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HAVI NG A LI QUI D CONSUMPTI ON DETECTI NG DEVI CE THEREIN 5 Thi s patent
application clains priority based on a Japanese patent fﬂ Ié@g&ﬂons, H
11-139683 filed on May 20, 1999, H 11-147538 filed on 9‘ , 1999 and H.
11- 256522 filed on Septenber 10, 1999, tthe contents of which

i ncorporated herein by reference. 10 BACKGROUND OF THE INVEN@W@RMNMMN@MN&S
30 1. Field of the Invention The present invention relates to a ﬁ%gyL
container and a liquid consunption. Mre particularly, the presef 2
invention relates to an i nkAc&IRQPI8gEONTARNERN HAVENSz 0el ectric devi ce
detecting an ink co i 1.0S| i nk i | yi ng the
liquid to a printgngiﬁggé ?@Nﬁkﬁ%?ééﬁahg%Fgg%ﬁgcRﬁg&ﬁ%kggﬁRﬁﬁgﬁs t hat
stores ink consunption data detected by the piezoelectric device is
mounted. 2. Description of the Related Art In an ink-jet recording

appar & us, a CAiEi ByeCPhaARRFLFat Eopnsliaddtp B igrplesbaredgener dePageseans
whi ch pre LhZe ggnhey at i a a 0zgl e ni Ky whi ch
i schar gen t o prBEa ey f ot T A ot o oo e Tk dropl &t s ? Ctha Pok- ot
recor di ngl apparad 8< iiledson etyu? ed 199Chand dt. 1hk2 36922 fhd eidnkn Sapk embelpei ng

supplied a ordi ng head via ssage, so_as_to_continuously,perform a
o hting bferktfon EhRocpRRerknkor s PEEFRotbpanaoTROTAFRP: HeeerR &Y

det achabl ge pBABREe SO that a user can replace it when ink is consuned out.
Conventionally, as a nmethod of controlling the ink consunption of the ink
cartri®fge, a nethod is known of controlling the ink consunpti Onmmmwmmw
a calculation in which thegzgeuRts ugberyef 1iPkndr 8R! ets disch

recordi ng head and the y_g_%gg;g%gﬁﬁg—aﬂUUﬂw—T#LTﬂﬁ sucked in a *es166%

mai nt enante pietéssf ofh¢ henpenniong head are integrated by software, and
anot her nethod Qf controlli.ng the ink consunption .in which the tine at

whi ch the ink I PRERRETTY dSHEHET SodEPEet B By tHHELESM AT AGOLD t he
ink cartrifdgei® ¢besehpeiondemd s pser iduTiet BEf i fige t PeebbAti dnsent asg, and
so forth. Moreover, in the cal cul ation-based nmethod of controlling the ink
consutPpt i Bl dye$ nEegrat i1 1Rt ké%ar gedwhdgberd d71ieFRe oY 2 sOanHce he
amount OfdéE@%éHnéhSn'HﬁﬁcbMOBQSm§QISMﬁ%%adé“¥ﬁ%ide an ink cartridge

supplying the liquid to a printing head is mounted and to which

a memory means that stores ink consumption data detected by the
piezoelectric device is mounted.

20 2. Description of the Related Art

In an ink-jet recording apparatus, a carriage thereof is
comprised of a pressure generating means which pressurizes a
pressure generating chamber and a nozzle opening which discharges
the pressurized ink therefrom as ink droplets. The ink-jet
25 recording apparatus is structured such that ink from the ink tank
is being supplied to a recording head via a passage, sc as to
continuously perform a printing operation. The ink tank is
structured as a cartridge in a detachable manner so that a user

can replace it when ink is consumed out.
30 Conventionally, as a method of controlling the ink
consumption of the ink cartridge, a method is known of controlling
the ink consumption by means of a calculation in which the counted

number of ink droplets discharged by the recording head and the



10 is a problem where the ink consunption anount inside the ink cartridge
can not be detected. As for the nethod of controlling by el ectrodes the
time at which the ink is consumed, there remain problens such7aAYiZ2t ati on
to the types of ink and the conplicatedysealing structure of the el ectrodes
and so on though a structure 15 for detecting the ink consunption may be
sonehow proposed. However, in the cal cul ati on-based nmethod of controlling

t he i nk comsumpofonnkysuakesyiata mginhendnsehargmsss aofbene gir iintk ndr bpéét s
and the ampunt of ink or the like b he sqoftware, there are pr.qbl ens where
an error HcedrLegréH s %y;ﬁqeﬁrﬁ"‘iaﬁ&'n%aé AFISF BEEBRIR goﬁgpqélﬁgd%h%nd
anot her U@ &tk @R o CiGH i \MIER H @ 1 $RMB tC ARl EhdERel §n@9§t§@t@9ﬁ1\?-

Mor eover, the pressure inside the ink cartridge and the viscosity of the

i nk changorrpesdi iy datammfe ndiirestdm mouohiag aabtbat inknpartridee and
hum dity,, ,el apse I ter an.in rtridge, has.hee R for_use, and
25 usgge tfrfeeg&l}een%yrtéa Séaﬂlcjosrgrusg (Ig,l. lé‘?%%sc , lg‘%prggﬁ z%&%gc%ﬂgggg%e‘?@ga%
consi der afd=elerror occurs between the cal cul ated i nk consunption and the
actual ink consunption. On the other _hand, in the nethqd of control|ing by

el ectrodes t he NIHROERT mHifcfiheheal ARIRS Legnbanad, makhafsef oS 5ot ¥ v
exanpl e ighd hew @Bﬁ@%ﬁ@t&’%eey APPLEERE ] 0 difl diReR ARd HehBe34d23ink

whet her or not the ink is present can be tontrolled with high reliability
si nce t heldapligtes sunck hbe arfountk ofahnbeomcigal e dut édicedofhwayal ke

cons ti.on can_be, det ect ed one i~ '~ MAY _20f] 2 Roi nt. . However,

o nodDterared ngroRet P EE s Bhe atBkoFonskmPER RS A5 Orte AR ASo e 10T t y,
there ar egyhlde dah hbatbd Yieescdfed .Nkavhf 6P ttrNmbe hdat 6£ tashdv gt i o
limted and a sealing structure of the electrodes becones conplicat ed.

Mor eover PYs PAEELEPEEE R & ima aF WR1cR g ynlisk cessifede| BREFO It Rr i al |

whi ch i s Jighl oL 0RAHH ygmﬁegt £ER%I0VEne TRPULASE YhkNeh & PRESSMp i d
cartridgé increases thereby. Mreover, since it is necessary to attach the
two el ectoesddisig etrwetsggar htttheediettansiest atiesd W thptighdgesttumure

manuf,actyrin rocess increases, thus causin robl em whi ch 10 j ncreases
the HBnufEH A9 GO £ ha /D SaRS b &tha i P o ISR REPRRS G %hget her
with the recorgicigwagdigfthehealdktdeion 6056l RetAppa AEYEL rbhel agalte:
occasi ons where undul ated waves are caused and bubbl es generated. The

bubbl es Y CRREIBRFOPRROBY SPEPEEASANEN Bhfe Toiflarasnd 1BunReECPEnd Thhet her
or not t ke Jdik dss aRBESES tamour} B@fihlE.leaEhﬁ' i Fﬂﬁfrggassé!‘f‘&&&é" rt] : ele/

detects the i nk consunption anpunt using the elec es to contro
poi nt at awlei pirobemsnkhese consuned; otkarer doadous: ppénatingnmdde arod lmabbl es

are bgnifi c%nt. There is .an o§casi on wher e cavi t% is c%r]ovi dg}d |2Cﬂan i nk
20 d&lect§ pbr t°6h FnSraE FHS RAPTPRH EWRRE S i B UL W YIS e ISy
detects fcamd Blre@isdepisao@iieitadising Mbeeekeet r oble pries D0 riels ildee
point at which the ink _is consuned. That there exists ink in the cavity may

cause er Foifedts dBTEELAEA. and thavMARYasH tvHRT| NRENTHOG ARG AeRending
present 'o%V%%TaTg;%?eﬂ%%r%ﬁl@n@g&ch”ag'%Péné %ﬁﬁ%ﬁl}? PYRREkE gnd 1t

is an object o he present invention to provi cont al ner “capabl e
of reliaklppdedettimggafiter qui dnkonsuhpidga sisthesrandededpbosiuge wiarld a 30
Corrp%Catu%%gsee%lrieage%tcgfugtt: ua[ %’selrt sii e?‘nq{'ktlt?é, %b- %Pﬁalg!n :tLQecaused where
a considerable error occurs between the calculated ink
consumption and the actual ink consumption.
On the other hand, in the method of controlling by
electrodes the time at which the ink is consumed, as disclosed
30 for example in the Japanese Patent Application Laid-Open No.
Hei8-34123, whether or not the ink is present can be controlled

with high reliability since the liquid surface of ink can be

actually detected. actual ink consumption can be detected at one



present invention to provide an ink cartridge capable of reliably detecting
the ink consunption anmount and capabl e of dispensing with a conplicated
seal ing structure. These objects are achieved 1 7 MAY 20@27h&Nr2m2

conbi nati ons described in the independest clains. The dependent cl ains
define further advantageous and exenpl ary conbi nati ons of the present
invention. The present invention provides a technology of detecting 5 the

| iquid repimt ng Havewer .byioceldeterf indbehe biayid samfiaog gf,ir&megm@ﬁ a
technol o 1S, 1 (o] se Lovent | S.Rossi bl j t.abl
utiIizat%%ﬁt%F!g@?é%?ﬁ%%gggggFﬁf éﬁ%%?ﬁ%&%bggbg%?%cfﬁdﬁaggc 5%@%% ggover,
t he presewiticdinveam ilen dex eaated imlighed bleo 1tiné tiedk aqdr &r sdgé iagdseancbere
applied to d?%Fc{in the 10 ot her quﬁld contained in the liquid container.
The above®bbiEct! QAN PLLAHERSF BYTBI bGREFAg d1PTYHAE c S EenRFeRmbanEed to
a liqyidgdddi Zi'snﬁsﬁQ@%gﬁé’éd el 6POPELS8E wadd b, SANRY iBaH!(Lj@l?%y?‘

pi ezoel ectric elenent and a nenory neans which stores data relate

| i qui d corendipttiore 8Bdsenossveeteanuihdhuning ciogtisdo§ erfspink| paparideel ar,
t he above, obj ect C% be, achi eved by providing .an_ink cartrid mounted to
an i nk- ] o CECOIH MY AEBRr at UST CARTER Toist £ See AoFriardYsenssr RN a
pi ezoel eadwd G lRlPRieARD &w@@@bﬁr%énﬁowtibngt efeshdai akr e ot eide,

i quid consunptign status detected by the |iquid 20 sensor. According to
the presdift® MAPBARFSHT LPHP IR LOETPRERAY Fat§d nPsa PyFpd &M Whieh i nk-j
et rqgor diNg-apnal ails il S e ddguigscontainer is typically an ink
cartridge. The liquid container according to the present invention
conprises a |idumkPersenben libei ngkacprerdodgecscanset egenheandi th nemor y
nmeans. Preferabl a dete t%ﬁn signal .is gengnated mhicqiindi at es

vi brat i orf SFPTHE S KL et G inBraRE GFPR B89di3RE FS e ﬁ'c’kﬁﬁed are
consunpt igit 8 i Whskdaiddif L @kReE.-ardeallBEEIAhdBABRD 186 &ise ke .
related to the |iquid container. The nenory nmeans 30 is preferably a
consunpt iTd¢ datkPhesoipy SFPachecEhPReMPs | 6RHaLAORe ot yEI8 coWrieealtf, and
storgg t?&%t%%&'qgwh%@h%‘%' aeflofalge WHER & EE@%E&Q dfﬁe%f@ﬂc&fgr in .
consunption state using the |1 quid sensor. By utilizing the piezoelectric
el enent , adgpereonsuwpicbnlirect 1y 8¥e2062 He shRtemambiel appmopnt atsing

detected w thout | egkage. By praqvjding the nmenpr ans ich is asspciated
i th o he S STBFEERrE K srtnEoLehER Hatith aCcERISh e da haerHed)
consunpt itk rerirRbuddicpretasiaidud do WYl iad-« Wilgd ifellcarix .The
consunption rel ated data may be consunption state data obtained by using
the |iquid senFbererép anppfasieypposiee thaeviky LpgRravéentalnan iigk
remoygd fy. iéP% bzl r i the | Lgui i heen

hal f\\é/\gy gg%s@l%%lgl en&t#ﬁa Illhél}l% ?%E%a?%g}?rlwgbrgrbu%t%edégg%?ﬁggg %&%&ed to
anot her apgpacatlysdetoct s loniaknponsumst ade arourdadsany tiie tdleammgies means
so as to _be used. .-The detection result _can, be prevented frombeing | ost
acconpanit&d ?%FQ&DSEF 8?1PheaEOWﬁéFheFﬁeA3€§e 8 T RFBY cfﬂﬂéalﬁﬁere
consunpt iee s¥lsatigk amd t&eCQlaR/rng/ Rased el ke reprIudedREHAe S
possible. In this manner, according to the present 15 invention, suitable
utilization of the detection result is possible. In addition to the
consygption state detected %%@E%QW%SMTI&@ menory neans nmay store
the consunption state esti e prrntTtg anmount. The consunption
rel at ed data najhelre fdekecthernp28dsetariacteart isdni hagabaent mbdeeth iviidvhefcour se
of obtaining fhe consunption status using, the |iquid sensor, and are

pr ef or abI SO SHALH oI BErP 85R0AGEnG t oF hemc RIS | O ERG: STepret
consunpt iieRretirabs ito dSteidd hasedaa tdwndatRet | sbahBes asterieltilaglgat a
using the liquid sensor. The detection 25 characteristic data may be data

i ndi cat i A§tECSISS @ | WoBHhceCRAUMAE &OBr SLaLHS Pitht @l opeasieg oahl 2
freqygncy., I I 0, congr qﬂgﬁ{ : LRk+j.et
reco?ginéog géfgﬁégpﬁggﬂgyggt%%f%%%aﬂgbceggi%é %hpa|§¥t§§]%£?sbgoﬁ?%m
conput er pregeolnt et thion eoeptovihde lrar ankerdsinicigataphbdm dheeddmbilydge at
30 the time when the ink cartridge, is nounted. The present_inventiqn is

advant ag86G§ A 0EhERE ARE PPFRFRNLRS ARUMY 13 15 TGt SHREFESHAGI ng
uni que defieeld eBnphatackardsdl L%y sPvackOrk! I efnd 88 iohy et ot hife shanevel the
,1 7 MAY 2002 container and other various factors,thé detection
characteristic of the sensor provided in the liquid container differs per a
contai ner. Thus, preferably, the detection characteristic intrinsic to each
container is nmeasured and stored in the nenory




5 means. Uilizing this detection characteristic, the effect caused by the
irregularity anong containers can be reduced so as to inprove the detection
accuracy. The detection characteristic data nmay be detecti oar?cm&aﬁgzeri stic
data prior to the consunption which indicate the 10 detecti

characteristic (acoustic inpedance and so on) before the liquid inside the
liquid container is consuned. Moreover, the detection characteristic data

may be t Ry depebinahienar feseyiRed dat athe t dndapendsidunpl fdMswhi chhe
T oot s PN pree 15
consuned SR, L B8RS PELP - BRRS A SRANGRANE. abf) xR

det ect i orcotAmattiemsstafc tdad prEdentt timudres icmnsunpti on and the detection
characteristic data after the consunption may be stored. The penory. neans

(consunption d REFSEPF ABYSSE6PE PREV2E°SReashPednobParsCt FetRedii%ct i on
char agt erirgt | £qdal & Aldi81i dN8mbLAH I, GE1T 2L DRE + SR nih APRAIBIMS
utilizing the l'iquid of the liquid container. For exanple, inmediately
af t er t h@ndnguchr arieigeneoogyuii danrevade | Akej presenbr tivegntbppareakss the
acoustic i nce. I ect ed. by, usi ng, t | i.quid nsQr._That 25 nmeasured
val ue i spéjtré%(raigagq %utlggggén'g%ﬁg fgo%l atcgf %%ngognﬁglggigfi??%el$pa%°%%se
det ect i odethatdeireracdutachal a mbresvehe thar tpisdmtk usagetidhe igetreat i on
characteristic which is prepared in advance nay be corrected by the
measur ed WWaked By thesdadprstredesant ¢amtharraldgestordrterrbpaida ty
due 46 tRendl MMl GRCRHON I £ UGS can be sul tably
alleviated so as to I nprove the detection accuracy The menory neans
(consunpti on daha ooy )ohjmctstaare hdeaokasvueddbyalpreviidinge addtieptiidon
characterjistic data, in_a 1 7 MAY.2002 mapufacturin rocess of .t.h
U 0 CBRATAIEFT SPRLBCRRe MRadlr 4d WaPuTFLL St HPndPHAESTES narGHadt ur i ng
process, comiRdsesed YahuedokehBerdei¢chy 0l SIeESEl&Ft B1d Ce Ut tahd he
liquid injection can also be obtained. Both or either of the detection 5
char act eFRFOTY dgeRSHMHICh >t IRe® MRYAPFRIACAAD PhE igBdciqampumption
char ggt eqiskie dafacabhichy i GARUIPLARITRY b Sa51 W BLp! dthe TS VEBTONY
nmeans may store the data %r|or t o the consunpti on: e nenory neans nay
st ore dabtdjertchangeeiarcitiomsedrey provnitinghennenbryaneaidgeaowitrd teat a on
the ink. _The nory neans, 10 may store dat.a,on the.type_af, i nk, The data on
the type2Bf LPRE) Ray" Beo tai 20 GRS RIN Dy WHEN FQUPH  SERSDrL 1O SeReY
sensor anrdvihg BEPDEYoBEEBSrMBYe DEmaht 2ageth inebiy &ficiis ROSIdH @re the
l'iquid container. The liquid sensor and the nenogé means may be arranged in
di f f er enflapdsteldred g 15AUAE caneuRalloB fFalce detersed hyitd e dridaiiner .
The kéquggpggﬁsor and the nenory neans may be arranged on different wall

or t

surfaces e liquid container. The wall surface on which the liquid
sensor i s arrahgedrdangbtopehearck sentarincenthiomalthes drifiadel ot iikizdmgt he
menory neans onsunption a nmenory). is_arranged. 20 The |i qui.d nsor
and the RERGFDENAaHE S T bE O B DRt FE-REATRY TRPRTRSes J0U TR FE& fon
of the congakflelcontka ddrqui ¢l sgﬂ@@alwdahhqmr@aay;ﬁm@. nmayh&e 1pgevigded in
t he V|C|n|t£ of a supplé_port ich supplies the liquid fromthe liquid
cont ai neFONEAANEE PFOVTEERT| &P (the PERPEATI ANYABL EPBSIOTWRF£2TT éh 1dfULRe 25
cont 24 NeLendRr AVAM AICQUS, ASAEAed Sy A0 B1BRANKNSLS 2 PORLAd AR dbsplacement
of the liquid sensor land the nenory agai nst the container bei'ng aslope at

t he ti nePeoéferwabiliyng acatetmct soucsigndbr devarenanatieqi wigithe ipdsicaitesi ng
structure,of the suppl ort, th osition displacenent of. the |iquid
sensor aﬁﬂgfﬁglﬁﬁnﬁﬁitégg @béﬁaefﬁgﬁﬁéa.e@ﬁ@qéanﬁ?FEﬁﬂﬁﬁﬂd%ﬂﬁi?ﬂe%hﬁnnry
nmeans may ;i §e i Br eyhsiefbofon Re atAMBnbage thalenteanSHIPt TRE KiHS} neAnkase
plate). The liquid sensor and the nmenory neans are easily nmounted. The base
~'1 7 vAytogespflate relapedheoiles nbigquid QOREEARRTy FoEt "RRPEK §EPPEI es

t he Li qui Lo ey nasel ; er in
t he %:dr OS%Q%%%%%@%?%’%@S‘%@%%%% ,taglggrtnﬁg?' %ﬁjeégggi ti ondngjlgslp agg%nt can
be reducedmasydéscrebhedtabdee. abdMsteoeer the roonstimpgipodukéatrdwbiath t he

i quid sepsor and the munting structure are jintegrally formed b

it £ AchedvRaCHES T b6 BEECCTRES) {4 AP et Taf CRE o ST R LA fPgHRS

ext er nal k¥nsNer eoyehr iMUNtignenh & 1 R perdarinedl vk At eage: ¢ondsmpeibasul t
in cost reduction.” 10 There may be provided a positioning structure which
positioning-perforns on the base plate to the liquid container. The
nounting position accuracy can be inproved. Preferably, the consunption
state is detected based on the change in the acoustic inpedance acconpani ed
by the liquid 15 consunption. The liquid sensor may output a signal which
indicates a residual vibrating state after the vibration is generated. The
i quid consunption is detected based on the fact that the residual

