the ink cartridge 1801 of the ~embodi ment shown in.Fig, 80 such that_ t
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wall 194c to form a buffer 214a which accepts the bubble.
15 Furthermore, porous member 10051 is filled inside the_first
detectionsidesmallinkphamber213c. One end 212ee of the second
paftition wall 212e, which extends toward the side wall 194D,
.extends until.tb the position where just under'the buffer 214bg
| . 'Therefore; fifst, the first partition wall 212d prevents
20 the entering of bubble into the first deteétion side ink chamber
213c; If the bubbie'enters into the detection side ink chambe;
213cﬁistaken1y,thebubbleisébsofbaibythepqrousmember1005i.
: Furthermore; if the bubble reaches'tb the second partition wall
212e, the bubble ié inf:roduced to the position which is just under
25 the buffer 214a by the second pérpition wall 212e. Thereﬁore,
the bubble is caught by the buffer 214a. Therefore, the
malfunctién of the actuator 106 to detects the-ink end wrongly-
by_the attaching of bubble to the ACtuator 106, which is provided
in the second detection siae ink chamber 213d, can be.further
30 prevented. | ' |
- Fig. 80 'shows further another embodiment of the " ink

. cartridge 180., An ink cartridge 1801 shown in Fig. 80 has a



case, one end 212ee of the second partition.wall 212e

position just under the taper facep1040. Fig. 82 shows ?u??hgpq:gothgrthe
enbodi ment of the ink 30 cartridge 180 using actuator 106. An ink
cartridge 180K shown in Fig. 82 has a,ppotruding part 214f, which
protrudes inside the container 194, on a part of the top méll 194c. The
actuator 106 131 is nounted on the bottom part of the protruding pért
214f . A partition wall 212f extends. downward fromthe top face 194c. A
buf f er 21é§rt§;95ﬁVkQ§@ $ 05 5 €26 hs fie tdre thesigaren thenwveed 1t Ré2agefubisr 106
and the partition wall 212a and between thg actuat or . 5. 106 and, therside
wal | 194b72ThePled qragt itthieorpersilghéty 20f Xt R Sa.?YEH%ﬁd]EEPWS.suFrguﬁggg by
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106. An i @%eCB‘JSEE%;rq%llIBQFé shaWhe ighHi i i 2 whad alpart iA iporownsl meplpey

ext ends. downward fromthe top face 194c. The container 194 i
into a venbobat ienptbvsided iimsidratber detsstanRy §1 EtéBFiSHa@ES%EPEEgFEd

chamber 213b by the partitio 21, : ' ivebad
chanter 21,640 PR L 2300, ek, et opcopidad sadche
whi ch protudgsmi AshEies et e deteritdroncsiege si hlechalbie - 2 F3l5 2PFREd 28ﬁ8ave'

part of the top wall 194c. work f '
Furthé@noﬂ@ﬁOaiﬁopéagiﬁﬁﬁbéﬁthegéﬁg?Bg%$§%¥ egﬁjﬁggf éégﬁgegggggt?gﬁbgfde

i nk chanber 213 Vi di:na..t W ,
214t detect ng%g?ﬁf%&%, ¢ i11G: ¢ Wa G Akt 0 Sorl OGa DN £ h2a ppoevedtagthart

Iﬂgﬁnnrg?ggtg?iéghefamSM?gggéﬁ%Bg%ggﬁgégég%?guﬁkgg?Rk¥%§gﬂﬂg$é§¢%¥?nggé.
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mistakenly, the bubble is absorbed by the porous member 1005b.
15 If the bubble reaches to the ﬁpper side of the detection side ink
chamber 213b, the bubble is directly caught by the buffer 21l4a
or introduced to the buffer 214b along the ﬁapered face 1040.
Therefbre, thetnalfuncticﬁlof the actuator 106 to detects the ink
end wrongly by the . attaching of bubble to.the-ac;uator_106 can
20 be further prevented. The-shape ahd size of the buffef'cén be
'dther,arbitréry shape and size. - _ |
| Moreover, the second partition wall 212e in the embodiment
shown in Fig. 79 can be provided 6n the ink cartridge 1801 of ;he
ehbodiment shown in Fig. 80 such that the second partitiOnIWall'
25 212e extends from the first partition wall 212a toward the side
. wall 214b in theldirection parallel to the ink surface. In this
case, one end 212ee of the second partition wall 212e is extended
to the position just uﬁder the taper face 1040.
Fig. 82 shows further another embodiment of the ink
30 cartridge 180 using actuator 106. An ink cartridge 180K shown
in Fig. 82 has a protruding part 214f, which protrudes inside the

container 194, on a part of the top wall 194c. The actuator 106



-

cartridge 180K. The number of uneven part and the nunber of the "actuator
106 can be further increased. Fig. 83 shows further other enbodi mrent of the
i'nk cartridge 30 180 usi-ng actuator 106. The ink cartridge 180M shown in-
Fig. 83 has a plurality of partition m?% s 212f, 212g, 212h, and 212i,
each of which extends downward fromthe top face 194c of the ink .132
contai ner 194 The partition wall 212f is first partition wall, and the
partition walls 212g, 212h, and 212i are the second partltlon wal 1s.

Because eagh ﬂguhggﬁroﬁngﬁezﬁgEEomzﬁggg o212hB, prandudidyi patteachrof i he
partition walls.212f, 212 212h, and 5 212i and the bottomwall 2a of the

‘cont ai ner pe«#thavenawa.‘pl eﬂe&ﬁeremt@eldsqdpwnwmdbf)r@mn‘il'pl)%lrttOR)ffaCtehé9é§nt & ner

194 conmmupi cat es th.each ot The i tnid
ventilati oﬁ g? ?Wﬁccﬁgn@&;’\’é%g &4 a‘:"af):lil(qurZflr |I{He g?e %& s ﬁgenavesﬁ%ethe
smal | .'i nk abaa‘aebs m@fandZﬂlsg,pa%tam,loandaﬂn&nmpadabmm ﬂ:ﬁetekretm@dsr of

plurality of partition walls 212f, 212g,  212h and 212i . The bott art
of a plaraltPfyass the dedsctiadd i sndibeneterech r%erfngerYZ 3h,

and 213i C%ggygl;getfog\nltgﬂ %uﬁltg@tﬁgby Erehhefrdhe At Uakoﬁér&Q@fmer&@@B

106h, and I'S nmounted on p face 194c of each of the plurality of
the det ectuonsblndiapj:BVSdaHI1m$1kde:haﬁb@¢1se@mn2];@gi 2aRchamdEr3213b. By .
respectivel Eac of, the actuat or 06f 6 106h and 1061 i anged
on subst a‘ﬁ%PXF%Wen‘i%ﬁ @Ftt%qropipéce 39}%6’% erggﬁuofm?heppfur;fl{f

the det ectFeglshgﬁlﬁgaférlrﬁHfumﬂ@m 2E¥uati3goe2ddhtheantk Zddiridge
respective . 20 The volune of the ventilation side_ ink chanber 213a and
the det®ct ﬂéﬁJsb%org%wasmr St @emfacturing, theshnkapar vydge oh0J

gradual Iy decreaﬁf‘g §t%%g‘%hfe'forrér§$‘@1@%”%%%dl%§nt' o eagses mthe |
i nner side of the Tnk cont al ne Therefore the volume of the ink

chanber s gradtaldige deed easisg i arttusrar déré .25A0r dnkt feryehdye al§ Oh shawn i nk

g?grbe;hggggoféhe %5%§§'°%5¥€¥%1éﬁnﬂgll'9§2Cha end51§Oan§§§ f%%%hﬂu?nd

top face 194c. The container 194 is separated 1ntoeavent11atlon
15 side ink chamber 213a and a detectlon side ink chamber 213b by
the partition wall 212g. Uneven part is provided on the top.wall
194c,- and two actuators 106 are mdunted on the protruding part
which protrudes inside the déﬁectidn side ink chamber 213b. The
concave.part'of the top wall 194c works as a buffer 214c which
20 accepts bubble. .Furthérmore, a porous member 1005b is provided
inside the detection side ink chamber 213b. By providing two
actuators 106 on the protruding part 214f, detecting the ink
.cbnsumption_status mistakenly can_be prevented}. The number of
the actuators 106 can be more than three. Moreo&er, as shown in .
25 Fig. 81, positioning for mouﬁting the actuator 10§ on the ink
" cartridge 180K becomes easier when ménufacturing the ink
~cartridge 180K. The number of uneven part-and_the number of the
ac;uator 106 can be further increased.
Fig. 83 shows furthex‘othex‘embodimentubf the ihk:cartridge
30 180 using'actﬁator 106. The ink cartridge 180M shown in Fig. 83"
has a plurality of partltlon walls 212f, 212g, 212h, and 2121,

each of which extends downward from the top face 194c of the ink



interval of the mounting position of the actuator 106 is wider on the
airhole 128 side and becones narrower as the distance from the airhole
increases to the inner side of the ink container 194. 30 Furthernore, each
of 't he. porous nenbers 1005f, 1005g, 1005h and 10051 are tilled in the each
of the detection side small ink chanbers 213f, 213g, 213h, and 2131. The
each of'the porous 133 nenbers 1005f, 1005g, 1005h and 1005i are filled
fromthe detection side small ink chanbers 213f, which is near to the

ai rhol e 128nth@nkhel det eatricopastdeisanbd11 ek 2chasbel r 2 Jarviliion waslfar
~fromthe airhol e 128, sequentially. The porous nenbers 5 are designhed such
t hat the BoHe tdicarRardrl finey aaxskks | Ali%e g}&@r'apﬁo%%qkaﬁﬁﬁcﬁgenﬁ gpd

10051 10050. ;005 2Nl 10051-, 1% ROS 04S) U OEIS, 50be 0rRpdaual that

the affin _ reases Int order fromthe porous enber 1005f,
-1005g, 106hH amdiiO65i eadBecafischgamritsi tiintir odlded 2fl”2dm RAEgai 2hdhe 428, ink

is 10 consuned fromthe ventilation side_ nk chanber .213a of the_airhole
158 51 Be o2tne b SLEl HPTQR MAR ICHAMDEE D13 | ROt ot R R i

the ventihatheReshdBebnkgghamale 23 twhi Chate neAragie tenthenaikr hobe 128
is consuned, and during the ink level of the wventilation side ink chanber

213a decr caBmynichbest Wit hderasdt i oFheas: siHee siikl ciedk rdif@rperioM IBs 213g,
213h, and_21 > f | ith. ink the | l; i, D iLati
an nﬁ%%?Egiéggkgg Wik c?%ﬂ%ﬁ% &L Lhey Eng%%?%qéf&nok GeVEBLIbATI ON

side ink ¢ha reaches e 1ower en the partition wall
212f, airsiaatensll nink tdhandetrection, sktezgsnal 3hj rdndzarsiesepaBatedndyt hen

the ink in the detection_side small ink ch er 213f._is i nni 0 to be
consubd. tFReIFKOF RIT LT thel BEEELLIOR 3 U ¢l %]Tég, gﬁghﬁé}dn%iéf '
thereby begin,berdaCheasest A dhirhllivtiE ofi Riel Setbicklies kadkhemgel echkon

side small ink chanbers 213g, 213h, and 213i. In this way,. inkis = .
sequent i athgmbeoasiyeld, 2Adm.t Re3hvemnd Radilopogndel Fake chidiberchi18ahes- t he

detect] ongLAe pphl 10o @R SNAHET 12k, 10WH, NEHEPhBs it BE ROLALSaBADEr S

are deS|gne8 such tha e . - _

' the top face 194c of each of the plurality of the detection side

15 smallinkchéhberleBf,2139,213h,and213i,gespectively. Each
of the actuators 106f, 106g, 106h, and 106i>is-arranged on
substantially centér of the top face 194c of each of_ the plurality
of the detection side small ink chambers 213f, 213g, 213h} and
l213i, respectively... _ | |

20 The volume of the ventilation side ink chamber 213a, and

. the.detedtion.side small iﬁk chamber 213f, 213g, 213h,'and.213i
are gradually deéreases'as the distance from'the airhole 128
increases to the inner side of the ink container 194. Therefore,
the volume of the ink chambers gradually decreaées in the order

25 from the véntilation side ink chamber 213a, the détection side
small ‘ink chamber 213f, 213g, 213h, and 213i. Therefore, the
interval of the mounting position of the actuator 106 is wider
on the éirhole 128 side and becomes narrower as the distance from
.the airhole increases.to the'inner sidg of the ink container 194.

30 . Furthermore, each<3ftﬂm:poroustnembers 1005f( 1005g, 1005h
and 10051 are filled in the each of the detection side small ink

chambers 213f, 213g, 213h, and 213i. The each of the porous



hol e .di ameter ‘increases in the order fromthe porous nenbers 1005f, 1005g,
1005h and 1005i'. Therefore,. ink is consuned - in the order fromthe
detection side small ink chanber 213f which is relatively 30 near to the
airhole 128 to the detection side smaliszgnk chanmber 2131 which is far from
the airhole 128, sequentially. Mreover,. the porous nenbers 1005f, 10058,
1005h and 10051 prevent ink to 134 -flow back fromthe detection side snal

i nk chanber 21.3f to the detection side snmall ink chanmber 213i. In the
present ephagiRBntLo@ACh 0bobge acisat oxsd 106051106 Liibefl, faah 108F is

mounted on the top wall 194¢ of each of the et '%P”@é'thé‘k
chanbers Ze3fct2esgside3pmagdd X Z‘%3f}\ﬁ"tbr‘f‘ g nt2el§v§I Ihergj’f&sbre the actuators

1061, 1069, r%'BQE d dD6le gapedelsetsidie sthacnense cfardrer 2ARiquahichy
step by step urt ernmore, the volume of the ink chagbers decreases from

the vent |1Isatfa@nfrsmdehenklr:lhfah@eﬂ@rlﬁqltﬁrtth‘é‘]ctét ect PEnPeFdRSsHETPeT ik 10

chanber 213i graduall,y Therefor t LEr M rfsedatreehengrise ,
decreale &%t ﬁ@sﬁﬁﬂeauﬁlﬁ??tv Ut a %’ ;ed&elg%ggges Therefore. the f requency

of the lnlgfrq%a{lltlétpb&ﬁiseﬁémﬁércmnm 1Dnégeals%5tasmtihe0‘i’$1k erfds BOBPHER ng
near. Furthernore, each of the voI u of the ection sl k sgBLlealasi nk
chanber caenirerehaageReb§OEREAERGD it 1 I art |on Wart as in

the embodi.mept s itGe 84 Ebgn n%xsttomsffqrdctmj obheh ambodDEent of
the ink cart h%ge 8!698‘5 nge gctraat ore 106. In the ink cartrij dge 180N, shown

in Fig. 84, poBecsusenigerss iE00BfLradEmy MODBH: R 100! € at 88 pr bV dad in

20 the ink cartridge 180N suc hat p &f ;995 1
10060 nd CEBHIE] DERE e EaEhL B The el 2t on Pt ol e e

ventil ationsided fe ehanbetedtlan théedetlecthamber opels:rral IFOirnﬁxat’é‘ﬁéﬁbers
213f, 2139, 213h, and 213i. Each of the.ventil at.i on 13a,
the det ecttitoniskdin $iel venhklahanBetide 1K CHATRET 3 35‘1‘§,H1 ?g%?gsg

communi cat es %aCQ heL iE‘éOPthémnﬂéH ousdTBObeRs tA8O0BtK l]e(i@ﬁgofl@ﬁeh and
1006i . Therefore ?h porous mnenbers
ventllatlon 51de ink chamber 213a decreases, the other detection
15 sidesmallinkchamberleBf,2139,213h,and2131aref¢11edvuth
ink. When the ink level in the ventilation side ink chamber 213a
feaches'to the lower end 212ff of the partitioﬁ wall élgf, air
enters into the detectlon side small ink chamber 213f, and then
the ink in the detectlon side small ink chamber 213f is beglnnlng
20 to be consumed. The ink level in the detection side small ink
chamber 213f thereby begin to decrease. At this time,_ink is
filled in the detection side small ink chambers 213g, 213h and.
.2131. In this way,. ink is sequentially. consumed from the
ventilation side ink chamber 213a to the detectlon_51de.small ink
25 'chamber 2134i.
Furthermore, the porous members are designed such that the
| holediameterincreases1ntheorderfromtheporousmemberslOOSf
1005g, 1005h and 1005i. Therefore, ink is consumed in the order
from the detection side small ink chamber 213f which is relatively
30 near to the airhole 128 to the detection side small ink chamber
2131 which is far from tﬁe airhole 128, sequentially. Moreover,

tHe porous members 1005f, 10059, 1005h and 1005I prevent ink-to'



prevent the bubble, which is generated in the ink. container 194, to enter
into the ventilation side ink chanber 213a, the detection side small ink.
chanbers 213f, 2139, -213h, and 2131. Therefore, 30 even if the bubble
generates in one of the detection side,i,npk chanbers, and one of the
actuators 106f, 106g, 106h, and 1061 1§§ detects the ink end status

m st akenly, the other actuators 106f, 106g, 106h, and 106i do not detect
the ink end status mi stakenly. Fig. 85 shows further other enbodi nent of

Lhe 12Kk cand daex WSbRG kb At S0k sHaeli nikcananbege2 RRDA s litwn i n
Fig. 85 has a first partition wall 222 provided such that it extends
downwar d fdeamdthen epdsalsmadfl timk chikmbgrt Rildde 220A° Because - there is a

predeterm ned space between th Y n denbidstuaeard isépniom,l 222
and the bottom‘_\%é’i PSR SFE e T A gaef'l 6220A, ink can flows into the
i nk suppl yi ge0f,t a2:30 1toEriough rdua tleat bomtb@ welpl wad lofl Sdive difnleachr ©fi ¢de

220A. A second partition wall 224 is for such th he %)j{'lg i tion
wal | 284 ei@tt_@rﬂslq&’p%@ﬁ S“P%Uﬂﬂf‘ﬁe‘:}b‘ﬁ?}?@fﬁ %Eglf';?)g}f%?’fzrﬂle}_tq’nﬁ%gar r}ggetchZOA '
on the nore . ink 1SUPRLY, BeLLe23Pnsi dec @icdéhe foss) Pwad) ticwh waldd 2281
Because there is a predeterm ned space between the upper end of the second

15. partitdeon detéc24hendladreeassp bl the21inf EHANtAkYCAGSR dg¥ SIGR-  ink

can flows intg the ink, suppl ort 230 t diher tHae i nk
cartri dge PPSGACIRFEt itﬁlgt ?8>htu§1|edéf'i %ﬁe cﬂ%}gb% 225ag iocgeéf/%alrrseedszﬂﬁﬁ Vel y.

near to tRhe Aiinhkelien33de Qnit bhaabher2 tmmto ahdetemdtoirsieddei smal pgnk
chanmber 225b is formed relatively far_fromthe aicrhol §.233.1I§;/e-1];‘£5e. segond
parti tiPon akainbe24218he FeAdER} bh- si deey hanbdF 2558 aHE & det ecti on

5 oo g SETUSE, AR LoB88: (O L TRy ghtee) el puabces,
partiti Qn;mﬁﬂeﬂﬁih, Ere I5 edpteactyi of $ihge iMquainﬁl@tdh%(?FtZ??l icang d
Che t i1t ITHAARb A ATTE 335 408 tho LENAnT PRFTi i on wal | 224, Ther of ore,
. Furthermore, each of the volume of the detection side small
15 ink chamber_can be changed by changing the length of the partition
wall as in the embodiment shown in Fig. 87. _
Fig. 84 shows further other embodiment of the ink.cartridge
180 using actuator 106 - In the ink cartridge 180N shown in Fig:
84, porous members 1006f, 1006g, 1006h and 10061 are provided in-
20 theinkcmrtridge180NsuchthateaChporbusnembers1006ﬁ,10069,
| 1006h and 1006i closes the each of the communication port of the
veﬁtilation side ink chamber 213a, the detection side small ink
'chambers2i3f,2139,213h,ahd213i. Eachcﬂfthéventilationside
| inkchambér213§,thedetectionsidesmallinkchémberleBf,213g,
25 213h, and 2131 communicates each other_' through the porous members
1006f, 1006g, i006h and 10061i. . Therefore,'the porous members.
prevent the bubble, which is genérated in the ink.contaiher 194,
to enter into the ventilation side ink chamber 213a, t;he detection
side small ink chambers 213f, 213g, 213h, and 213i. Therefore,