. =-.-- a . .. ~ N



wave. The nmenory neans may be a sem conductor nenory such as an 25 EEPROM .
Anot her nobde of the present invention is a liquid detecting device. The
liquid detecting device conprises a liquid sensor and a mrpryaymeeps. The

| { qui d sensor includes a piezoelectric glenent A detection signal is
gener at ed which indicates 30 vibration of the piezoelectric el ement
corresponding to the liquid consunption state inside the liquid container.
The nenor§taeansan pPew RPRBPRT habedy ordetedteed owdGiotitonlpakased daBd

whi ch rel . det ' tion, t [ he 1§ quj. :
1 oh s Bhpl 88" SEHd OIS PORRUIR! | RySh AL S, LB A WiticeReR
t he menoryieeeel actrbe @lewnedad | aathe liquidl seasaines desecthadre the

processi ng nmechanj sm usjn he liquid sensor_may be provided in the liquid
utilizin %fb%‘é‘?%‘fh%noﬁejr%g%‘% ‘g%%r‘ﬁ%?e%i%ﬁ)’af% &% ohhdtt dCPRERERST - or

arranged in thepjd %n%ﬁ%ti@rﬂ?élgﬁeﬁr&é’ﬂ'ﬁ%&y%e%d}iéﬁ t%:%d/n %fta|t%cé_é;t19”5-

For exanpl e, suppose that the |1 quid sensor I's provide the liqu
cont ai nerobtaanthedoynwmising ahe 1hquddt senson. prisce sxiamp leechappegeatkat

nmounted in the.liquid utilizing.apparatus he 10_detectiaqn, processin
Techant s Fent B8 THEFHETT o Leont 4T mEre atd oot odn FHE COMEhEtIan

rel ated dgipactiesiehdtng Ltierdikahal i fYikkdrt RATL ERey RIREYnd®ANWhE aset 0 be
used. In stil] _another embodi nent according to the present invention, there
is provi dekAy 4 FSGFélél_Sﬁs%ﬁrﬁ‘PPBﬁeéea&ac}tr} 1l %eﬁtﬁlaé’toél'\ﬁrﬁ %?P@’s’a%‘é%_d for
det eqjpi ng. e, 140N 54 6 Plrd e JuitdWird chashdRot emle%\ﬂg' docoptggner,
whi ch includes a sensor and a nenory neans. This sunmafy of the invention

does not bwecesshri Theddstecbeonlie setessar oo prevessedf firba beésgntost

[ tion, Th t 20 | ti | b b- conbi ' f th
above deRiiIBRATER (Hed SURIE TaBby b AP DT HEIT aruL e an BabaRTSGes: of

the preseaife idBteichdl oM | 4 £ DECONBLITY EcapPs EBadddBr hehd oddoiiigt ion
description of enbodi nents taken in conjunction with the acconpanyi ng

dr awi ngs.S %25 BRHEPPESORI ©T) N Fh FFEMBRARF NGSCFPE I 1 Rds e hn RSt rent
of 5. ”kirﬁﬁérh{]i'&lg,e Eggﬁgﬁgewdﬁﬁfzﬁlﬂ%rﬁ ﬁf" e TR & eﬁefsﬁ‘?ttb' .
i nk. S odi ment of the I ch

g . 2 oWs an e I nk cartridge ouses 30 a
pl ural typesiddld.nkdn &Aditidn. tehdvws camsunipticet steter dehgcappabnttiuse

Shod nert 4 e Bbas kel AOBRT RSt Bl Broke Dho Sraduef LSRR, 0 "
det ai | ed gtosmtSRE il thd @it i Windwatk, unit 33. Fig. 5 (1) - 5 (V)

show manuf acturing nethods o el astic_wave generating nmeans 3, 15, 16 and
17. 5 Fig. 6 si&®&s aRenEEMPEABBdI neptabedt heladlaast MaYwaviee gerfdta g g means

3 Shgkﬁ"” ic‘ha'iiagzch idti& JaShOWR; #0-LBK sGAMHd A8, ASCOLE! BGLLI nARY Nle
enbodi nent of the present 1nvention.
consumption status using the liquid sensor, and are preferably
data detected corresponding to the consumption state. The
consumption state is detected based on the detection
characteristic data using the liquid sensor. The detection
25 characteristic data may be data indicating acoustic impedance and
are preferably data on a resonant frequency. For example, suppose
that a control computer of the ink-jet recording apparatus has
a detection processing capability. This control computer may
obtain the detection characteristic data from the cartridge at
30 the time when the ink cartridge is mounted.
The present invention is advantageous 1if there are

differences among the liquid containers having unique detection

characteristics. Due to irregularity in the shape of the



Fig. 8 shows an ink cartridge according to still another 10 enbodi nent of
the present invention. Fig. 9 shows an ink cartridge according to stil

anot her enbodi nent of the present invention. Fig. 10 shows an ink cartridge
according to still another enbodi nent of the present inventidnl MY H0y 11
shows an ink cartridge according to still another enbodi nent of the present
invention. Fig. 12A and Fig. 12B shows anot her enbodi nents of the ink
cartri dgecehbamnen gother vEnjousBfaakdrFi ¢helds ehoon ghagacterdgsd c
accordi ng %Otitill 20 _anaqt her. e odiqﬁnt of 1he ﬁresent i@vg?tion. Fi%s .
14A, 14B 3hd“PFCSSRERpIPAT Wi 6t T THIbtR RO 3L Re adtbFaFRgPes

anot her egbadaimBl. FighusS5ArTérkyl shovher et écidionehalrakihe riskijcet
recordi ng, apparatus according to still another_ enbodi ment. of the 25 present
i nvent i on.lnEFgéls?cl'B%e%Fd‘ F6Bt3RBRTahS S TRch ek stREenkn ddia FragEY
suitabje r{nﬁénéhe rlﬁ:qqri(yi@}% appad a&HﬁeéQ?Eﬁﬂ_ 'éﬂa@a%%'erji%r%o@d dr8- egf'fg{cﬁé7

shows an cartridge 272 according to still another enbodi nent
present iogeaeddny 3@ Ergegl8ashobwsamong rdordarine mh ea7Be anedared "o pet

recordingtapgaratus cordgng to still another enbodi ment of the present
i nvention®® TIRTYVS AT FE5SEF{OT18CSHBRAEY sti || anot her enbodiment of the

ink cartridge 27ReShduedtidh g-chlfraddddsisdA LB andy206eshaerdetabhs of
the actuator 106. Figs. 21A, 21B, 21C, 21D, 21E and 21¥'shqm1per|phery and
5 equi val ehdraffesiesierdate pidrater thesomyet igp atbimh ipdishéw the

rel atjpnshi e L Dk, i i nk §ﬂﬂﬁﬂ% f e ed by

t he a%?ua %?e?%%&ﬁF?%%P§%§§¥%%§ﬂ§3g¥% om/%gégééﬁns 0 E?ﬁgg%b§% egSESEL

el ectronotheel fguté niside tadod datcpri dl @ntHin€rg.is24osizawedanombeeover,

enbodi ment_ of %he actuat or 106. Fig WS a cross section _of aFEart of
1

.25 sho
the actuatd? 198CERbWARI nCRffacearietyc Z%agﬂowgaﬁ cPBsstBBct ABhe6F 1 PRe

entire acéyatktdPbseheWAath Bifder24hel T drstimpti TNV éh MBRE{ gt &l tRE
nmet hod of the actuator 106 shown in Fig. 24. Figs . 28A, 28B and 28C show

an i nk cateredgbonccbpdiog§erdssicl lexprrtrd whbbdithat lofguife hreskaen

i nvent.i on ' v 29 a ; ' t of-t

th oLh reTi e 158 o E 8 BhRa RS TRt CROL Bt LS PELURE, e PRure.
enbodi nerbotlritgse detbhtdnc dhBrabowrastactdat HpiEY; aecohdi agnsompst i bh

anot her eandine t. 25 Fig. 32 is a, perspective view show ng a nodul e 100.
Fig. 33 i%} &f&&e&&&&aﬂ%ﬁ}ﬂeﬁamgl?ws F R AR o NenECRBHTPE 1 280" hown
in Fig. 3 Hl@redsd shows anot her enmbodi ment of the nodule 100. Fig. 35 is
an expl oded vi ew showi ng the structure of the 30 nodule 100 shown in Fig.
34. Fig. 36 shdle sidndramsans (eebsgimperienofiathenapdyle meP. store the

20 measured values in the detection characteristic data after the
liquid container is mounted to apparatus utilizing the liquid of
the liquid container. For example, immediately after the ink
cartridge is mounted to the ink-jet recording apparatus, the
acoustic impedance is detected by using the liquid sensor. That

25 measured value is stored in the consumption data memory, and is
utilized as the detection characteristic data after the start of
ink usage. The detection characteristic which is prepared in
advance may be corrected by the measured value. By these
adjustments at initial stages, the irregularity due to the

30 individual differences of the containers can be suitably
alleviated so as to improve the detection accuracy

The memory means (consumption data memory) may store the

measured value in the detection characteristic data, 1in a



12 ~1 ? MAY 2~2 Fig. 37 shows an exenplary.cross section of the nodule 100
shown in fig. 32 where the nodule 100 is nounted to the ink container.

Figs. 38A, 38B and 38C show still another enbodinent of they§ pRgybr 100.
Fig. 39 shows an enbodi nent of the an ink cartridge using the actuator 106
shown in Fig. 20 and Fig. 21 and an ink-jet recording apparatus therefor.
Fig. 40 shows a detail of the ink-jet recoding apparatus. 10 Figs . 41A and
41B show BABuRarturbodi mrReesy Phe thk ddmiiddgeon’Baingbwn i HIFQ). the.
Figs. 42 d sh Ll ot.her i ; ] triidge
180. Fi gé’“‘.ﬂéﬁgﬁ‘,@%é’é%gﬁd ﬁ%’cgghg&vngtei ﬁ%aﬁggﬁgﬁg‘“%tg&?‘fr’%tﬁ{g’eﬁ P%%%%s Pk
cartri dgemé88urédgs LuasddA t hbddbe t ddiCi andhéddctleav/sttiid praootibethedbadident

of the ink cartridge 18Q. Fjgs., 45A, 45B and 45C show anpt her _enbodi nments
of the @nkn&SFHPBg%a’le?g_%bgmo%aP?@: -4@etq&@_rpﬁg§h9?4% ChesBEtE6EL8Rd 46D
show s i | bhapatherispbedinestpPiof N ithe RIS Jisiata Lhe ARdULe Lh0.
Fig. 47 is a block diagram show ng structure of 'the ink cartridge to which
t he |i qui dhseasberaatichéattordingsn ithie danaumphbep Bay e edsddy 250Fegd. 48
shows a processing aof the consunpti.on d c{in [ S i JdLizing
t he consunption%%%F%mﬁﬁﬁw?a%%ﬂggﬁ%fr%gﬁgéaﬁééf%égggﬁﬁﬁgc%P%#ﬁSHngfhe
det ecti onTh8anesbeyi Béanst @ayhetepasaapai on dakageeimr gonsumed amount.

The memory means may store dataon the ink. The memory means
10 may store data on the type of ink. The data on the type of ink
may be data obtained by the ligquid sensor.

The liquid sensor and the memory means may be arranged in
different positions on the liquid container. The liquid sensor
and the memory means may be arranged in different positions on

15 the same wall surface of the liquid container. The liquid sensor
and the memory means may be arranged on different wall surfaces
of the liquid container. The wall surface on which the liquid
sensor 1is arranged may be perpendicular to the wall surface on
which the memory means (consumption data memory) is arranged.

20 The liquid sensor and the memory means may be provided in
the center in the cross direction of the container. The liquid
sensor and the memory means may be provided in the vicinity of
a supply port which supplies the liquid from the liquid container,
and be provided in the center in the cross direction of the

25 container. An advantageous aspect is obtained where a position
digplacement of the liquid sensor and the memory against the
container being aslope at the time of mounting can be reduced.
Moreover, utilizing the positioning structure of the supply port,
the position displacement of the liquid sensor and the memory can

30 be reduced.

The liquid sensor and the memory means may be provided on
the same base plate (consumption detection base plate). The

liquid sensor and the memory means are easily mounted. The base




Fig. 50 is an exenplary configuration show.ng an 30 arrangenent of the

| i quid sensor and the consunption data nenory in the ink cartridge. Figs.
51A and 51B show an exenplary positioning of the supply p'oTltT r?@“ 7 MAY
2002 13 Fig. 52 is an exenplary configugation showing an & raNéE r%t of the
supply port in the ink cartridge. Fig. 53 is a functional block diagramfor
an ink-jet recording apparatus equipped with the ink consunption detecting
5 devi ce ptabediaginothdevprintry eniidu mmpl DEPRAH R iDESEROPRIEN CReTHE

| NVENTI The. i nr_yent %}an wi | I.Cgow Ee. descr.i bed b%)sed on th(g r elfgerre

enbodi nent 3 TG Rt FHERADE 3L PF i ATHER Y E5paT bIPPRE ot B8 6T

i nventioninbtheexespki BYrkbeibAverit thB. cAhtadhetrhe sbedhateshangolshe ion
conbi nations thereof described in the enbodi ment are not necessarily

essent i al dtePLpgePAREnERrBnPeFrediiced as1depREipPRn@PEVE -of the present
enbodigrent wi | | ri I ‘gﬂ‘%qp' ng s BRe0
inventdiTgn 15 isMgg% ?%g’t%%g’“tnégﬁ%%ggf%;mm C tg e%%a%]%b?n consrﬁrrrlgti on
st at e i nsthe mountning gitriaerre Bhre inkegoadlgpfoomedtmaye bes addtamttesd tby
utilizing_a liquid sensor ingludiing a piezoelectric elenent . The Liquid
sensor ge%lé‘?atb%‘fea Eg?gsti on' &% gr}&% i cRETRAT c &S gfabr%c?'iﬁ?'iﬁdet fEem

pi ezoel ecé %t ErRAEIPNt MAFLSADON M tli Aot BEN I KK p&d FNEARE LA St afS a
feature of the present enbodinment, in addition to the liquid sensor, a
consunpt i &p ¥asalkekdrgops pedvrdednin an ink cartridge . The consunption
dat a nory is i enhodi t he . for i the.Liquid
cont aﬁer in thrgtq%lf%aws]én% Zggi (rjflvxgc?ffll%nq m‘?@%%%gﬁ%?pﬂggn at g@n%}jrzrenrgﬁllls:h
rewr i t abl poahidi shingspéhforoasammuthecobasel pl ete dad ahehildlguiel abatbdbner.

consunptigon state using the.liquid sensor. roviding the consunption
ot o monorge BERRE P9 RS LOHPR ! AEFUTANY hGTR BRoLOBRGHRD i on 1ol ated data
necessary for egedrdi4i ¢, ¢t abA8impB8Yoht £ATR et bhEc8WISIER UrOPhe

rel ated data are consunption state data obtained by using the |iquid
sensor. Sippese fdhatthen aeRuehter iidpedagceemveenparhed hoyi g et igeédr di ng
apparat us nd i.s. nount agai n. . Since the S I.Qn st af, t hel d
12p. 11%7 I\ﬁﬁw?%%é}%ﬁ)t he%%el@eng?%?ufoss%egtso't}heﬁ%gns%l?% tu?:ongs'fééL é% af\?'aﬁégrﬁ be
prevent edindM cdthes t & meedl dm@antiitgatiiey constephEoars ttiiee wliddraa tciash bes

utilized by reading them out of the nenpry., reover, the consupption
rel at ed DETRNEDe Eé’teal6Hu5dd%?%%¥T%W®K&rsg/gFEFF§Fﬁc§aﬂ% & Efe tact

correspondidtg did e iGRRSURRLAR 0l RAtk! BHLHAgetihBodeE8pbhaNnget 8t €k dat a
are, for exanple, data indicating an acoustic inpedance corresponding to
the ink dofEiihtorsWiREon Tiatelet ecti on characteristic data are read out
and ilized i t i ng.,the . i t cordj t hi
enbo%oment, the%%ﬁiosﬁaﬂt’ theI ?el %eq?ég%%ltsg%a@é9t ﬁ%née%@%t ?%nég %%g%t‘géfesti C
data. A possfd elzhdngeriordefeché anigliad acirerdistdrcs athidembig gedesaga &hange
of the cartridge my be_coped with suitably. The present e dingnt_js
tvant ag AR L SEOTAA S e AT 1 (g8 TR GRS TRUBATE TFr Ol THeES
anong t heygyelhe detection characteristic differs slightly anong cartridges
due to a manufacturing irregularity and so on. By storing the detection
char act eri sti cSThsf mien@nyi dganscaay rihel e S aoansluShesu MeMosy GHER agmiry,
the gffect, ed by the individual 20 difference can be reduced so as to

i nprove the detection accuracy. Mreover, the consunption data nenory, as a
menory neans i Ardvhgy esdatof frenprosentstionestiilon ik iehat ddalada irfer ei n.
The menory neans al so stor,gs data on a tX e of ink,and so, on., Mreover,
thi's mentley dftans T5Eol e4USENAFCASE ANGUERY e Ao OBPREATE att LGk BRTEOT

cl eani ng SROYECHERCHH ReahFRICTHY QGRRSINGHAbE #1E]188e8Na FRRIAINAI O t he
present enbodinents will be further described in detail with reference of
dr awi ngs.elEimadit . f uAdaderection SHignadchhsl apneadtad deheehs ikl gaties

ConSléHpt A'bration of the piezoelectric element corresponding to the
liquid consumption state inside the liquid container. The memory
means 1s rewritable and stores the consumption related data which

relate todetecting the consumption state using the liquid sensor.



30 based on vibration utilizing a piezoelectric device will be described,
which is followed by various applications of the detection technology. In
the present embodinment, the ink cartridge includes a Iiquid $onggy 26md a
consunption data menory. vl 7 MAY 2002 15 Thereafter, what is related to
t he consunption data nenory will be described in detail. In the present

enbodi nent, the | |[_g;l| d sensor is constituted specifically by a

pi ezoel ectric d&®i'tels Efbosd mesitl oRP kY o gé&&erpef Sle 4ATHAHLERRFORAI %N

el astic [ thherd i fui ensox ;
onaumpt | e e B e o ooy | e S naue LT srisry
means). Carbredgeénghmebhaeientssile tihk ldonsuhpensonrRngy He ipravictesbsn
sectional _vi evs‘(r,of ]@ errbgdi ment of an _ink 10 cartri dge for ﬁse with a

singl e coFBf, HGMIEkAibHEI2EHE BPRAFATHE. PR fhe AThKCEETII? tig@PORGRT Y
Fig. 15 tB@nH_@E%EH'tQ{éz"@ctc_h,Ogr'd’ﬁ%‘aﬂ%ﬁ efl dre PageHld ednk aTRihosr pRiRAdied

nmet hods descri bed above, in which the position of the |iquid surface in the
li quid coataknpluzaditepiclogrthonsthe liquid is enpty are detected by
receiving 15 th e f e tais . . f .
generating and rsgée%’\t/ﬁ%legh\eg%é%g%ﬁ %H\%évésga%nl%éﬁ\&?s{g Fgé\%ﬁ-\a/&e generlac%i[dngl "means
3 is utilthediidind pknsappey , poid tAenhevbrgaresthe dardaciomptrbcals siinkg
supply needl e of the recordi ng ieilﬁpa atys in a seal.ed manner isuprovi ed in

a cont ai nBECRARMFBNARGUEREIER k Bhen 13aug6t itded 153 "o PRRPGT 35S bdt'om
face | OfectBELEBAl BHEEsdingNReChASI 4R VRS JONES &HNT 10RARS c3nktd iARYNT ed
such that the elastic wave can be conmmuni cated, via the container, to the
i nk i nsi dendhecadmtaaitnehe ¢onsumeriohatelated dabgecarrawpending timkheti s

al nost usid ug % omithe tge tigenv\heg t he inF bego s an ink-end state,
the transtef 38 SFOPNERE REFPEYWRTERaRCcRENGE PFolTERe 1iquid to the gas,
the el astic wavengetdnat i agotRans ethbodlipiediti dockdd tng| tohtdhe upwasdnt
position fromthe ink supply port 2. Mreover, an elastic, wave receiVving
means maylBEeBEHARatEISFHiGVPERHI HedteadIudd FPRTUTRE AP datechifigpbase
gener g | g1 GBangh 3chSi 456k Sr AN Kt thg'aife IBrEeRPiangcaR@NS oBhy. A
packing ring 4 and a valve body 6 are provided in thée ink supply port 2.
Ref erri ngliqguiEdgingide Hhgpddkiuig congadnes, evgagedingudesha isersorpphg
needl e 32_conmuni cating with a recordi ng head , 17 MAY 2002 16 31, in a
fluid-ti g%tmﬁlgﬁﬁgrr_neiﬂg- val ve body 6 is constantly and el astically

cont act ed agai nshis keupReki 68 thdgndehy ivaM s Aot Mddusdariliedesbeibak
supply needle 32 is inserted, the valve body 6 i s pressed by the ink supply
needl e 322%b B8CEBSBPENLGALVAERSpadshhe, PressntninVeRk 1PRsi dEPENBTESRREI ner