30 even if the bubble generates in cne of the depection side ink

chambers, and oﬁe of the actuators -106f, 106g, 106h, and 1061



the iink in the ventilation side ink chanber 225a is collected to the
~detection side snmall ink chanber 227 by the capillary force 30 of the
detection side smal'l'ink chanmber 227. Therefore, the detection side small

i nk chanber  227.can prevent that the air _ bubble to enter into the
detection side ink-chanber 225b. 136 &aﬁthernnre the ink level in the
detection side ink chanber 22.5b can decrease steadily and gradually.
Nbreover a porous menber 1005g is provided. inside the detection side ink

chamber ghe V8| Prm?fe?{dhgpgtugqﬁééa%érpl@ 1ol denkoka ehaaders 2254 ,i S

| ar ger th une 0 et ection side ink chamber 225h. Because the
ventilati qrmss; deoshk oambern ddfe dstéor-ntelde olrrbcsendts)tqw ALEREKEM323 t han

the detection side snall nber . 225b i e; i i de
smal | “ink chanbés- 2%%t§hQ§”chH ﬁ%ﬁ oatf}}eerreFLHe EH ?ﬁté‘gve’ﬁ’t@fcf‘e‘gﬁrg?% de
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detection si g i nk chanber 225b is prevented bé ELOV|d|n ﬁ%he pOr ous
nenberleO&@|anﬁxhﬁﬁfﬁﬁtﬁﬂtxﬁchﬁkld%2%nﬁFPV1¢ﬁ@ EHGhbERas 25 F&SVer

t he porous, nenber. 1005 yent bubb! en Wi £ { g€ £i2d Beerulske i nk
suppl y poFF”ﬁ?@Idt%rgw?a%ﬁ E?hOfag}tq%)ator 106. ﬁﬁ%thernnre t he

capi |l ary dfenceisfa &Ji%dmreau&nmrmleacé&%sveers tgeehtv\ef:rtmoﬂ@%éﬂlrlsltary
force of the detection side small ink chanbeL Thﬁupq{qgé 10059
thereby pﬂ%ﬁ&&ﬁ%§qnnwalﬁo2?PoﬂPSaERef?8h??ﬂew? k supﬂiy por 6 to t

ventilati %n}gQ:a%@!waé Nk eRbamk2288p 1 f @ reaps 6 ltampugdr clee ‘h’btttb@
- por ous nenber 00 can be increased by adjusting the hol e. di a

Mor eover , wdﬂieBaapfltheylrﬂer:@rQﬁld% 258PousPnesbend RS THF B 1n(?tzélased
by corrpreSSI ?ﬁgmﬁﬁk %éout% mpler ggggrggp @i N 2333203 &E@éfﬂ&m rishe

top wal I tri reover, a check valve 228 is
provi ded Cff'rdnhehél nsda@t@mzfa’:m har o preneennkngat bei deakd 2R o LAk Meomitie
o 23 oty por P90 Ti2h LI RY 3L 88, T herl 1K SATIL1 95, 220R kAR BY
there is a predetermined space between.the upper end of the second
15. partltlon wall 224 and the top wall 221 of the ink cartrldge 220A
ink can flows into the ink supply port 230 through the top wall
' 221 of the ink cartridge 220A. '
| A ventllatlon side 1nk chamber 225a is formed- relatlvely_
near to the alrhole 233. On the other hand a detectlon side ink
20 chamber 225b is formed relatlvely far from the alrhole 233. By
the second partltlon wall 224, the detection side ink chamber 225b.
and a detectlon side small ink chamber 227 are formed. The’
detectlon 81de small 1nk chamber 227 is formed between the first
partltlon wall 222 and the second partltlon wall 224. .The
o 25 , I_detectlon side small ink chamber 227 is formed by prov1d1ng a gap,
o which can generate the caplllary phenomenon between the first
- partition wall 222 and the second partition wall 224. Therefore,
“the ink in the ve_ntilation side ink chamber 225a is collected to
the detec.t-ion eide small ink chamber 227 by the capillary force_
' 30 Of the de_tection side small ink chamber 227. Therefore, the
| detection side small ink chamber 227 can prevent that the air

bubble to enter into the detection side ink chamber 225b.



of the ink cartridge 220A can be prevented by the check val ve 228.
Furthernmore, the evaporation of ink fromthe airhole 233 of the 30 ink
cartridge 220A can be prevented by providing the check valve 228 on. the.
top face of the. ink cartridge 220A. I1f{4nk in the ink cartridge 220A is
consuned, and negative pressure inside the ink 137. cartridge 220A exceeds
the pressure of the check valve 228, the check valve 228. opens and
introduces air into the ink cartridge 220A. Then the check val ve 228

closes to peeehermbee! htediaknagel oh ik deremttibe. sidk ickr chidger Z2k 5
Here, a piezoelectric device,. as an enbodiment of a liquid censor will be
expl ai ned. cFhedprreass cBE¢2@l HE\ARG, IHA Yator, detects a state of. the
liquid inside a ] iqui ont aj Ymebbebi 20688gViikr ddan Jeldenconmse e
state of the.li q”&‘%"géjﬂsﬁ% 'udéegbggﬁé‘étghg? oF not the |i$1i din the |iquid |
cont ai ner gstespiyn @ithurninkl@hefbeme22fgui Ehe vicdwale of Ehe Y§fui ‘Pt ¥Sfpes
of the liquid and conbination of .liqguid ey SRECIE EnaRidads: ;
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i nsi de t he2Rbgui sl foomes adpsaret AdthecradhPhestich Haamhér CetRat 18R %5t ¢
wave generati devi ge gener.at.es el Asti e WV RetieReiide khael s@aid ink
cont ai ner, S%ggth@ﬁ Cicrh‘—’le"g)re 'Izgtgli’éde\ffl\gve Which i sét hus reflected by the

li quid surtpseber 22%@lis dbaposed] edimstrethet hakeid Fbecuphui bt 19het s s

anot her nethod in which_a change 20 of acoust, G I d i ed, by
vi brat ihg &nkr 6BeBPPEL P82 bF §OUPBPEP ng %%ﬁ}{eeclfrﬁél%g' Zagnegtvﬁ%vdlﬁﬁi zi ng
the change;ff; e h@cReldta diTpedanasal B ivikbeAtinhgr 2§ dis pfeaented by
pi ezoel ectric device or an actuator having a pi

e Oﬁéectri c el egent -atlﬁgrei n
i s vi brat egrovidéngdfheeporaupeeitRait 1PPeg OFEPSNPT T 1UUELEF TR back
25 el ectronotive for vef i s-fdetget &Ys rRase Ndosdherbaekts the
el ect r onot il{}% ?\%oar“&beerc F%ﬁl s%c%%ee by regg?rduasl’ vi bration c’\h}\ﬁi ch remains in
t he vi brat bagbper tuloich S& asteeedef eom thee iokapgepby port 230, to attach

15 to the actuator 106.

Furthermore, the capillary force of the porods member 1005g
is greater than the capillary force of the detection side-small
ink chamber 227. The porous member 10659 thereby prevents ink
‘to flow back from the ink supply port 230 to the ventilation side

20 small 'ink chamber 225a. The capillary force of the porous member
1005g can be increased by adjusting the hole diafneter. Moreover,
the capillary force of the por'ous-member 1005g can be increased
by compréssing the porous member 1005g. - ' _

Aairhole 233 is providedon the top wall of the ink c_ar"tridge-
95 220A. Moreover, a check valve 228 is provided on the airhble 233
for preventing the leakiné of ink from the airhole 233. The
| leakingof -iﬁk outside the ink cai*tridge 220A caused by the rolling
I-.of the ink cartridge 220A can be prevented by the check valve 228.
Furthermore, the evaporation of ink from the airhole 233 of the

30 ink cartridge 220A can.be prevented by providing the che_gk valve
228 on.the top face of the ink cartridge. 220A. If ink in the ink

cartridge 220A is consumed, and negative pressure inside the ink



the. .acoustic inpedance. As another nethod utilizin

acoustic i npedance, the inpedance characteristic org3ghgdﬁrﬁ?gﬁce0f the
Characteristic of the liquid is neasured by a neasuring apparatus such as
an inpedance anal yzer and a transm ssigRp,circuit, so that the change of a
current value or a voltage value, or t% 138 change of the current val ue
Fr vol tage value due to the frequency caused by the vibration given to.the
iquid is neasured. In the present enbodi nent, the actuator 106 can detect

the liquid status. boghdexLtbEqs e pregtigienet b cve teddr
above. 5 Fi°g ég Shows furt her. of he(riij enbodi nent Ig)(fealtfwhz |nk ;r?rﬁfhggéé

Fig. 86 sh@wkavaﬂwss28&0mpms @indapntarANEEEr fiFe HBOP THES §8M conguctor

menory device 7 dt a to r
et 2 M R R A o e b

the side wal li nk94Roml @ heughkt h&trttrhelge deOF%er ent-type Oring 614 surrounds

the actuator  106. A plurality of cau t -616 |
ne seliat® "o R ol alty ol ead i o BT

coupling the cir Pﬁ ho t
pROZYL Lh S0 i f’rﬁeh £854 Bé BEF i d Fevisiengot het
part 616 & P DUS I'ng the ‘g %L'gr ent - typglo rin 612 to 15etn%:a C|er ::lﬁl?fplrggg?d

610, the \idweaitsncaregaoa off tite atiwaidr lm@ﬁgecén B t SORF R F Rk PYand

at the sane tinme, the inside af the nk r
of the i nkitdaritZingy¥IPRAE &P RO EY areﬁl o%%ggo%nﬂ ?ﬁgegiec?nﬁcﬂﬁg?é?gt@ e

memory  deyjdi8 ek 80thotakaENG: dihiel Santeondaatdreornoiyexid v @epty. aTRent, 20

“termnal 612 transfer the signal betvve n the semc d
and oubsi d€ ttHee i hkay&d, r éeBrYi ARG A The %sgnéjgggéug?qgwngg%ﬁfe !

I LB ] Fa e A b, oy s o
| e sem conduct or
t he act uatqyt ek oAb odr ehé stttk orf the kil ¢ iinsdide Bﬁﬁrﬂlocéz_/’égev' ear%?\?g??ng

rocess can.

Peory devitoe = i THe et T YO e | ot et of
: method is considered in which the medium and the change of its
15 state inside the liquid container are detected in such a manner
that an.elastic wave generating'device generates an elastic wave

-1n81de the llquld container, and then the reflected Wave which

is thus reflected by the lquld surface or a wall disposed counter

thereto is captured. There is another method in which a change

20 of acoustic impedance is detected by'vibrating characteristics

of a vibrating object. As a method.utilizing the change of the
acousticimpedance,eavibratingportionofeapiezoelectricdevice
oranactuatorhavinga;ﬂezoelectricelementthereinisvibrated.

_ Thereafter, ‘a resonant frequency or an amplitude of the back

25 - electromotive force waveform is detected by measuring the back
electromotive force which is caused by realdual vibration Wthh-

remains in the.vibrating portion, so as to detect the change of

the acoustic impedance. As another nethod utilizing the_change

of the acoustic impedance,'the impedance characteristic or

30 admittancecharacteristicoftheliquidisneasuredknrameasuring
apparatussuchensanimpedanceanalyzerandeatransmissioncircuit,

so that the change of a current value or a voltage value, Or the



Mor eover, the working process during the manufacturing of- the i nk
cartrldge 180C and the recycling of the.ink cartridge 180P can 30 be
Sinmplified. Furthernore, the-manufacturing cost of the ink -cartridge 180P
can be reduced because the nunbers of thg parts can be reduced. 139 The
actuator 106 detects the ink consunpti-on status inside the container 194.
The sem conductor nenory device 7 stores the information of ink such as
residual -quantity of ink detected by the actuator 106. That is, the

sem conduciinde®esprohelevikeent %Bﬁ@rﬁsvbhEagafmm doe teltéoeﬁr@@u@hey
characteristi ¢ parameter such as the characteristic of ink ad'nd tI nk
cartri dge assed by thae iRuarddy I1U6 wWHRH el dG g EHESIHK consurrpfl on

status. The rYcO8Yi 6€ 10 aPEgMicRus]at shenesyikest esasant
frequency ofes\ﬁnerpng%g&lﬁfg%%gﬁt e %ont ainer 194 is full, that is, 10 when

ink is filiredde thee ldontiai rentkdesubli engnmeyhodr MeREACNAR aPAVEhe

container 194 is .end, that nk | t he as .
one of %t he char géﬁerﬁg%tsih@wﬁaf‘éﬁ}é?ﬁ e ?@%@%%ﬁ?ﬂfogiéﬁgnl?ngﬁgﬁgt?ggel nk

i nsi de the gpnt aigergel3hols 4 @|rbs$;t§é¢ltslombfeand istkat ast cadgde 89Por edhahen
the ink container”i's nounted on 15 the in 'h}& recor di Tg %P]lp rsfatus f81':"1 t he
first ti rrsseﬁMﬂfeG\)ﬂe?rtor nREOF BsdriaHie fr BRdeHy ARTHTR 1HFe PR CELSEn
contai ner 134 1S flllo ShaUS OF (3005 244 16aNchecstigged1duping the

0

manuf acturtl € cont al ner Because the unevenness of the

det ecti on of t hed1 esé teat - type Di-iryi ngf 6 1 41k soapniee & orpis 8166 AL st 8f Prg
the 20 resonant frequency _when the ink |nS| de i ofe]y er,19 ul |
st at usOor %%Ri“stthéttu§hf3ndfﬁee§§ﬂltcf)mﬁc?o? n%m)ri;es evi E@# tB%eélcg{défé and

readi ng oufyd hepdaf @ of i the @ﬁgmﬁﬂhgfﬁaiQiIGmBylﬁtfoztrﬂftei lonkt:lpeetsndecwadiﬂng
appar at us 5| de, it can be accur atelg detect ed thF the residu quagtl ty
of ink is dedy sasedupbettthe cazcudftebenge &H) t&t Fé FIMEHONES” it herY ot her

enbodi ment . of {the ipk GRLELLH95,a7A8% 10T tinkneacbht d0ged800Q slmwg tReFi g.
87 has a PR IHY ?
caulking part 616 and pushing the different- type O-ring 614 to
15 the circuit board 610, the v1brat1ng region of the actuator 106
'cao contacts with ink, and at rhe-same time, the inside of the
ink cartridge.is sealed from outside of the ink cartridge.
A terminals 612 are formed on the semiconductor-memory
device 7 and around the semiconductor memory device. 7. The
.26 termlnal612transferthe81gnalbetweenthesxmuconductormemory
‘device 7 and out81de 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 semlconductor memory device 7 and the actuator 106
25 are formed on the same c1rcu1t board 610, the mounting process
:can be finished at one time during mountlng the semlconductor
memory device 7 and the actuator 106 on the 1nk cartridge 180P.
| Moreover the working process during the manufacturing of the ink
cartrldge 180C and the recycllng of the ink cartrldge 180P can
30 be simplified. Furthermore, the manufacturing cost of the 1nk

cartridge 180P can be reduced because the numbers' of ‘the parts

can be reduced.



partition walls 212p, 212q, and 212r. The partition

212r separates the ink container 194 into Phe 30 venr?:afigﬁzgidezsﬁg1 and
chanber 213a and the detection side small ink chamber 213p, 213q, and
213r. The partition wall 212p is the {igst partition wall "and the
partltlon wal I s 212q and 212r are 140 %e second partitioh wal I s. Each of
- porous nenbers 1005p, 1005q, and 1005r are provided in the each of t he
detection side. small = ink chanber 213p, 213q, and 213r. Furthernore, each

of partition  wajLs, 231240:2136, défsk2d Bmeat akpravs et

: N e tiugpl e
with 5 substantla%ly equal intervals. Furtherﬁ%re egach. of,;@% P gﬁpﬁgigﬁc
wal |'s 212phe2ddut aamelr AP2r eXhe rRRNIGUMYHLT GFREY S 998 tomé}% Eh

bot t om wal, | ach o e t
dlfferentlpéﬁﬁPﬁElﬁBr% v%ﬁk éq?h F%hg?ﬁ¥@h£§t%%g%%}%?%?gﬁjagﬁfgégiguabg

and 212r pergesastbr tbe.ordest 1ﬂsoftmehespmc©nd@ﬁt%| peneby dgYdye

212r.. Therefore, even the |nterv ween th
212p, R12gtoand theoinferag ¢ it atﬁé\ oltﬁ‘r‘?e o @tg%gggé%ﬁqgfﬁgﬁgﬁ%gteg\é\?: 1)?1

g:c dgacﬁrrg:csl F' egpggr}ta%w?%%%a%%rg%]}%rgﬂtzllﬁg tdheabk bhkerarBectasasefefpengt h
, 15 and 21
i ncrease @het&etdasdoands whem dﬁteec?taif%dﬁ@ ipk, C‘@%%‘“Pétrjrflﬁélfrt%' ?ufessc\lljmlrkl tthe

enter- into the detection Sld fggﬁgj 2
fromthe é?WﬁGPBgufﬁgr m?maﬂﬁcwe f%e g§?ﬁgtor 106%§%gﬁ@hg?22fe$ﬁghrﬁit'

exi stence fr@g%n@}caf aiely ianDngstte vt waidvasinegsp 941080t uhd t1E6r 1§hi ch

20 is nounted on the each of the detection e
h
213q, 1andwpesr inkiig f8818R0R A1 EﬂBBaFﬂﬁﬁtf%ggﬁﬁg%alrg@é?dlﬁgnﬁgghgégppart

of the |nk c trlg €a3pdan

Ldae.and anqk nksj &har eaesdi g, appariat whendooh aises 1
act uat or Fn tﬁe present en%odlnent the ink cartridge 25 gBOi Eﬁﬁn in
Fig. 72 lasu:S@dsuerY\eaerqnethé tihekcleara ¢t 2feS ¥ 1 RAY 2"6f Fhe & *E8P %

shomm in Fi 73 t
T

or end status can be stored when the ink container is mounted on

15 the 1nk jet recording apparatus for the first time. Moreover,
the resonant frequency when the ink inside the contalner 194 1s‘
full status or end status can be stored during the manufacturing

of the container 194. Because the unevenness of the detectlon

of the residual quantity of ink can be compensated by storing the

20 resonant freguency when the ink inside the container 194 is full
status or end status in the semiconduotor memory device 7
previously and reading out the data of the resonant frequency at

the ink jet recording apparatus side, it can be accurately
 detected that the residual quantity of ink is decreased to the

25 reference value.

Fig. 87 shows further other embodiment of the ink cartridge

180. The ink cartridgé 180Q shown in Fig. 87 has a plurality of
partition.ﬁails 212p, 212q, and 212r. The partition walls 212p,
212q, and 212r separates the ink container 194 into the

30 ventilation side ink chamber 213a and the detection side small
ink chamber 213p, 213qg, and 213r. The partition wall 212p is the

flrst partition wall, and the partition walls 212qg and 212r are



A plurality of ink cartridges 180A is nmounted on the ink jet recording
apparatus which has'a plurality of ink introducing, 30 nmenbers 182 and a
hol der 184 each corresponding to the each of ink cartridge 180,
respectively. Each of the plurality of,jgk cartridges 180A contains
different types of ink, for exanple, 141 different color of ink. The
actuator 106, which detects at |east acoustic inpedance, is nounted on the
each of top wall of the plurality of ink cartridge 180A. The actuator 106,
a partitiqRe ¥ekdn@iRat idNnAwRDIOUS FaRIber pidhls aeabproviadse . f P 0Bdeh t op
5 wall of the plurality of ink cartridge 180A 'er%g resi dual qggng@n y, of
ink in thearidnk0art ardgere8ddedni bet ireiadde @ iy Mo (rtieFy L oPh& a5t Uator 106
on the ink cartridge 0. partq ti ek rd)l e¥Mentst phetwavong and
bubbl i ng df? 'ﬁlﬂém}ﬁ‘gﬁ.‘?@é”sgg&g’ 2an e%%??'ﬁodurntd t he head msn‘oefr3 of the ink
10 jet regendisngiappar eddis ankdn2ibe greepentideboon rdre topheat hi 94Cart Fldge
180A shown in Fig. 72. is used. However, the_in id ' y t he

i nk cabt r iSHRE S Ly Feguar3 tR-& ?{é 84 a %(r)gré%%rﬁ%};ééhsg%drgu%?herghgre,
the ink cqriiidgenolhfie oubgr 2henm ahaoran deaskd frHwe thek tpet va ]
recordi ng “apparatus has an 15 ink introducing _nenber 182, . a'agﬂlidgblm, a
head pl at @ suB6towadd thenbektemptadtle2a 88 EactpPhrdts PFTEf Th8221% 100, “Rhi ch
jet out ink, is forned on the. ‘e.p 88. XK itHer Qdugichg offenber
182 has arf&% ?ﬁ‘&plzgsﬁoﬁgvﬁﬁlggé%éﬁti%%?%%fodmuogﬁod}ﬁl et 183. E The air
supply hol g, 18k sypRbresadils 202phelink eact Rldgeingdeages Hie thekorder
introducing inlet 183 introduces ink_fromthe. ink c ] 1 I nk
cartril@ge dfBGAehR3T aht &PR Yoty sddei n@mgnl,aé}defég randﬁé%%ﬁ‘%eesu%%f E);gr%t

187. The ajr(tt !Uarlog%%%%ni pheteadiB5E &R mndtces @i waflienz be, @r2@uppky

hol e 181’-01f ein i ntroduci ng menber 182. The ink su{g%‘%/.tr#or.t 187 o
suppl i es izlet ds2Biflierenk,i hheodekiryy dinltdée e8shofl thie' ST 5d0€ing
menber 182. y intrqducing air fy. e+ QK didRdUG LM fTember 182 to the,
ink cart r?'??gﬁ 180, thhae”&?en caal{ r({llgr;éa.trj%BO accel erates the su

: Becausethelengthofeachofthepmrtitionwallsggég,%HZq,
15 and 212r increases with the increase of the distance from the
airhole 128, gas 1is mosﬁ difficult to enter into the detection
side small ink chamber 213r which is farthest from the airhole
128. Therefore, the actuator 106r can detect the ink existence
moét’accﬁrately among the actuators 106p, 1064, gnd'106r whiqh
20 is ﬁoﬁnted on the each of the detection side small ink chamber
"~ 213p, 213q, and 213r. | '

Fig. 88 shows an embodiment around a recording head of part
of the ink cartridge and an ink jet _rec'ording apparatus which uses
the adtuatorllos. In the present embodiment,-the ink cartridge

25 iBOA shown in Fig. 72 is used. However, the ink cartridge in any
.of.the ink cartridge shown in Fig..§3 to Fig. 84 also can be used.’
 Furthermore, the ink cartridge of the other formalso can be used.