1is zﬁ#ppihegnépoﬁgga§e&p£@iw dead I i ddied B _%Hapla}isoper bedcandelihe

i nk supply needl e .~ On an upper wall of the container 1, there is nounted
a sen conflegtoresendihe nekore 7awhi etther of eat yoes andi advansadestdd Fhr
cartridge, 10 Fig, 2 ctive vi

ctor es ol QFaTety pbaenti RO BT Kot Sk Boseterie ety b BELIGNER (o
an enbodi destriphicantaf Nnembddimetite dedkby. divi id@junction with the
accompanying drawings.
25
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an embodiment of an ink cartridge for use with
a single color, for example, the black ink.
Fig. 2 shows an embodiment of the ink cartridge which houses
30 a plural types of inks.
Fig. 3. shows an ink-jet recording apparatus suitable for
the ink cartridges shown in Fig. 1 and Fig. 2, according to an

embodiment of the present invention.



walls into three ink chanbers 9, 10 and 11. Ink supply ports 12, 13 and 14
are fornmed for the respective ink chanbers. In a bottom 15 face 8a of the
respective ink chanbers 9, 10 and 11, the respective elasti @ﬁﬂgvg
generating nmeans 15, 16 and 17 are nounigd so that the el asti s can be
transferred to the ink housed in each ink chanber via the container. Fig. 3
is a cross sectional view showi ng an enbodi nent of 20 a maj or part of the
i nk-j et recordFhg. @psaratesasdiedabtess$ seattienalkviawtaf dgsulshoamk umiki g. 1
and Fig. 3 A carriage 30 capable of reciprocating in the direction of the
wi dt h of Re recordi ng paper is equipped wth a sub-tank unit 33, while the
recordi ng head Bigiss prow ded) i shéw InARIf e ielg mBehsdl- badkadtlid wdde 25
Moreover, the ink supply needle 32 is provided in an ink cartridge nmounting
face si de9BPe¥ARiBGLMEARR dni £53316FRRY 47is a detailed cross sectional

Vi ew a sub-t urg t T ta L GHPELSes, j hk ply
needlg;32, t he ?g .CE% §§w§4?ﬁh éii%ﬁgagg $§§36 angh% f?#%%§i§7ﬁéﬁﬁ t he
i nk 30 chageberaBidngtmeanak3i shbwnseéd R®hgch5is supplied fromthe ink

cartridge via ipk supply,needle 32. The flexible valve 36 is so desjgned
that the flexi biE9val e 88"Es Hperidts anarEFSEER (RETREMID GheBPELSHT e

di f ferencenbséiyRen:tBe tRK ghagbrt 3dvandibhAe ink 1 ~ 1 7 MAY 20D2 supply
passage 35. The sub-tank unit 33 is so constructed that the ink supﬁly
o

passage 35 is cohsund cehews Win Hnkheardadddiengcreadizy o ehatllt heoFARTcan
be suppl |grﬂb§g%#‘g?%28grgﬁgr f@geﬂﬁagm:}&ntﬁ?{xe”' ng to Fig. 3, when the ink

supply por contar ner I's Tnserted through the ink supply
needl e 32 of theiguls tenkvairrt i3k calre nidgee abedydongetedesiadaansthéhe

spring 5, so %hat an J’énk}ﬁ%assa e is, forned and the ink inside the container
1 flows i FPRPEHEERHKOEhEBPT ]2 N 1BVeRGH® where the ink chamber 34 is

filled with inkgi@ neOahoWR RheSEN' &t Sr AR IREI ez Lei19 SREPhEE Of
the recording head 31 so as to fill the recording head wth ink.
Ther eaf t eembodEmerte o? i tige apeesenbnineepeidnr med. Wien the ink is consuned

int recordi ng, he he. recordin eration, pr e.in th

domgt%r eam of t egfﬁglx%hog%vé ve! 6cadr§:c]f ea@%&ccﬂwrtﬁmnfﬁé) %I%ZL;:‘:Lb?réOt\:/%?ge 36
i s positieatitestdfemtvayt ftloem presente hHodbnBBorso as to becone opened. Wien the
flexible valve 36 is _qpen the ink_ in the ink chﬂnbir 34 f Iom% into the

d,.
recordi ng head B4t H@@uaﬁgt%bgi e EeHGe2 R8N BRREY AhEREK i ch

has flomecgafﬁmi@esﬂmrgﬁqgi eagh 31, the ink in the container 1 flows
into the sub-tank unit 33 via the ink supply 20 needle 32. Wiile the

recordi ng apparBidis 138 apbFagi B shawi vk spghaidgessappdrédng ¢ot el bl asti ¢

wave ,gene i n%gapg cti n% 1 ich is set in advance, for
exarrpzlge, gf’ar?cgéa&g%r ai nd%?ae?%togjggfel née"o Aeénellqyg’s%%ucl%/hva\/e generated by the

el astic wave 2Figenendal,ng4aBeamd 13:d showapsanrvisvé off kel tkrbyghriogbgat i ng
t hrough the bottomface la of the container 1 so as to be propagated to the
i nk. By adhétSIRF4ne eq%s"’lr?%t}?/ﬁ/ee‘%fga‘rmﬁrﬁg means 3 to the container 1,

the ink cartridgedtsesd baagiMa &Rok NkrbaBRidHdtd ik agpuiheded get{d
capabi lity. According to the present enbodi nment, since a process of
enbeddi nFedadimsieprpgatyseacpordivgttiongtihe aneiher suykosiaeant gfrdi®ssary

int C S f 1 he container 1, an injection nolding process can
be 25" AU, i

Figs. 16A and 16B show an embodiment of the ink cartridge
suitable for the recording apparatus shown in Figs. 15A and 15B.
Fig. 17 shows an ink cartridge 272 according to still

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

invention.



sinmplified and the | eakage of the liquid froma place in which the

el ectrodes are supposedly enbedded can be avoi ded, thus inproving the
reliability of the ink cartridge. Figs . 5 ( I ) - 5 (V) show manufacturing
met hods of the elastic 5 wave generating neans 3, 15, 16 &7dMAY.2002A base
plate 20 is formed by material such as the burning-endurable ceramc.
Referring to Fig. 5(1), first of all, a conductive material |ayer 21 which
beconmes an el ecFiodel ashone stiidel mnotdemeembpdinenbafetpeatnk 2ertKadge
referring 29 Fég. Sgll%. a gﬁeen sheet 22 serving as 10 piezoelectric
material 7 pF 8 of h%'c ductive material layer 21. Next, referring to
Fig. 5 (I11) , thesoreen, sieetar? I fgdioweddta iad ProFdeher achedtskapeshy a
press processing or the like and is made into the formof a vibrator, and
is air-dried. Thégsaf2bh, 3 PAGi R0 s P& Boced Foshpie Pgrdpheseand2? at
a burnd ng - a r a 0 . Next, referring to Fig. 5
(v g a %%ﬁé&%??@% %%%g??gf %gy%$é2g8§§?5§%ggg§°other el ectrode is forned
on the surface Pigshe 2y erd IR ehoR2rslaasonash e betlwereinzede iimkadensity
flexural -oscillatable manner. Finall referring. to Fig. 5 t he base
bl ate 50 PSR AP SREnRBEnTEFRHEREY SCPFRENGPYRES0obEeataFat8520  n a
predeterm ned faLgsof 1HR condal »e5 lshywUSRaPéraghesi ¥ othkhecbiikeert he
el astic wave generating neans 3 can be fixed on the predeterm ned face of

t he cont a¢hertrpuot hee| hirrearofi dige asteahpret@d.which has a built-in
functjon which detecs Lis,d Nk SOIRL NLAGLRIMUIE - 025 L 0ac B ghONs Ot her
enbodinent of the elastic wave genératil ng neans 3" shown T h rg. 5. In the
enbodi ment shownig n 28 ghobs 4 kerczanduetive oftepiaalt bAydie Attiuatusedoas a
connecting el ectirode. On the other hand, in the enbodi nent shown in Fig. 6,
connectin%h?%?n+ﬁafﬁg2l%4and 23a are formed by a solder in an 30 upper
position than thgsswd aaew o RedRiezeeladh b8 FREeEhak rbayetusenprised of
the green sheet 22. By the provision of the connecting termnals 2la and
23a, the shewnitnwaie. geherating 19 ,1 7 MAY 2002 neans 3 can be directly
nounted to the gircu 0 , t,.l fici cQrn i a ne by
| ead 1(\7?’)\/4 res can %ieé 'a\L/EOF% dﬁqc?%{lgwﬁgp}gfg%gltgs@?ifn \%/g\?gltbfisgg ?fy}%egg'fﬁg\g{g/lésf%ﬁi ch
can propagtadwentivi o, gas, |iquid and solid as nmedium Thus, the

wavel ength, 5 anplitude, phase, frequency, propagating direction,and
propagating vel®td%y G+ ﬁ@BeFQQt?%gvmw cadgﬁ %éﬁga‘géﬁet RECERAREE ©F

medi um i Ny QUEBtA AP diSoPidieic Bndihd hersdate ansephasacteristic of the
refl ected wave of the elastic wave change according to the change of the
medi um Thus, Bidgil|22Ang20Reand r2HJ eched anothani emboddmgas lrfsethen t he
chan of ] through which the el astic wave propagates, the state
of tﬁzg mﬁ%ﬁlﬁ%% o%%érved. In a case where the state of the liquid
inside the |iquihyconbai sleows s dro hetdetecet egs by dducrdirichotdp aametlast i c
wave transnit%er-receiver will be used for exanple. Let us 15 explain this
by ref er rSMPLIYHbodi ments shown in Figs. 1 - 3. First, the
transmtter-regeiger qiavandosint MitoR! A5 tdt s 69 ot Becardi Ul tbost £xpMPI €,
the liquid or the liquid container. Then, the elastic wave propagates

t hr ough taromeeil ienkodingnt ves at the surface of the liquid. Since a

boundary is for Q 1J.qu d,. 0 i.HH d surface,
t he %Z’f | ect ed V\Pga ) %‘sazt\r,%flr}r %ﬁrsr?poeétehlg}% S’alﬁé%&ﬂr@caeﬁéérﬁérhlgw'
transmtter-reaigerny deeiaresexphededf reewegdhvayag Hhdi st anceubet o erhd he
liquid surface and a transmtter or_ receiver can be nmeasured based on an
overal | t% *d 9 Y™ tHe 51 et ed wave, or a danping factor 25 of the
anpl i tudes of tﬁe% elAastdioWave gensr atsbdimddie dff ansdmtdRiland d he
reflected wave reflected on the liquid surface, and so on. Uilizing these,
the state of tHEdi @F ds agi depilhded yirw sbavahdetheaptbectereceedheahe

el astj.c wav e ti.ng means..3 be used as a single unit of the
transéﬁi ttné?(ﬁ?g%gﬁlcgrs}lm%”f He' ?Ol%n?%lo‘d utilizing the reflected wave based on
t he change of tiiey mdi ghovbr sughl whethd hemainentwafet heopadat €s,0®r a
separately provided receiver may be nounted thereto.



2 017 MAY 2~2 As described above, in the .elastic wave, generated by the
el astic wave generating neans 3, propagating through the ink liquid, the
traveling tinme of the refl ected wave occurring on the ink lqu?&"@]%h ceto
arrive at the elastic wave generating mgans 5 3 varies depend ng nsity
of the ink liquid and the liquid level. Thus, if the conposition of ink is
fixed, the traveling tine of the reflected wave which occurred in the ink
liquid surface Nigi 65 etpemsdangexemphery ik aafoerct iThep&ftore madwd 6 ARO
anmount can_be detected det ecti the.tine ri.od durin ich the 10

el astic m%n@%wﬁeﬁgr f?ngg#ea -5 g@%%r‘a?‘égi%ée@ ast i“&o%t\f‘gi \:ﬁ%l Plﬂ%nlfl%e
wave reflesthegdifhepmthe ink surface arrives at the elastic wave generating
nmeans 3. Moreover, the elastic wave vibrates particles contained in the
ink. Thus, in aFt3Se 38R udBRPH §8ENBLPYIES Ik 2RREER T LIRBROBI BRRhtCfabhg

col origng AgeM. 1§ 15 elastic wave contributes to prevent precipitation of
the pignent or the like. By providing the elastic wave generating neans 3
in the contai nefid, 3shahdwse ann&mbbdiiment n&f care rardgmkapproadhgs (déngeases
to) an in'éiﬁend state and thg el astic,wave2 geneyating 20 rre%ns 3.can,no

| onger r e vRCHRREPES LREt 8A°WRVED FiYis joud’d\é{j s arft R hedP- SRE-ARY t hus
can give fé%f@{ﬁ%%ﬁ&f@@hgcghéf@fgﬁrtri dge. Fig. 7 shows an ink cartridge
according to another ‘enbodi nent of the present invention. Plural elastic
wave 25 gener atfig rfdassioas a dataid @f dialddkon ettheespdéngapPrafratne.

cont aji,ner 1, spac a [ ghle | r ri rtical
direc 0i on. In &?}legesld'nk& (lzgr t\é?lfidglg}aghéor\?éq‘;i %ﬁ{}lt%tEP?e%vﬂ\Eg?ﬁ.ng%r dr%#@%ey?ﬁk i's
present atarmriddgegl$@vehewofimesjpct4ve el asti c wave generati ng neans 41
-44 can be detected b% whet her 30 _aor not the_ink iﬁ resent, at resfpective
posi tions of tHe-H adtfe HAYSHbASFARMNY sﬁ"éiﬂsaﬂ?t-e ipsnmatetie
suppose tfigt dde-tigud didgevel of ink is at a point between the el astic wave
generating nmeans 44 and 43. Then, the elastic wave generating 21 ~1 7 MAY
2~ means 44 detBi@s. 438.) 433end RAC shew stk lilsanaphgrwiladinentelodsthie wave
generlgti n.ghkrreaaprstrélil e‘lzléatgd 43 detect and judge respectively that the ink
is pr sent~ THuS, |C%gcan e known that the liquid level of ink lies in a

| evel between thigyel agi,c 4udyes genetidtd4ry showeans 144aanthds. enboid@iment

provi sion of the plural e]astic wave generating nmeans 41 - 44 nakes

possi bl eqfotcféﬁe’dﬁ‘tcﬁerti 92 hi ng anount in a step-by-step manner. Fig.
8 and Fig. 9 showd nlsgari5K006$ 43eCahEWNEINEOnSE IdibRNMd s @FbedemBmt s of
the present invention. In an enbodi nent 10 shown in Fig. 8, an elastic wave
gener at i repntesidges5L8G shwnn edh iFig. HotGom face |a formed aslope in the
verti,gal directi.on. lLn.,an oglj S i L9119 I v
generzgti ng rreatr?'sl%%G 3?Aén4gggng%€§%%ﬁgv&ﬁpﬁ@t Egg\l/%r??ggﬁlg%% cli%}ﬁm?ts
provi ded df diee ddikciddritriadgd hesihad tioie freedulof 806i de wal |l |'b. 15 According
to the enbodi ments shown in Fig. 8 and Fig. 9, when part of the elastic
wave generatind iearfs 65 shPrh SIdgrARLHIEhT rﬁetqp‘ici:ﬁﬁ‘i? s‘ij‘lr]f%ee,”f]ﬁe
travel ed 44 0fgd & held@ctatk avg Al G dlor s tite idnadanaeidi ddwn

el astic waves generated by the el astic wave generating nmeans 65

cont i nuowmsMPrhaKfe RPWEiskedspondi ng to the change (~hl, Oh2)of the liquid

surfage. Thus, . r-0CeS r.o | nk-neasy -.end X e lnk-.end state
of i %é remai ni r%:;l%grr%l? nts(%cozﬂnsf Be rgéi:orcg:ﬁeréas{léfg{) Ogtéttec eccsigrg%/&n&%ttole%: idnégé%(%tgﬂg;egr ee
of changerdtddie drfiaved e Jt ikl 20fnd hehe efdreningst M@y edatra tenacyo usi4 ©

i npedance of the elastic waves. 25 In the above enbodinments, description

has been made BytS%exefpl i PHPHE the H9HCTHMT | §J81GE aCfypeShetFaHe IhK i s
directly S{0rRd d dthe: [dAUKL CMAIMSY iorfdaitd Ider@iigt her enbodi nent  of

Fig. 50 1is an exemplary configuration showing an

30 arrangement of the liquid sensor and the consumption data memory
in the ink cartridge.

Figs. 51A and 51B show an exemplary positioning of the

supply port.



the ink cartridge, the above-described el astic. wave generating neans may be
nmounted on an ink cartridge of another type where 30 the container 1 is

| oaded with a porous el astic menber and the porous elastic ggqu&'iﬁvz
inpregnated with the liquid ink. Thoughh4n the above enbodi nEn X exur al
oscillating type piezoelectric vibrator is used so as to suppress the

i ncrease of 2 2 ~'1 7 MAY 2002 the cartridge size, a vertically vibrating
type piezoel ectFig.vi b2atbs nay aeésempdaugedcohfiigheabboue ehbwdngents, the
elastic wave is trapsm.tied and received, by sane el asti ¢ wave generating
means. | FESERPPCURBERGE EBOAVRRKY, PPRE APASHFciHaVEEERLAErng 5 means may
be provided sepaigteky ass ogerliabtdefalln BISHISMHL Al PAmt FRrel A5t i aWAXE and
other for receiving the elastic wave, so as to detect the ink remaihing
amount . FrgcondisaaRpara ik egairpedygwibcoheliing consumpt ignodheecting

mmans ‘oone Lt ki REEH HRCRL P Pk A S BRAE 08) Coe T B The ver i cal

direction spaced at an interval are provided in the container 1 . According
to the present enbodi nent. the arrivgl tine_(traveled tine) of the

reflected waves of thREERLLED DESCRIPTION QF THEINVENTLIONS | ¢ wave

generating meanfh&3gveht iRPwaNd 856 B qkBeri aResd 88 JPYRL! PP POSELHONS
of the elastic wave generating nmeans 65a, 65b and 65c differs depending on

whet her cembedinéert$ nwhishhdeseot inhenfiea éspétttihve spobetdbshieapresenpl ur al
el ast,i.c wave gener ati neans . 65 65hb _and .65c. S et her _or _not_the
Pk 10° or SO 0o BERRY 1 £ 2% ARG dret AU 85 reB Rpdct
wave genefiad | niIEeasi &D4a, t 165k Gf 03 &SEr Lived ben deie cd b dymesang-@oneach

el astic generating neans ( 65a, 65b and 65c), and by detecting the travel ed
tine of tMRFEIBIIEEIRFLI,MER" M (1R ErastPEeRel@ in the elastic wave
generating ”Ea&%Jﬁﬁgofﬁéblaﬂﬂu@%%iné@%ﬂ%@oftéﬁé:ﬁﬂéé@%ﬁaéﬂbBEiﬁgﬁﬁnﬁiP?n be
detected in 25 a step-by-step manner. For exanple, suppose that the 7 quid
| evel of benldgssritbed polnt thetprssenthemdcgksimentwatbegenesant ngnneatnsoB5h
and c .. Then, .t el gsti.c ve gener.ati ans 65c detects.and judges
Chat e 1TREPLEAE S HH R OF S A s TERRE, SR sERkEaRE 3R AP ey
detect anichdidlged espeebhvelethatThd e ikecnsud@rpoasebhte By desaddd

evaluating these results, it _becones known that the liquid |evel of ink
lies in &Y &\Fdlirdngeanl ifeld|@nIQr idrd Ugdmer atPHRZaebect 659 HRN®Ye. 23
, 1.7 MAY 4002 jRhgg Lhrglongeaa .l carje i 3R COL AP hi ST g Anptdier
enbodi nment ofjf%e pr esent |ﬁveﬁ??§ﬁ.glﬁékggefﬁﬁ %é&%r?dge 2%6Vﬁiln ﬁ%g. 11
a fl oati njHeoeyibre pfathachiezool ecttbaterengfitc e@veresponding to the ink

20 consumption state.

As a feature of the present embodiment, in addition to the
liquid sensor, a consumption data memory is provided in an ink
cartridge. The consumption data memory is one which embodies the
memory means for use with the liquid container in the present

25 1invention. The consumption data memory is rewritable and stores
the consumption related data which relate to consumption state
using the liquid sensor. By providing the consumption data memory,
each liquid container can have the consumption related data
necessary for each liquid container.

30 For example, the consumption related data are consumption
state data obtained by using the liquid sensor. Suppose that an
ink cartridge is removed from the ink-jet recording apparatus,

and is mounted again. Since the consumption state data are held



the ink liquid surface in order to increase intensity of the 5 reflected
wave fromthe liquid surface. The floating board 67 is fornmed by materi al
whi ch has a hi gh acoustic inpedance therein and is ink-resistant, ch as a
ceramic board. Fig. 12A and Fig. 12B shaws another embodi mént MY Whe i nk
cartridge shown in Fig. 11. In the ink cartridge shown in Figs. 10 12A and
12b, simlar to one showmn in Fig. 11, a floating board 67 attached to a

fl oater 68nddecnemeony, ilgies ¢EEhe comsenrt ion stdée dats gandzspreneatsdty of

ol ast o v GontTarn Mg eh it Ss B or RE S Ihd Pas% stidi sk

asl ope i nbyheex@ihgcehedSodtr €€t the. m¥henyt he i nk remai ni ng anount becones
scarce and thus the el astic wave generating nmeans 65 is exposed_fromthe
li qui d surface, MPRROER¥i valet icresimntiory oft ried dabe BeYt Re efalkti eMwaves

gener af edybyeLPEoR! ashhCaWRKE  genELAt | 2 Sodledfin et | Covayg
generg)ti ng rr%ansOGS C anaes, %hus V\hetd%gre%gr not t)%ée 0 |cﬁk@s tE)Cr)esente in

t he nountcomgswostionmf éehel diguidthe Thasdeteaimen gerlertad natreeame ,65oran be
detected. Since the elastj.c ve generating neans, 65 is nmounted j.,n the

bot tom 1 SEEATRT? oHARF JEFISETIRG: RE TETToEr THRFRRTISh CoRSEARPLRSURD of
ink stillciemmbscsiampfiot ddeel ashiie waveceesar ahhpechBanstbe detgcts
and judges 25 that ink is enpty. Thus, the ink remaining amount at an ink

near - end $f nfeRAnCpe Yed etk bl ZRef ER rielee bl my the 26oNpPEPEL OB 658F€ - wave
genergyt | @Qccf%“@@?n % i @ﬁgmﬁﬁ%&{t i Q@leb(}?'xﬁcqﬁkftaﬁgv&gef %gadﬂaél ARge! N
d ce are t

the vertical direction spa at an i'nterva provi ded I'n the container
1. 30 Accoreli nigttezttilbe prhaeattembedinendatsdhown A n dagpiblzB, chhegar rival

time (trayeled tine? of the rgi!ec ed wave i

, of the el ast waves at .t he
| eopect | APLTETT CRRTE h TR e ot Ges  ogb A haRg st T FRECT baYBet i ve

mounti ng ROSikd & Jihen edestdls ypave 2 4 .1 7 MAY 2002 generati ng neans
65a, 65b and 65c differs dependi ng on whether or not the ink is present in

t he respective Psipresentofenhedpnentl isl advaptageeugerier asfy Mraanknissa,
65b d 6 er .Qrq.not e i i resent, | he,respectd
m)untalgd péo%%g{(}%? seve%\én‘s olg{dtlﬁéidé’\tagstidc;il%v%\%tae%é:%n%’erarr{lon@l ng:gﬁgl'GSa,T%gb and
65Cc can e tdet teicdre o Hayr ssoaenmii atgi ce @dlf felras sild gheder along aransifdgsa, dwdb and

65c) and by detecting . the traveled tinme of the reflected wave aof th
el astic e HPRE LRI i AS Yl ity nﬁn?rfreﬁﬁs Pba, B¥D Shod 165, Hior

exanpl e, SHRasHHE hahatBetehquitd dsevel afnd ki duimll0 cakrtd iRl PRt waen the
el astic wave generating nmeans 65b and 65c. Then, the elastic wave
gener at i rPTHRGTIRE 8Bt ARt cremanyl, j tigesffrat chesedk biys diptinddviduakhe

€2 U AL RICRAT Y 5D eal IS LRSI
known t hat the Mdrddwat,d thev elonsumpitl oni datanmambeyel abes veemotanedrast | ¢
wave gen%ﬂ?%ﬁ&?pﬁ%%g%t6§%vgg iggg'stores the ink related data therein.
The memory means also stores data on a type of ink and so on.
Moreover, this memory means stores other data such as a
25 manufacturingdata, cleaning sequence data, image processing data
and so on.

Hereinbelow, the present embodiments will be further
described in detail with reference of drawings. First,
fundamental of the technology which detects the ink consumption

30 Dbased on vibration utilizing a piezoelectric device will be
described, which is followed by various applications of the
detection technology. In the present embodiment, the ink

cartridge includes a liquid sensor and a consumption data memory.



Fig. 13A and Fig. 13B show ink cartridges according to still another

enbodi nent of the present invention..In the ink cartridge shown in Fig.

13A, an ink absorbing nenber 74 is arranged in such 20 a ”@‘ﬁnﬂéYtZMt at

| east part of the ink absorbing nmenber ;& is disposed counfer to a through
hole | c provided inside the container 1. An elastic wave generating neans
70 is fixed to the bottomface |a of the container 1 such that the elastic
wave genefereqfpennsvirar iis pedietedned themaensunptien dateuglieriealyewidl 25
In the i cartri sh in.Fig. 13B, an ink absorbing nenber 75 is
arrangedr&lgen @%%%rgg%%nﬁlg\r,\g?%%%ft he i nk absorbing nmenber 75 is disposed
counter to a gronoveel préosnedndddmen® cORBUNIGAlEsvhbBriiecbhesetighitbal e

| c. According to the present enbodi nent shown in Figs_. 13A and_30 13B,
when t he SRRChESCHEEN EYnstindd e&R® 4asdt ihedrkc8bsor B ng hfenbet $ovingnd 75
are expo i nk, I Nt I als) 4 75
flows)sout yé%%gg%%zﬂ év]\tlel:fi?g %\?a&séc;i(t%fg? ﬁeé?%ie?éo‘é’%%%?%ﬁg?%{?ﬂ% rpggg?di ng
head 31. dterespend o the 120&iqd 'derisdvlY Z8@2comsedmpipioh hia tian kealosgr beng
menbers 74 and. 75 (stgrb t he ink(rerrai ni@g in_the through hP' e lc, so that
the ink i3 TIMTRANT A SR Ded' FTBRT A LR e™parTY oFSR8 t hr ough hole I ¢

Ther ebycarthei ddatwhDdh tder i d agiedi MRveoRduhpei @hasti c wave generated by
5 the el astic wave %(eeneratl ng means /0 changes at the tine of the ink-end

state, thus th&igk-lehl dcaosscanchbéonatthiew ofl paeybedirere®f Angink 14A
14B aRd 0 I i f_t r h r di t n er
enbogiﬂnen]ct%%élt,&lscyi g\%l% L}@é{g\p@ctﬁ %51319%[1% %&ggr’ qsllcgr %?Tﬂﬁgiglgd&aﬁn% b%?‘i‘ﬁﬂ J?l&ue' pl ane
shape of Irhethér dugh deatteridyarayhdwen ofinarfiid.r ary shepektasctimrg msthd@

el astic wav enerati,ng nmeans i s capabl e of being nounted thereto. Figs.
T5A and DS ARG RADSS BRSER S SohebRES) rtgRd TECEIR AE=SppaFa: diove
accor di ngif Phsthldheapat el of¥oeh 8BNIGAld sherdde RHESEAY it b ifds. 15A
shows a cross section of the ink-jet recording apparatus alone. Fig. 15B is
a cross el Woethen pE nok-Hha liavdAdiaeepparataudetechigidchyY thece iking
cartrkdg 721 t AcC, i S0 abl f | catl i he

G el ot feroelrdR e Brofid LRISLALERRE A Sty BOPIRANR e G ng
20 head 20 receikvdwerthacd ddtarceabveThgn cdradtaige wav@ genkudesng madnd ank

unit 256 in an uEEer face of the recording h%ad 2S2 . The sub-tank unit 256
has a simi F& UEt{uERlr e A FHaFUBRONNPPHE R gRiEh PRECSUBDt APREIAT (Y256 has
an i nk suppk ¥k NRGH 18, Aaddh acd NEhanrd Ar§Ahd HpPe8at (1% TRWEERYedinthnd the
carriage 250, there’is 25 provided a convex part 258 in a nmanner such that
the convé® parvidsd im adropssénetolimheich bouskst toenipdrt i én @k quisdlide

cart bhd9e, 243 Andel 0 A0 ALeFheng RS IOl Gartidos 277 &40 be Jmunt ed

t her eabove. e convex part includes an el astic Wave generating neans
260 such gasetdat ipice meehec8ris mourtaddrsud0 thiags thel8Aaahdc16dBvs hman dre

enbodi nrent of the i cartridge suiitable for the recardi ng apparatus shown
in Figs. CPERAYERE = e SR R P ‘é?wﬁg‘&i Jn‘é’ﬁtln&rldﬁ'ég? E4S%dge for

use W thra graghe td@toht hOoBthget ADCHniERe: Ré atkk ol O3 .2 THssd Risdp i, | dge
2 6 .1 7 MAY 2~2 272 according to the present enbodi nent, conprises a
cont ai ned -&hi &t theusiare WhRnaie hmk bekogespiy ipbrendzg atit chhe dmensher
cont get wit n_i p n I o] e i at ys i

seal gg na\grgngrh% F%g?ﬁzgc%‘?;ﬁi ﬁgg g}iﬁgé?hée#é'ni%ﬁ%?g%&d{;% ‘%Eg:q{:eor%as\/e%%rt 5
278, posketlaendd wava datdoa fageediida iMdipdovisidd ibea esigiaged] ywiudwatrde
convex part ,258 . _The c, 280 concave part 278 houses ultrasaund transferring
mat er i al POSIAILY BEPG: BRC b TP LYTROT MR -s UIPFSOBSFt Y6 harh ifuaeve
packing kiebei32Ag AedakVRaPAUY 36 rand 13, %Qbkr!i@le&%nsﬁ@gdpa%uﬂgatr It 282
is engaged with 10 the ink supply needle 254 in a fluid-tight manner. The
val ve bog@yastic wave generating means 3 1is used as an elastic wave

30 generating means only.
A packing ring 4 and a valve body 6 are provided in the ink
supply port 2. Referring to Fig. 3, the packing ring 4 is engaged

with the ink supply needle 32 communicating with a recording head



286 is constantly and el astically contacted agai nst the packing ring 282 by
way of the spring 284. Wien the ink supply needle 254 is inserted to the

i nk supply port 276, the val ve body 286 is pressed by the 1qkmgpgmny needl e
254 so as to open an ink passage . 15 Qg an upper wall of ‘The contai ner

274, there is nounted a seni conductor nenory neans 288 which stores data on
ink inside the ink cartridge and so on. Fig. 16B shows an enbodi ment of the
i nk cartr3Hgeidi EhunBoséghpl tarner ypdheoivalik. badEohtid genstamtily andi ded

by divi si : ' |_Ukr et Lhr i 92,
264 and 2R STHET 17 CoRkRsel Sup PREET ne PR B b8 £ By ity BEATBBEIng 0
300 and 392, Whespedid iakysupplyyheeadta THUd emdexrtreelpeatid wa livek bodgnber s
292, 294 and 296 in the bpttomface 298 of the container 51%3& t he Bel at ed
Tt eri al SOPTERGeS08Y BT B SRR VI HESSLe %8P A8 TR PPETGRR ST BASEIOE ho

el astisc waye 1 ganenAl iing iRaRRe260nt 81 AOHSLH 4 Bpildndul eak sbapediggncave
parts 310, 312 and 314. Referring to Fig. 15B, when the ink supply port 276
of the inkeadrllivige thE2ink snuppiveporhrdand tthe iink supply needle 234 of

t he sub-Qﬁnkauniﬁ 256,“%§ va vg:dié 2ﬁ6ire%equ ggg&nst.th%mggt%%rigg
284, so that %&n i%@eﬁass ée 'S fg}ne Candthe ink raside the "INk cartridge

272 Tl owssdnti @oridiect ik nefhmeme2hd. 7 Athclsisageesh@aeatdie imk iasadbeth62 i s
filled with ink, a negative pressure is applied to a nozzle opening of the
recor di ngtHedtP2E9id¥Fas 2 7 ;'! 7 MAY 2002 to fill the recording head

Wi th jonk. Thergafd ery the recarding apeyati B | shoerhior speh r VgD Lhechnk is
consuned in the recordi ng head 252 by the recording operation,”a pressure
in the dotsteegmwial fymwes e Mdtyve 2odveldcirases. batiensiddeti¢exd bl e

val ve 266 5 is.positioned.a froma val ve, body 270,.s0 as.to becone
opened. W& THES |t8x?‘6|eé“b\?§a ™6 i %%’é%%’a{le¥)r$el?rﬂ<l‘11n°a%éyi CEJKV]C%Ja%er
262 fl owsyd 1D in® EREOEI MY heathe2?29t T OUGH Lhe |1k RA$HAGEpdbts 12,
Acconpani ed by the ink which has flowed into the recordi ng head 252, the

ink in tHe pAR theme 8gEmedLay bl TeRRFEHEVS dBk GlRk™RRT s - 10 236°0t AT | e
t he record] ' : | gnefgé ' ' ' : Jhe
el astI?c m%\/%@a%%@fﬁ‘%@%;&;eé acg&sjﬁyzég%hggc% etfe%?i'zin(gtaiﬂ%‘iinl;' \%ﬂ?%é%eés%‘;?n
advance, dlastei@mavwe gehexatengamaaper 16d bé aridd.7 #hre wbasted savehat

b h I [ [ 260 i di d f h
Convex ptte 98 Sk M AaAero PPl FE°E RE- K pnEPact PR TR Gatt (131Gt 272

by propagaid nthdnseatighi 4 hehaggelaiedidet erial 280 in the bottom face 274a of
the ink cartri SFge 272. Though the el astic wave %enerati ng nmeans 260 is

provided in th&iGar Bi 4§ed 250°F % SHYsionals X igwd shoBinghanpaRed tment \@f e
genengt i e P{.ov] L Ost the Sul; unkg o2 jhce
T AR i s e e e R S

pr opagat ésk lkaatgh dgeeshoknl imRidy. tthentr Bigl i2hg A aerovfaghe3 ? efdpsdiled wave

occurrin n_the_ink liquid surface.to rive at. the_elastic wave
Goner at | Bf RESIPERENIAY 48 CBp A See S dEnery ERehrBe i AR ¢ he
liquid | psgler iBesuippbeldheiednmposubieankf uhbk 33, fulkele dhe dddelimg tinme
of the reflected wave whjch occurred in the ink liquid surface varies

dependi n§edd! tHe 1kPEROIARD FheR el BVBT £RES| Rk &RSu &R e W36 tdetect ed
by dgkectiRINE I LAE G 8LpBRydiHd e Wai £8 b Re 1Rl £5%80ink cartridge

mounting face side of the sub-tank unit 33.
Fig. 4 is a detailed cross sectional view of a sub-tank unit
33. The sub-tank unit 33 comprises the ink supply needle 32, the
ink chamber 34, a flexible valve 36 and a filter 37. 1In the ink
30 chamber 34, the ink is housed which is supplied from the ink
cartridge via ink supply needle 32. The flexible valve 36 is so
designed that the flexible valve 36 is opened and closed by means

of the pressure difference between the ink chamber 34 and the ink



wave arrives at the elastic wave generating neans 260 fromthe ink liquid

surface when the ink liquid surface is excited by the elastic wave

generating nmeans 260. Moreover, the elastic wave 2 s ,1 7_NAY 5&22

generated by the el astic wave generatingymean 260 vi br at esl ﬁaWiY

contained in the ink. Thus, in a case of using pigment-like ink which uses

pi gmrent as a coloring agent, the elastic wave contributes to prevent

preci pi t asuep lof Pﬁﬁéas'ﬁgﬁr‘ént Theyrsubhe Arikk atn iAf Bérishéopmmﬂt‘rlﬁgﬂﬁ}ért’dﬁfon

and mai nt n ti rth I|k and h I N rtyidge
%?1% Egk a1 %?\ age Selr?d Emg%x%lggg %h%.te}? rtt-:-ggrdln GRS c{

K
{5 ERhate geners

appr oaches ecre i ng
means 2603Qaaonehhangleé ixe}e&ta,te Heheuppfliedt ag mavehevm@fdmgtrt&d@l

el astic wave generatl ng nmeans sends out the el astic wave, gted t hat
the ink is in aRStRErABEr tond it atd éﬁtﬁ‘lh‘iﬁethﬁﬂé FHH@%nPOEEn glo\fe

| ndi cag i 0poh@ o GlRkAage; ghﬁ&@fééad&@f HPLERY lipptferieLlfe] 1K SR dge
272 is not nmounted properly to the car |age 250 tﬁg hape of the elastic

wave fronsubet@méssuna;tlﬁ ge:r’rear eilvg hedyss Z@@e(dmgesmstahhemymmg ranner .
Utilizing thj vvarnl can_be given ta a yser i.n,the event, that the
oxtrene oRRNGBAF P HERCPASPRES v & TRt BLralr 106 4B LS it NR%er t o
check on thelowk iGAld thdgEnk Chambe t4 aveld adstage wfeddeheeihieecpebeave of
the elastic wave 20 ?enerat ed by the elastic wave generating neans 260 is

affected B§ inefl Wt inkk hoggesive presewreahapriied SPrﬁ:élOtZﬁ’ée _
densi fy ngbﬁlin%f ddl‘[é grecle%dtllﬁ ltlé,(gg 30.Lf %@Ltsc?‘%’llqa{:ﬁe déet a1 %%%a(af I nk

are stored 1 n a’“sem conduct or means so that a
sequence wahhbeénket 'b}aeeelafmerhethlataeemrldihgsoﬁérahmnnksrpmaformgdarmunt

can be further eci sely,detected. Fi hows an | nk cart dg 27
according to stM’F aﬁﬁ?hé 3 h%o%‘?‘?ﬁ;\‘ﬁf?g%f Jlr?ﬁ/ "’i‘% %W E‘& i nk
cartridgerdédrahayopdlrdd fon) & ptogskeé tl%ntﬁé%v&ﬂ?s%\:éa‘in berdwd fQ%BcCiIBQeI n
the vertical direction. 30 In t%e i nk cartrldhgéarZ?Z shown in Fig. 17, when

the ink r¥ahvVRi A§ GABUARSES . bebrR ndheovilard vagiven badicabPrad tapagdof

t he elast n m | 40Ul ce
the t1over sl P gAY BAaPadto st BPERRYIRILTT Whey ORI S ib1 R0
waves geneaatred3®y1$ h@@leaht ItheV\ABﬂE gengreaatinkgcheaber26d flavs riumuas kite

changes corresgondl ng h}g Ohl of the |I%UI d_surface, gg)e Ogl

denot es ch&Rgedondihrs él gh r%‘Fg eobPFé?ﬁsf%?c%e 3742 PRCHBPANERALLE NEhe
Bel at ed mphRrri/RicRas Hiuswed NG LR Qﬁ%%eéo?&@ﬂgt Reali Nkt Nade Ak Shatfet O
the ink-end state of ink remaining anmount can be accurately detected by

det ect i ngceRbadegret BHiovhahglo ithe b ttarndt amitti 38 ofla héer énkesupdlvave
of thg, el astli¢"g¥€e generating neans 260.

While the recording apparatus is operating, a drive signal
is supplied to the elastic wave generating means 3 at a detection
timing which is set in advance, for example, at a certain period
of time. The elastic wave generated by the elastic wave

25 generating means 3 is transferred to the ink by propagating
through the bottom face 1la of the container 1 so as to be propagated
to the ink.