A plurality of ink cartridges 180A is mounted on the ink jet
'recording'apparatus which has- a plurality-of ipk int;oducing.

30 mémbers 182 and a holdef 184'each corresponding to the each of
ink bartridge 180, respedtively. Each.of the plurality of ink

cartridges 180A contains different types of ink, for example,



ink fromthe ink cartridge 180A to the ink introducing nmenber 182. The

hol der- 184 conmuni cates ink, which i-s supplied fromthe ink 30 cartridge.
180A t hrough the ink introducing menber. 182, to the head plate 186. Ink is
supplied.to.the head fromthe ink cartridge 180A through the ink

i ntroduci ng. nmenber 182 and di scharged™to the 142 recording nmedi um from
nozzle. In this way, the ink jet recording apparatus perfaorns the printing
on the recording nedium Fig. 90 is a cross sectional view of an enbodi nent
of an in i@@g&ghg%lf MSEn t irrd gbBgkeoeol @8, whikhedaoptes dtheebback 5 .
ink. In thé ink cartridge showm in Fig. 90, the detection nethod

i npl ement edoist basédpedaaceet hedmounbag ﬁéthbaseaéécpﬁbéapaﬂaég,Ofiﬁhﬁhich

the position of .the Liquid surface i.n.the Ligui [ apdwhet hgr or

not the I.PEHFGEFEYe_?r%tJ&' rcear%ertledC ee&%lg)%'r etﬂé(?\%%g& f ]glrr%['l ec gdm\/vave of

the el ast.i,g11ayesaAsafd NBapsrdes geanesatlouphl G rangrosteied Hgrt kechl ASPi ¢

wave, an.elastic wave generating device 3'1is gtili§§$§ Aqfink sugghglport
e 't he ?

2 whi ch cesdd iof core aPLukPLRtyarrt nkaksuppry X heaal ®cording

appar at us o| 1,8 Sea L RBNEhe 1k PLOM AR | Bo 0D Blelteictbdny ebuhouags t he
ink. In af“8ltsrde portion of a bottomTace |la of the container 1, the

el astic wane a5tgeneraldagodevheeiskisampuiiasl KRh Mhet PRRE1EEREL FElhave
can be conmunicated, via the containert,, .the_ink _inside the container.
In order £h3R BFeXegﬁﬁgégﬁtwﬁﬁ?Bﬁ FHQ ?Hﬁgﬁlbg gknégk'used.up, i . e at
the time when thegi nkobgewesa ade t Akt entbsidtihe temd memgfeer ofothe thk:

el astic wave can change fromthe liquid to the gas, the 20 elas%hg %aﬁe
gener & i ngetieviecerding HRPALREHS n QﬂqQﬁnqﬁﬁﬁéhﬁu%Wbﬁgéw??%h e ink

rom

supply port 2..Nbre 1 ashi Giwave;, regeisiedy MeghisevEy, bensepakately
provi ded FﬁgggéggésgxﬁﬁﬁtgﬁﬂgA gﬁasfﬁﬁ wave generating device 3 is used as
‘an el ast i gawayedggenar ahiyngf delve cenlontart 2i3ige mhaihd v iFig -4.73ak8 B1ldal ve

backing t s SoerbRgutE w e TR RS bpf TELRREBCaR e Bhhet,

a recordi g, hegdlso can be used. The ink jet recording apparatus has an
15 ink introducing member 182, a holder 184, a head plate 186, and
a nozzle plate 188. A plurality of nozzle 190, which jet out ink,

is formed on the nozzle plate ‘188. The ink introducing member
182 has an air supply hole 181 and an ink in.t'roducing inlet 183.
The air supply hole 181 ;suppli_e's air to the ink cartridge 1.80'

20 The ink introducing inlet 18'3 introduces ink from the ink
cartridge 180A.. The_ ink cartridge 180A has an air illntrodu_.ci'ng

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

185 'in_t_:foduces air from the a_ir. supply the 181 of the _ink'
introducing member 182. The ink supply port' 187 supplies ink to

95 the ink introducing inlet 183 of the ink introducing member 182.

By introducing air from the ink introducing member 182 to the ink
cartridge 180, the i.n.k cartridge 180 accelerates the supply of

ink from the ink cartridgé 180A t_o'the ink introducing member i82 .

| The holder 184 comm.unicates ink, which is supplied ﬁrom the ink

50 cartridge '180I.A through the ink intfoducing member 182, to thé hea_ld
f)léte 186. Ink is: supplied',to_phe head from the ink cartridge

180A through t-hé' ink introduc_ing_member 182 and discharged to the



31, in a fluid-tight manner. The valve. body 6 is constantly and

el astically contacted agai nst the-packing ring 4 by way of a spring 30 5.
When the ink supply needle 32 is inserted, the valve body 6 is pressed by
the ink supply needle 32 so as to openlgg i nk passage, so that ink inside
the container 1 is supplied to the recording 143 head 31 via the ink
supply port 2 and the ink supply needle 32. On an upper wall of the
container 1, there is nmounted a sem conductor nenory neans 7 which stores

data on i nk.idisddgy hB8iukhnkr SRhbLizdge. Bn fkuritsheapprehe dnkojeus enerkiengl050
is provided inside the container 1. A gap is provided between the porous
menmber 105{pparat ushere fmisc thegy @ Igaidma Oy tdhey FEECT HES BIFRAA i nk | ayer.

By providing the, porQqus . " 50 .Lphside; &y Contal Nebokindi JFORAUS
menber 1050 pr e\%elrﬁ's%tbhel%t\;?%aégr‘-Q_%{:Jgg?ﬁ%g of ink inside 101the contaai ner
1 when. t hei ik aeartdgdgtomiseswh ohed engliet toldre, foetexdinpdehedie by acke

scanni ng operation during the printin progess...Therefore, th | e and
wave of i nkfs dff FReWS £82 g ﬂgﬁa‘?%&'ﬁ? d&ngl?hegoel géfi ce%/\é/a(f/telcgneﬁgrgglfﬁng
device 3, ihe SlAftdS 1 WBY S G LARE NodlL WnitR1gBmE BRoAs Gl &l hedlebesi , t he
i nk consunption 15 status. Furthernore, the hol e dianeter of porous nenber

1050 i s setn which tHeapos heipoodushend i d1050 afsesnidte abddt BSONGR 8Lt ed
in the,ink layer 1060 when the. .ink ;surf h O Lha R deay8hg 1060
by the co CEREEF OF ik ntfslh‘ledge‘.lqpﬁg J(":lé(’)_nt gl %?Q%_&ié%éo% her %0 Wor ds, “t he
por ous nerdes r:@58cteddesigped istiehathat wahe capisl 4 aepnsf borgenenrks ing t he
_porous nenber 1050 does not _hold ink in the container 1. Therefare

. 1 nk
does n6t ranfirRCPAVERE R 64&SHERER Ve 108CE RS TS “6WR AR ght t Hhd 9Fd :eﬂs in

the ink |ayer, 1069;uhan the ; inkubpiidgother Gonicdi Bemed 18 dohw@itd Rk thear
end status. 25 An airhole, not shown'in the figure, is provided on the
cont ai ner dn iThesupphoheedsd epr bihgeteerrdineg gpperasigelvf $eRled ARNSEET ace

to Commnii(isa'tp%ovx\ﬁi%%doy}lsait %%n%tai%%@t f‘ivnueirt:h]'hoﬁ‘isésitshe ink. In an outside -
portion of a bottom face la of the container 1, the elastic wave

15 generating device 3 is.mounted sﬁch 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.atthetimewhentheinkbecomesanink—endstate,thetﬁéﬁsfer
. of the.elastic wave can change from the liquid to the gas, the

20 eléstic Wave generating device 3 is provided in a slightly _upward
position from the ink supply port 2. Moreover, an elastic wave
receiving means may be separately provided instgad,.so that the
elastic wave generating device 3 is used as an elés;ic wave
geﬁefating device only. ' | ' . ' '

25 A packing ring 4-and a valve body 6 are'provided in the ink
supply port 2. Referring toFig. 91, the packing ring 4 is 'engaged_
with the ink supply needle 32 communicaﬁing-with a recording head

| 31, in a.fluid—tight manner. The vélve-body 6 is constantly and
elasticallycontaétedagainstthepackingringlibywayoﬁaaspring

30 5. When the ink.supply needle 32 is inserted, the valve body 6
is préssed by the ink supply needle 32 so as to open an ink passage, -

so that ink inside the container 1 is supplied to the recording



i ntroduced inside the container 1 by the airhole, and ink flows downward
by its own weight with advance of ink consunption. The 30 residual ink
thereby stays in the ink |ayer 1060. Because the porous nmenber 1050 is
provi ded inside the container 1, the e]lastic wave generating device 3 can
detect the ink quantity only when. 144 the ink status is near to the ink
“end if the width of the ink layer is small. However, ink does not wave
by- provi di ng the porous nenber 1050 in the container 1. Therefore, the

el astic wav ti .devi.ge,3,Cahredes epid tdre iimk suppdyenacdleadely
when 5. }Aﬁggfingfg\g{%;&{e&gfﬁl& geBFh)e/ %gﬁt ainer 1 reaches to.the Iog‘er end of

the por ousnnebenppeS0,walnd phk e f geBtatNEKs Wi t kv thel F nlO ayer 1060,

Moreover, the width of the gap bet gepbsh inl058saae the
el astic \/\é?@1§8ﬁal’18{:f°ﬁgm?i‘é i g‘e§rﬁs\é\€ﬁv§#%\?n#%%§%o 10 sluppr ess the

bubbling o¢tfyi Bkrasiayeh as possible, the width of ink layer 1060 is reduced
by providing the porous nenber 1050 on | ower side of ontai er¢ e If
the wislth of thBurhkermyEe. 196PTIES MRIHTET ) e|1aSsPir€U%§\‘?§ 'gg%eratitna
~device 3 can detect. the,i Quantdtieenhe rween the pokossatmesbes heap to

t he ink eﬁﬁptﬁé\r/\lg\%erl,' %S.é]#nkl does no_te- wave inside the contain rll. :
Ther ef or e antihehel asabeicwaaes gereemtt npg disN e 3 &&h [ECURSt épg._.ag?&:t t he

i nk. guantity and _existence of ink n 8 | nk; GONSKUMLd A isleat WS tRenear
to the i BY BRAVIEAPESS RIS H 8¢ % %grggugggr"érrber 1050 i s preferabl y

| ocat ed nearbysthemSLasiisn paeeepesetat iwmgy iday icceb8bbdingtdbunk iRFLffg
~the. width of gap between the porous nenber.. 1050 and el I.C ¥ethe
gener a0i ngheevposainenbi ewher, Lhe ek I8 ikl %V%Sngoégﬁzl%gt ‘év\g@ because

t he bubble of ink is & j - r aepderddpPbig the pubbkéendoes
not stays r&F&Eﬁld“ﬁhzle%]%;gﬁ?%m&fe&g‘elnﬁa%% devi ce 3. .The-.%%r.ouz nber
B3 EGY é?[rg(?t t he

1050 t her elypcereventse2bfohe,. e fess tiub by @ngeWer &t ‘Pfﬂg“&févii%él

i nk consunption status._mstakenly. Fid. .S+ r | §e6t i nakl Msewe
showi ng ameaeBadieneheyo? The e1&8LYe wavé gkt Bng RSB

wave generat ihg device 3 can accurately detect the ink consumption
15 status. | _ '

Fﬁrthermore, Ehe hole diameﬁer'of porousxnember'105o is set

- such that the porous member 1050 does not absorbsfink existed in

the ink layer 1060 wﬁen the_iﬂk durface reaches to the ink layer

1060 by the consumption of ink inside.the container.l. In other

- 90 words, the porous member 1050 is designed such that the capillary
force works in the porous member 1050 does not hold igk in the .

| container 1 Tﬁerefore, ink does not rer_nain in the po;ous member

1050 by its own .we'ight and remains in the ink layer 1060 when the

'iﬁk inside thé container 1 is in an ink néar'end-status.

25 - An ‘airhole, not_shown_in'the figure, ié'proyided'og_the
container 1. The airhole is provided on the upper'sidg of the
ink surface to communicate with outside of container 1. Air is
introduééd'inside the container 1 by the airhole,'ahd ink flows
downward by its own weight with advance of ink consdmption. The

30 .residual'ink thereby’stayé in the ink layer 1060. Because the

:porousnemberlosoispmovidedinsidethecontaineriL the elastic

wave.generating device 3 can detect-the ink quantity only when



a maj.or part of the ink-jet recording apparatus suitable for the ink
cartridge shown iin Fig. 90. A carriage 30 capable of 30 reciprocating in
the direction of the width of the recording paper ‘is equipped with a
subtank unit 33, while the recording head 31 is provided in a |ower face
of the subtank unit 33. Mreover, 145 Yhe ink supply needle 32 is provided
in an ink cartridge nmounting face side of the subtank unit 33. While the
recordi ng apparatus is operating, a drive signal is supplied to the

el asti c wave generating device 3 a. det L KON G s WHL Lk S in
advance,.fB?egfhnﬁggkugfuﬁnggfi%?%Hﬁé%ﬁgéﬁg%&?gﬁgg fﬁgle_ag?#%.nmaféggf
generated by shelel asidwewave igerisead img dewe oy potidirsf erredmuhe
~ink by propagatin thtou%h the bottom face |a of the cqontai.ner .1 so as to

be propaga@@@be¥099ﬁ@ LAk Theo coptadmeri dg  Ae&Edorece Jardrist ige

device 3t eﬁgfatfﬂﬁt@é@féé i) c%jrp(c‘i%.t%_d%r Qﬁ@5§nk‘0§u§f‘9§gd£@@uﬁ@$ﬁf®ﬂ% for
use in detecting the liquid surface.is unnecessary in the course of

f or mi ng t heheomkismerface amsiidieet heoromept Hieny precade<ca® bBe LewHT ignked

d the | cof the liquid s whi : .
Cupposedl yo brtiBed chanBAC R bt el SPRLGTY Hpr Do e g SRR TR R

i nk cartriggperFymgﬁernDre, a porous nenber 1050 is provided inside the
container 1. By providing the porous nmenmber 1050 inside the contai.ner .1,

the porous membefoueBehr dlithts At MaligIsP 2HtBEBDI FRg BPT9Hk M58 t he
contai ner lowhen 4 bg.i 0K, cafd LjdQeqORYLs: i AQWRN’e W {8 Hdte1{gcoedl nardead

by the scanning operation- during “the printing process.. Because the
bubbl elandsupwee o . thakoulsbl g fafculnk ve guabr aseprassihdet hehe|wisttilt afave

gener a1 10,80 58 Sursel SRILR Y- 890801 1. SRR, Refepogss el Y
sectional vies ¢fi R sehinkoniatine331 . The shbtwank hupift tB8 icknpaysesiadie i nk
supply nee?éim%%ﬂqtggeielastic wave génerating device 3 can detect the ink
.quant.ity only when the ink status is near to the ink end. However,
15 ink does not.wave inside the conta_iner 1. Therefore, the el.asltic
wave generating device 3 can acguratély.detect the ink quaﬁtity
and existence of ink when the ink consumpt ion status is near to
the ink end status. Th_ere.fore, the porous member 1050 is
preferably located nearby the elastic wave'genéraping device_B
20 without limiting the width of gap between the porous mehber.lOSO_
and elastic wave generating device 3. Moreover, even the bubble
of ink generates, because the bubble of ink is absorbed in the
-porous member 1050, the bubble does not stays afound the elastic’
wavégéneratingdevicé3.-.Thepérouémemberiosothéreprrevén;s:
25 'theelasﬁicwavegeneratingdevice31i;deteqttheinkconsﬁmptibn
status mistakenly. - | o
S Fig. 91 ié a crbss sectionai.view showiﬁg an embodiment-of
a nllajor'part of thé--ink-_jet recording -a_pparatus sulit;able' 'for_thé,
ink cartridge shown in Fig. 90. A carriage 30 capable of
l3_0 reciprocatiné in the direction bf-the width of the recording paper
| is equipped with a subtank unit 33, while the recording head 31

is provided in a lower face of the subtank unit 33. Moreover,



i nk chanber 34, a flexible valve"36 and a filter 37. In i
_ 34, _ _ _ . the ink ch

§4, fhe i nk |s_housed which is supplied fromthe ink 30 cartridge v?gbsak
ngS y32eed|e 32. The flexible valve 36 is so designed that the flexible
val ?nk hsngpened and cl osed by neans;49f the pressure difference between
| chanber .34 and the ink 146 supply passage 35. The subtank unit 33
S so constructed that the ink supply passage 35 is comuni cated with the
recording head 31 so that the ink can be supplied up. to the recording

head 31. Referrjng, )thedgé 3ahen

ptbeided isuppl ynporartxisiog Reunsing
cont ai ner % is insertéd through the ink_supply needFe 32 of the sﬁbtank
unit 33, theevalide bédyhs cubEas¥ HHatndf-the spring 5, so that an

i nk, _passage is_fo e i
ink ¢ & epeiraitnen,
i nk’ chanber 34. wkfﬁ q%agecﬁﬂ%?éﬁﬁﬁgaﬁﬁgggﬁanbe? r32 |§ éf?gomssugnglthe

negative QLESSHHE:éS tapphe ed dsy i wavelgenErasiad f @VéFet%étraegSFSFﬁdoﬁ‘ead

31 so as - to fi the recording head wt
oper at § on timg ngevhaehekp S%ég‘ T“ﬁ Pk |ésqo£c%§<§u#2%r ?%Ezgrecerltet?grr{jlgﬁgﬁﬁggg 31

by the recgrd ope o
by the r ecqr di g operaid opy a@cpressiie bantbarddurist r sam ofladieid | ERVE| e

g s Sy, SR B gt o

opened, the ink. i nk QQQHQ%§ f
£ Bfefd WS ii:01 theasteche gir
t hr ough tWQQQH@hb %%ﬁ%t cconpanleg by tﬁé i nk mﬁ?ch hag ?Pgasgaﬁﬁ%o

t he recoqunghgea¢k31 the ink in the container 1 flows into the subtank

unit 33 via the ink supply needl 2Q 32 i
shown 10n ‘Fi g. 9Bvam@heirgnggzhe @Sé?llafsffé’evé\%@%é%%elr %t r&r%gllgg?gletggmglﬁd t he

D her ng%ertalql%q:o\}?ggéﬂgg\é%g&%f\é@ldfnehlbédﬁulhgaelkeumrbées fRbve YRS G
Yy e elastic wa
25 s, pr oviatash e arta o 14 Ayer£ 2060 erIRGHCERETE) 38 [ Ewggeice of I

t d
Ganer ali nOFURVITED CE (R ST Chet | AR 1T cotfol maiagagibocuavean b

simplified and the leakage of the lquld from a place in which
15 the .electrodes are supposedly embedded can be avo;ded thus

improving the reliability of the ink cartridge.
Furthermore, a poroue member 1050 is provided inside the
container 1. By prbviding the porous member 1050 inside the
.container 1, the porous member 1050 prevents the waving or
20 bubbling of ink inside the container 1 when the ink cartrldge moves
tbgether with the recordlng head by the scannlng operatlon during
the pfintlng process.. Because the bubble and wave of ink is
difficult to generate around the elastic wave generating device
3, the elastic wave generating device 3 can accurately detect the

25 ink consumption status -

. Fig. 92 is a detailed cross sectlonal view of a subtank unit
33, The subtank unit 33 comprises the ink supply needle 32, the
ink lchamber 34, a flexible valve 36 and a filter 37. Ia the ink

chamber 34, the ink is housed which is supplied from the ink

30 cartridge via ink supply needle 32. The flexible valve 36 is sO

designed that the flexible valve 36 is opened and closed by means

of the pressure dlfference between the ink chamber 34 and the ink



guantity or existence of ink inside the subtank unit 33. In case of the
present enbodi nent, because the porous nenber 1050 is 30 provided inside
the subtank unit 33, if the width of the ink |ayer 1060 becones small, the
el astic wave ‘generating device 3 can dgtect the ink quantity only when the
ink status is near to the 147 ink end. However, ink does not wave inside
the container 1 because the porous nenber 1050 is provided inside the
subtank- unit 33. Therefore, the elastic wave generating device 3 can

accurately uﬁi&t Saddiyd s surhaceupbenk- thet i Tk surdmcerigtsiwd edcheé hawbt ank
5 unit 33 reaches to the | ower end of the porous nenbe

1050 a
bet ween t hene rikkl syepl i @GS adsr 3b\ier CopRBnéFasercY é%eg]é?l‘é?’é&r‘ﬁ%%c%\ﬂsce 3
can detect__the i nk antl kycgg% u%aq =) Qlfp tbnghéngég@ramg s ank uni t
I\%‘r‘aeoveF B ast |

33 accur atwqejrys scause’t c wave generating. device 3 is
10 provided i nsnmtefémr@bicamqgmustl 3¥herhe el dgti cGumPly Ravdr &t iafg thdevi ce

3 can detect the ink quantity and the e ence t ank
unit 33 evePnyiherex Heglsnkn?ﬁ%f‘ﬁa ’t—'}ﬂ’éo‘?%ﬁ @?ﬁ t suPprligoh?%hgge%jﬁ Bﬁ st% o

Theref ore, &%@ ahinkd @t 3kecehdi HY1 APPSR Us rfé@lédejsudgelwbet tiee etplmarm iTting
process can be continued ‘or not. 15 The el astic wave E\]}él?n% devi ce 3

and the posouaresbeink P@maﬂeelprmfﬂ%ﬁ anfst e ¥He 18 ﬁ B IE i nk
cartridge | t he. egboth_(le Nt SoWn. | B oFi Oac Ul o MBEGRYEFe t2% SHRWhAMbLY J.
lé’Z’S theC devi

91 and F| ¢ Wave generating ce 3 and the porous

menber 105@4 airsefanedpﬁpwmcieﬂk I Ashetgat hee wietsarmlreunstamllezbtvh@rfé?@@ t.he
el astic wave generating device 3 and: the oroug ggﬁ{rﬁ%l}lel% RrQui ded
on bot¥ ofOPﬁIéan@fcéF‘?ﬁ%ﬁfér%anﬁ SEi an B?an un t

shown in Fi i HOWgNGlea i, Qlkﬁ?StﬂeQ:d&e@\i%ggQ)@l’rah:llb@ devipee f3raed.t he
, por ous men 50 can be provided to only one of the ink artrldq’I shown

in Fig. . 91 or Wigdn tthiee subtaﬂqmsm@@ dRothei ReEPEaing. Neard ot bilng t he

nmbodi t sh t 7
?r o(r)n ![ Egnl ﬁécg%\gjc%%ggﬁp n df J%%élﬂj% 13%‘@ BL0Es FBEREATo £/ dhand &46i 1Epdpose

valve 36 decreases. Th_en, the flexible valve 36 is p051tloned
15 away froma \./alve' body 38 so as to become opened. Whén the flexible
| valve 36 1s opened, the ink in the ink chamber 34 flows into the
| recordlng head 31 through the ‘'ink passage 35. Accompanled by the
1nk whlch has flowed into the recording head 31 the ink in the
contalner 1 flows into the subtank unit 33 via the ink supply needle

20 32.