By adhering the elastic wave generating means 3 to the
container 1, the ink cartridge itself is given an ink remaining

30 amount detecting capability. According to the present
embodiment, since a process of embedding electrodes for use in
detecting the liquid surface is unnecessary in the course of

forming the container 1, an injection molding process can be



Fig. 18 shows an ink cartridge 272 and an ink-jet recording 10 apparatus
according to still another enbodi nent of the present invention. The ink-jet
recordi ng apparatus shown in Fig. 18 includes a convex part:€;8' ia 2 si de
face 274b in an ink supply port 276 sidg of the ink cartridg MAY 28 e
convex part 258 includes an elastic wave generating neans 260'. Cel ated
material 15 280" is provided in the side face 274b of the ink cartridge 272
so as to ehgRyefwpdhanfetbeonlexkaae tof3die 1limuist dinap teo ptliRed ik ehvichi dge
272 shown_jn Fi,Q. when the ink r i ni unt. i s be i | o nd
part of ot PRarARCRE CHrtn e TR TTT RhpSafEietan e nadRL 8GR, e
exposed fi@prbhenyi ghedrebibbiéditi’/hef2haconkt tartppagance of the reflected
wave of the elastic waves generated by the el astic wave generating nmeans

260" continuoust¥I8hande cot F'\s F5RYI FPEL bR her Eramee hads of the ellpgtile
surface. denpot Litege I ei gt engs:

Bel atgﬁ ng%g?gz}% 280’ I‘PgS‘Im%his—1E %heq(%gr%(@:eésﬁsl?fll?dmg?r%a%{eng?tﬁggr?g}daog?gpgdto 25
t he i nk- eyl rettarel adf sugk asrdienbngnanguandoaabbe @ecamit el Redfestmcitran tby

detecting_,t he ee_of chapge.in the traveled ti of ,the reflected ve
of the oVEedr 558l GoRat ioF o5 hoaneconBitF: ER MnBEF Aot nisub e HETH®
i npedancepeddmédearakqe taRIbEESHE s RS Gld EbrAedhas tleebadmdelbye360.

exemplifying the ink cartridge of a t\tlge where the ink is directly stored
in the | i¥gx% ceBfgrnéng2te B9 st PI(EIanothedregmotlftht 23 $evingk as

cartrjqdge, - rJ i e i - e
appl |15 TB 1405 PR O RTCr e B0 e BN A OBR AN L ORAE) TRYS ™ e
cont ai ner2274 Next ,oadédruinh o ptrgous (ELa%1 | thergrieen ahdet 2?2 per bosmelasti c
menber is, i rer?n ted with t%ﬂ&y In the above enhodi nen E‘ ﬁhg el aaéi C
wave is tHRARMITEF SRt Fhé’?a?‘ﬁepéP&?tsiS&“ﬁa%% AeratFng"freans
260 and 260mawReihitdenkMorm 6B hAG: 3ADURK 1S adet aetied bagpdroartée,
reflected wave at the liquid surface. The present invention is not |imted
t her eby ke florrekagpie, resformed avtte gheedi ABALtt BE @tasa i kuraieg
gener ating neans 260 y be provided se ately_.as one for use in _,

D and t (ST B astT o W CEAP IR het 2 Stbr Cr e MESF ng EhEFTHAg) bt T i ave,
so as to gleter! at Benbkt i 0BBhaM &8 AMEYer BbGse @i SIS oshil! e POt K8l
enbodi nent of the ink cartridge 272 shown in Fig. 16. A floating board 316
attached i®formedprthgisiekaes oftthee orren Sget P8 o7 asrte be pelaniteed
intensity., of_t l.ect ro I Nkl jqukd S ._The f ting
board 15 ]fgl)ba i@%ﬁ{ugiffaelr g)a%&]’}%%%ebf&eoﬁa#g&%éjr'i aF“\A%?% ’hgékﬁggﬁngcgﬁs%?%

i npedances @and, ithe bkseqsistantd sscdurtalosashchasldreent i k&y EigingOclend

Fig. 21 shows detail .and equivalent cirgcuit o n actuator 106, which is
an erBodiBRAR RIA e Opie e Rttt | CXBLITRE BTC (Fhe (e ORE S ATENTI B, "o
act uat or xXplapcaadehsret e 20 ke, ¥R@dedhst gaShatOigdta-dtaimPehednisCh &tgf ect s
the liquid consunption status in the |liquid container by detecting a change

i n acoustie fimesigncehe pspdetarnined niaceafatde rontadacropndhehaeiMod

whi ch det t L Qe 1SR | kN I, QU '

detecti ngcea;%éﬁle% !L%-.;Heﬂ 1ange ?ﬁig@gﬁs%i?%ﬁ?%eégﬁeﬁé%ﬁwgg{a%g%c%e
resonant tfhreeguenmerdaiomnesmualt vi bration. Fig. 20 (A) is an enlarged pl an
view of the actuator 106. Fig. 20 (B) shows, a B-B ¢ross-section of the
nctudBor 106 . 50 RV hETE BEE, CTHRBLSH Phn BIE | FESALL6AUHV 06,
Fig. 21 (fnandt g medhs B) sﬁBQWS_iﬁan‘%U'B/.a' ent t Bbr EMbbdd OhehBesRSHH atrOr
106. Each of Fig. 30 21 (O and Fig. 21 (D) shows the actuator 106 and
around t Halaactuatbe dOBluchive mateguiataleierc?t cif usel pHea RANMNRADTIDG6

when an i i il 1ed._i he. | rigdge i - aﬂgF' . . (F)
shows theeqié%céttusrac;;doéf 1%8 glrrll% §Fg§%dﬁ%é'aggu%?%r %%é%tt e Vé%g%r\l/é:l]leit 31
1 7 MAY A)0z2cainectiingotetrhénatbsuat @ararkd @ 3whenet fisrreed oyna@ sokden ihern nk
cartridge. The actuator 106 includes.a bas | ate 178, a vibrating plate
176, 0" psRs it ThydnL 60 FEAARE S dOtS G A SRS PG

el ectrode LR, RMpPHIRRK BlreehEogeeLaranddd 2168, g LRWEHr&l e61bRUSE L@l nal
170, and a’suppl errentary el ectrode 172. The base plate 178 has a circular
shape openminedGhdrtcappredisnilel wrid L 3genttdre elips bl bV @iietat 1% i s
provi ded on one of the face, which is called as "right side" in foll ow ng,
of the base 10 plate 178 such as to cover the opening 161. The

pi ezoel ectric layer 160 is disposed on right side of the surface of the
vibrating plate 176. The upper el ectrode 164 and the | ower el ectrode 166



sandwi ch the piezoelectric |ayer 160 fromboth sides . The upper el ectrode
termnal 168 connects to the upper electrode 164 15 electrically. The | ower
el ectrode term nal 170 connects to the |lower electrode 166 el ectrically.
The suppl enentary el ectrode 172 is dispgsed between the uppel 7 MACRWdde 164
and the upper electrode term nal 168 and connects both of the upper

el ectrode 164 and the upper electrode termnal 168. Each of the 20

pi ezoel ectears| ayean1be, dippetlel seunbedd te4thandirhuitohenrdl eser bHet166

has a cirg ; L0 its i n.portion., Each of .the circul ar rtion of
the pi ezouiebr+PEEREIR Mt S b8P SR mf S6aThat S Gt b Rl

el ectrode 166 frosum ahpi exast ectwave ekeeRpe @6 whvesvivhi ahidith pkabagad¥é i s
formed on the right side of the surface of the base plate 178 to cover the

openi ng 1B OUFRS T i tiAeh ang 8L AEd2 By ediePor (iBIF oL henwayrbeagFhAg
plate 5176, nyhi chiad acephblae openidg, bl a”BrbgsgaE% ng di6leHf; 4 Qpgt he

surface of the base pfate 178.  The face of "th ase plate 178 rch1s 30
opposi t e pfeRagiting pebeodtecofi thel edewst iccaldved cmaridrmdiasediedni bhe
follown is faced wiith the |iquid container side. .The cayity 162 is
constr uc?de}_ba%%%hofﬁ%é[g]t% l@agﬁFg%igﬁ'coé?art % %ﬂerir Il'iad'\ﬂ’d.%\(l?hét\?l Br 3Pfng

pl ate 17&hsra®uet £se DO dhenkagerpeatedlvdveush dlatelastié MA¥e28R2ng2 t he
| i qui d does not |leak to the right side of the surface of the base plate 178

even if tAREITHAY Entters Gt athdheamediure2. The | bent &) deingdeha 66 is
| ocatygd I ' t j [ a 1 af ¢l o} L te

si de lggaﬁ%sﬁti%%éc?%%%q@%hnt%%ﬁég %tﬁg o%&lgr q:glleecz:'?l ?8’%2 %86&32 ’B‘Eﬁ)‘g\f}ﬁ‘ ed on
t he vi br athmough ahe chthes edhsthatwda he prepbgratefs,t tiee citatel af therhedihunf t he

| ower el ectrode 166 ich_is a main, portion of the r_el ectropde, 166,
and the ¥t 2}8 S#SFﬁé(\égpenFﬂga f@fesﬁﬁgfﬁnﬂ‘%lﬁ/a%t%ﬂ‘% Liguidroasife the
circul ar qy tiiemidf cbheal Q¥eri £keché e ckiled pySehi s tmdtic) spedlgsc fhan

the area of the opening 161 . The piezoelectric layer 160 is formed on the
right si d@v ErReNSDiFhes-veceheet owdd lelbectyerie 66 syempikat thed cemter

of t ci | _ar £ enter of ot en| 1 taptially
matcﬁs Tf?(ra)&;irazlan (F)E?{Jténgﬁlc?%%ﬁ%rqnéo?h Srwggfﬁp%gg%i ggggpegﬁr}g%g?aygr 160 is
set to b&Fikstsmahkerrdmami t ther arese Dfelt ba vepesinghkbd] astitarger tbhare t he

area of the circylar portion of the | ower electrode 166. The upper
el ect r od& 4% s 15 GmBhlet'htéh‘Fi u %ﬁ’er &S hd Wi GRREBENERe Then,

pi ezoel eatd e1hayee WHEe adaglest PBRr689h &ThOmetRBnCANE Wrafi VR bt Qhe Whi Ch
is a piezoelectric layer 160, and the 20 center of the opening 161

subst ant iSaMiademadh tiehd igudd -of Sthge ci reanadapyr i 8 ofPwred etigr the
he. Goentig I S T Reo Ay oI a e 0 e pF 5 el REEEREERa PR 27 O

t he circulegnmed tortlef tirhashamterelreceivee . 16Bhe transmitter-receiver

receives the reflected wave. A distance between the liquid

surface and a transmitter or receiver can be measured based on

anoverall traveled time of the reflected wave, or a damping factor

25 of the amplitudes of the elastic wave generated by the transmitter

and the reflected wave reflected on the liquid surface, and so

on. Utilizing these, the state of the liquid inside the liquid

container can be detected. The elastic wave generating means 3

may be used as a single unit of the transmitter-receiver in the

30 method utilizing the reflected wave based on the change of the

medium through which the elastic wave propagates, or a separately

provided receiver may be mounted thereto.



25 Therefore, the main portion of the piezoelectric |layer 160 has a
structure to be sandwi ched by the nmain portion of the upper electrode 164
and the main portion of the |lower electrode each fromright side face and
back side face, and thus the nain portixn of the piezoel ectr{q MAY<802160
can effectively drive and deform 30 the piezoelectric |ayer 160. The
circular portion, which is a main portion of each of the piezoelectric

| ayer 160, the Applrsaiidetd athove64inanietdibnd oiw wastecoeodeales bioths t he
pi ezoel ectyic elenment in the actuator 1Q6. As expl ai ned .abov 33.'1 7
MAY 2~2 thet@FEct VREC eFERENE T CBAL REFESwilth Hrr?é’iﬁpa&flé’t n %‘P‘é‘ﬁe.“ﬂ’ﬁth’iﬂﬁ t he
circul ar posi@) tofe thevEPPRY t8lRC bIFOtRe ko4 1 itle@ilvatire ROEE WO Y dnh€he

pi ezoel ectric layer 160, the circular portion of the |ower electrode, and
t he openi¥k lepuichaushaae i 2ETiNgsat e af gesicovaregenByathng Beanet ur e,

the vibrafi i j 1.y .vi b, LL i E 7 Lhratlng. pl ake is
det er r?‘l n?ﬁ Jb%r{{e %%eérﬁanlglblg’% L%J!rs%iﬁ r%nf?%,%%eg%k %Fqﬁlgg }é%lracg %rgjb Lrlfltlﬁon of
t he upperlestelt r dimsl64 fandet dempos tulan qbritrikod sof ikkd, ptheoetaetTing | ayer
160 and the circyl ar rtion of the.lower el ectrode has, small.er 10_area
than t he B OS5 ERNESOPRRERY VERE ViHAER\AGH Ty B IEdCel B domd esidr fgce

vibrate. YAtidd ddpferdim I MY LIk s@foutnke | MEFeLBEL T OHE 160 ARsuhthe
circular portion of the upper el ectrode 164 which connects to the

pi ezoel ectan ¢ deteadl dhedetiectiing the tinewerigpdrdynindiwhieh | Yer

el ect,r,ode 168 i | er t ci,rcul rt] u
el ectlpodeeljlabséql;.l(ﬁ'r@arq%!f r%él,e Eﬁgnﬁﬁ‘ﬁjﬁ%&r 3p§rgf1|g(%ﬁggﬁ kﬁg 19%%%??%‘2%‘?% o‘—’ld%d 166
det er m nashdrhehpardueone fihé € be gMieinat R tik PhezoHet agirive seitf eblevdIddtide

pi ezoel ectric |ayer 160. The center of the circular portion of the

pi ezoel et PV FRHfMASE2he’ uppETSEetr Id€ FoRSTIfH e I'vigrates

el ectrode, 186, - MU CB-A 0L HEAe 1B ezpel eqkri ¢ gl grent, subsiaat el |1Ysirf?§%10h to
the centér of the opening 161. Mreover, the center of the circular shape
openi ng Tegmesti chi ket igrhr wiebch heses bpaginagt sast rorcdonting \Adardt.i el at e
176, kS pravided qn_t roximately center of. 25 the ac or .106.

Ther dPor 11 E ufle AP RERT TRt Phs B Bntt wit A B Ph? o8t ches
to the cent etheoflitldee actuator 106. Because the main portion of the

pi ezoel ectric el enment .and the vihrating section of the vibrating plate 176
have a circul aBYsRH1dRG FHhsr &Laff e daven SRaed g /s foen $he
Symmet [ | cilneabord: 39, a.eell &tndf e GEt ugkOri06eaBerauge iprdduald N9
section is symmetrical about a center of the actuator 106, the excitation
of the urivecess@Ees tobrani ok oendrstet owindgthe ¢hestsymaxe igerstmaidng e can
be pogvenied, 5 3.4 nb TMAY, 2002 Ther eforg. c1 06 agquracy of detesting the
r esonant IT]rerequency i icr e8888T EUrthérnore, Becatse the’ Vi bratithd S&&T on i s
symet r i asaboutinkheacaentasd ahdt bruactaat 91vd Oindidee: sot uad arepllMfed $heasy to
manuf acture, and thus the unevenness of the shape for 5 each of the

pi ezoel eCBHEE % rent can be decreased. Therefore, the unevenness of the
resonant frequengy for fagh obnt henpi €z08l86HJd CaekeMBRhgl 7do dRGIRARSS -

Furt hernore, because the vibrating section has an isotropic shape, the

vi br at i ngmbedkimemti sofli fthiecubresenbe invdaniaimged bylulelunelasness waivet he
fixi 10 during. the bondi,ng prgcess. That. is, the vibratin ectd on i
bondBll  SPRET TGS Sa0R: Ainer “Unere By v SForke didendbad ar 106
easy to asserlinert o,t Bpabequad govhniaBle ftdhedNOIEom AW LHRE in
vi brating section of the vibrati ng plate 176 has a_circul ar ,shaEpe, t he
| over resdfaverrdde!l fdressieRanpt, tRPel B i ALY 1330 BIRYhdde FdGni dat es on
the resopaRt HERAS, ot ABe e ddqiraddi @b @it e 188286 £ekbekayer 160,
and thus the single peak appears on the resonant node. Therefore, the peak
and t he rdies¢ icawabe déneragingheehrs ebl M¢4soanhbe defecesdinwhietdguency
can cl earl etected. Furthernmpre, the. .accur f 20 d i,on of

t he ?@soﬁgn{lofy’rtg%%elﬁlckylgalﬁr%%e ér%%gres’lpr?&rtéé’seeag%)x/tgﬁ gr%%rhﬁhee%gr%%%lgf t he
Vi br at i ngasecidedie raft inhe meianeulsar shiape wolr akanglpl, akepbéeebenausehkhe
difference of the anplitude of the counter el ectronotive force and the

di f f er endé i Heevipl 9 udekofl st IR rasORARE Medyigsicyt R catRBHL BY YRf{8t her
the Iiqui LSt s . LASi L qui nt.a{ ner JRGr I cenent
gener at eggtg%@tahélr%i @F g'? ?o%go%ntshléh\'/i bﬂg’sf:r?’ngtq{p %tlea s%%.é:e i@é%l‘%rlea-rlg;lgaglfa 9_1? Eghe‘t he

di spl acenent 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 30 a small conpliance which neans it is difficult to be displaced by
the vibration, and the vibrating plate 176 having a | arge conpliance which
nmeans it is easy to be displaced by the vibration. By this two | ayers
structure, the actuator 106 can be reliably 35"'1 7 MAY 2002

S
is



fixed to the liquid container by the base plate 178 and at the sane tine

t he di spl acenent of the vibrating plate 176by the vibration can be

i ncreased. Therefore, the difference of the anplitude of the. 905'3‘%62;002

el ectronotive force and the difference &L of the anplitude of Hth¥AT Shant
frequency depended on whether the liquid exists inside the |liquid container
i ncreases, and thus the accuracy of the detection of the resonant frequency
i ncr easesMean@rdherkBees et audeesHabipei HHe é sotphe wiiBestheglpisiie 176
is |arge, {] t Vi [ rea

accuracy g%b?%ﬁfﬁ%l{lﬁﬁ@%}m% ?g' r4e22%?ii€ain rgc%iﬁ%négaijﬁgdréeggtgg%%ﬁégﬁclﬁe of
t he vi brathat oiiethek aicd yatedyernt06 [Thaat estotah Hee paidyrhahatoftHehe igavdt y
162, that_is,_around the margin of the opening 161. The upper el ectrode

! ) : g |
termnal 188el % diifed 165 the ricyitl Seguees bie Pt M oPePREaVERPat i ng

plate sl 76pLtonbesgl aalr 1468l | YHERNNGHIRA 4i%d Rr upRerpehegiradgsifé tavaugh
the supplenentary electrode 172 . "The | ower electrode termnal 170 is

f or med ongeherat yhg msades 61 -t hé elnefsapesaibliasovdeteant hepl it semadniogbe

electricaélé connected to fhe | gwer electrode 166. Because the 20 upper
el ect r ode® 184t s P of nEHSBA Y RECFPgHE™8FHe of the piezoel ectric |ayer 160,

there is a diffeignce amd dejyd h 4 hfow 3 rOealrthd dgee sd@oeldinke tbhsekbeéss of
t he piezoelectric | ayer 160 and the thickness of the | ower electrode 166
bet ween t#eCtippErerapetRfeS T4 tARIPTRECDHPpERVRIr LR ode it &TNERBPAIBENL It i s

25 diffic cfidd th s di : I r ode
164, i;OLd é‘éllil/(tt)a‘?llltliOJfrqil:lslgp'olgsls'i gﬂeggggﬁ?ﬁﬁ%ﬂ%%ﬁ%&n%%wengﬁﬁegymtg g%gper
el ect r odeid G bathenc 6anect & dipbetdves dpee inppee e wrigalddired tdawe .t hénupper

el ectrode_term nal 168 hecones ak so that, the upper electrode 164 will be
Ut Cof BTG D gt mant T IBA T SRTE SREREATY O8I BEePBde
172 as a s4IppPrdn N dryiesd tshagennectse hervppan eieetteda 184ppdvidedupper
el ectrode termnal 168. By this supplenentary el ectrode 172, both of the

pi ezoel ecittieh¢ aybeinboy apfl the bpbeemefaeerdfiea18idarvalippBrted 1 7 MAY
2002 36 by the tary 72, ,ahd thus.:thequ r ecgrode
164 cI;Bn have degscl%r)%d&r?gih%\itc}g% %gﬁoﬁg?%f%ané%ﬁsggt %ébdpgegﬂgl ggéfo%é 164
and t he uppen parecd f athe ¢ baot halwaleSgererheihg meanscodn rect €6 .1 bedpesed

i | i | t .and t i brati tion whigch.f to t
D er0e] cch T SRRt PHFRSeRe Witbraa R ot EBE 19 Kt sEbePruave
Vi br at i nga 5@ a0 cWiseh cachpahhic¥idl ahesel st he wetamigneedVBiconer, it

is preferable to formthe actuator 106 in one_body by firing together the
nenber | relaffelt i nWeNE 1098ReXRE BRI 108938 f ot hi n§Oorftd NiOUFaor AP’ one

body,,.t he actuat or. 106 bec S easy t handl, e Further..the vibration
char a?g?ter?%?f%sﬁ?%qjeré%egobgﬂgngﬁsgéanA?ﬁé éﬁ) hub% Jtlh%u]b(%s%uﬁ#%ﬁ%' 178.
That is, 1udNeHeaSHOEe e rohr gt Akohebhe chassr Pt @tte dHS inknlndtdeate

vi brating section of the actuator 106 vibrates, and 15 the portion ot her

than t he @f Bmi FegadadnidoAMEENE heaR I ACGUTEE 1d0Es tretodi By fesecting
Fur t her mone, Cc%ébefe‘y %‘ffﬁh'a?l eoﬁnté‘ﬁiv%ﬁ@éiegdg tgfnhet e gﬁ%t LOP1 QLDES | the

vi brati ng 'section o e actuator 106 can chi eve y Increasing the
strength af tthee dasestpl atEnde@araorsl af the askase-ic mea¥es i ng the actuat or