According to the embodlment shown in Fig. 91 and Fig. 92,
the elastic wave generatlng device 3 and the porous member 1050
are provided also in the subtank unit33. The poroug men1b¢r 1050
is provided nearby the elastic'wave generating device 3. A gap

25 . is p’rovided to form a ink layer 1060 between the elastic wave
generating device 3 and the porous member 1050.

The elastlc wave generatl_ng device '3 detects the. ink
gquantity or existence of ink inside the subtank unit 33. 1In case
of the pr-e's.ent embodiment , because the porous member 1050 is

30 providéd inside the subtank unit 33, if the width of the ink layer
1060 becomes small, the ‘elastic wave generating device 3-can

detect the ink quantity only when the ink status is near to the



ink i.nside the container 1, ink contai-ned-in the ink absorbing nenber 74
and 75, which is-made froma porous.nmaterial, flows out 30 by the own

wei ght and.-is supplied to the recording head.31 . If ink is.used up, the

i nk absorbing. nenber 74 and 75 absorbsggsthe ink remained in the through
hole Ic, the ink is thereby..drained 148 fromthe concave part of the

t hrough hole ic. Therefore, the condition of the reflective wave of the:

el astic wave generated by the elastic wave generating device 70 at the ink
end. statUusx shangemweand t hnk dokes notrivayeding ifke Bhe cSrdidiedah PEE MLt her

5 accurately detected. Furthernore, the,ink absorDbi NRRemK/ 4raRd 3375 are
desi gned ddch RSt REMRERI Ilpépyl?&E%Vb\%?(gslril%lcg%e&?enk. absor bl ng nenber

74 and 7'5.1i.h3e1f‘ﬁ e fenhe16apik! @wef?éﬁ@ramm@ deatcdid damkcourgtedver
than the capillary force which can hold ink. The ink ab_s(%r bi ng nb?% 74
and 75 t hetetmctabder bnknkurfeceewhenethe ni B eSUHriRH A (F8€ E{‘Tlgg.a 4(1)
- - 94(V)show manufacturing methods_of t | G aves Geyat ing odavidce
~3.,. 18, IB“and"31'F.eaﬁ5“ﬁ§séqp%gfaefo‘§8ri-%S?o(?#rea%ﬁéb;p material such as the

bur ni ng- endurablif GRIAIthe Rl Grayiarg 106 Fi gMo3&ole) ., thier slast 15 Wave

conductive material layer 15 21 which becones -an el.ectrode at .one sige is
formed on adnetsdsag gEREEe2d carNgeteCEsERE i qtugngilgy. agg(ef%s a green

sheet 22 serving: as §]LZ0886I iniMaLe iadcuraddiaced on the conductive

material Y&yer 21. Next, referring to Fig. 94(I11), the green sheet .22 is

formed in a pr edeir@rdﬁatedbsekrapeebyhaﬁ?ﬂr%%'fsl‘bl”‘@é’@sgieﬁ&réf”?‘ﬁe_‘-’2701?‘? ke *and is

made i-nto the formof .a vibratqr, and_.i.s air-drd I’ e falte n

burni g i si’rr%‘flf‘%ﬁ*{?éﬁ‘sé St Bgegsr etr?n&gelll,izgﬁ Zattqg4 ggﬁfﬁgﬁg‘bﬁé 1ggr ature gf,

for exanpl .y 209 Gn dNexdet kekerii ggant ot Fiamd ©4¢ EW)i stancermfutnkvi@sigter i al

" layer 23 serving as other electrode is forpmed pn t$e§ t%rfia}lq(ecg{rtgl% een
i'Tlation

sheet 22 sthaswWsank baisolldr e¥ed Fheq tApabPe b iexuralosé

manner.  FL AR GO 6R | Nl ik, Uhel Yhic jEberbesed phglapiramsitaral ong
each el enent. y_fgl Xi ng the base plate 20 in a predeternined, face .
judge whether the printing process can be continued or not.

15 The elastic wave'generating device 3 and the porous member
1050 are provided inside the container 1 of the ink cartridge in
the embodimeﬁt shown in Fig.-él; Moreover, as shown in Fig. 91
and éig. 92, the elastic wave generating-devicé 3 and the porous
member 1050 are also provided inside the subtank unit 33.
20 Thereforé, ﬁhe eiastic'wave genérating device 3 and the porous
member lOSO-are-provided on both of the iﬁk cartridggﬂshbwn in
Fig. 91 énd the subtank unit 33 shown in Fig. 92. Howeyer, the
elastic wave generating device 3 and the porous member 1050 can
be brovided to only one of the ink cartridge shown in Fig. 91 qr
25 the-éubtahk unit 33 shown in Fig. 92. | '_ .
Accofding to the embbdiment shown in Fig.'93,.if the ink
absorbing member 74 and 75 expose from the ink by consumption of
ink inside the container 1, ink contained in the ‘ink absorbing
.ﬁember 74 and 75, which is made from a porous material, flows out
30 by the dwn weight and is_supplied'to the recording head.31.. If -
ink is used up, the ink absofbing:member 74 and 75 absorbs the

ink remained in the through hole 1lc, the ink is thereby,drained



of the container 1 by use of adhesive or the like, the elastic wave
generating device 3 can be fixed on the predeterm ned face 30 of the
container and the ink-cartridge is conpleted which has a built-in function
whi ch detects the ink renaining anount ;,349 Fig. 95 shows anot her

enbodi nent of the elastic wave generating device 3 shown in Fig. 94. In the
enbodi ment shown in Fig. 94,. the conductive material layer 21 is used as
a connecting electrode. On the other hand, in the enbodi ment shown in Fig.

5 95, connggld e &IJH RS palkd. ¥ 23 tairuoer ed &byl @ sOheéerfone, anhepper
position than the surface of the piezoelectric mterial layer con‘gri sed of
t he green csinskittizm oy thRerpf boFEivA WIVE HRE HWh ATy &' ASNE* 215

and. 23a, the elastic wave gengLaling; ngdeyisecd Fanbea wl riek! kngnmeratad to

t he c‘i'rcuitqy l§§]§r ,laég\éllt%hg?ggoslévﬁ%!f'??é?gn?’ co%necti on suchl as one by 1ead
Wires can dimirapesi dethd thow, tike télmdsg ofwand iesda stpsaisofanabes tWRt8RTcan
" propagate through gas, liquid and solid medi um: gt h,
anpl i t fde 2P, lfyrgﬁﬁ‘éﬁfz?‘?' ﬁﬁﬁg’ﬁgﬂoﬁﬁ’ﬁrﬁ%&{%o%%%g P%? -8‘%&%8%‘55%

vel ocity ofs the glasbhedrauenchangerRasesbomdhe fbr ehangsofinmedieudnki n
guesti on. 81 the othér hand, the state and characteristic of the ref|ected

wave of t hebseldsirioc maabercharsyel 7&cedreAury) t@ the eRBhYE Y TFediam
Thus, by util k@i&gig't e . refd act ed mave whigh; ¢hanges-basash @ he ahange of
g

t he medi ufi®®t AWhPEHP tHe €l ast’i c wave propagates, the state of the
medi um 20 jgan berrabsetiedbsbhbang asemvher 64t Redst 28 etbérehe dbgorld insi de
~the liquid container is to be det C(L)Led by this nethod, an.elastic wave

t r ansrit t erenasdd dm Whe %%’@gﬁ%ﬁ’ = éfénpl e. Let us explain this by

referring to enhqdigrenys shownounvii ghowdtanEact s , métieods of the
transmtter-receiver gives out the elastic wave to.the 25. medium _for
exanpl e, tdlmdtiiguivdver geme raitdmiod de¥ACSi Aer 15Theh, anEhi’ el AsPPECwRYATE

B mee’a bohddr J T TR O ot e e o1 A R e e PReeau
surface, therdwfimrtedienvesi(s), first of all, a conductive material layer
15 21 which becomes-en electrode at one side is formed on the base
3plaﬁe20. Next;referringtoF&g;94(II%,agreensheétQZsefving
as piezoelectric'material-ie placed on the conductive material
layer 21. Next, referring to Fig. 94(iII), the green sheet 22
is formed in a predeﬁermined_shape by a press processing or the

20 like and is made into the form of a vibrator, and is air-dried.
Thereafter, the burning is-peffbrmed-on the green sheet 22 at a
burning temperature of, for example, 1200 °C. Next, referring
"to Fig. 94(IVf, a conductive material layer 23 serving as.Qpher
eiectrede is formed on the surface of the green sheet 22 so as

25 to be polarized in a capable of flexural-oscillation manner.
finally, referring to Fig. 94(V), the base piate 20 is cut along
each element. By fixing the base plate 20 in a predetermined face
"of the cdntainer 1 by use of adhesive or the 1ike, the elastic
‘wave generating device 3 can be fixed on the predetermined face

30 of the container and the ink cartridge is completed which has a

Built-in function which detects the ink remaining-amountl



R e

returned to the transnitter-receiver. The transnitter-receiv i
the reflected wave. A distance between the liquid surface SLng FECEYEs
transmtter or receiver can be neasured based on an overall traveled tinme
of the reflected wave, or a danping faghgr 150 of the anplitudes, of the
el astic wave generated by the transmtter and the reflected wave reflected
on the liquid surface, and so on. Wilizing these, the state of the Iiquid
inside the liquid container can be detected. The elastic wave generating
device 5 3 may beguseft asnawsi R@behuRi tenfod it aasnithieere Yaseiowvewava t he
met hod utilizing ?he refl ected wave based on the ch nge f the um
‘through waieckrehéngl dsvicewdvehpropbai 8%, Ut aldef FaF@%?dlBF85l gawn

recei ver nmay_ be gRuUNLe ted th F b S a8 ve,
gener at ed *ByF t%he 8: JER ?%gggz%ﬁ%éggﬁgﬁln dgv?ggau%@%%%ﬁzggtl%Sgéﬁgough

the ink. Ileiguitdodehe Onaviedidghét rearaf, tmmtﬂmehh@@@edew&v@h@wﬁuﬁﬂlﬁggon t he

ink liquid surface to arrive' at _the_el
varles5deﬁéndpﬁ@néﬁtdéﬁsF??méﬁa%ﬁe2?ﬁkggédﬁ%£%§§ Q%%? Sggdgﬁggg §ﬁlhus

if the composihlehdd; d itk khahi X8d sudradd a¥etha Je&ddlrm:tm‘ ¢ heteefbéct ed
wave mhlch oc%%rr din % he |ﬁk |Iqud surface vg?]es depen&]qﬁbog Reclﬁk
4 hé

armount . :  Theeef opeprtthedl QR ehogneet shess dét ecRed My &S Fi ne

peri od durin whi.ch stl er n
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E/ hg elt ast Id(évathwlaveageBercairegtmlyevm@mded Nbry edieerci ntchd telbsiride wavehat
i brates particles contained in the ink. Thu in a_case of u
plgneﬂ@-lﬂ@@fﬁﬁﬁlﬁﬁﬁcﬁoﬂ§§§tbP@ﬁﬁH#‘§§ Qe dr ﬁFﬁ& wéﬁ%ﬁtca?ﬁﬁagbgas ¢ wave

contributes to prevente RAeGHRIL ghion 0f ¢t BE Wids whtichhearl pkepag2beB
provi di ng the epastlc %ave generati ng de3?§2 3in f%g gontalﬁerpig mﬁe%

t he ink okh&b&gﬁngasarlqugé«apbﬁﬂéohbss m?@e%meaégsﬁbofh§nwﬁﬁﬁlgﬁ8t§tate

and the el astic e qSnerating, odeuhes, 3 GaRindkaiger §ereveA Neana

propagatlng velocity of the elastic wave change based on the

15 change of medium in guestion. On the other hand, the state and

characteristic of the reflected wave of the elastic wave change

according to the change of the medium. Thus, by utilizing the
reflected wave which changes based on the change of the medium
through which the elastic_ wave propagates, the stateof the mediur'ﬁ

’ 20 can be observed.. In a case where the state of the liquid inside
| tllnhe liquid container is to be detected by this.met’-hdd, an elastic'_
wave transmitter-receiver will- be used for example. Let us:

explain this by referring to einbodiments shown in Figs. 90 - 91.
Flrst the transmltter receiver gives out the elastic wave to the

25 medlum, for example, the liquid 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 llquld surface, the reflected wave is
retu_rned to the transmitter-receiver. The transmitter- receiver

30 receives the reflected wave. A distance between the ligquid
| surface and a transmltter or receiver can be measured based on

an overall traveled time of the reflected wave, or a damping factor



as an ink-near-end and.thus can give indication to replace the 30
cartridge. Fig. 96 shows an ink cartridge according to another enbodi nment
of the present invention. Plural elastic wave 151 * generating device 41 -
44-are provided on the side wall of thesgontainer 1, spaced at a variable
interval fromone another in the vertical direction. In the ink cartridge
shown in Fig. 96, whether or. not the ink is present at nounting | evels of
respective 5 elastic wave generating device 41 -44 can be detected by

whet her  osf ole dtel i nkdes ofreseri ast icespecgRRerpbsSAtivhBe SFrarf@dt®st i c

wave -generating device 41 - 44. For_.ex |l e pos | i quj evel
-~ of inkis %‘tldatqlﬁ)irrﬁ RN e r&lféff:?gg\'/vg\f}eé}{geggglzi%(?ﬁ%u%%\eﬁ%é aﬁla %réd 43,
‘Then, the gl astjiq MaMeJenesal i Phe 19 sevicre thé detactisinstldé udged itdaid t he

ink is enpty while the elastic . wave %en_er ating device 41, 42 and, 43 detect
and j udge cespetnéyvetdn hehgetadted nkThe plaskeht . At IeRer AN DERIGH

that the Iiquid, |evel of N %ﬁl | €311 g;f!t,fﬁleeItrla%%‘ﬁﬁ%@etrh%e%ltﬁ_%teirci%%
gener atl ng YeviPEe 42" and 43, us, provision of the plural elastic wave 15
gener at i ngméleNdE eutill +z ¥y ndee yeffdesitlelde vavedbaeetl phethekchanrgmiafi ridie

anount in a step-by-step manner. Fig. 97 and Fig.. 9.8 show.ink rtridges
accor di ng PeALYET Itlhroélﬁg‘t‘f‘n}éjr‘:}ér?@@d?i(gﬁjsc Sll‘avteh%rg?%%%%?sl r?\ofe%tsle r?%%ltr?_lﬁ.
enbodi ment . Shoxwy i Fe & Bre 9 Tma bl @S e avase ganer ati ng device 65 is -

mounted 2071 n a bottom face |a formed aslope in the vertical direction. In
an enbodi nent shoawdeserRipd eBovan &naEhe € hadife QERYLat PRESURLEELY 66'%f an
el ongat ed shape.in the vertic [ t1.on i | ded g idhAdignigiditak of
the bot% orﬁ?%% l%fw%vesi%fiélg%\ra??{?gg.é%glcéoe?gal 'néjrﬁf)é%t\%e erbodi rél}%ts shown in .
Fig. 97 andidipd, @8e t25vebengpate of thwe relfdstiedweaee gavaratinggoddviece 65

and 66 is expgosed fromthe |iquid surface the traveled- tinme of t.he.
reflected wWayeidAd $ielacHGstd Wtepé‘aa%beeég)?s hé wearvaesgfa(r:le\ﬁ/%vérslgé%aﬁelrcéet ed
by the el as{ic Nave aeneidl iy dewics 6% €Rat inMOUsqYidch@dgehe liquid

level. Thus, if the composition of ink is fixed, the traveling
15 time of the reflected waQe which occurred in the ink liquid surface
varies depending on the ink amoﬁnt.; Therefore? thévink amount
caﬁ be detected by'detecping the time-périod during which the
elastic wave generating device 3 generétes tbe elastic wave and
tﬁentheWaverefléctédfroﬁthéinkSurfacearrivesatthéelastic
| 20. wave generating device 3u- Mofébver,'the elastic'wave vibrates
particles contained in the ink. Thus, in a case of using
pigmént-like ink which uses pigment as a coloringiagent, the
elastic wave contributes to prevent precipitaticg1bf the pigmeht
~or the like. | - |

| 25 ‘ By proyiding the elastic wave generating device 3 in the
container 1, when the ink of the ink cartridge approaches
(decreases to) én ink-end state and the elastic wave generating
_ device.B can no longef receive the reflected wave, it is judged
as an ink-near-end aﬂd_;hﬁs_cén.giVe indication to replace the

30 cartridge. ' | '
Fig. 96 shows an ink cartridge acéording to another

' embodiment of the present invention. Plural elastic wave



-

corresponding to the change (Onl, Ah2)of .the liquid surface. 30 Thus, the
~process fromthe ink-near-end state to the ink-end state of ink remaining
anount can be accurately detected by detecting 152 the degree of change in
the traveled tinme of the reflected wave ., or t he acoustic inpedance of the
el astic waves. Furthernore, a porous nen% 1050 is provided inside the
container 1. The porous nenber 1050 prevents'the wavi ng and 5 bubbling of
ink inside the container 1. The porous nenber-1050 thereby prevents the

el astic LAt kRY 1 HeVE§e_ 65, anfe 65 dwi adletfiCtthd g denkiaexi stenne
m st akenl %%F%EEEEQEHDOéIHEnt shown |nq%ig. 97, the porous nenber 1050 is

provi ded cnnthenemnﬂalagaceds&Chatvﬁlebﬁ?sﬂﬁﬁﬁ?%ﬁlt hEEoRNOEHEFadB 1055

of the por 1050_ 1. paral | .
generatPné 6%1 IRt £ pr&il m%%%gp§%§£5%??gﬁ1?gggglgggeand

the el ast we\e@\é@ SRRt had rievé @&e@entaad rrfcmmrsg Lakel aysf ré6pective
Therefore, as the enbodi nent shown in Fig qg the-%g sugfggerin
t he coht alerléllst}Cr‘éé%ﬁééeft@al@‘%‘héef"d\%@r4énd4‘b1caf“h8e G oTst A e "%b86% and

exists w thi atl RecBlkastive ¥BY¥Er JSRSTEE ithe dexkeec3 can
det ect theq HO& sur E%EE§C§%$592P3‘ ) s% th é en%%dlnent shown in Fi

one side fwase génbhatlpgrdaslnenEEr- ot SlroweXamptlice BUPROSE F§aﬁrgbﬁded

in the 20 .container hat the one $| e
el astic mé&@uégnéfﬁFﬂ‘ déO cé%66 " A gBB s prg$%§ a%%%é%%e g%gesi

face and Hhgeshdgnwakbvhae. 44 marddaspr 6$Béh etn}b@chlrm;c \m@'re gakeratsingl | ed
inside thé container 1 and gap between the one side. ?ﬂ of th? ggéous
membel0 andevhieesiddehartsiand i pageefthestiReinive %‘BPBY eCeifsE 8

gener at od by L DG &l ASLL¢ JWE APNCT 314 3ARUKR. BAAURRTAOLoERAOgOLON { ho

ot her hanH I NSi container 1 is consuned, and the gap between
t he one sm&etfahe iok tdhemporous. naider andcahébgl&npwmmqhdtbtéﬁl equighe

(E]g]lc’llesgt: \r/]ge\} gf Olfn}E %e%l ?'lsltzlzl eV\V/aevle b%%r\}/eere%t E’\ge béllatg:elcelw%%te §e¥1\@¥§t1ng
device’ 44 and 43. Thus, provision of the plural elaspic wave
15 generating deviée_41 - 44 makes possible to detect the ink
remaining amount in a step—by-sﬁep manner. _

Fig. 97 and Fig.. 98 show ink cartridges accdrding to still_
another émbodiménts of the present invention. In an embodiment
shown in Fig. 97, an elastic wave generating device 65 is.mounted.

20 in a bottom face la forméd'aslope in the vertical direction. In
| ‘.an.embodiment shown in Fig. 98, an.eiastic_wave generating<ievic¢
66 of an-elongatéd shape in the vertical diregtion is provided

.in the vicinity of the bottom face Qf a side wall 1b.
According to ﬁhe embodiments shown'iﬁ Fig. 97 and Fig. 98,
'25 whenpartoftheelasticwavegeneratingdevice65&uK166isexposed
from the liquid surface, the traveled time ofithe reflected wave
and the acoustic impedance of the elastic waves geherated by the

elastic wave . generating device 65 continuously- change
corresponding to the change (Ahl, Ah2)of the ligquid surface.

30 Thus,theprocessfromtheink-nearjendstatetxntheink-endstate

of ink remaining amount can be accurately detected by detecting



T

30 device 66 gradually changes. Therefore, the elastic wave generating
devi ce 66 can detect:the ink -consunption status when the ink surface
exists'within the region of the length A h2 of 153 the elastic wave
generating device 66. The length of theg | astic wave generating device 66
is not limted. Though in the above enbodi nents a flexural oscillating type
piezoelectric vibrator is used.so- as to suppress the increase of 5 the
cartridge size., a vertically vibrating-type piezoelectric vibrator may

al so be usgd, JJythe 2boggBDOdI RN tiTavihe®kaski 6f vy erd Sl datas matveed
and recei ved by "a sanme el asTic wave generating device. Instill another

enbodi nentor thee atasttic waneedperer afi idie @AASTE-C MY SSe provi ded

separately as one fqr use in _transm.tti 010t he; &l P LR A @ireer
for receiving tHe'%) es’ir?ocr%\?e,pos‘rgu%%pge%e%gct %heﬁ?(%m renai ni ng anount .

Fig. 99 shoyst ahdnki cartid dgeraee oneibgrt b0S0i breanot het heewbydinge mndof

the present invention. Plural elastic wave nerating devjice 65 and
65c on & hebwole} g fafcd nkainsiAgdths %%rf’iﬁj’é“?‘%%'t‘he%grg?r ffertiadt: 103

ca |-recet| on ‘spaced
at an interyal idefei i 4 0e; SR §hetat FHEtder 108 €5 anpEsoOUD
menber 105‘611?[56% ?\ﬁeg'gg’\éisnsﬂﬁe the contai ger 1. A gap is provided 'between
t he porousdéesdes IS0l nlarek { $teeretea i st atearel Yyener at i ng devi ce 65a, 65b,

and 65c to form20 an ink layer, 1060. B Qvi gh ng.,.. Jd he: r 1050
i nsi de the contd} ﬁgﬂe ?Tgofiﬁée%r%h%wnr@#og;glo 0 %rhgvgﬁfggtgh@é}a%%%r
bubbl i ng of 5 igjoditRident bRe canied itesr 1 wheh tiet itte cdopei dfet e tom
together with the recording head by:the scanni ng oqﬁr zit Eontduriln etol}e
printiny pfeceskdsoTiedr sher BOTPHE BEBBEE oG e PETARLFlcHPt t0% S 19

generate aggg%qatshﬁqfceﬁ@egi@ﬁeb & %Qééﬁbggﬁ.th@algEi@, p66hided@ne thlzen

Furt hernore, “even 1 e olf I nk generates, ecause t he porous
menber 105@hahisartisn therdumtsise aoid thie, elhet ipupdre FRIrHINS A 4O H™ t he

elastic, vave generating fevice o852 ket 086 oAb RS MG IR
- in Fig. 90, when the ink surface in the container 1 reaches to
15 the lower end of the porous member 1050 and exists within the ink
layef 1060, the elaétic wave genérating device 3 can detect the

ink surface accurately. o _
" In the embodiment'éhown in Fig. 98, one side face of the
porous member, not shown in the figuré, is provided in the.
20 container 1 such that the one 'sid_e'face is parallei to the elastic
wave generating dévice 66. A gap 1s provided between the one side
 face and the side wall 1la. In the.breseﬁt embodiment, when ink
is filled .inside the container 1 and gap between the one side, fac_e
of the porous member and the side wall 1b, the reflective wave
| 25 of the elaétic wave generéted by the elastic wave generating
device 66 does not change. On the other hand, if ink inside the
.'container 1 is consﬁmed_, and the gap between the one side face
of the porous member and the side wall 1b arises, the reflective
wave of the elastic wave genérated by the elastic wave generating_
30 device 66 gradually changes. Therefore, the glastic wave

generating device 66 can detect.the ink consumption status when

tﬁe ink surface exiéts within the region of the length ‘Ah2 of



30 and 65c can thereby accurately detect the ink consunption status. The.
width of the ink layer 1060 is not |linmted as the enbodinent.t shown in
Fig. 97. 154 According to the present .enbodinent, the arrival. tine
(traveled tinme) of the reflected waves 16f the el astic waves to the
respecti've el astic wave generating device 65a, 65b and 65c in the’
respective nounting positions of the elastic wave 5 generating device 65a,

65 and ByedLi Lot oo ARRAN lgﬂgrgeiﬁ@e%%lgc:e 86 .NOtnd Nerdlh bs HeseAkelR the

respective positions ura stic wave generating device. 654,
and 65c. Vawe, gehetrhernngodendiet b€ iisknbs pimsértl.in the respective nounted

position levels  of the e|lastic wav ener ati ng.devi ce 65a,. 65b -and 65c can
" be 10 detected BPO¥gANT R eéﬁ%ﬁ“éﬁggpgémﬁﬁﬁéﬁhgﬁﬁéuﬁégﬁ%gci%ﬁﬁfljgﬁgygﬁd

65c) and by .dekeelkRqct Perisayel fd ukets8fad R E8ppeeLad NaVie@leadehef
el astic wave in the elastic wave generating device 65a, 65h and 65c.

- Hence, 5t hehenkarémidgengiammunt veat ibeldyt sébeatingatypeepipgost eptmanner .
For exanplgp  3UBRARSy Lhak, OSdddIN I ENE bt elbnbBlihanl, & ROLLsPeEeen
g 85pb a ¢ e e'e

the el asti'c wave gemerating devi ce nd n, t astic wave.
gener at i-nga@evi e r@hemdetedtsnd apdejiuddesy tlsatmda héashkcivawnpeygewht iegt he

el astic wave generating__device 65a agg 65b d tech andFjuq?e resgectivery
that the PRKiF§- p?%§%ﬂ@}-%§°%@%¥&ﬁ@o &FGﬁyﬂﬁﬁaF BS&1FANT 95 Ff2hetBmes . -
known 20 HRat ckhead ivibdoheuel 9bphpkibipsd Brnd Fe¥alsdatveeantherekagtic
wave generating device 65b and 65c. Figs. 100 and Fi. 101 show cross
secti éhis ohetdbashkejwstve radorthay Gppareseiy inecohai abasblstidve anet agr
enbodinen%'of %he Ekgseg invgg%gon.a%g Fig. 100 shows a cross section of
the ink-j &P P8EGFEI ngS APparstas™al8nd™ kG 101 is a cross section of the
i nk-jet recordi pgg. appaliws d0inki cart hedgakacastdintge242ils andohed. A
carriage 250 capable of reciprocating in the direc{ion-of the width of the
' embodiment of the present Invention. Plural elastic wave
generating device 65a, 65b and 65c on the bottom face la formed
15 aslope in the vertical direction spaced at an interval are
provided in the container 1. | _
Furthermore, a pofous'member 1050 is providéd inside the
container 1. A gap is.provided'between the porous member 1050
. and the elastic wave generating device 65a, 65b, and 65c to form
20 an ink layer 1060. By providing:thezporous_hemberZ;OSO inside
the container 1, the porous member-loSO prevents the waving or
bubbling of ink inside the container 1 when the ink cartridge moves
together with the recording head by the scanning_ operation during
ﬁhe printing'prbcess. Therefore, the bﬁbble of ink is difficﬁlt
25 . to generate around the elastic.wave generating device'652,'65b,
and-65c.'1Furthermore, even 1if the bubble of ink generates,
because the porous member 1050 absorbs the bubble of ink, thé
bubble does not stay around the elastic_wave génerating'device
65a,. 6Sb, and 65c. The elastic wave generating device 65a, 65D,
30 and 65ccantherébyaccuratelydetecttheinkconsumptiohstatusr
' The.width.of the ink layer 1060 is nof_lihited-as the

embodiment t shown in Fig. 97.
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- 30 ink-jet recording paper includes a recording head 252 in a |ower face

t hereof. The carriage 250 includes a subtank unit 256 in an upper face of
"the recording head 252. The subtank uni-t 256 155 has a simlar structure-
to that shown in Fig. 92. The subtank ,unit 256 has an ink supply needle
254 facing an ink cartridge 272 nounting side. In the carriage 250, there
is provided a convex part 258 in a manner such that the convex part 258 is
di sposed 5 counter to a bottom portion of the ink cartridge 272 and in an

area where the ieglitlg dae e bsebenbe expsdtiadrithertheabayeivalheicenvex
part 258 includes an el astic wave generating device 260Q such as the
pi ezoel ect (i veledattéme ) Fiods theope EheGr ad waRdli Herth o fe s inkavESt FPdge

suitable 10 for tg%i%'C%ﬁgg@90a999%3§gﬁ%€99§?%iﬁb&iégL65g¥l6dﬂ @ndgl@2.shows

an enbodi meht 6 PCHe ik “cartr i dge h™a single color, for
i nstance, irhechkacke §54@riveaheounk i ngarpos tgieo2y 2 cfccbhdi rel s tchewpivesent

enbodi nent, conprises a  contai ner which_hoys ink.and an ink s port
276 whbch IR ING Ae¥dRtabbani § 1P &9 Eécsﬁbgfﬁrﬁe%%ﬁee”%sﬁg ot twﬁg%gr

recording cﬁ;.pHBE S ink Nt Lpseab R i@?—ﬂﬁ‘@&*es?@cﬁ:h@eﬁ@@éﬁiﬂﬁﬁs dt4:hd beneails
provi ded the concave par? 278, positioned in a.bottomface 274a, which is

to be engsgetiwi whvehgevensbingaiev s 6irows SPnarfge5a01 Thase WHRERGE
part 278. houses. ultrasound transt ' i, al : fevamteri al
a0, 20 THRE Tk Lpbrs SBOr ST TR SURe o pauke S Ting BBa A Larve “hody
' 286 and. ¥ YHd RQ aAR4.c Theregpapiieng triingg d282 cies 66agagéth wintdh65theainnke

supply needle 254 in a fluid-tight nner. The val ve body 6
const At | VehRFtE9aBY| TGP RI M EggabaF r%"?nﬁlf?etlﬁa%ﬂ‘feﬁélg |“|g ¥ Z%f B %may

of the Spréa”tg 284 pyhen dhei gk rsupphye Degd Bnl% 2BAei Bef et é@dahve bife’ i nk
supply port 276, the valve body 286 is pressed by the ink supply needle

254 s0 as the epestas wakepissdye.ela@tignvwappedenalft BRI (3R khteaitne P >274,
there i's MMEL @ nERILCORALCIRL FEIRIY: ABARARE S B Helieredalia an ink
step-by-step manner. For example, suppose that the liquid level:
15 of ink is at a point between the elastic wave generating device
65b and 65cC. Then,theélasticwavegeneratingdevice65cdetects
and judges that the ink is empty while the elastic wave generating
device 65a and 65b detect and judge respectively that the ink is
present. By overall evaiuating these results, it becomes known
20 that the liquid level of ink lies in a level between the elastié
wave generating device 65b and 65c. -

Figs. 100 and Fi. 101 show créss sections of the ink—jet
recording apparatus according to still another embodiment of the
present invention.

25 :Fig. 100 shows a cross section_of the ink-jet recording:
apparatus alone. | :
| Figﬂ.lol is a cross section of the ink-jet recording
apparatus to which the ink cartridge 272 is mounted. A carriage
250 capable of reciprocating in the direction of the.widtllof the
30 ink-jet recording paper includes a recording head 252 in a lower

face thereof. The carriage 250 includes a subtank unit 256 in

an upper face of the recording head 252. The subtank unit 256



~ suppl-y5porae Iof Ot RePOF AR™MCBPT T+ AYe

the i.nk cartridge and so on. 30 A porous nenber 1050 is provided inside the
container 274. A gap i | s provided between the porous . nenber. 1050 and
the gelated material 280 to forman ink |ayer 1060. By providing the -
porous 156 nenber 1050 inside the contagner 274, the porous nenber 1.050
prevents the waving or bubbling of ink 1nside the container 274.

Therefore, the elastic wave generating device 260 can accurately detect

t he ink consunption status as shown in Fig. 90: 5 As in the enbodi nent
shown in EG 29QinihgrpEesenturemrbedi mentsiodwr him &t iast 92 waTbegenkerankng
device 260 can accurately detect the ink surface when the ink.surface

i nsi de t hemnicoRbaiRe ap7ank ey PECEhE oW ENd 8F 11E S56i-6uS SFefiber
1050 and exjsts Wi thin the i | £, 10 Tige ¥é 0t & o tiedgapcbateren 10
t he porou§mﬁgﬁﬁgﬁ f%gh'an fﬁgkgﬁggﬁfgémggg'g%ﬁ%ratinéggeviqe 260 is _not
limted. Jrefesabliy, athenper oswschrertier thEsEarny gy ®@Erded@Ssvitéi At FHOBEIt he
el astic wave -generating device. . 260. O%f?%{qr i.ng tc%r@rg'qg%e?%nm@%ﬁe&ﬁeahnk

s Thserte ough 't I nk

supply neegle 3P4relbnef ihke-spbt dide umd i2bGo e moaintedbodyr2gsbeeeedes
agai nst the spring 284, so that an ink passage is fornmed and.the.. |

nk
i nsi de t Ithe wonyaxt prUe? 9921 n¢ bydes mtb RS btk “"eHENGEN 385 1d; 98VaT ge.
where the ink chanmber 2 0.s fikl Lt B;hpRKeo@ nNegative pressure is
appl i ed tc?é; 0% gsoﬁé%iRjzgpe%ﬁgqugoréPng ﬁead_252 so as 20 to fill the
recordi ng head .wiiys .i nk2 SHwer eaf ¢ebodimhent edordengnk gpertatidae FYipePisr ned.

When the ink is consuned in the recordh?%. angzzgz ?Xothe recor di ng
oper atlPon,fox Fhes SGCOTAANEhEPRARASLFeSAP B 14 fIréXible val ve 266.

decreases-.. Them, gt heoh! Exbibk &Y AR 268 nti 6 £ poisé ti wneth mnaiyider dorausel ve
body 270 so as to~becone opened. 25 Wen the flexible valve 36 |s oﬁeged,
the ink i nvitdre & sikinefaniserl ora6 oM GRS LIARCS +t h&er &2GYH P i8ad 252°t hPBugh
the ink passage 35. ,-AC ! s MY RS rdrevedonptestbea
recording‘?ﬁﬁﬁ%ld%gz?7€h%8?§ggﬁﬁgtﬁ%t?%fztartridge 272 flows into the
subt ank urdidntainer which houses ink and an ink supply port 276 which comes
15 in contact with an ink supply needle 254 of the recording apparatus
in a sealed manner. In the container 274, there is provided the

concave part 278, positioned in a bottom face 274a, which 1is to
The concave

be engaged with the convex part 258 shown in Fig. 101.
h as gelated

part 278 houses ultrasound transferring material suc
material 280. _ o ' .
20 The ink supply port 276 includes a packing'ring 282, a valve

body 286 and. a spring 284. The packing ring 282 is engaged with
the ink supply needle 254 ina fluid—tight manner. The valve body
286 is co-nSta'n.tly and elastically contacted against the packing
- ring 282 'by Way of the spring 284. When the ink supply needle
25 254 is inserted to the ink supply port 276, the valve body 286
ié pressed by the ink supply needle 254 so as to open an ink passage.
- On ‘an Lllpper.wall of the .co'n-t'aine_r 274, there is mounted a _
'semicondﬁctor fnemory means, 288 which stores data on ink inside
,thé ink cartridge and so on.
30" o A porous member 1050 is provided inside the container 274.
A gap is pr.ovided between the porous member.1050 and the gelated

material 280 to form an ink layer 1060. By proyiding the porous



256. .30 While the recording apparatus is operating, a drive signal is
supplied to- the elastic. wave generating device 260 at a detection timng
which is set in advance, for exanple, at a certain 157 period of - tine..
The el astic wave generated by the el astisg wave generating device 260 is .
radlated'fron1the convex part 258 and is transferred to the ink inside the.
ink cartridge 272 by propagating through the gelated material 280 in the
bottom face 5 274a of the ink cartridge 272. ' Though the elastic wave

gener at i, NGnenddt 00 AP0 i di ovhglegbnta iher car4 j agee 250ronsFingsbet01050he

el astic wave generati'ng device 260 _may. be provi ded inside the sub%ggk uni t

256. Si nceonewerdlsashecywaiRg generhPddnEy° Héke FRSEAE WRS &£OMG YeedEi ng
- devi ce, 260,pr.0n3gat eﬁhgkgﬂ%@ﬁhé Olgv'l?n%erlléﬂé'&ijmg e 1 dd a¥el 4 akicieagk1t/he

refl ected wave occurring on the in lquid surface to arrive at ,the

el ast'i ¢ wales egenerhat iimk devistenp260ry stiagsis depehdivig ion FdensiPPy of the ink

liquid and the Liquid |level. Thys Lf the conpositjon.@f i i s.fi th
travel Png tine &F the f ere?1"1885é'86 veShv(\?n“fnchrngc?ulr 'ed9|8r‘1 t%l%ﬁglsiéggld ©

surface vafifsainenendengn thaskik ampuat geheerefioe, dehecenke enouat can
be detected by detecting the time duration during which the reflect gd
wave arri\euately apheer ¢ hmvakgewefats hedelvie é U6BUF FBRF L 19Nk Fi qui d

surface when thi% iIn Li égh rf 2¢ed $6X¢1 4,688 JBY rhBepdBo & asdrite
gener ati'-ngCO _etva} ce 2284 ﬁ/%r eo;é/%re,c&t ﬁee g?asti C wavet gg%eroat ed by t%wgloasti C
wave generaid 8gidewiwde A60t e bkt Bsyepaosiocl ehe ortddimed ting gaeberkeeThus,

in a case of using pignent-like ink which uses pi ol i :
agent 10t hecheeP8§P|gE _ = oReP EH&% ég‘.e t03pF é(\:/ewr?t\%p g@?%ﬁ?gflgo%sjlgé ?gg
pi gment 25 oftt hemhtkg. Afteretdislpr ivHd peroperatibar anuk oraisnpepanded

operation or the |like and when the ink of the ink cartridge. approaches
(decr easesvim)nidy iafk-tded esltaaitéCah@Vteh@eélleé§ttil€9m€\?é(l§§n8I6§t'i ngl.op

Referring to Fig. 101, when the ink supply port 276 of .the
ink cartri'dger-2,72'is inserted through the ink sppply needle 254
15_. of the subtank unit 256, the valve bédy 286 recedes again"st the
spring 28;1, so that an ink passage is formed ana t_he,ink inside |
the ink cartridge 272 flows into the ink chamber 262. At a stége.
where'the ink chamber 26'2 .is filled with ink, a negative pressure
is applied to a nozz'l'e_ opening of tﬁe fecording head 252 so as-
20 to f£ill the récording head with ink. Thereafter,- the recording
operation is performed. W.hen the ink is consumed in the recbfding
head 252 by the recording-épération, a pressure in the downstream
' of a fljex_ible valve 266 »dl'e_cre'ases-.. ) _Then, the .Iflexi_b_le val;\/e 266
1s posit’ionec'i'.away from a v;aiQe-béay 2"7-0".50 as’ to becorf_{é olpéned._
25 When the flexible valve 36 1is opened, the ink in the ink charﬁber
- 262 flows into the recording heéd 252 through the 1nk passage 35.
- Accompanied by the 1nk which has flowed into the recording head
252, the ink in the ink cartridge 272 flows intb the subtank unit
256. | | |
30 While the recording apparatus is operating, a drive é“ignal'
is supplied to- the elastic_ wave generating device. 260 'ét' a

detection timing which is set in advance, for example, at a certain



devi ce 260 can no |l onger receive the reflected wave even-after 30 the

el astic wave generating device sends out the elastic wave, it is judged
that the ink is in-an ink-near-end state and thus thisjudgnent can give
indication to replace the cartridge anew, 158 Mbreover, when the ink
cartridge 272 is not nounted properly t0 the carriage 250, the shape of
the elastic wave fromthe elastic generating neans 260 changes in an:
extreme manner. Utilizing this, warning can be given to a user in the

event thabe&h@dﬁé¥r€ﬂﬁeCh@ﬂﬁﬁe@a%mlkhﬁaebaééhérMﬁeﬁ bﬁ et eqtzed,i Swaa® to
pronpt the user to check on the ink cartridge 272. The travelln%ﬁ;irre of
t he refl ecleagragiagofleviheeebltie m@t@%n@%é&%qu?}@)elpéﬂtl é>faged

generatin Vi cesiZeGIOﬁ]ds %f Gl ed. n}py Qg densid y%g ‘%tf}q %?'nk

cont ai nerqf74 Gitice enS| may di y the type of
used, dat gropabheingyprsoaghititke ajeﬂaaiem e\dtlemalsesmcmohmt @otnenifyceeans
288, so that a_detection sequence can be set bas d on the data and.t hus

the i nk remderh§PandintaEaniggeiana hefNRHEE) Hod GéltéEt“éEt‘i"e BPEET 253 8hows
an ink caglhlidge &y 2s ¥R iHdddih @nstdddri QQ@tlhﬁf‘lgng@l”BfHe el akhec

present invention. In"the ink cartridge 2 shown in Fig. 103, the bottom

face 274aveyefarmexhtigiogeviae 24femarrhd papvdpedcinoide £ etHDG KK BBAET | dge

272 shown | 'Fl g. 103, when the ink remaining anount is becom ng | ow and

part of a r5ad| ating area of - 20 the el astic wave generating device 260 is-

exposed from t heihtquitthesusIaceict haver axaleathtddrebpf thike elafdteict edawave of

the elastic waves generated by the el astic wave ger}eratl ng devi ce 260
’r%’u‘g

cont i KiouSEPEeERLAGES IEELFES Béﬁdlgﬁpta@attﬁéa‘ Rorihgf1nhel d the
surface. gﬁvgﬂhnﬁe@ﬂﬁ@%fcgﬁ@gfe Pieé@@d heiwahtcelirthagbohtiaa fiage: 2éu1a74a

in both ends of the gelated material 280.. Thus, the process from'the
i nk- near - endfstatt® aorihe amkherﬁjtaatatceweve@ﬂnar@m:ng dgvige@e® veahebe

accurat el ¥ gelt ehed PN A1 e5 L0 N8 ARANES Oha crd 121981 4l BT 1 M RKGLSd
if the composition of ink is fixed, the traveling time of the
15 reflected wave which occurred in the ink liquid surface varies-
depending on.the ink amount. .Therefore, the ink amount can be
detecteﬂbydetectingthetimedurationduringwhichthereflected
wave arrives at.the elastic wave generating device 260 from the
~ink liquid surface when the ink lquld surface is exc1ted by the
'20 elastic wave generatlng device 260. Moreover, the elastlc wave'
' generated by the elastic wave generating device 260 vibrates
perticles contained in the ink. | Thus, in a case of using
- pigment-like  ink which uses plgment as a colorlng agent the
elastlc wave contrlbutes to prevent prec1p1tatlon.of the plgment
25 :or the like.