106 a3 thinner and 20 spal | el A3aPRSRLY! °a30d, 19LTLA0 " IR Ay ) e

exemplifying the ink cartridge of a type where the ink is directly
stored in the liquid container. As still another embodiment of
the ink cartridge, the above-described elastic wave generating
means may be mounted on an ink cartridge of another type where
30 the container 1 is loaded with a porous elastic member and the
porous elastic member is impregnated with the liquid ink. Though
in the above embodiments a flexural oscillating type

piezoelectric vibrator is used so as to suppress the increase of



It is preferable to use lead zirconate titanate (PZT) , | ead | ant hanum
zirconate titanate (PLZT), or piezoelectric nenbrane w thout using | ead as
a material for the piezoelectric layer 160. 25 It is preferable; e
zirconia or alumnumas a material of tjdie base plate 178. Fut M fﬂ?bhé it
is preferable to use sane material as base plate 178 for a material of
vibrating plate 176. The netal such as gold, silver, copper, platinum

al um num thedcarekefighaving, aaevectitasdlycvhbdustingt yypanpbezasédctayict he
30 material, of . the u r_electrode 164, the |ower, el ectrode 166, .the upper
el ectr odevfglf?nt?\]élmafgg,?sgﬁ%e tur'?’ee(glld'ow(tfTl lg?ee@?’?g&ee?‘lé?ﬂfﬂ%?ti7cf.]f‘e ébﬁgﬂ‘/ﬁY
20D2 The wgtddlot raRbmeoBEEIAIRT edcasved ByahRiheabDY 8t Calwdee gppkiradihg t he

cont ai ner which contains liquid. For exanple, the actuator 106 can be
nmount ed JRPARSt nid It SFERAL ARt ahodimentnk thete tatbi @iy agpBrERESNTan

i nk tank, taj i-ch 'sgvaérl;% Lgui d.t ;

recor ingm%e%%rﬁ%ﬂéﬁag}?{%ﬁygﬁ(&lsgpggg&ﬁi nat he :.%ll é’%lélagg EréﬁégiEpgng

nount ed orhe el gteidetwavie aed Qoiset i for eoeceheinggthd ebastai mevawss, tskabst he

cavity 162 can contact w3ith the |liquid contained inside the liquid
to\@%%e‘f'ﬁeg}l‘?qh’iﬂa tORE AR HRY T¥Rtted with liquid 10 sufficiently,

cont ai ner-
the inside and pig side sblowsh@nCaMkt ¥ad6ri dge fdddimd it d kaund. akBthbe
other hand, if the liquid inside liquid container consuned and the liquid

| evel dece®R@tMeRE e hehfolrgsehosNVEBR1EN - t heP He¥auht Glasther evare
condiyi O I gy ot it 4 nsd de t cavi 1 r-th Lqui d
i's 1§t0r eﬁ?%%%ﬁ@%%ﬁ?%&a’vﬁ@ %%I ginl’ laé)%i ?ék%}émog%g?dégtﬁ%rljgggi ty
162. The axlapd oinlhedetect scal Héastttibe difdeadnzte bn ticeaomlist ate

i npedance occurred by this change in_condition. By this detection of the

i 11 or oncRF T Y SRDGEINE FRBEAAAEE L 1 hACHBFAAREr oL BBe EFF HhAeeT RS RhES Hhet her
the |iquighd sastffdritantd Y trdveadd rizd)t B¢ khaurdreentabnfaves bEathd is
consunmed nore than predetermned |evel . Furthernore, the actuator 106 can
det ect s thieagtybewaiesHeo Lhguiebnamiide ehastiquayecoanarabing Means ¢ »2i pl e
of t d t] f. the.{Lqu I ) ar. will cbe, expl aj . 25
To dggecféﬁedr%gﬁgtﬁg F%%%:%g%ﬁ%wﬁéﬁﬁinﬁg%%ﬁ%ﬁg asn(c:)g gﬁ%r%?%’??%ti C
or an admdtangenehatr hng emeahisC 65a ,meeBr&nd Focnmeddfee st e gameidancen
characteristic or the admttance characterissi c, for exanple, transm ssion
circuit CHIEHRENSTINOFNENE ridhs AiSsBF 6ACRF r thi S pFPPES tA VEORSELRL OF8I Page on
the nedi %@%1@&@1”@9&%& LM 5EAErht NGt MR shhes B e et h ghaagi ng a
frequency. The transm ssion circuit provides a constant current to the

medi um arhefsures novokhggd rdppls epresenheinedhemnsise dharyi meuated
frequgnc The, i.n LI e . 1, 1 Y. 2002
el ud oSy A S TR o R S IR A e R ke Sy SR

i npedance&5d-aahler dot ect ¢t dycdhamyei na eachredguenicygéngrabind rieans {€2guency

when the cyrrent value or the voltage val ue becomes nmaxi.num or m nimmu

50 St RESL RERLE RS b BEPRE 189 FEBdHrRE L0 e Rant HECTRoGL SHOt
above, tR@Aacbdaig cqaRtdet vets inhenskangs idwhhe AGRUSH itid Meadanssys of the
|l iquid using the change only in the resonant frequency. The piezoel ectric

el enent, 6307 agkafpre, Rencde thvednknremesséngfanming camebredabeceed in
For &> gor aPBally T RE PRI al oL PO P eRey SR Tl ALt Ve
vi brati ngpfdaatk ds aft ar pphatvbbtateanthé éhesvidbredvegaentdtoing means
65b and 65c. Then, the elastic wave generating means 65c detects
and judges that the ink is empty while the elastic wave generating
means 65a and 65b detect and judge respectively that the ink is
30 present. By overall evaluating these results, it becomes known

that the liquid level of ink lies in a level between the elastic

wave generating means 65b and 65c.



of the actuator, as a nmethod of using the change in the acoustic inpedance
of the liquid. The piezoelectric elenent is elenent 15 which generat es the
counter electronotive force by residual vibration renai ned |g 9 rating
section of the actuator. The magnitude pf the counter electr ;D Ive force
change$ with the anplitude of the vibrating section of the actuator.
Therefore, the larger the anplitude of the vibrating section of the
actuator, 20 thBigaslkrshavslerednkt hertesdganicéoedimepcyo Nbrldoweothgepends
on the fre gc& g tpg resi dual vibration at hg Vi bratlael% se tiog1 of the
act uat or, PRECT GRSWREERSEhe WEDRT 12Me RE TR0 M%T S PORST ve
force chaﬂﬁexslgchﬁng%s f10reipbeartdhe7f Aeguensy ©b 4 e oddurtdsngoseeki on
of the actuator corresponds 25 to the frequency of the counter

el ect r onoER@einbr dd quier sunfseer e‘ls'bmaﬁﬁelf requEteyeaganisntaasiEEqaénéPenhen
Lhe vidr apd pgeSechi 9vOl e18f A6t upl AEd UMD AHEN OREAGkS cho the
vi brating sectron, are in a resonan con I'tion. To obtain the resonant
frequencyi$ sorned hgved veni @abdiingdhd8 Hnighascousyit enpeeiaier therein

el ectrormtl%e force when the vibrating section ang the nediumare in

resonant ¥Ndifi LAKTECRLEFABF - t FURBT BF nBRdCCERBAGSBORAE  vi bration of the
act uat or i's nOtF?%dllsm AeAeNG . f0IB YHNLBBoEhERCEH9HA 1 REht ENeF \H ahjon

i nvol ves MAY 2~2 the defornati on such as defl ection and

ext ensi orca¥ el ggerHgwn 1ﬁ’a§19arlbus ki sde drkfearuerdye ishavnilngFige.
resongnt {1QUeACHyE S o THTRL AL ol NG IER0NANE: [ equengy h 8oL Lugedaby
Fouri'er transtormng Fie Viavef or m of the count & eétronotrvé Force whe

t he pi ezogt ec:ttracxheei enmtflaadetrhes redidi® ahe ik Lheud dsounafiicedndotrden and

t hen speci fyi t he nmpst domi nating frequency c onents. The frequency fm
s a frediRniYorRERC ABCAATEYARIe Dhe t RE: hEdFSith NeVRmdiAtin the t heauid

| mpedances S 4e A m#@fem q@&%@cyliﬁ‘ el LU fer g0k Jérf&?éﬁ%dﬁé&z@ém
frequency fs with little val ue bécause of the dielectric | oss and

mechani cel5 ligs € ixedoway she bhetometpencla fimimedyesdogle jynusbd *a@rtlcal

subst,i.t utj.on f.or resgparrllt tﬂ qle]r_jgxlabecause it nﬁgds time for deryj vi L.ng t he
he

resonlgnt lr%% %ln%rf/ f$fromt éﬁ%?gfarﬁl% MSEL U ?/er‘?éléis%red 15

By i nput tiheg edutgitc @ifavtehgeaéﬁruaﬁﬁg h@8nk 063 higs Teb@ra&r@dssmm ehecliduid he
actuator 106_can at | east, detect the acousti ¢ inpedance. roved by
the experiHertC® hdthg Fere Y3l dimssCinbhgi rréleRted WAV ?ﬁet}rl%s%ﬁ%

frequency, LRI ARG At dd1 & RIHOE 1 229 l\ehwﬁk}errgéﬁeesélhaeméaﬁgugﬁca(t frpdy
measuri ng the inpedance characteristic and adm ttance characteristic of the

medi um  @id Sthiec wemo@ene\mthnmmseésmeanmnamsfwh@qluencsyr fiog e
Measypl NG NG COUILEL: SheChL JIRLING S O0Ee: 9ERGIRIAY By Lie hesidual.,

Vi br 1 on atl ng sect|0n e Vi I’atl ng regl on

of the a(gtatfﬁﬁtﬂr@ﬁ mears Pest can vhi detecnsd.t useaceheheadiastlia? waied i s
determ ned by the opening 161 within _ the vibrating_plate 176. \Wen |liquid
is suffi (ﬁeé}ﬁxia;FJfri‘-’l F‘@énﬁrﬁ A€ TR e dontaf MOtEAT fare 5 LPEMEERT HPRSe

cavity 16z @i@xﬁe'i%l\@atir @tl'x%g:trl%&' og 99@&@%&0%&"‘01"%%&{‘?1 Okl 30
l'iquid container. Wen |iquid does not exists in the | 1 qui d contal ner

suf fi ci esven afherviliy el pA§icegiviehoenaratisowiadng Re detrAtd whdcindaes
T A R TG T e T S R
t he gas @leata@Hdnpoint can be detected.

Referring to Fig. 12B, plural elastic wave generating means
65a, 65b and 65c on the bottom face 1a formed aslope in the vertical
direction spaced at an interval are provided in the container 1.

30 According to the present embodiment shown in Fig. 12B, the arrival
time (traveled time) of the reflected waves of the elastic waves

at the respective elastic wave generating means 65a, 65b and 65cC

in the respective mounting positions of the elastic wave



The cavity 162 is provided on the actuator 106 of the present invention,
and it can be designed that the liquid inside the liquid 5 contai ner
remains in the vibrating region of the actuator 106 by the c VJ()tJYlg‘ﬁZ The
reason will be explained as follows. Demends on the nounti ngajp AY, and
mounting angle of the actuator 106 on the liquid container, there is a case
in which the liquid attaches to the vibrati r]% regi on of the actuator even
10 the |iFRAA Ry TeRIRL I3 qUiTP o1t Sidref it erdndererdanshennsift PRy
position e t; Waen, t it Lgt he
l'iquid on(?{/ nf%:&ot?nﬁ(tghlggig% gtrenceto ﬁttz%t #?%]ﬁlé%gg\tr,lgﬁﬁl\}:irlgarrfagt({l)ﬁg&{éggllg%?&t he
i qui d atebadelc twavrdayandrat imy meaponn e, 6 actdustSor. pTbuent shehber
accurat e det e%ti on,of the_exi sEe.nce of the ]['15 Ii[(I;lui d, For %ig)—arg)l £a I% t he
liquid | eROFEIDdBE 1HRASERBE MSLRPE TS GG TVsnT g Pt R PRAAS 1S %huSt he
drop ¢f tde thaubtaatiacheset gehBeatiiBgatdeBéis @%a0n ehb tdiRl Vewd nda®f béhe

| i quid caused by the shaking of the liquid container caused by the novenent
of the caletegfeed thesgenningreads adiddt il Spnegasinganeaneréis abughd 20
liquid i e liguid i per j . th [

pr ovent o By eI haY: AECAR PTG d Tt Kk e MUELUR P Ba08 ot |
Fig. 21 (He , eld= xaseawdhem tthe klqetdcdeasengenexeting tmbenki gbad 65b

cont ai ner 1{Edtheli uid of theliguid cgntai [

er_renmni.ns in.the cavity 162
of the a@tmtSAC 25 FRlp SRETDIE 48 UPRBSENEBakoF AoVl BB 81 LEKEL eRF stRRCES of

the hjpquigk aTPaint beddedh@nll QUk gt o85O B¥FaE i AEOHESNE S aKEt 5462,
and the anount of the liquid in the cavity'is smaller than this threshold
val ue, itThen| ddiedliasitia eve ogenesaitikg neeneé Phquidteohsarm@riudges he
l'iquid exi,st_ around, the ity 162, .and.the.30 t, Lguid.d

| ar ger t)r%arhati %ih% f'ﬂ}r{elsshg g\éya Itljlej,k")eitthel Sljaﬁgégdw%t&%ﬁgagﬁm? %nﬁEHlsnG%%e
l'iquid comdiesy ddtectexajedgehersphetaotlgt ohatObhesinouns gshreserithe si de

wal | of the liquid container, it is judged that there is no in@éiﬁn t he
liquid cdt f¥ferall pralparipgytiese wREHLERe LFqRBFAOPETekPHRI Ueat He® i quid

cont gnen i PWREvdNade thgk Mpuski Ag BOSielAkdn Rt widd® atidialinsthiQs, wand it
is judged that there is ink inside the Iiquid container when the liquid

| evel ingafendteing queahsd@filaiargt §%c hi gher than the nounting position 5 of
the actuator 1Q6. By.sett}j t hreshal.d v in_thi Wi he tuat or
106 can  udge tst {reeed B0, B ShRR T pra b Bobn T e KRR
att aches dripdHer eABbiYmegaioT biye phralsient fvdrdtei oxayr r itagechatihRredheridde i n
the cavity di sappears because the anount of the ink attaches to, the %avi ty
agai n doé Bt 18xEred Wt RE PRF SRRATPIRG BEMPTRe bpist AFTGRIGA T RC
pringppl & Qfarfif G dthe ddAuigh qongk N 16k (isd iy B nad g om
the resonant frequency of the nediumand the vibrating section of the

act uat or GIGEP ARG AUNbyr nEes U | HErovghc gk er 16| exovAnrd vénsadee tlid | be
expl ai ne I nce,t o <Fi Q.. nd_ Fi |.tage i % | i each
of the u%ﬁéhﬁzaeﬁer{eeg ‘riddeAribeZ}aanchtzﬁg@Fo%\ee?g%?%%‘ﬁ? \eé?lf629t]hér g&g%at ‘gcﬁ}%‘ger

el ect r odedtafon NEdcel 66h anfl the tomeainpkectr edeht ehaicnahel Blasthie eleaadri c
field is generated on the ooo,rti on, of the piezoelectric |ayer 160 where the

pi ezoel eFISTAThSH Me8DS| T 26 Raftni eRed AR YT ppete &PEetEddR°184 %nd the
| ovepsel gl £9de; R0 Byridhe SAGHE 146 Hilf! dapt Nanpi £ 0L ELIK 1y Inidle r1 60

defornms. By the deformation of the piezdelectric layer 160, the vibrating
regi on witthils eheangpdain mpgl at vanaérdaidtedthe and ebbpubérg MMbeD P

per i 00 aft ety e, dof ormtion af ot o ple2oe! ELhls LAVl dOQofpdfie .
vi bration™w eflection remal ns”Irn the vibrating section o e actuator
106. with the through hole 1c.
According to the present embodiment shown in Figs. 13A and
30 13B, when the ink has been consumed and then the ink absorbing
members 74 and 75 are exposed from the ink, the ink in the ink

absorbing members 74 and 75 flows out by its dead weight, so that
the ink is supplied to the recording head 31. When the ink is



The residual vibration is a free oscillation of the vibrating section of
the actuator 106 and the medium Therefore, the resonant condition between
the vibrating section and the 30 nmedi um can be easily Obtalnﬁgé@é’ Iylng
the voltage of a pulse wave or a rectangglar wave on the pie C

Iayer 160.  Because the residual vibration vibrates the vibrati ng sectl on of
the actuator 106, the residual vibration also deforns the 4 2 1 7 NAY 2~2
pi ezoel ectysed Ilm/ertleSOianhébéDGbéngt mempeasodldecand c75 agbso1b0 tieneirdt es

t he counter Iectrormt ve force. i-S ounter | ectronptive forc

det ect ed thRF6ugh Thé u %%%rt%]f%%??}boelel Fﬁeﬁﬁe%%l%’&%r%&oﬁget@r}é’
upper el edlicetharyedntAgh &l @dnanRd Eatrh_eofm/l@r tehetighossl 8r ¢ halThki by,
Because the resonantfrequen can be specified by this detected counter

el ect r onofh@estdteet ttf]i’@ rﬁéﬁﬁgt@én\swﬁt%m@t glastia vaee|gepewnteeshtat ner
can beg de t LY, q as
10 ol T o fe. CraoEe e Yoed diys BROMnS TR e F e R NP TR
an inertanok-ehdt Beaviehr &husg thectingrebbcstane aanatei fuothler reltiardy M ;
Cact denote cgrrpl iance of the vibrating section. 15 Fig. 20 (C) shows a
Cross secfiﬁgﬁ C5F%he actuator 106 when the ink does not exist in the cavi ty
in the present emggdlmx 14 laghd 24€6AAnENh 1D v1i2HsBh £ stigavs Hivu i viotal ent
circuit of the vibrating section of the actuator 106 and the cavity |62
when the LAk ing ternather emeodtiventy. 26 ThewMrespes téediynbd Fiigs -

di vi ding p f,Ah S t 19 nd .t

densi %@ O?thheil\gl)lgg%ﬁ ?ln4gé s:tc}{é1(§)rc11légl% ?Hgggrgg %}?Q ﬁlé%\}%ggﬁ n%riscgc O o%%

Fur t her noo€, aglsi tshamn shagdmalél gon@Jas( Ahe, el het Maotavarydre raqines sednas

follow ng,in detg; g NE | ectrodel + Melectrode2 + Miib (2)
Here, MpziSi §2BBPAFNE B?lBEVWGF Be@hE BFBEBct of the thickness of the

pi ezoel ectric | aygs. 16Qai mide1 ¥BbAoW G- 884 | Qec@mgngh%fdeiﬁétynﬁtjteae

pi ezoel ectric layer 160 by the area of the piezoelectric |ayerl6

Mel ect r odBECPE@HNE| FRAUAL Wh @F@pﬂféltﬂﬁet@@tpﬂddaﬁptbﬁrt¢@Q@l@ﬂh‘€$§f bhet he

upper, £l e the vihrat nsi of L per
el ect r%deg%%ggﬁt]ﬁqﬁ’eérg:r e(g1 ‘of IF'? He %%%ésr%%g%e%tro?fﬂ %ggtq I%%:%Er ode?ﬂl geg
obt ai ned bgcdrﬁidgn@ppmm@dam&n@f triey .t hisekiessa efrokbeskewebneb&cthade
166 4 3 MAY 2002.in the vibrating section and the density of the

| over el e%‘P]Foa%t 168y RS aPRArdFUE hEOIWk?heﬁ:lé%t%’alﬂecﬁﬁﬁrl%?b‘??% is

obt ai ned Qyudtygdi @Qcébﬁlﬂég@%@cé’%aﬁf@otfmé\&l'%éﬁlﬁ%Qn\H}@&ik@gtf%ﬁt €
176 in the vi bratln\tcg1I section and the density of the vibrating plate 5 176
by the areh dfe Wit %fdmmgrﬂ%guecsnr@f:orﬁenmmmr nqqiugtes a7seceibdener
each t i of .t f .t t| lectric
Iayerﬂ)f16 Qg%%egﬁzpp%% Eglele d&cﬁz:%et omggee?g%? §£ %gg chﬁ%&@l I’%.tl ng
pl at e 176sitaveank m;llatasasm ana@;ﬁéhﬁ\ﬁlac&bﬁﬂe:,het hecdriii aganeed asung thAeh of
the area of the vibratin 31"0 regi on, |s prefer to bhe mcrog&ae)c to_enabl e

(o

the cal cuf ¥R T BAPIHM e 2 aFr BnF AL R SRS YR ithRE Br &8 B¥Iwhol e
of the vidratiHgs88CthaR- uMPE Y€ had binl $nRI SIS AP R ddial 2t5QefE@Eh{;0&‘nOt her
than the circular portion which is a main portion of each of th

pi ezoel ecinf carlyEidars@,72t Reunspas eldet r obe they cazwd agiee 288, |blwere is

el ectgzod [ e he main
por t 150, rarides & CRASEALELERed I8 il B L, AR bR et €

vi brati nes&disodispotbd dppetee!testar bdetd:ﬁ4poft|ilﬂoﬂ1m/EIthel enkreaec dbdge t he

pi ezoelectric |layer 160 , and the vibrating plate 176 in the actuator 106 .
Mor eover 25D aTe 'CoAPI PARBeWREEE FRed qﬁ‘% of 2héSpbPt PR MIWHRY b

the each Qfetdighjdr at ith@ r&gh ok obatrhe mean%llﬁ%@,od@n 164qsthe |pned

el ectrode 166, the piezoelectric |layer 160, and the vibrating plate 176.
Fig. 21 (gﬁe)neramneyg zqea(rE) 46 Figpclplag Mhe Ialrﬁizcﬁlgectzrllc( Fiktadvet he 25

equi vl ent - ci r qlid, of hhe i bEating, seetd.on ahdieactial or, 106 and L he
cavity 162. In se eqw val ent TIiTCcuits, Shows & conpliance C%gef he

vi br at i ngssiecdbhlon fofr the Bedowed Dig Ja@ﬁ;arléﬁtﬁhs ehowhelmcmtgs Calbachnadesn .

Cel ectrode?2, and vi b showsmghe conpliance of the vibrating section of the

pi ezoel edthd ¢ 18y ShoxE P E ﬁ’éllﬂ‘ﬁﬁér oé| ERer bBE BUCT RG] boeruts etttlbde

166, and 4 B%n}g'lgr@élcﬂg Bb&! $hdlbhcdREhe G L8 8N a%ﬁ&&hﬁ%é&ﬁq}@é' 0”
1/ Cact - (1/pzt) + (1/Ceiectrodel)’ +(1/Cel ectrode?) + (1/Cvib) (3)
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Fromthe equation (2) and (3) , Fig. 21 (A) can be expressed as Fig. 21 (B)
. The conpliance Cact shows the vol une which can accept the nedium by the
def ormati on generated by the application of the 5 pressure OWZMQ@% area
of the vibrating section. In other worads the conpliance Cact e
easiness to be defornmed. Fig. 21 (C) shows the cross section of the
actuator 106 when the liquid is sufficiently filled in the liquid

cont ai ner?7 A EPEd g | Pherie (S’fretsﬁéltvﬁﬂ\bé’@llﬁlj’nrtegi%ﬁ‘?é’ﬂSﬁﬁeaaEPﬂéf“bPeIOG is
filled 10Q, h( Xi mum
val ue of tPr{I\ieégd |t|e|c$ng %\%%?gn%{lé \/\hg?iq)l\goheqﬁ%wlhé%su%??:?g\gfﬁhfe??lged in
the |i quudltclmnmmiesppaw nevel pe? § plodt yhe freclherdingrappanp teyiom ekal hd
actuator 106 is fi E?l with the |i gzld The M max Cgﬁﬂb expressed_as, 15

M max = ("SR k') ?*‘Z%‘k@’arje?@ 4)3?‘?’-”%123 BIEYY MRHT R §ORETITR Ehe
radi ug ofziahe pUAtaldna $8E behtBmdeed ey 4 ewHesni iy t8fbd RegaR@idwitand k
denotes the wave nunber. The equation (4) appl i es when the vibrating region
of the acthmceonvederast &38ul Freshdfe FrRIVGaNE tpﬁertr%{éﬁ Bouges al trageund

addi tion e mass of the

vi brati ngj' s%?#%%%@ﬁﬁ%%ﬁgggvgf@?uag @Q%éé%(% c of the nedi um whi ch
exi sts around tTies inir sthpmby pectti N6 Jﬁss:]smamalpsacﬁuglg 4;LnghE8:M ramtal:wae
changes ificantly by the radius of the vibrating section "

Gens Ly O AR AREL 10 FAE v B HRELIR G P origt GEGBASEyLEh

fol I qyi ngt1eaYaki @unp% ¥y ne@d1z 2586k & A1) heidhd aghndenotese (R vieeseapnt
frequency of the vibrating section when the |iquid does not contact wth

t he vi br &8 ng%@@ns@nntéwdaaé el ainiorakly m@m%ﬁgﬁh@%oghg PRophat e
h h th 1
Lhr ougn LBy B 2 (D SB0NnAT680Y HBLEN RS LOKT Lugh bR ddPLAL L 0O

section of foe “ahd Cavity 1 as i'n

2002 45 Bigp A ir@ewm ttdmhlel qukdsu§p3yf bb@tenvby théledlva bdeyl28@i d
container, and the perl the vibratin ion of the actuator 106 is
filled w’t%PFﬁESFiicﬂ}i g r’é?ls‘?FiPJ(iE?%FH\ﬁszﬁ‘}wg %Eg AREC FBATGETPRFRALRt uat or

106 when gy AR hipeid a1 herl ithid do&o0d BhOLT 28  cangiped; sanguteie 4 s no
liquid around the vibrating region of the actuator 106, and the i qui d

remai ns mmmrecbmtxqzr ety tieansc 2G4t Mhl§065t¢ﬁése@@§@|©ﬂ {2k )il t he

maxi mum ihert. dete by such as the ink densityp when the
l'i quid cor}ial %lgcrc clasr m%r C{rgcihglllqwd 10 On the other hand, if the

liquid in the IAigui da@rmmw"seran entmiwet ol dHeguink exd ity omncbn he
vi brati ng’l secti on of _the act uator 106 becanes

? s .or vacc#%gr}) Véh the liquid
remai ni nG*UFEHBLERSH Y PEEOL LRE - M A SRR et 28 dEAHE iR TRt i on.
M - 2p *t/a31H)ink? Yokt sdenat esnhhBeatBi CkRgss Phkthgammdisnmge] ated to

the vibration; S denotes the area of the vibrati ngﬂ egi on of the act uat or
106. |f @mds 2\?i6bra’fhﬁglm@g:h@mbﬁgs&%ul?a% ahgp2% h ARy Lakr adppLY gforts

(0, S B SRS, e T he BB TR IR
ink chambers 292, 294 and 296 in the bottom face 290a of the
container 290, the gelated material 304 and 306 to propagate the

25 elastic waves generated by the elastic wave generating means 260
is housed in a cylindrical shaped concave parts 310, 312 and 314.
Referring to Fig. 15B, when the ink supply port 276 of the

ink cartridge 272 is inserted through the ink supply needle 254

of the sub-tank unit 256, the valve body 286 recedes against the

30 spring 284, so that an ink passage is formed and the ink inside
the ink cartridge 272 flows into the ink chamber 262. At a stage

where the ink chamber 262 is filled with ink, a negative pressure

is applied to a nozzle opening of the recording head 252 so as



20 is sufficiently filled in the Iiquid container, and the periphery of the
vi brating region of the actuator 106 is filled with the |iquid. The
additional inertance M follows the equation (6) when the liquid in éhe
li.quid container is consuned, and therezis no liquid exits ak OMAY ¢0

vi brating region of the actuator 106, and 25 the liquid is remained in the
cavity 162. Here, as shown_ in Fig. 21 (E) , let the additional inertance M
, when t hgol f§bi dthe gepondiqg deesnwathetnks wnaafteandhansesording
l'iquid exj : ' in [ .he I

i quid 1o PEREETERT e BErbREEl, THRERLAR {1 il tnl e s B00 RS, e
addi t i onaheadez%abyet M meconthirchoperhbeoadd piressrenenttadne dowhen rehe

peri phery gf the vi ratig% regigg of the actuator %06 is filled with the
liquid. CPiE1-F Y2 VE §°° ARPyeRtfFs  ZRBquF bl erexthredial V&r 26Re

Vi bratg ngi§$}£&b9@i8£e&% tryRfOh F2Bvabd e 70a%bt ¥s 482 Hdbdnfie opape qof

Fig. 21(E) en the liquid in the liquid container is consuned, and there

i s no |igWhenatleirfd exidls yedvieng6r bgiamensd i fheaénkainrtlse igk chanbeke
l'iquid reggl n.t cavity 162 .0f th tor 106, Her t.he r ters
rel'at ed +senedfa e 08 SRYe ko iy BRAERE b Ro b A AR e

t hi cknesspetompentredi tyntthd 1 reqwaliicBNh&S) £ loWd@ni rithe dHeguedordisdf headent |y
filled in the liquid container, the |liquid contacts with the vibratin
section 185%f W iakttratde 106 camen dare2lRduies dntrstlpe ishariank PFIlged in
the |{qfuigdsgontainer, the liquid is remained in the cavity, or the gas or
vacuum contacts wth the vibrating section of the actuator 106. If let the
addi ti onal inerthhte tthe rrgotrbdénprappssatods tikeophrating, fa dnitMeesbnak of

Fig. 21 (O to. th f.Fig. 15 21 (E the liquid dth
retuator ihePriEdtithetidefic AnE vl brtrra Y A AEErbnges
accor di ngt i @ihdeviedt dighkag sh aldifartde t For eQEnglEN dther bieditiad ncpatabaer,

the additional inertance M var changes, and resonant frequency al so
changes. Thertdfsre, The Sdatteltevaiet HEISEREF i RYt hehei qliaftdont WRYRer 20

can b deé?gé?%ti?%%)%’%ﬁdg iéebhﬁsrxﬁéé’i‘é‘@édffrrga‘?rt’g@%ycoh@éﬁépéét I8fg bng fs as

shown 1 n using the equatio to express the mcav, the
equat i on {73nsharbed dlot ghadctkbynsidbs ttihteut nh gatriter idgiecA 2y pfopagacangt y

"d" into the "t i,n th uation (.6). cav_= *d/S (7). 2 reagver, if
the mod uriap s e b e B SRt ks SR\ hartshared RaYALER it

i nertanceifk chaiwiergeandar esphaidh fureguensy i tswalé getmngesmdaecauseshe

density p is different according to the difference of the conposition.

Ther ef or et 8 BROARS 19 CRACATGAIE 88R He Fdattecl 88 Myd dpdoi FPEnglapkic
cont s Y H R e By B R PG 20 ™ S Rk e

air is nod5@&xisting together, the difference in M can be detected by

CalCU|atin91J“%fﬁ§§tLB2 %ﬁgstic wave generated by the elastic wave

generating means 260 propagates through the ink liquid, the

traveling time of the reflected wave occurring on the ink liquid

25 surface to arrive at the elastic wave generating means 260 varies

depending ondensity of the ink liquid and the 1iquid level. Thus,

if the composition of ink is fixed, the traveling time of the

reflected wave which occurred in the ink liquid surface varies

depending on the ink amount. Therefore, the ink amount can be

30 detectedbydetecting the time duration during which the reflected

wave arrives at the elastic wave generating means 260 from the

ink liquid surface when the ink liquid surface is excited by the

elastic wave generating means 260. Moreover, the elastic wave



i1 7 MAY 2002 Fig. 22 (A) is a graph which shows the rel ationship between
the ink quantity inside the ink tank and the resonant frequency fs of the
ink and the vibrating section. Here, the case for the ink will be explalned
as an exanple of the liquid. The verticed 5 axis shows the AdsMA¥%

frequency fs, and the horizontal axis shows the ink quantity. Wen the i nk
conposition is constant, the_resgnant frequency increases according to the

decr easi ngeBETRRE] MY At PLFSEMWReVa ¥k PENELREIETeMaa 1499 c¥1PRAERE i nk

cont ai nerpaApdcifsi Rorthilldd oth ataundidine virbuali ng, 1 80ic@kedlof hesaghuat or
106, the maxi mum addi tional inertance M max becofmes the value shown iR the

equati on pngmen\hehltchelnhkWhechom@mdngmmtt et ea i gohoring ageuhd t:he

vi brating region of the 106, and the ink.rema the cavi

162, "t he SURTETBMAYS NP AREHTREVER HEs VY grsmﬂgatﬁwﬁ% BB SBRNES)
based son @hethgiykness of the nediumt. Because the "t" used in the
equation (6) is the thickness of the nmediumrel ated to the vibration, the
process during %‘F%ﬁ thee PrdmtiiedceRs A dofr dd M3 hntenange @@ﬁéf@tté@nwr

formng t " [ 0, (B) h av, tor
106 as snm é‘ll%f q 0 %)rg%s%gfae 82 11(1)@ (%foﬁ{nltl%tggfl& é[at] Illlq%g FB?ﬁgg gge
pl ate 178( @scs@m$e3|EEMIap.uhknaed aSapesamdﬂuhdreﬂastlkowéwg géﬂetéxlmg
Here, let the t-ink as the thickness of th K involved wt

vi br at i o™ %éq RO LIS TECF AR S WHEN rteﬁ SeF&s ‘(’Bhﬁle‘f‘?feratfé'rr‘?fett‘g
M max Fos1£xe0®!wavd B RGiaatey mb86si ScARENGeE WHe 28 48 Datkem et the ink

cartridge horizontally to the surface of the ink. If ink is consuned, and
t he ink |Jetme%etéle¢r*estmewemkthennth@nhetﬂghme@rrwkdne&awom@hehe%teht%r

106, the Marcgr adual Ly ehanges Ascor 109, L8 Lhe SRUCLAN (Blee andthe

r esonant ency anges according to the equa
Ther ef or &o3fowat | IwHdre tihek ihkveart sidgéht Te tine noangeuatedt propbelactaoat or

106 can gr.adual | etect the ink consunption status. Furtherpore bg,
enl ar ge g? & Ke%vi bhatFhrpsedt Egﬁ ot 2FhiC Ha(fat 6P"‘16gv gtPar+ange

the agt ug é}{erjé)@u% RBEna JENEHAMEES in 4n %x’ﬁ%eme%\ﬁr?&gz @ciaetiieR thhe, " S
in the equation ( changes according to the
warning can be given to a user in the event that the extreme change

in the elastic wave is detected, so as to prompt the user to check
on the ink cartridge 272.
The traveling time of the reflected wave of the elastic wave
20 generated by the elastic wave generating means 260 is affected
by the density of ink housed in the container 274. Since the
density of ink may differ by the type of ink used, data on the
types of ink are stored in a semiconductor memory means 288, so
that a detection sequence can be set based on the data and thus
25 the ink remaining amount can be further precisely detected.
Fig. 17 shows an ink cartridge 272 according to still
another embodiment of the present invention. Inthe ink cartridge
272 shown in Fig.17, the bottom face 274a is formed aslope in the
vertical direction.
30 In the ink cartridge 272 shown in Fig. 17, when the ink
remaining amount is becoming low and part of a radiating area of
the elastic wave generating means 260 is exposed from the liquid

surface, the traveled time of the reflected wave of the elastic



change of ink level with ink consunption. Therefore, the actuator 106 can
detect the process while the ink is gradually consuned. For exanple, the
actuator 106 is nounted on the side wall of the 5 ink carynpigge 2002
perpendicularly to the ink surface. Wha@pthe ink is consuned and the ink
| evel reaches to the vibrating region of the actuator 106, because the
addi tional inertance M decreases with the decreasing of the ink level, the
resonant V36g8erdSPFERtRhdRY | Yhe n@lafdds avayedi FRNewa E Hed edifaNdn 269) .
Therefore, 10.unless the ink level is within the range of. the radius,h2a of
(he cavi 1§oRBsNgr Rty Tandss cSifeepSydingd LAF chaniedi pliing dadi
detect thg . j on QN . V. j |

e o AL IRAGLS i U nd H o R ERTEIF £33 anc

rel ati ons ween the i nk quantity confalne
t he resonamia lim boehuendy dfSthe dgekatek mauedrtikd 28br at Thgs sedid prowvkes t he

vi brating_region of the actuator 106 is formed sufficiently |arge, or | ong.
't carb bofEACTS AR -PRAF-CRE T RThAM ChF AqUERAR FE2E Shd nEedpdning
Vi brati ngagecht oeaﬁrBguabbﬁr%@!lgeae\@iefa%efdh%ﬁ%@@@@i the dbkr-ayapEity

inside the ink tank. 20 In detai the case when the actuator 106 can

det ect thehpraedds tbe thavgladutlime ofs tinst rohlettedewavk dfs thiscedasbiahen
the Ii qui9 and agrab@i/i nglagil}‘lf 9525“ density with each other are existed

t oget her - ¥ S8 T hvorYed Wit h Vi brati on. ~ Accor di ng to the gradual
consunption of giw. i1Bkghdhe dn qukdcdeer cage M bAd2m iihki-gasi pgcotdihg gas
in the mediuminvolved with the vihration_around the vibrating regi on of
the a@ uaARR2UPELS BRFCWEHRT &0 191 dasgokher eRboddfeatort16be BraBanRted on

the ink Cﬁﬁ\}éﬁ@ﬂ&m hor’f@niﬁ‘i{]-yeﬁOrEESrE@KgSHb%)gggtu%n%l'fo‘vjrpkiﬂ 5F§g§f!i| ber
than the t-ink-max, the nediuminvolved with the vibration of the actuator

30 106 i nthabiededat koofvephpairhk2adtl ithe gade Tacee? vile,int ke okl swppgy
equation (8). c be. obtained if _Jet the.area t vi brating regi pf the
act uat or é%%}t ag'?% A X rtélgg H]i% g?}é?ﬁég%e?‘lg% hehlgkﬂ%i??%%% gpaIﬁgQ?Qﬁ 7 MAY
2002 i neripdbedée s abed e tM das vielydier £eiiad melnkde dy. adeilbitedahat@ssadf the
ink and the gas. M - Mair + Mnk = pair * t-air/S +pink * t-ink/S %8)
wher 5M M0 | st sapToNdPeshde bheamlae riaqs md 4% odn theel Rhne@TBF1898N2 7 Aik;
pair is ity j {1 i [ of IUG A @1+
Phi cknes o SF% Fe aira PR Bl v P ik RRFLATeN: Bhp Pty B pps 1€
t hi cknesscafttidge kK2 showwmetniiid. tli8e whbnathennk regasoiwgeambhetats uat or
106 is untedi on ithe ail n carét régga(la aéﬁ lrogd mataialey hc()) i zkcljntajhall%/ té) th\(raei nk
surface, THe b4 rr IO F'He rRisesand FEIHE HSTT s i T teC i Yt ¥Rase
of the gaferasrhtiey dectreases ©f tdeigdcad thidm thiee Medhwin i swef vesl, witd t he
vi bration around the vibrating region of the actuator 106._ The

20 acoustic impedance of the reflected wave of the elastic waves

generated by the elastic wave generating means 260’ continuously
change corresponding to the change Ah2 of the 1liquid surface. The

Ah2 denotes difference in the height of both ends of the gelated
material 280'. Thus, the process from the ink-near-end state to
25 the ink-end state of ink remaining amount can be accurately
detected by detecting the degree of change in the traveled time
of the reflected wave of the elastic wave generating means 260

or change in the acoustic impedance.
In the above embodiments, description has been made by
30 exemplifying the ink cartridge of a type where the ink is directly
stored in the liquid container 274. As still another embodiment
of the ink cartridge, the above-described elastic wave generating

means 260 may be applied to an ink cartridge of another type where



additional inertance M gradually decreases, and the resonant frequency
gradual |y increases by above changes of the t-air and 15 the t-ink.
Therefore, the ink quantity renained inside the ink tank QL &2&;@?
consunption quantity can be detected. T equation (7) dep f z on the
density of the liquid because of the assunption that the density of the air
is small conpare to the density of the liquid so that the density of the
air can 20hbecomgnairer AWen st headeduatth a @eriosispedastied membée dmk the

cartridge_substanii all erpendicular to the i rface, the status can be
cxpr 5500 SEORR L LA R P rBE rgRabd il Hige Shkour BF S WOVE t ne
regi on, weebedinentBdi tie id1s@itiedwitbhi & he-AHduiditeN aRd Pécé @t pahar 106
is ink only, and the region, where the mediuminvolved with the vi'bration

of the actameofplagbirsvgye deasrees iagpmeassd 260 panchl 2@0 ' cvheni the RLpk| et
t he area . [ 20l er j inval v | [ tiQn_of the
act uat5gr g%%é?xgllﬁﬁkélgﬁ?é\@alsse§e%%,é%$dﬁggte ﬁt lé’%ﬂ%?%&%{%eggg%gen a\%h‘égg t he
medi um 301 i qubd \ad-fdde t Mhevphesenton nvlenthenats waitol ihdbed st lgasemnhyidas

Sair, the_foll ow ng equation ,(131) can ge obtn%i ned. S. 0 .']La7 VAY 212 1/ M
- 1/Mairf9r1/em"m%~ez Safr A5 r 2ROk gy empastisignt  phenielagtiqikyays) The
equation ¢epaNiRg AORME esls INRL, e Jril i N Yedielad 417 Fa@eo%@Ving QEet he

actuator 106. The case when the’ink is held 5 in the cavity can
cal cul at e usFagsrhetégaathenelrptic(8pve angl (Pher |Fox heecaseingehhehe

t hi ckness plLate_ 178 | hic th IS he depth of the cavity
162 |klsrb de%%gséghggd‘p?ggbo%r%aggtF(\ge%i;g/t% %sgh?olﬁ%er?rﬁ?%ﬂﬁ% sg{t)\?uf‘ é nmedi um
t-ink-max, or ipigheacakewsdGudldnatistAgragibsd Olerdtavifnghd v ¥astrkge

vi brating region conpared to hei%ht of the liguid contajner, the_actuator

does not <kt EEPPWhdTpF b2 eds of A heOYr HABROFEL Paas_EbRCRAR GhR bheakeFual |y
detects whed het dhe dfik jhevel olisahi AheraoF d PWelcAdRan Lhe fRyRL! Bg PRSI tion

of the actuator. In other words, the actuator detects the 15 eXi stence of
the i nk ateflectedrwaverdnoegicbe dhkthexatd winfraca~or Toeafipbetinpebecarde Y

in Fig. A)_sh the.relationshi.p between the in uantity in the ink
t ank 1gnd%}%hée %%s gﬁgﬁi?r?g%ﬁugﬁg?g sogf “F%gr\}lagr zﬁqlﬁ& gé% ?kblr'g%%%o‘f%%lc
vi br at i ngi mgeedade | Sné Nbd | 110k § £k Bt S pSucH s Cad vemNe shevshé hpaiké he
resonant frequency 20 fs of the ink and the vibrating section changes
extrenely duri fgdhe® dRgeFde - chartfewt a fetdddntntye @ ivALent cot¥esbbnds

to the statug, Q%ft%%];%o%ngoétt%iéﬂeié o Gl imnkhs sl @ﬂtﬁﬁtﬁ%chéfé@érwe

nounting position of the actuator. By this changes of € resonant

f requencydesice ofcshebpreeentt svenzidrer tIhe Aokugtient éxylasnednmérethin
the ink tapk iLs.nmore th th redet erm.ne antity. The hod, of usi ng
t he ézgt ualtsorufgg FOF gsggti%&pt Egeexwéé@t%%cgeagﬁc%‘hea’ "-T%(Er}isdn?&sqerrgjrjéq%]c urate
t han t he caidwthbtvrc Rteaheulattdse 1heuddasbht ¥inkri kK dedrsitiply anciyndde

sof twar e because t,he_ac%\#at or 106 detects the existence of the ink hy

direct | y J02EGNELAE HEPRRERCE he FIRRA KA L Rin thEr AOF U2 CPRC- FrRIRSUTEEI ThE an
el ect r odgndiSELBGIH BBEeEKE HIRNGE o0 dl BEnbApEYoR WIMMGHd Uirt ¥nbsiqfidienced

by the nounting position to the lidquid contaiher and the ink type, but the
met hod usionfainenbyudebectidsgtar derett she change in acoustic impedance

25 by detectingthe resonant frequency fromresidual vibration. Fig.
20(A) is an enlarged plan view of the actuator 106. Fig. 20(B)
shows a B-B cross-section of the actuator 106. Fig. 20(C) shows
a C-C cross-section of the actuator 106. Fig. 21(A) and Fig. 21
(B) shows an equivalent circuit of the actuator 106. Each of Fig.