_After the printing operation.and maintenance Qperationior .
the like and when the ink of the ink cartridge_abp?oaches
(decreases to) an ink-end state and the elastic wave generating.
device 260 can no longer receive the reflected wave even after”

30 the elastic wave generating dev1ce sends out the elastlc wave,
it is judged that the ink is'in an ink-near-end state and thus

this judgment can give indication to replace the cartridge anew.



wave.generating device 260. 30 Furthernore, a porous nenber 1050 is

provi ded inside the container 274. The porous nmenber 1050 prevents the
wavi ng or bubbling of ink inside the'c§$%ainer'274l Therefore, the elastic
159 wave generating device 260 can acc tely detect the ink consunption
status. The porous nenber 1050 is provided in the container 274 such that
the :slope of the bottom face 1055 of the porous nmenber. 1050 5 is

paral | el " tpotbevakonehof difie ibet Lam {8686 081 h_igs[ G Bb0GE B 7Erope 8PP (| $

provi ded between the bottom face 1055 and the.elastic wave genera ngo.
devi ce 260thadcdorimgea 25k khpeshds@f Yhenelaktis Wavd ddomnshdeetdwric
cont ai ner 4_and.ink |laye 1060, the reflective wave of the el astic wave
gener at ed %n? %glﬂ%meelag)sétésco geggﬁgﬁ&%ﬁ‘feﬁ( T HEVi S50 dgééﬁﬁélmglﬁﬁg%. On-
t he ot her Wapdingfcamkeigisiedecbheusentiai BRE 2&ht SheONHEBAL rgAR A4rsRS i N -
the ink | ayer 106? instead of -ink. Wth the arising of the gap in the ink
| ayer 106017 thfeelafF eEtYAES WEVECHECESD SPadE itC REPEPL gl Ngeadt D\Cheank

el astic wayg groelating-deyige 260 gradual ly 15 changes. Therefore, the
el astic wave generating devite 260 can detect the ink quantity when the

ink status in tHBhcbnaaeheng27ine p§ tiearefdecnkdevedresbatise e Thst i dialveof
the ink | a er rlot-%)di S tglot ;i n}':ted as. t he enbadi mént .shown-in Fi & 97. Fig.
104 shows ETHR TR FlGeS 295t AMndANE GRRST&E FULRG 229 Hhpdrtschsd
accordi ng by sié | deriodhest enbodidmsdd ofn the F&EsEMnedt VRNt i @@ he
ink-jet recording apparatus shown in Fig. 104. includes a convex part 258
in a si%e 4%3&%1t23741fpilﬁl}‘aﬁ‘aiynfél§lﬁﬁﬁl Py pbettyre. of denlofugerd idatacant thege
272. The 1228, of es a - I e raf | i ce 260" .
Col at ed 25 TRt e Al a0 o1 S Br ey dod o hanaraEBY anaRgy Mesit 1 g™
cartridge tiER asdessctdoengageencé hcamde emrekapadt o258he .daAGe andi BHukO

-the ink tci,xar'tirrilkdgfe k2 ishownoi n. Flé%l é}%4, \Mé(gff]ert heei qk rengi ni ngeg@unt
i s becom ng'd oW and Bart i WP S hyCarféd COF Tt RE SERESLY c IRAGE
Fig. 103 shows an ink cartridge 272 according to still
15 another embodiment of the present invention. 1Inthe ink cartridge
272 shown in Fig. 103, the bottom face 274a is formed aslobe in
the vertical direction. _
In the ink cartridge 272 shown in Fig. 103,.when the ink
remaining amount is becoming low and part of a radiating area of
20 the elastic wave generating device 260 is exposed-fronlthe liquid
surface, the traveled time of the reflected wave of the elastic

waves denerated by the ‘elastic wave generating device 260
continuously changes corresponding to the change Ahl of the liquid

surface. The Ahl-dehotes change of the height.ofnthe bottom face

25 274a in both ende of the gelated.material 280. Thus, the'process
.fronrthe ink-near-end state te_the ihk-end state of ink remaining
'amoﬁqt-can be accurately detected by detecting the'degree.of
change in the traveled time of the_ref1ected ane:of_the elastic.A
wave .generating device 260. - o

30 Furthermore, a porous member 1050 is provided inside the
container 274. The porous member 1050 prevents the waving or

- bubbling of ink inside the container 274. Therefore, the elastic



S

‘generating-device 260.' is exposed. fromthe liquid surface, the 30
traveled tine of the ref | ected wave of the elastic waves generated - by the
el asti c wave generating device 260" and the acoustic inpedance
continuously change corresponding to tHe“change Ah2 of 160 “the i quid
surface. The Ah2 denotes difference i.n the height of both ends of the

gel ated material 280'. .Thus, the process from the ink-near-end state to

the ink-ewﬁ]elgésnefraicn%grg L DY 26RMOURE  CANL DS AOCHT dlgly cdetiget adyby

det ecti ng gree o ange in the traveled tine of the reflected wave

~of the el astrismmptavo gareenat.i ng devi ce 260 or. change i.n the acoustic

i-npedance. The _jnk cartrid ac i.ng to the. present enbadi ne further
has a porous nmertsr PIHSBS ﬁ}eg'&edfeﬁgig’ﬁslisg%r?}iﬁeg%%r’rtnaflﬂ%rcor%)%nefhg%?nu-cjthet
recording &mamb%lbgél&ﬁi%ea@@@wﬁ pacé 1258 ofl@hienparsiudendmaser 204k in
an-ink supply port 276 side of the ink cartridge 272. The convex part 258

i ECl udés airf élaﬁé_llilé1V\Wéhegéhépat¢ﬁg§hGe9Péé°‘26%“e. ofthEhgj grn¥ ke 336 -of

t he porou I ' I ' of pt.ai ner
274, "an_ Thibay g PLOZGoEE PEALHA che Ot o e o e T S8 0% ™1
and t he elwastd genmretgenedativing oW ead2@0rmsThe ipdr vy ereriide0 .1050

prevents th bubb] f, -i.nk i-nsid h ' 274. .
et efore, the BPas Rokoks of A ER ind iy 651 Como8bnSean ACtt A J %Fect

the ink canRg@nPtih@Nre$tattsve2QaVbessitke i) 4441 edidnsidglamdha LoBhainer .

274 and ink layer 1060, the reflective wave of the elastic wave generated

by thé0 eledstsité cwagee ganaRting deviee 28DdogserohsthagigmgeOndhea réhether

hand, if ink jnside cont ai ne 4.] : ri i_n- part
ke TSt DO BRACEo AT hEr CONUTEHonBRR) | 387 dil addtn

correspon tot isTa w 1n the hel rection of the

gel ated materiiak 280erwitéid nindweeddlol dyér. 1966h th¥tdridinardfsichg ghpt he

gap 11 L Ml SYET 1080, B8 rellccl) e pove, ol e L ast o S e
Ther ef or e gelfa@ a@ASHyC tWaVRlastic wave generating device 260 gradually
' 15 changes. Therefore, the eléstic wave generating device 260 can
- detect the ink quantity when the ink status in the contéiner 274
is near to ink end status. The Width of the ink layer 1060 is
not limiﬁéd as the embodiment shown-in Fig. 97.
_ Fig. 104 shows an ink cartridge 272 and an ink-jet recording
20 apparatus according to still another embodiment of the preS_ent
invention. The ink-jet recording apparatus shown in Fig. 104
includes a convex part 258’ in a side face 274Db in an ink supply
port 276 side of the ink cartridge 272. The convex part 258
. includes - an elastic wave generating device 260’ . Gelated
25 | material 280" is provided in the side face 274b of the ink cartridge
272 so as to engage with the convex part 258‘. According to-the -
ink cartridge 272 shown in Fig. i04, when the ink remaining amount
is becoﬁling low ‘and part of»Ia radiating area of the elastic wave
' generat_ingv_device .260.’ is exposed from the l'iqtjlid surface, the
30 travé-led time of the reflected wave of the elastic waves generated

by the elastic wave generating device 260 and the acoustic

-impedance continhuously change corresponding to the change Ah2 of



" generating dévice 260 can detect the |nk consunption status when 30 the i's
ink surface within the width Chl in the helght direction. .If the ink
surface is within the region of the Ohl, (}6 el astic wave generating
devi ce 260" .can detect the ink surface. o061 According to the ink cartridge
according to the present enbodinment, there is a gap between the side face
1056 of the porous member 1050 and the el astic wave generating device

2601, the slastinuaue cgener ol deulae, 2004, ean delect, Lhe halgsuace

W thin th on 0 e Ah2 even i € porous rre rovided
in the candteh rReids2é4. tHeegel oted nnt e icken tghoe vvitdhhsoftheepﬁrﬂesst f&om
“elastic wave generating device 260' can detect the ink surface when ink is

filled in tHe CYhtHHere 45t | L heRE nkPEafPAcEt/h&n O ik Femegning

contai ner Z{dis N8y £88urdPel &@@e@@é’d%?”@@gb%%é t‘h@ed%b%%te' Gfnave
is transmtted and received by t¥1e sane el astic wave génerating device 260

and 260" otierge he Fh& teand head imepofit the mdtlecstted b'ayedOQrthmelarsefllcect ed
wave at the liquid._s i_nventio mte t her eby

Th
o eiaest Sen i hArSax (MR PEERGDenaeE" h Ot o i 1d Trbedailel o0

device 260 may heepriw dedrsepagat akyordsnaned afhelsprieBeht argiottimeatt he
elastic wave and other for receiving the elastic_wave, so as.to detect the.
i nk remai fiYFheamb@s 2@ PPEOUsOBemReR 928 PEVEGashansAdsy [re cqrtainer

embodi ment, Of  amne 20 G‘%&?Ekbkggﬁgfﬁp‘ﬂsﬁcd& EHc@uéngé %o%%Qrpalf@"zss'

exanpl e, the black 1 nk. The ink cartridge shown in Fig. has a. actuat or
106. AfA iink asuspplw fp@rt%t 27 4khiich acoriesk ismped it ROt twif7ie &ndienbfsuppl ynkeedl e

of the recor ratu in _a _seal ed vi ded i contai ner 1
Ohi eh hou e bt YA el Bt R B8 Tr RRE, 1cBLaEsToE ePalrifonePel e
cont ai ner gJanetﬁaela@t uetr@eelz%‘oi S Mpentede Sk 10BEt of hehagdidher méMbegan
contact with ink inside the containerl via the through hole is provided in
the contailf&® 1S PR bldibrta fhdre gidg SeeRe 74P @i ERet Frent akne i25 4al nBst

used Up, ink. layer 1060 is formed on the gap between the side face 1056
15 and the elastlc wave generating device 260 .

The porous member 1050 prevents the waving or bubbling of
ink inside the container 274. Therefore, the elastic wave
generating device 260’ ean accurately detect the ink consumption
status. - |

20 Wheﬁ ink is ﬁilled inside ehe container_274 and ink layer
1060, the reflective wave of the elastic wave generated by the
elastic wave generating device 260’ does not change. Ontheothef
hand, if ink inside tﬁe container 274 is consumed, gap arises in
the part corresponding to the Ah2 which is a width in the height

25 direction of the gelated material 280" within the ink layer 1060.
With the arising'of the gap in the ink layer 1060, the reflective

- wave of the elastic wave'generatedknlthe elastic wave generating
device 260’ gradually changes. Therefore, the elastic wave
. generating device. 260’ can detect the ink consumption status when

30.'-the is ink surface within the width Ah2 in the height direction.

If the_ink surface is within the region of the Ah2, the

elastic wave generating device 260’ can detect the ink surface.



i . e . at the tinme when the ink becones an ink-end state, the status 30
around the actuator 106 can change fromthe liquid to the gas, the .
actuator 106 is provided in a'slightly upward position from the ink.supply
port 2. Moreover, an actuator 106 maybe'&eparately 162 provided instead,
so that the actuator 106 is used as an means for detect]i ng liquid only.

. Furthernore, a porous. nmenber 1050 is provided inside the container 1.
The por ous; ggqg-r I.S: Pr Vi roiig g I; he
cont ai ner %&? na%gﬁg\;{lenbﬁ}é%\ségggq 5 It%er%% ﬁ% % &?gm;bgﬁllq%&
provi ded beiewsen 4 ke gper bes weenbehe émae ﬁadethesaccbﬁatmzr pdtu Bynepibaast di ng

t he porous nenber, 1050  inside the contai ner the poro nfnber 1050
prevents tieWabfrge 8LaBhbBIvhE EFHFﬁRtFﬂgld(fev 19Fe2&8nt & ll{ﬁ‘?e? AShherHMfe i nk

cartridge Jdhdmmand easther wéh the gecerdi pgehead QlérffB%eS%@Wl%g the
operation ™ during the printing process: Therefore, the bubble of ink is

di fficalt teyigeneratbeadbpnevéhe Aathaporol@6mefberacd sat s phdf/idsh in

t hereby detect the ink consunption status accurately. Moreover, the width
" of the gaphlsecaeénainhe pot ouThemefere, 15y MOBtEmndet Wedbe fatbe ql% itdrenot
limted.. uppress, the bubblin [ as ch_as Slb| wldth
of ink Iaf-elir ?‘3’ ré 8853%189 %Fb’\l/lcgl %éothctjag%pvl)o(:hr]%tuesct!r)nceE §(51 gn Fower
si de of th&leﬁﬂlﬁhhlmfllledlintthh% vodt hinértdve unkil ater 1319656.11f§ac&nmhlen t he
actuator 106 can det ect the |nk quantlty only when the ink status is near
to 20 the ik hdhe contaiarer 274nK sdHES it e\ﬂéve i nsi de the container 1.
Therefigre, the agtpaLofLdPS. &ﬁﬁbcﬁ‘?ﬁé}{@é e'tl‘;edgiggfz1Eh€avé“&sq'd§[alh's¥n¥tt\éf@9n
the ink consunption status is near to-the ink end status. Therefore, the
porous neriper r&080vies by efles alrime ledeatted weaebgeneh@tam uiaﬁt\arcelafﬁw\namiout
limting th of gap between the. or.Qus 050 and th
ncruator 200" i (i HEpB L ERETRENG arinePer e anet Yasete
such t hat rterfeemre@uaaﬂenbertﬁé)aaqiaes s@if agbsor Dse ighke stitStiefreint idnhes

through hole I ¢ before the ink surface reaches to the through
not limited thereby and for example, as still another embodiment

I's set

15 the elastic wave generating device 260 may be provided separately
| as one for use in transmitting the elastic wave and other for
receiving the elastic wave, so as to detect the ink remaining
amount . |
Fig. 105 is a cross sectional view of an embodiment of an:
20 ink cartrldge for use with'a s1ngle color for example. the black
ink. The ink cartridge shown in Fig. 105 has a actuator 106. An
ink supply port 2 which comes in contact with an ink supply needle
of the recording apparatus in a sealed.manner is provided in a
container 1 which houses the ink. In an outside porﬁion of a
25 bottom face 1la of the container 1, the actuator 106 is mounted .
such that the actuator 106 can contact with ink_inside the
container 1 via the through hole 1c provided in the container 1.
In order that at a'stage at which the ink K is almost used up,
i.e. at the time when the ink.becbmes an ink-end state, the status
30 arouhd the actuator 106 can change from the liquid to the gas,
the actuator-iOG is provided in a slightly upward position from

the ink supply port 2. Moreover, anactuator 106 may be:separately



hole Ic. In other words, the porous nenber 1050 is designed such 30 that
the capillary force works in the porous nmenber. 1050 is. smaller than the
capillary force which can hold ink in the container 1. Therefore, ink does
not remain in the porous. member 1050 by®Fts 163 own weight and exists in
t he through hole.1c when the ink inside the container 1 is in an'ink.near
end status. Furthernore, an airhole, not shown in the fi.gure,.is provided

on the container, .1. irhole is provided.on t upper. side of the:
contai ner % fgggegoﬁﬁgggégtesaje%a%u §?d%96F“63hﬁa%hépr?e i 771 87 Mt 7 %duced
i nsi de t he feentateer ihgbyithedabnhel e,. and i nk fl ows downward by own

wei ght with advance of ink consunption: The residual ink thereby stays in
the through hol eFFEENBRTPRE: of RALPEFHACHMEF HASP diSaRECELIBE 1RGPS blig

menber  10.105Q;i680 Be sahesSysdrdiatmihse PO OYE TRMALVIQRGY ahsarRs ik

exi sted i.n the through hole lc when the predeterm ned amobunt of the ink
i s consunmedctUhapri 306t s el avetterinefr fhe h@audavemger 4860 déptlset

that the capill force r in the porous er 1050 is _equal to or .
| orger s hafERet b FRFETaH e T i Ry IHRAG B R ch Fhg: e Trs Tehiat ner
1. The por eusonznderhe G dateyreby sabswy Bsrov ki rexXitsiee §oirbuk e dube pugdhs diol e
| ¢ when the predeterm ned amount ~ of ink inside of the container 1 is
consuned. FOFLABS EONERENCRI et llf RREioals BEMReE L9S00RKE ishtbe £he05DY 619 a

part near byt PN ! ' | er ith h j er
of the othé%iéﬁFﬁéﬁ?gS#?th gﬁ%%ﬂ%tﬁg%ggggiggg% ?ﬁﬁhgggg%é nggkﬁﬁgk?ﬁfough

- hol e 1% isovhertalpetdisomrict biye trhtve quotiogs heredbey theS6candihgrdgeeration
.supplied to the jnk su ort 2 fromthe rous er..1050.. For, . _
ol ¢t RhGF cEBF aRECEF 158 *PRalsts ous RIS Srod0e OBHS Gifed THudk? ¢ hat
t he porousdimepbenldda)gahseabs irkur@midngdtuibormddie tiheosghudiobe gk When

the ink quantL%g in the ink cartridge becones snmall -anount in a _degree that
- printing beeBnEReERPBCEEVRCt Fhf t HUF oS Uiiiel ¢ib| - 3 Wiret Eru st etliye por ous

cmenber 1050 Ts - desioner, sued JiAlh WiecRR" s BEENELN 10RO SRR RLRLARS T Nk,
15 1050andtheactuator106isnotlimitaﬂh Tosuppressthebubbling
'of ink as much _és possible, thet'v}i'dtlh' of ink layer 1060 is reduced.

by providing'the porous member 1050 on lower side of the container
it If the width of the ink 1ayef 1060 is small, the éctuator 106

can detect“ﬁhe ink quantity only when the ink status is near to |

20 the ink end.'-Howevér, ink does.nof wave inside the container 1;_
Theréfofe,theéﬁtuatofIOGcanaccuratelydetecttheinkquantity
when the ink consumption status is_neaf to the ink_end status.
Therefore, the porous membér'loso is preférably located nearby

~ the actuator 106 without.iimiting the width Qf gap between the

25"porous member 1050 and the actuator 106. | _

Furthermore, the hole diameter of porous member 1050 is set

such that tﬁe porous member 1050 does not absorbs iﬁk existed in

thé through hole 1c befbre the ink surface reaches to the through
Hole lc. In other words, the_porous member 1050 is designed such

30 that the capillary force works in the porous member 1050 is smaller

than the capillary force which can hbld ink in the container 1.

Thereﬁore; ink does not remain in the porous member 1050 by its



is absorbed fromthe through hole Ic by the porous nenber 1050, 30 to the
i nk supply port 2. The actuator 106 can thereby detects the ink end
accurately when the predeterm ned anount_ of ink is consunmed and prevents
the defective printing.. Mre specifi cd1§3y, 164 the hole dianeter of the
porous nenber 1050 nearby the actuator 106 is made |larger than the hole
di amet er "of the porous nmenber 1050 around the ink supply port 2. The

porous nerhar L9 c0gRHPL LSS PO &n@ntﬁg&%%ﬂfh&l@_ MOLMER the Dk ikRide

container 1. However, a relatively snma rous nmenber; not shown in the
figure, carhdeqrtaimed lonlsy iar enndnkheeartemd ostatl@s, MFuythE)GOrs ,aacr 0SS

sectional view.of the bottom.part of. the ink cartridge of.the present
embodi rrenta.l-r%?elei'nlfloc,ta |W5‘géPl E%eo£19'tﬂ’éep_rJe%é?ﬁm@rf%ﬁ)‘gi%ﬁh%ﬁém&atlﬁlre&gh
hole is on thenbohtenviaces! grévisbe ot ﬂﬁipér MY b CAHAICBS tiaRkerThe
bottom part of the through hole Ic is closed by the actuator 650 and forns

an inR stlofpPngepavRicape with exnteidggef uvradingy flo t herpredasroenssdi nent
has 15 a .pQr:ous rQyi i NS t AL QU I

por ous merbr Ao SEE e B Ten Y Bt S TP a2y o T Y
actuator @G wBy ghrtow idim gdvieerqeo rcdusi ke rdeers U@l dro: cTheacksiduah tihe

vi brating r%g n of the .actuator 650 mlggg dges not remained in the through
hole ic. JGEGPYeshRNFe 10t & biPE YRR &F -t he porous nember 1050b

provided aroundohhent s OHER K, Ithd poMBdeisnBLELerof Natk the diel Rembeanet er
of t.he porous nmenber 1050a provided inside the through hole Ic. The

capi | l@r y 10§0ceambetsft porb s arehlie POIO8e SN HOS ¢ R sombsuhk ASiLELEE

t hereby b I t he, capill f .
10508 1 nsiderhr TRE R oL e HERr thinhYed e AP ERE o PR R
por ous nerdberorldifed | ndilde: ibe tHehholghliamex drcof S abporbed neyniicre1 ppoous

menber. 1Q50b Qrovi de ar oun .the through Eol e IchWnen the ink inside the
i nk CartrPagge that the capillary force works 1n the porous member 1050

.1s equal to or larger than the capillary force which can hold ink

15 | ins'ide the coﬁtainer 1. The porous member 1050 théreby absorbs
ink existed in the through hole lc when the predetermined amount

of ink inside of the container 1 is consumed.: Furth_ermore, Ehe
.hole diameter of the porous member 1650 of a part n'éa_fb_ir the ink |
supply poft 2 is made smalier than the _lhole diameter of the other

20 'part of the .porous member 1050. Ink existed in the through hole
lc is thereby absorbed by the po_.rous' member 1050' and ﬁurther
_supplied to thé ink supply port 2 erm.the porbus member lOSO,
For example, the hole diameter of the porous member 1050

is designed such that the porous member 1050 ébsorbs ink rema-ined-

-. 25 in the'through hole 1c wheh the .ink quantity in the ink cartridge
becomes émall amount in a degree that printing becor'fxes defectivé.
Furthermore, the hole diameter of the pérous member 1050 1is
designed such that the porous rﬁer_nber 1050 can send_the. ink, .whic_h

is absorbed from the ‘through holé lc by the por'Qus member 1050,

30 to the ink supply port 2. The actuator 106'cén thereby detects
thel ink end accurately when the predetermined amount of ink is

consumed and prevents the defective printing.. More specifically,



is consuned. Thus, ink does not remain in the through hole Ic. 30
Therefore, the accuracy of detecting the ink consunption status inside the
ink cartridge by the actuator 650 can be inproved. 165 Fig. 107 is a cross
sectional view showing an enbodi nent of & maj or part of the ink-jet

recordi ng apparatus suitable for. the ink cartridge shown in Fig. 105 and
Fig. 106. A carriage 30 capable of reciprocating in-the direction of the

wi dt h of t oy.di r i.s I it u uny ile
the. recor HiRg Road IERIRE, FhE SORORE Al 1B URR ARGy (The AU O3y
Mor eover, tbhe iskmsdgpplardeedmm32Hes hpleviddedetaraafi tke pardus dgenber

mounting face side of the subtank unit 33. Wiile the recording apparatus is

oper ati ng, 18°8r pYeUBA o3¢ 11l $UPRIPHFPEd 20 the actuator 106 at a

detection tim ngrbigehols méRbet 1 038VIRESH i d Pmo_ M Ehadl ¥ ERELA IRET | 0d
of time. By adhering the actuator 106 to the container 1, a process of

enbeddiing ef e@tlﬁ'! oy igreruge | hodevert ingetlaé iIV!eéM gma i f perous gnember,
unnecessary. i) the gaurse of, forming &t he container, Lo oo TheLefar e &

n
i njection 0 process ¢ Se S npii eakage of |rqui,d
froma plagesin which the el ectrodes are supposedly enbedded can be

avoi ded, thus inproving the reliability of _the ink cartridge. Fig. 108 is
a cross sectional19i eWg%flsar?otoﬁ@rsseﬁBGGilﬁﬁﬁ% vagwoPLt: the btk RiTit oF3.

The subt ag};hémmk 33:309Wyd BeFt e J0& eSO RHe agheal f IR ARl
porous nenber 1050. In the . enbodinment shown in Fig. 27, the actuator 106
and t h® poobushenpnbeent K@ dmerpr basdedhraugheciontlai prerthe bt tdre fiade
cartridge.. However as shown .in Fi.g. 108, the actuatpor 106 .and the pqrous
menber 1050% 23 c%hé bceorbr‘—’lol\/rfefeciL’i_r‘i’spilg%1 tcﬁé‘tgﬁﬂf’aﬁi}%um@‘%%‘?065-1&%“% earr‘rBrtDr(.)g, t he
act uat or 108e atighdiligh PEFIRLiS] drerEben ck@B0boathbea Pt eyt dedssm dral forefs iamsi de
the contairner 1 of the ink cartridge and the subtank wunit 33. According to
the embodi Wt SSHEWE iBAH g. 108, the actuat or - '

_ The ink cartridge according to the present embodiment has

15 a poroué member 1050 provided inside the through hole 1c. The
porous member 1050 thereby contacts with the vibrating region of
the actuator 650. By providing the porous member 1050 to contact
with the vibrating region of the actuator 650, ink does not

_ remained in the through hole 1c.

20 : For example, the hole diameter of the porous member 1050b
provided around the through hole 1lc is made smaller than the hole
diameter of the porous member 1050a provided inside ;he through
hole ic. The cépillary force of the porous member 1050a around
the through hole 1c thereby becomes smaller than the capillary

25 fbrce of the porous'member 1050a inside of the through hole lc.
Thereforé, ink contained in the porous member 1050a inside the
through hole 1lc is absorbed by the porous member 1050b providgd
afound_the through hole 1c when the ink inside the ink cartridge
is consumed. Thus, ink does not remain in the through hole 1c.

30 Therefdre, the adcurécy of detecting the ink consumption status

inside the ink cartridge by the actuator 650 can be improved.



30 106 can detect the ink quantity and the existence of ink inside the
subtank unit 33. Furthernore, the porous nenber 1050 can prevents the
wavi ng and bubbling of ink inside the subtank unit 166 33. Therefore, the
actuator 106 can accurately detects theéGTmk quantity and the existence of.

i nk. Moreover, because the actuator 106 is provided inside the subtank _
unit 33, the actuator 106 can detect the ink quantity and the existence of

ink inside 5 th ub k.uni.t \Y; 0. |nk i nsi.de; .t he |nk
cartrldge The ? % jgﬁgregordfggsg g%?a ﬁ@a%rigg Ségn Eﬂ&ﬁé§”¢ﬁ§%fhé} t he

printing eFerahnhorcoarbe £ aMd ﬂhﬁdj@lt aetorﬁingrwp;a@fal@m@rsdﬂfatar& fidie
porous nenber 1050 are provided on _both inside of the container 1 of t he
i nk cartrlt@ﬁeléhdc%ﬁ'érl%)es‘iﬂﬂ‘%fhlé%ﬁllﬂ -3805 138 Fdtrat 8F - 108 3T P&t EO t he

i Nk consumRL;0A «StAt Y d RS gaé%l ¥heWibRerTRe o f&%ea%ﬁ%&%fl%ecan'

- detect -thetimng of In e the contai ner l of the ink cartridge
Fig. 189 sﬁ@wranQc@ﬁpﬁmdgese@@a@p@dng1t® st isibtamnét leri tediBodwheies tbe t he

present inventi.Qn, _ _ actuator 106
i's mount ed ST S BSt 1P((a)"?‘ng::balcéSI Br%%%‘réﬂ ”éas %Vﬁ%rijﬁa(E%gfvég?i%%ta}ﬂ}? EEtiton.
Accor di ngaBo theresbedi nenésiakowipplyFhged18932Whenppakt dedl ihhgnaghuat or
106 is exposed fromthe |liquid surface, the residual vibration of the
actuator TEEtESABENBEUSE)NEhAAGEs Side PhetBRoFEPLERE HBiGaBdr 106 can

accurately det eqhtbe kol o LORSUIPLEBO,IHARN S KoBkafotect Lng. LheaehARgC of

- the acoustic inpedance. For exa e actua can tect i nk
surfateé whsl euppeiedktsurfacacexatsds N@&fﬂﬁ]il@euagyumm afintilng @hlichshewn in

Fi g. 10c, 25 I n_the enbodinent; the or gus nmne 1050.1i rOV|ded in the
cont ai ner St tHe2P8PBaGS - ﬂﬁe?xfﬁgée raveft §°t 81Ra9Fﬁé°§ buBBt i ng of

.ink inside the gprd@héweind. thEhacegéeu& eehey cheS8ont Aeheby1 | Bpppe¥essthe

aoeuracy Sb Sbeiaing eleccroact'¥or Wetn deteting the %??;um surface
is unnecessgry, in the course of forming the container- 1.
- 15 Therefore, an injection molding process can be simpliflied and the
leakage of the liquid from a place in which the electrodes are
supposedly embedded can be avoided,” thus ‘improying the

reliability of the ink cartridge. | |
Fig. 108 is a cross sectional view of another embodiment
20 of.a subtank unit 33. The subtank-unit 33 showﬁ in Fig. 108
" comprises the actuator 106 and a porous member 1050. In the
emedimentshowan1Fig.27,theactuator106andthepmrousmember
1050areprovidaﬂinthecontainerlcﬂftheinkcartridge. However,
as'shown“in Fig. 108, thelactuator 106 and thé poroué member 1050
25 can be provided inside thé_subtank'uhit 33. Furthermore, the.
actuatof 106 and the porous member 1050 can be provided in both
Qf inside the container 1 of the ink cartridge and the subtank

unit 33.

Aécording to the embodiment shown in Fig. 108, the actuator
30 .106 can detect the ink gquantity and the existence of ink inside
| the subtank unit 33. Furthermore, the porous member 1050 can

prevents the waving and bubbling of ink inside the subtank unit



30 In the enbodi ment shown in Fig. 10.9, the porous nember 1050 is

provi ded nearby théwacttator 106. However, the present enbodi nent does not
provi de the ‘porous nenber 1050 inside the 167 - through hole 1c. Therefore,

.ink directly contacts with the vibratidf®region of the actuator 106. Thus,
the vibration region of the actuator 106 exposed to air with the increase
in consunption of ink. Then, the vibration status at the vibration region

of 5 the actuat anges. e, d o i qg?n ity. by
t he actuatg¥yiogﬁgggg%%§'égggfi o%éﬁ%§3§§sE?ﬂegégﬁ%%ggg%dﬂ%ﬁ% |%§e¥fngnk
as nmuch as queosditlyl e,and theneixiptefnerabd e tokhavéMaregaehetiveenuddet par ous

menber 1050 and the actuator 1Q6. On t [1e ﬁt her haqg, it is also 10 not
pr ef er abl eatci’féltattﬂ{elg FSUBTREABER b Er%ukf%art‘ &Nt At i§ 2FEYRBAT of
the actuataiel@éni BeBedeW e ilAlqubhe i¥iPhARI fde S8Cid Uhcdlor herachyabor

106 cannot vibrate. Therefore, the porous nmenber 1050 is preferable to
provi dell artdendubttanik prdtti @ remgironvhsin tteracisiarerineinsbdevene ihke

Dot uator 1085 LG vi BPAL TG D e b tot A TARSntsr CIBeeEinCoNr 4P and

det ect thewhekhexi shenpeinanegt bpeirakiguanaht e EbgtiAlldsbowaoan ink
cartridge accordi gg to still another _enbodi nent of the (gresent i nvention.

Plural actuatorsli08¥ 2E68BLCT200 6 BBE RATF THe "BBPESN $ 3¢ @ NEaPF oY eed a

slope in the yethi ¢abiderSE1{ RN SHACEh 1AH RHQ Y&k BhetPkaYkdedai fhd he
container 1. Furthernore, a porous nenber 1050 is provided inside the
cont ai A@ér suUbtTIRE woibods mhberclOBSOPridenes ddkkeaktilat ons AOBsuMiOBn and

106c to w tect the_ink consunption status as explaipned_ 25 in the
Fo. 0o ReBkhs e RhoHIEL LYy C ORI A HHE AR R HE brnr et et [
is existedthe tiweimpottimg epasi hs Ofe dthecachtainéha agttiad ahk cdO68i ddOH6D,
and 106c, the anplitude of the residual vibration and a resonant frequency
of the each of Fﬁégac}%%tﬁlfl%wlb’élé,Ciﬁfﬁ’é}d%‘ﬁﬂ according .to still another

embodiments of the present invention. 'In an embodiment shown in
156 Fig. 109; a éétuator 106 is mounted in a bottom face la formed
a slope in the vertical direction.

According ﬁo the embodiments shown in Fig. 109, when.part
of the-adﬁuator 106 1is exposéd'from the liquid'surface, the
residual vibration.of the "actuator 106 continﬁously changes.

20 Therefore, the actuator 106 ‘can accUrately-detect.the ink
Iconsumption quantity by detecting the change of the acoustic
impedance. For example, the actuator 106 can detect.the_ink
surface while the ink surface exists within the regioh of the Ahl
shown in Fig. |pq. ' |
25 | In the embodiment, the porous member 1050 is provided in
the container 1. The poroué member 1050 prévents the waving and -
bﬁbbling of ink inside the container 1. The porous member 1050
thereby improves the accuracy of detecting the ink quantity by
| :the'aétuator 106. - '
- 30 ' In the embodiment shbwn.in Fig. i09, the porous member 1050
is provided nearby the- actuator 106. However, the present

embodiment does not provide the porous member 1050 inside the



30 106¢c differs at each of the nmounting position of the actuators 106a, °
106b, and 106c. Therefore, the existence of ink at the level of the
nounting position of each of the actuators 106a, 106b, and 168 106c can. be
detected by neasuring the counter el ectt®hotive force of the residual

vi bration of each of the actuators 106a, 106b, and 106c. Therefore,
residual quantity of ink can be detected step by 'step. For exanple,. if

the ink surface. s.af the | eugl. 8 chebuean e a6l vt O£ 400D, andL 1 Re cne

act uat or et’ect's non-in and the ot
actuators \ﬂﬂﬁfhtﬂlﬂﬂ] te§bon dfetRetsct nit@xl9t . StEiws, the vEbnpt et neigdelny
judging these detecting results, it can be known that the ink surface

posi ti ons OhERGES YA InbAH EFRG SEES T PoR OFt It hBE ACIRAE 106 SHIPACCHat or

10 106c. g 1nk111TﬁQHV"5tHéh$IbP£@9ghn§@$t@§ dhe Hrough iQdre rbei dh oreach
of Fig. 111 (A , (B) , (© , the left hand side of the figure shows

t he st at ushehactuhépe 1@6 mdjlarme% i henefoheouyh deslest! the and quhat itiyght
‘hand si de ,of .the fltg“[léh rsq%\gs the status that ink 15. Kis renmnined in the
&

t hrough hdle %€ 46 e SdPFE St B85y 28, the 'side face of the

through hol e is Tics fuppmasascidhewyeingcahd wabblihg kifg.idk 144) mutheasi de.
face id of the through hole Ic is slanted in vertical direction and opens
with expam®sfdle t BE 18RQY dxefisFahle tr1PeBs, 2 930 HPNEPbIHICROFEYENd | f

are * f o Mede@R;08 0% 0 34 dhd AL Ak okNEokNr DR HAOLERkE. ndlia, sienRedgar ti on.

if, whichis prowded above the stepped. portion , s wder than the
st eppéd portti pneferable Eihgt tdHd POy ousstreertthr0Ugh Olrdlee & thashavibgabove | g
that extends .to t di rect |ch nk .i s easi] di.sc ed h is,
he df rectoa Do i SEEBBRImpbre 1ot S Aas £ BT e b tec Phe
t hrough helfeche aﬁmwmolrnlcﬂg @annbtlqu}ate (1®e re fidie ,quABtHdnOWG meinBErK in
the ink storing part: can_ be reduced. Therefore because the M cav can be
snmal | er tRAR0t ke Prlﬂfﬁ’&ﬁbéﬁpli%ﬁféﬁ”l@?qzﬁﬁouﬁé i VEPGatang ¥ERIR Bakhen

char act er i;gti,6c0f 458, AGILAALr 65t dRfud Rl 1hG o RkneBd SbAtYSts

15 with the v1bratlng region of the actuator 106 if the vibrating
region of the actuator 106 can vibrate and detect the ink existence-
and the ink quantity.

- Fig. 110 shows an ink cartridge according to still another
© embodiment of the present invention. ‘Plural actuators 106a, 106b,

20 and 106c on the bottom face 1la formed a slope in the vertical
direction spaced at an interval are provided in the container 1.
_Furthermofe, a porous member 1050 is provided inside the container
1. The porous member 1050 prevents the actuators 106a, 106b., and
106c to wrongly detect the ink consumption status as expléined

25 in the Fig. 109. |

According to the_' present embodiment, depends on whether the
ink is existed in tehe mounting position'o'f each of the actuators
106a, 106b, and 106c, the amplitude of the residual vibration and
a resonant frequency of the each of the actuators 106a, 106b, and

30 106c differs at each of the mounting position of the actuators
106a, 106b, and 106c. Therefore, the existence of ink at the level

of the mounting position of each of the actuators 106a, 106b, and



30 can be greatly different with the vibration characteristic when enough
quantity of ink K fior- printing is renained in the .container 1, and thus
the ink end status can be reliably detected. 169 Furthernore, in the ink
cartridge of the present enbodinent, a ifdtous menber, not shown in Fig.
111,,is provided around the through hole is of the Fig: 111(A), Fig.
111(B) , and-Fig. ill (€ The porous menber 1050 becomes easy to absorb

tnk 1nside, e ccsa ?e%@:@&%cﬁby%ggggrgk e R Riddeel 8EErbflor STERRR

portion |e€; r-oove is a slant view. of the further

ot her enbodf neiné rediduedl acturattdon bifi eh'ch efrbolué nemt ya tdes aldlﬁﬁatdr%@?O

conprises a_concave part formn pl ate_80 an i ezo ri c.elenent
116]? ete

10 82. The?dntdRe: pdMerefars: f6gﬁé§u8h FHAbhEY s GHe ace t&he

concave pagtef of ékge;DaS%QJ @B@m?erylEh@hé echini sluef seehi s ag EtIHH“l@gneland
pi ezoel ectric el errent 82 is noun on the other side of the face of the

concave pabe¢tweenithg desea pdatcBEndrhbe wltaﬁrﬁrpépﬁForﬂ‘tﬁa?héa'é%éa)\ﬁé part
P ot e E5a s Yadh A O I L E01AN W JL e LANGRS D Aler] Al Mg ghase
r brid

pl at e 80. ing reglion of the actuator
determ nedgdyetthe iper leﬂhlety sefatilse C(B}C%@mpﬁe}heﬁélvalytnedgmng  Helse
actuator 670 has the simlar structure w tgla %%tr cturgaof t he act uat or

106 showd¢re®t §R9 X2 syl suni B IFarnke B pF S‘fﬁ F BPEL G50

plate 176 js¢f0LiBA%cune iPed¥os THEERTOF @hel RecMBRULACHSH i3 RLUCRST
during the manufacturing an irnk cartridge can be reduced, and the cost for

nanufalﬂurl@n@can |nk cartridge al so can be reduced. The actuator 670 has

a size which ca %% gr{g”%dge\gs i %rtgnebég{@%g?hefh%g é}prcmr?q,lvhggg o0 th(;:1

.container 1. B i Ng process concave

operates asathefCRygt W11The actuaton (06, tskoverft hank gidedfcame lﬁaghmerred
to , be enbedded into.throu h hole is as actuator 670 shown in Fll%r 112.
Fur t her morehova i Gid &at thepe|is fiQvinded APothg % 1&70.

The act uatgrrld% Q.'flgtl‘ltteh Rl s€aLtdf AR k&%ﬁr@hg%wsntﬁé%tatus that ink
'15. K is remained in the through hole 1lc. 1In the embodiment of Fig.
28, the s1de face of the through hole 1c is formed as the vert1ca1
wall. Ih Fig. 111(A), the side face 1d of the through hole lc
is slanted in vertical dlrecltlon and opens with expandlng to the
_outs.ide.- In ?ig. 111 (B), a' stepped portion le and 1f are formed
20 on the side face of the through hole 1lc. The stepped portion 1f,
which is prov1ded above the stepped portion le, is wider than the
stepped portion le. In Fig. 111(C), the through hole 1lc has a
groove 1lg that extends to the direction in which 1nk is easily
disoharged that is, the dlrectlon to a ink supply port 2.
.25 According to the shape of the through hole 1c shown in Flg
| 111 (A) to (C), the .quantlty of ink K in the ink storing part can
he reduced. Therefore, because the M'cav-can be smaller thah the
M;max explained in Fig. 22 -and .Fig. 23, the vibration
characteristic of the actuator 650 at the time of the ink end status '
30 can be greatly different with the vib_ration chafac_ter_istic when
enough quantity of ink K for printing is remained in the container

1, and thus the ink end status can be"reliably detected.



30 113 is mounted on the side wall of the supply port of the ink container
194. The actuator X06 can be nmounted on the side wall or bottomface of
the ink container 194 -if the actuator 106 is 170 nounted nearby the ink
supply port 187. The actuator 106 is b?%ferably nount ed on the center of
the width direction of the ink container 194. Because ink is supplied to

t he outside through the ink supply port 187, ink and actuator 106 reliably

contacts S untif, (g LhOL00 0f Jhenlk RGalaftnds Phe U dhngrbbas Achuat or.

106 near by the 1nk suppl'y por erefo t he actuator 106 can
reliably depeedus hredibet Nohad diwevri nla mear. énd. Aspprousdedeabennd0Bei s
provi ded around the actuator 106.. The &@ro S nfggzﬁ 1050 Qteve ig &Qe
wavi ng anBPEPeIBUKHIG AG of GhekFadd. thelfeby F18 p ts T A8 uat 51406 to
wongly defechol-B8si RKmERRSYBBLI BRcotkd! bsyFid hassvie, idly Niovddli figet he
actuator 106 nearby the ink supply port 187, the setting position of the
act uatior tbBsowghthmle denhEctoonipwitite sadehEaearid agd cBPecheOrhkOBoht ai ner
beconmes 15 reljable LN e nmounting of the ink container on the
cartridgean%o#%ér$5fg%%%0%a#$iage. It is because the reliability of
coupling betweeigt held nks supplantperitewbtththhefiunkhsuppt heneedbedisenbpst

i nportant during the couplinﬂggf t he i.nk _contaj ner carriage.

th | f
there is efdihaaskptogap, IRH 1S FTEPILRERE nkt %ﬁﬁts’n ’hg%&%‘?f{}&’fs%se hur t
or a seal gf}g;r%awéc ure SYFRiAS idd pdavel bo des daprgsdesecthat &hemémk wil |

be | eaked. To prevent this kind of problens, the ink jet printer usually

has altspegtal Tte ucingeee tdeatt Gdn izcéaraedl pnpbbet PBAI Agde hef | Hke coMEai ner

during the unting:of the ink. caontajper .ag 0, t he

25 poci 1 9hi TF QoL B0 5P ToRonatand el thhEd bheateaaras: che

actuat or geartddhilie bhld puppbylpettic Firddwrisre] s trimuractdiainor he I@ehean be

further relia2%¥.positioned by nounting the ?ctuator 1063t thﬁ cenfer of
it 8ro

the widt hstie & ithe 6pCEnal|tile COMCETePa1645 0T T PARG RUSE St $ng is
the Snallﬁéﬁt&@%&af@ﬁaﬁnngQHéaééﬁ%ave.part 81 operates as a vibrating
15 region within the concave pért forming base plate 80. Therefore,
.ﬁhe vibrating region of the actuator 670 is détermined-by the
periphéry of the.coﬁcave part 81. Furthermore, the actuator 670
has the similar stfuctﬁre with the structure of the actuator”106
.shown in Fig. 22, in which the base plate 178 and the vibrating
20.-p1ate 176 is formed as one body. 'Tberefore, the manﬁfacturing
prbce_ss during the manufacturing a.n ink cartridge can be reduced,
éndthecostfprnmnufaethfinganinkcartridgealsocanbereduced“
The aétuaﬁor 670 has a size whicﬁ can be embedded into the through
Hoie 1lc prévided-on the_contaiﬁer 1. By this embedding process,
25 the concave part 81 can operates as thg cavity. The actuator 106
. shown in Fig. 22 éan be formed td_be embedded into.through hole
icéSaCtuétorG?OshowninF&g.112._Furthermore,ap@rousmember
1050 is provided around the actuator 670.
The actuator 106 of the inkHCartridge'IBOB shown in Fig.
30 113 is.mouhted on the side wéll of thé 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 1is



30 rolls along an axis, the center of which is center line of the wdth
direction, during the mpunting of the ink container on the holder. 171 -
Fig. 114 shows further other enbodinent of the ink cartridge 180. Fig. 114
shows a cross section of an ink cartridge® 180C. The sem conductor nenory
device 7 and the actuator 106 are formed on the same circuit board 610 in
the ink cartridge 180C. 5 . Fig. 115 shows further other enbodi nent of the

i nk trid 180. A pl lit f t i t i
vl 2 oanarne e e By b el bk huRBLHPPRER, 189 L TR b edabl:{ BBt
Fig. 115. ;};iefér&ﬁw efabited @oristet henpkur afi tye ofidtie dictewstians ofl@he

which. is forned in one. body as shown in Fig. 26: for these %9 p%yrality of
act uat or s 1Weconkaipparids  y Beranseutiois s liied e iR 9hdt FETOUGE wal |

'194b wi t h_ji at. |, oA WVELLECRaL - di 1 8CtiQNa e BYt 8ET 8581 1) 1181 Plodh@laicley of
actuators i% J§%¥%H852¥6g5&£|?éig4ﬁ%€j#}hafﬁteﬁva| in vefthgfchrggtion
the resi duaht puarhe ttyinmdfng @ thenibé detecerd by apyrdyi dinap thEs aTiiaaitol

cartridge 180E shown jn Fig. 115 nounts actuat or. 606 ich.is long. in
vertical . dt &5 -YloFhJemgi Pofgfo of &SERE Seoh %ian%ua%ff q%ﬁe
change of the Fesisbn) duEstd tohdftihivg idBide titk inka€aridi nar pbuean be
detected continuously by the actuator. 606 which is Ion% in vertical

di recti on.mameey eh@th P9 BrovhdedcenabBl 506 RStPREPEr 9Py | SREePOERAS t he

hal f of thn?er{aﬁépgbso% 6 .gﬁe\@\)lj]‘rg?g?xpdth@ Hilih1 o Lk 264 WRAkELHH06

has the |eng romthe substantia fromthe top end to the bottom end
of thelo sigleevatts ¥9bacthetionklcarte iwdgpmgl§OBeshonnthe Filgcohsbmpsuens a
plurality 25 of actuators 106 on the side wall 194b of the ink container
194 as th&*3tkScartridge 180D shown in Fig. 115. The ink cartridge 180F

further. conpri sss-dhawave preyeBliagnyadle k2 uawdirchobsnéortgy tHe vekt i cal
direction, along the side wall 194b wt égredeternined "space with the side

wal | 194b sweml Y ettt A8 7wablee fasitemd RgSwaRkPn of the actuator 106 to the

connection point on the carriage on the ink container becomes

15 reliableduringthenwuntimgoftheinkcontaineronthecértridge
holder of the carriage. It isbecause the reliability of coupling
between the ink supply port with the ink supply needle _is most
important dur_ing- the coupling of ‘the ink container and the
carriage. If there is even a small gap, the tip of the ink supply

20 needle will be hurt or a seéling structure such as O-ring will
-.-be damaged so that the ink will be leaked. To prevent this kind

of problems, the ink jet printer usually has a special structure
that can accurately positioning the ink container during the
mounting of the ink container on the carriage. Therefore, the

25 ~positioning of the actuator 106 becomes reliable by arranging the
actuator nearby the ink supply port. Furthermore, the actuator

106 can be further reliably positioned by moun_ting the actuator
106at the center of the width direction of the ink container 194.

It is because the rolling is the _smallest when'the ink container

30 rolls along an axis; the center of which is centef.line of the
width direction, during the mounting of the ink 'container on the

holder.



30. 192 faces directly to the plurality of actuators 106. It is preferable
to use the plurality of‘the actuators 106 which is formed in one body as

" shown in Fig. 26 for these plurality of 172 actuators 106. A gap which is

filled with ink is formed between theldétuator 106 and the.wave preventing

wal | 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. 5 Wien the ink container 194 is rolled,..ink i S. r i_nsi de
the ink containér %ﬁgf’ﬁér}ﬁbqtl -erifg?ggﬁﬁ N edrdelr-r?esntg%g%hﬁ Jfngl'([;)r%%rt%tﬁrgtgigtehe
actuator 3@ .mapfynciipnshbys det@ddNGa@asiai a.arfiihk kubithe dgausedchy the
shock. of the ink.wave . By providing the wave preventing wall 192, ink
wave ar ouftiet pemhePRALoFOLOBMOAY BeVioept anentle asSuatar the s ferdEron of

“the actuator 6 I @V . e; preyepti-pg;wakl 1392 al so
prevents £ et_:i‘ﬁ%r Sg@%b%ﬁgcgéﬁerggtggg B;Bt ﬁ\ga}l'gllel ilng 0 inl%ﬁ?o enter to the
actuat®r . 106. Fugt Herfreheysd yarheuso teabembtiBeng pf aviedowk grotmddgRe 15

actuator 106 in_ the enpodi mepts shown in Fig. 115 (A),, Fig. 115 (B).,and
Fig. 115((%)80TheApB:|"(’){%nPJrféYrb%$ ﬁ%ﬁtﬁ?ﬁéﬁés%t%&me)ﬁg 8k t%t?ur?l%gfené’}"%il i nk
and preveRbgpt Be @ed UKOEohREiherW ONdi 1y tiet eek céheridde CITEN RHoWEN in '
status. The enmbodi nent that the actuator. 106 i s.nounted.on an ink 20

cartri dgeFog.altarriligés prefgiahle tioeupalkt hapliradd tysch Qeparhtatopsdy,
with the carri an d.gn e.carriag s-heen, expl ajne ve.
fovever . TRE 40PGH of 196Meant BeohBuRPaY oo Fhe ™ A Fadk 2R thoi S aoant ed
on theoi nkluekliegonbdi agtapparat Uss . t aijed Ipdrunailtilt ya ofarcitage oansd 106r ired

_together with a carriage as 25 one body. Furthermore, the t.uator .106 can.
be mount e@XEANERE O hRE 54 ‘6"1‘11tI]184Bf"‘fl-t€bFPF§§‘éa?Dﬂﬁle\.’e%éc%ffi-lggf&i%&e type

ink tank piS;fASEPAFRe RN § by & Caktuddd rantdo§WPkhessidk wad Icapabage
- through such as tube. Mreover, the actuator of the present enbodinent can
be nount edioh iteeivid ¢arveydigakonseictirad See megidual quantity of ink

can be detected step by step.

15 - The ink cartridgé iBOE shown in Fig. 115 mounts a actuator
606 which is long in vertical direction on thé side wall 194b of
the ink container 194. The change df the residual quantity of
ink inéide thé ink container 194 can be detected cohtinuously by
the actuator 606 which is long'in'vertical direction. Thg’length

20 oftheéctuatorGOGispreferablylongerthanthehalfoftheheight
of the side wall 194b. InFig;llS,theactuator606hasthelength
from the substantially from the top end to the bdttom end of the
side wall 194b. | o -

The ink cartridge 180F shown in Fig. 115 mounts a plurality

25 of actuators 106 on the side wall 194b of the ink container 194
as the ink cartridge 180D shown in'Fig. 115. The ink cartridge
180F further comprises the Qave preventing wall 192, which is long
'inverticaldirectyon,alongthesidewalll94bwithpredeterminéd
space with the s;de wall 194b such that the wave preventing wall

.30 192 faces directly to the plurality of actuators 106. It is
preferable to use the plurality of the actuators 106 wHich_is

formed in one body as shown in Fig. 26 for these plurality of.



30 a recording head and an ink container are forned as on body and

possi bl e to be exchanged. 173 . Although the present invention has been
descri bed by way of exenplary enbodi ments, it should be understood that
many changes and substitutions may be "&de by those skilled in the art .

Wi t hout departing fromthe spirit and the scope of the present 5 invention
which is defined only by the appended clains. The liquid container

ding to t t t reliably .d : ' R
oot At S ARSI R e[ ELAER AT RECL o Al Rerueen 1

li qui d contipad Retuateer do Gt hBavdrepestehoyagtuall can . Idopsexent thke
wavi ng or bubbling of liquid around the piezoelectric device. Furthernore,
the |iqui GaRREEMFEN Bt stadicngreyenhéngresknt 92 avertioAchygtgr 106 has

pi ezoel ectyi g Javicenhel £AD §8LIRRY iRt BEta_ nk BYI ChCONSPIELRRES! at us

by detectingt iqui d surface en. 15 in the case that liquid inside the
| i qui d5comtledmeheviaviescand inkubbded s Folrlddr imkevavdd d geue vk tehtiaiside
according to the present invention can iﬁliabb% eH$ct a Ii%uidb.l.t
consunpt i dift® st FONGR IS 1PRgRYdTRBNT AT nEPI eV i 1 e Y51 €268 ect MY
“device is gt ArRiddie UuRPeka 1SR Qo ey iditiet s aee o thealikqui d
container. Furthernore, the liquid container according to the present

i nvent i on kubblerpuaseyd kletdet shotk @fi ghe diduptPon BY REQY iFANEHd e WRYEI d
cont ai ner ey [ - ez eciric i i t! ~bh o]

which is I%%ei{keﬂdgla%\%%]ﬁepﬁ ’qu%%‘k s‘ﬁ?\?acg??%ﬁ(ti Enggi ggitggtéggcg%%agﬁ}g?%.f -
Ther ef1or e, pdertegt eso ofhdtr eeldeonms bf vhest gont b€ theuntingtposiiféonaof behe

- pi ezoel ectric device can be increased, Fur;ﬂe re, the |iquid container
accordi ng RIECYHE 5 esdRE PAVENPFBHCEAN P el'? I%e‘%e%? parqvle%ﬁisd tg‘gn?dﬁpti on
status in @18, SQdiduitdCcent ghaerobyineBciing theeaf@unio athd badudtor

remai ned inside of a cavity after the consunption of the liquid inside the
liquid = 106. -

Furthermore, a porous member 1050 is.provided around the
15 actuator 106 in the embodiments shown in Fig. 115(A), Fig. 115(B),
and Fig. 115(C). The porous member 1050 prevents the waving or
bubbling of ink and prevents the actuator 106 to wrongly deteqt
ﬁhe ink consumption status. - |
| The embodiment that the actuator 106 is mounted on an ink
20 cartridée or a carriage, in which the ink cartridge is a separate
body with the carriage and mounfed on -the carriage, has been
eXélainéd above. However, the actuator 106 can bé mounted 6n the
ink tank which is mounted on the ink_jet.recording apparatus
together.with a carriage and formed together with a carriage as
25. one body. 'Fﬁrthermore, the actﬁator 106 can be méunted_dn the
inktankcﬁftheoff~carriagetype..Theoff—carriagetypeinktank
is a separate body with a carriage and supﬁlies ink to carriage
“through such as tube. Moreover, the actuator of ‘the present
embodiment can be mounted on't'he ink cartridge constituted so that
30 a-récording head and an ink container are formed as on body and

possible to be exchanged.



container. 174 1. A liquid container conprising: a housing containing
therein liquid; a lIiquid supply opening formed in a wall of said housi ng
for wthdrawing the liquid to an exterior; a detection device nmounted on
sai d housing, said detection device cd rising a piezoelectric elenment for
detecting a. liquid consunption status; and a porous member di Sposed
within said housing in the vicinity of said detection device. 2. The

| i quid containe ccor di to claim. r el C I dgyi
contacts said p%}gﬁgu%n@g?.p?sﬁt{en]hﬁeml O?oﬁltaé%?lr?%re nggrggrggilggdt gyc\lg?m 1,
wherein aoGaExé§p1Q€9lEQEobemmﬂeg,satdsponbdsbeEDbéerahGOQatHaEEm@@Yion

device. 4. The liquid container according to claim1. i) i
det ect i onchianpes awhsiPséd ta tdapist Y2 ARs g‘agﬁbkg)é?::qnﬁgfesgé\t{\?orﬁ i %ﬁledart

the |iqui - - . _ \ 1~ contacts

'1q QiErEBQFQQe %%E'iﬁ?vf{ré!m and S S PerRUS e Ekepe 8f dheppsedenn said
cavity. 5. The iquid container according to claim1l1, wherein a capillary
force »f saidnpoooushiehbés definafl enlvhiy BheorBReRAPENCHBLBS: t he

liquid. 175 6. _The |liqujd container r dj t i | Whsreai hd
detectlon-deylczhﬁﬁﬁﬁ?ﬁ§%§°88%é§%r6*%%%%B§gbﬁgfg%1%gé%g?%fbn aﬁgﬁgléﬁhrough
hol e formed; i Ar$di debase Pliatgidardnsangtponosisatestend chsgregiseawikbast a
part of said through hole. 7. The liquid container according to claimé6
wher ei n sapuplideabedi 8AalePBcELFUFEHER - conprises a groove connecting wi t h.

said through hatg. 3 SabdcBORONS IRIIRAIG Eodirtpeedenn ishichigioaoven 8.

The l'i quid cont ai ner accordirng to claimi, wherein said detection device .
and sa d perosatmEmbenvang of Hpbbddngnoh lplawie aneved g BIEFYR ACSLPDI v

. opening is forned. - '
. device.

Furthermore, the liquid container according to the present
invention has a piezoelectric device which can reliably detect
a liquid consumption status by detecting the liquid surface even

15 in the case that liquid inside the liquid container waves and
bubbles.

Furthermore, the liquid container accordingtx:thé present
invention can reliably detect a liquid consumption status in the
liquid container even if the piezoelectric device is mounted on

20 the upper side of the liquid surface in the liquid container.

Furthermore, the liquid container according to the present
invention can reliably detect a liquid consumption status in the
.liquid container even if the piezoelectric device is mounted on

_thetopwallwhichislocatedabovetheliquidsurfaceintheliquid
25 container. Therefore, the degree of freedom to design the

mounting position of the piezoelectric device can be increased.

Furthermore, the liquid container according to the present
invention can réliably detect a liquid consumption status in the
30 liquid container by reducing the amount of 1iquid remained inside

of a cavity after the consumption of the liguid inside the liquid

container.



9. The i quid container. according to claim1, wherein said detection
devi ce conprises a 'vibrating section which generates a . counter

el ectronotive force in accordance with a residual vibration of said
vibrating section, and said detection device detects the liquid
consunption status in accordance with said counter electronmotive force.
10. The liquid container:-according §g,claim1l, wherein said detection
device detects at |east an.acoustic inpedance of the liquid and detects a
i quid consunption status in accordance with the acoustic inpedance. 176
.11. The liquid container according to claim1, wherein the liquid
container -is npunted on an ink-jet printing-apparatus having a printhead
which ejects i hk difoplicfsid finhtteiends qampmicnitraj:ner supplies the |iquid
contained therein to the' printhead through said |iquid supply opening.

a.housing containing therein liquid; .

.a.liquid supply opening formed in a wall of’said housihg for
withdrawing the liquid to an exterior:; '

‘adetection device mounted on said housing, said detec"cion device
eomprising’a piezoelectric element for.detecting a_1iquid consumption
status; and

a porous member disposed within said housing in ﬁhe vicinity of

Said detection device.

2. The liquid eontainer-according to claim 1, wherein said

detection device contacts said porous member. -

3. The liquid container according to claim 1, wherein a gap is

definedrbetween said porous member and said detection device.

4. The liquid container according to claim 1, wherein eaid
detection device comprises a cavity and a vibrating section which
lcontaets the liquid through said cavity, and said porous member is

disposed in said cavity.

5. The liquid container according to claim 1, whereinaacapiliary
force of said porous member is smaller than a force which holds the

‘liquid.
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6. The liquid container according to claim 1, wherein. said
detection device comprises a base plate, a v1brat1ng portion and a
.through hole formed in said base plate, and said porous member covers

at least 'a part of said through hole.

7. The liquid container accordlng to claim 6, wherein sald
detectlon device further comprlses a groove connecting w1th said

through hole, and said porous member is ‘disposed on sald groove

‘8. The liquid container aocording to claim 1, wherein said
detection device and said porous member are disposed on a plane where

said liquid supply openlng is formed

9. The liquid container-according to claim 1, whereln said
detection device comprises a vibrating section which generates a
- counter electromotive forcelln accordance with a residual vibration
 of said vibrating 'section, and said detection device,detects the liquid
consumption status in accordance with- said_counter_eleotromotive

force.

10. The liquid container“according to claim 1, wherein Sald
detection dev1ce detects at least an acoustic 1mpedance of the llqu1d
and<detects a liquid consumption status in accordance with the acoustic

impedance.



176

11. The liquid container according to claim 1, wherein the
- liquid container is mounted on an ink¥jet printing apparatus having
.a printhead which ejects ink droplets, and the liquid container
supplies the liquid contained therein to the'printheéd through séid

liquid supply opening.