30 21(C) and Fig. 21 (D) shows the actuator 106 and around the actuator
106, and the equivalent circuit of the actuator 106 when an ink
is filled in the ink cartridge. Fig. 21(E) and Fig. 21(F) shows

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



51 1 7 MAY 2~ the existence of the liquid does not influenced by the
nmounting position to the liquid container and the ink type. Moreover,
because both of the oscillation and detection of the existengfiﬁh,w%
i quid can be done by the single actuatzr 106, the nunber 5 e sensor
nounted on the liquid container can be reduced conpare to the nethod using
separate sensor for oscillation and the detection of the existence of the
i quid. ThbrerbEeoft hBel iafliudtesht i hevheantberaadst &t kit B2 Bherownpri ce
. Furthergg£§ri§€g sound generated by the actuator 106 during the operation
of 10 the actuator 106 can be reduced by setting the vibrating frequency of
t he pi ezoel ect rTloe | ayenati®éd DOE bhclhdeaudi bagkeegleneyl7Bi, ga 22bBptihgws
the rel ati onship between thdeensit of the ink and the resonant. freqguency

fs of thePTakedntP 1 RePYFBPaL PAGTLECIRBAT dfe & hENCHPREY e k3TwrPdh 16%y2nda( A) .
Ink i $ usgd Afer 12 tB 18601 ahi GH8r etV itkiitha AR, avigheirnk
density increases, the resonant frequency fs decreases because the

addi t i ona¢leperededermidgtalhddd., pndogheypRbrdentany qlewregde fli/équefiby fs
are diff it e f i nk. Th ore,. By ]

Fesonant Tigg e rd® hBE sl Blines SENRT e oL IHEbRnyELy

di ff er entitgenséttyehas Threr iirsed icogatatey 104 iisgprbeiteds bhl bng of the i nk
to the ink tank. Therefore, the actuator 106 can distinguish the ink tank

whi ch cont3ffis N epdned §pe" B1IRReSIAR! Hhd dmiiificon AkhERe hase

act Ual_tooraﬁi_)e@t&aﬁ@c&}ﬁ_ iRl Y JURS 3R to*;b‘”erﬁ.ﬂn%t 4%10f The %igﬂbgléfbkki@e
explained in detail 1n followng. The case Is assuned that the size and the
shape of laweerdwiot s ids spesiegned rightthatde lod thewivd feae 08 themaihedtingt he
cavity 162 of t actuator 106 eve e e liquid,inside,the |i.qui

cont a nert1 & doft " THE depdarsféSoRtae T dhiad Hire 1ePRr S P ERREE S ¢ a0
even whensdridwidlwhd psepokléttlred 1ayéha amn¥irby B62h ididde acheatppes 06
can detect_the status of the liquid when the liquid is filled in the cavity
162. s fleqtrodmytoppinghe Yo ofamprefEqlonding sUPBeE AR L ehe

! ”er.tl?;”cf\‘?al'\éc&hfcé Fagﬁ% Mblve r8e $UBL PhaL wefrﬁgﬁéfﬁ% %fongx'é%.t\é' Phath&g
section ct and the additional inertance } re, the additional

i nert anceldwehasl adterads dteeoedleicp rniictall ltyhe FThat sgsppiedenbaryi eledt rdfe
additional_ jnertance M.i,s a quantity of a vjrtual .i ase.of, a mass_ of
the Vi br & Thg SSHTRIPH) THLETY adte ofPR%e TS TS SO b S o YRS

vi brati nglseeitede tarndiRar 168r d8d ¢henades thadrlofi aeet apper M1 ést fdide
anount of increase of the mass of the_vibrating_section which is_increased

by the vilfrht 89 of REhe R BHAGHRPIRchedPitRdt YFPt ual FRCBbsBE bstihe

medi ym  Therefors, . whem dher M g6av dpd Ardffcd e thes M aBBX dHe thewer
equation (4) , all the mediumwhich is virtually absorbed is the Tiquid
r enmi ned élreatheodm\iiasy hag2a Thecelar eporthiomtast usawhenn portion. Each

of the circular portion of the piezoelectric layer 160, the upper

electrode 164, and the lower electrode 166 form a piezoelectric
element.

25 The vibrating plate 176 is formed on the right side of the
surface of the base plate 178 to cover the opening 161. The cavity
162 is formed by the portion of the vibrating 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 faced with the liquid container side. The cavity
162 is constructed such that the cavity 162 contacts with liquid.
The vibrating plate 176 is mounted on the base plate 178 such that



the M cav is larger than the M max is same with the status that 15 the
liquid container is fill with liquid. The resonant frequency fs does not
change because the M does not change in this case. Thereforf wge t uat or
106 cannot detect the status of the liqgpd in the liquid con 5 t he
other hand, if the M cav is smaller than the M max 20 in the equation
(4), the mediumwhich is virtually absorbed is the liquid remained in the
cavity 162h@ndighe’dgdsesrnwfadlﬂﬂh itw the rigot dsiodmtcefi tbe. sinfahesoLade
because the M ng whch di f.f.erent with the case when the liquid is
Fr1 e i niPRS FIgLeILeBrrarier: Hif Lk Al PrEGABREGSr ShE ey 167
Therefore, the Zheatbwataslddtoradh 186t e6t1 ddi-&d dnushefridie: lsiidel 8r ivhd he
liquid container. The condition whether the actuator 106 can accurately

detect th&isratiagoblefke Li7qui Bhps imatoppesive caide saaaensterthehdni quhial
M max g"“e%oh*&gx HeQul o8 { SORL %ﬁ%é#htcféelggv%él éﬁg%&%rg;e)g E;Hh}fﬁ’é’ vai% fh‘ﬂgcﬁ%

and the |iqui Eontai ner 1% enpty € con cav,
t he act uatpdtatlaOﬁ?@asmoant:haatteieycdﬁtentofthleesi]atduﬂarf pbheibhaifi dhed@ﬁ&mot

depend on the sh e cavity 162 cav
P he e e Rt £ LI Y R VBF RO T Th L RS TP T ae A Gt he

vol ume of ghier gaviehy ek63f thEW@ﬁﬂﬁ@ 16t Nuisongid o1 v Whicehegan gt agledt he

status of the liquid accurately, can be expressed as the condition of the
vol ume of % the @avcuyazmortﬁmﬁltm’@ theedoateirt plRciaeds Meavs ot texdepl e,
|f l et th _Us 0 i rcylar_sh Vi 162 as
v oh0 Rt HhE FREN RS SeB ke o PR e RO f bR

i nequal i t ye0an et obied nedl. the Faghe Bifedlof- TN (saﬁfécéooBytﬁépala;d;ie&g t he
inequality_ (10) , the follow ng condition can be obtained. a/d > 3* ~ /8

(11) The Eleqbariey 16618UFNaRASE he )CoREE fh d:%wylwéﬂ ROYSHAFe 394 t he

cavity 162nkScehbeyl 8f - 1Ry dt%r{lﬁhgt ﬂ%leQHBEEQHtWQQ'i‘ t R My MxriS 2o NQk
circular and substituting t aréa ~ a2 wthits area the relationship

bet ween t hbed¢h§ﬁ§1@n mrttmn @évi:hy Buehoglse@tm@tltam 1£0 @agset ¢fo biee
cavity. an e n er Ther.ef o i f r..106_has the
Y5 mgge% g% g fé%e%ﬁgenlﬁ 161 Eg%gandyﬁégtaép?ﬁeof t he

cavity 16 ast e radiud |ng

cavity "dof2@hehat realbsf poi-heocaosdi th@nlshewneuacwequahstsy (11) , the
actuator 106 can detect the liqujd status w thout mal function even when t he

li qui d cont ai nefPPsURIPSY P LaRF 4% 16dui8 Frrednaméde righe T Of ¢
Because tQﬁr?Q@bt b?néhe'ﬁféi&gf tpiL UENCeS 1d1P ARWSHGE 2P 'EEE%‘E'_%QCSf

characteristic, can sal d %at t he 'net hod of nmeasuring the counter
el ectr ormt:heeCimtheang@@mtamd vhicktismaqiddee byctest daylervi 6 atarghthe

measupes alntkeashe e AP 1"EuBERURL G 11 PRIRERS The area of the

circular portion of the upper electrode 164 is set to be smaller
than the area of the circular portion of the opening 161 and the
piezoelectric layer 160 and larger than the area of the circular
portion of the lower electrode 166.

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

30 the piezoelectric layer 160. The circular portion, which is a
main portion of each of the piezoelectric layer 160, the upper
electrode 164, and the lower electrode 166, forms the

piezoelectric element in the actuator 106. As explained above,



Furthernore, according to the present enbodi nent, the 30 actuator 106
generates the vibration, and the actuator 106 itself neasures the counter
el ectronotive force in actuator 106 which is generated by,Hh r esj dual
vibration remained after the vibrationf the actuator 108 ﬁﬁﬁé@@k, it is
not necessary for 54 ("t 7 MAY 2002 the vibrating section of the
actuator 106 to provide the vibration to the liquid by the vibration of the
act uat or 106 elesetfioisldmest gemeratted with Hdedviibrag ingl pdgee.. Biehinhe

vi brating_sect,ion.itself does oscillates, the pjezoel ectric |ayer 160
e | ect o B gt Ko B0y LR aEbe Rioket RLE CHIPHS REET i A PERLEBH act s
with the vf kit pbngzeetbbeni W 14y, SONR o, aPHE - c ikt Sl 42 pbidabnVd Predd 0Bwer
generates the counter electronotive force voltage in the piezoel ectric

| ayer 16Ccke@tredmsfand this opsuingr 1éLecthoneRenind dride has thgelasgert

| d . | 66, T,
P & can 68" abedr B AT TR TS TERE AR Peg O BRALMS LMy 1
ink j et retorsteg vapparathe, vibeasing ys afe tbedébérninkd oy the bpkning

contained inside the ink tank can be detected_using the vibration around
the vibratfhg SECEFRFCTHITE heCBER UGE oF icéﬁquslagerPg}IétléHl ﬁ{b"yh% hepper

vi brati on.generdied diyahhe HLE L PEQEAL St 87 Ofe %H%z%%ﬁl@c%&‘ié PagE&aNni ng
the print head during the printing operation. Fig. 23 (A and Fig. 23 (B)

shows a wWelefagrdntdie t:h@cnégirdparti/@brcafitﬁre dfoweare edectarde mee_ smaliae
measypi ng, et od of L he ek dual uLBE aLion Te ehange of hhie JdpkoLgye! at

t he I'evel nount’i hg Posi nthe in
cartri dgegsdl pevidetracked byithenchargecipctiberf peatdacy of the anpkétude
of the resjidual vibration remained_after the oscillation of the actuator

106. |n MYECURIG 1&AdARE SRR SEBFUlBRPE 1PR AL BRP SRATWE LERETPEEL he’ of
the countgy; gl %trfr@zgtg ¥8 %Hé?ﬁisﬂf&fi@é@ﬁi@ia@éﬂ hgor esbdual c¥i bpatigy of

the actuator 106, and the horizontal axis shows the tine. By the’residual
vi br at i oiofculer goinrdtcor of06he ldreenavkdarmodd ltdfe i@naimadlsirgnbanofhe he

el 0 siGH I et ThaoF ot e GPEPER e VA ue SRR N8t o
the 30 freiguancy pbrthens UoRE 10wt SPe€XAOPE @ 6500 é fnfhds tA3 Koyt bhdl Fi g.
23 (B) , the existence of the ink_ is detected by neasuring the tinme during
t he which generates the piezoelectric effect within the piezoelectric
layer 160.
The center of the circular portion of the piezoelectric
20 layer 160, the upper electrode 164, and the lower electrode 166,
which form the piezoelectric element, substantially match to the
center of the opening 161. Moreover, the center of the circular
shape opening 161, which determines the vibrating section of the
vibrating plate 176, is provided on the approximately center of
25 the actuator 106. Therefore, the center of the vibrating section
of the actuator 106 matches to the center of the actuator 106.
Because the main portion of the piezoelectric element and the
vibrating section of the vibratingplate 176 have a circular shape,
the vibrating section of the actuator 106 is symmetrical about
30 a center of the actuator 106.
Because the vibrating section is symmetrical about a center

of the actuator 106, the excitation of the unnecessary vibration

occurred owing to the asymmetric structure can be prevented.



55 "I 7 MAY 2002 generation of the four nunbers of pulses fromthe fourth
pulse to the eighth pul se of the analog signal. In detail, after the
actuator 106 oscillates, the nunber of the tines when the anal og signal get
across the predeternined 5 reference valstage formthe | owdbdIMAQ02i de to
the high voltage side . The digital signal is set to be high while the
anal og signal becones fourth counts to the eighth counts, and the tine
during fcihetetouat sthe talesugiagivt oodatsct sngeaswer ecednynantedérequeneyd

cl ock pulse. 10 Fig. 21.13%&2) shows the wavef 0%51 when the. i nk I%%el i s, above
the | evel M5 THE" Fount T on SFERE Cactlist of 10F; §S5390B) 18 hows
t he wavefopmmateic tddthkhkeerehtés HEILGW hBeuheyel 104, e BRYRkicdg PESI tion
of the actuator 106. Conparing the Fig. 23 (A and Fig. 23 (B) , the tine
of the Fikp <23y AP WaRrLhgcEuees ind Fhasushs uBevennaas v hiie ebapestios

| onger; t } LOs A2 r epe e
exi ste5ncr<;&[(;?lJi Fﬁfett?lg?g%ﬁég&%g rco%i‘fﬁh%n# orbuar %%cg}%%%gg%qggfheﬁg;é]é%?%}%bunts
is differgn. uBgvesnegst ho§ difef ereacrant tfhreduary t fiercosscinpoifontlsé at us
of the ink can be detected. The reason to count the anal og signal fromthe
20 fourt PRI 10 et He FaFES of UFhBSTTRESaf PBFaYAR the

vi brati on;i0frdtenAEdédlion hA8 BECOIEE-St BP shapd, theORiY¥rabengfsdbeisxanpl e
of starting the nmeasurement fromfourth counts, but neasurement can be
started firordiffel @ekt rtedl koumEluaneednadiie furgiverresd et nthouhixing t he
ei ght,R co r ec th { fr t n to, the
ei ghtlﬁ co&lﬁr}{%fst%rﬁ%e}soﬁéﬁi%%%%%%r'edgp érkg‘l?ﬁédgg% oggb%%géég %é’é'%%?% 18
measur emisdndddie tbestiantl ibequetsyt £amebe wolitfairiad.. Thehele€lkrpyl sthd s
prefer to be a pulse having a sanme claock with the clock for controlling

such as tAfWRT UKD reFRIY IRRARL I HRS R FIHFIHEBO i nk

cartridge. It GQeSHMIMJIRCEESALY st @ HEBASH £t I RS sblcB ob £ k- nehe: 16k ghitdy
counts, but the tinme until the desired counts Tan be neasured. In Fig. 23,

the ti me Hlagia t}is floas td cbupuaroshhpeei gheh lovem seisonads masts, Hovever
the yyme egc;érrﬁdpgt% e,f:?glgd;&xtifr%z&%esoﬁa £ iode Mol 7z o8 T al el Qﬁﬁcngog s

al so can accor ng to e Clrcul conti1 guratl on IC ects

t he frequshele deridxnplibravhen dhehenk entrdlidot ric 3hgblkel endahbliehus
fluctuation of the anplitude of the peak is small, the resonant 5 frequency
can be détecEiRIby REAKRPPRFTE RS E e soRnthBode ur (iR %e 1 Bhemeadi xt h

counts t%lrf'dW%%aESiEQecéﬂez?@,cﬂfstq ey c%%%@&e%o ﬁﬁ&@ tf}*ﬂ@ AdUodig 1ty
is unstable and the fluctuation of e anplitude”of the pulse Is large, the
time frorfremenoy chndoctleard vt et eopedt h Rotherware béheetectracy @fdet ect

the "ZSSi Q:ll'llael dége&%ﬁtw’lhaec%%é%hgk% frequency can be further increased

by enlarge the area of the vibrating section of the circular shape

vibrating plate 176 because the difference of the amplitude of

the counter electromotive force and the difference of the

amplitude of the resonant frequency occurred by whether the 1liquid
25 exists inside the liquid container increase.

The displacement generated by the vibration of the
vibrating plate 176 is larger than the displacement generated by
the vibration of the base plate 178. The actuator 106 has a two
layers structure that is constituted by the base plate 178 having

30 a small compliance which means it is difficult to be displaced
by the wvibration, and the vibrating plate 176 having a large
compliance which means it is easy to be displaced by the vibration.

By this two layers structure, the actuator 106 can be reliably



Furthernore, as other enbodi nents, the wave nunber of the voltage waveform
of the counter electronotive force during the predeterm ned period can be
counted. More specifically, after the actuator 106 oscill aae.fmh@g gital
signal is set to be high 15 during the pgedeterm ned peri od, nunber
of the times when the analog signal is get across the predeterm ned
reference voltage fromthe | ow voltage side to the high voltage side is
count ed. Byxedasar thg Lhauidumenhahber, by hehexdasenekatd THe antk adarkhse

det ect ed. Fyr.t hernore,. | n knewn . b ri o wi.t h
o 23( BF2NEne Wikl 111 b ERE e PE hs THERGUR o e cdvihb, i
force is diblratenh waenbehdnicteased.i | TRdrefiokbe thk ddrfferdgecand when the
ink is not existed in the ink cartridge . Therefore, the ink consunption

status i n2FRéIFHRECAF tTRUYGOUEHP 25 16T deMecids by et ity CHé Lamsmictude
of the; wayef opm Qinpiklg/guaeuaf %hé'fﬁi O're&gexofa&&f@y Wdduile £ Urf Wrdlnag the

resonant frequency. re specifica npl €, areference voltage is
set bet wethet hegpidilexjeitist in$idédhsalefol daintdinanunteraekect androhuse
force of e Fig. 23 (A). ,and the peak int of th 0 waveform of the
counter eFBEAMHRAE T S Eb ST ST hESRS CB8 FaRon e TS Iy HECREREREor 106
oscil | at epursBbrihbeedi Betalissi ghél cdip PEaid @b At Hderiyredatiry plRed hizee.
Then, if the waveform of the counter el ectronotive force get across the

ref erencel§old%gR, thesaptepuatipe 9hothe vibartier) dagea2eRatse Kt Foeno

| nk '{bthsckﬁkaegréf'éﬂé-dé{]eé NV ey Qs i3 C PR %g,e@geeggg@ée
force does not get across the reference voltage, It c ge j udged that
there i s Th& nndehefi thecaritmiadgen ofFitthe 2 tsimovsr t hes nhoodaes uonngheet hod
of the actuator 106. luraljty of th ctuators 106, .four nunbers (n the
case of (PBE EpherBaof ot e reRvkY S and il S s s Tes B NG R Fig.
25 is manghagiHgedshy cutting the plurality of actuator 106, which is
formed in one body as shown in Fig. 24, at each of the actuator 10 106. If
t he each of theTh¢anpsireet efreredemanmingfl L1A8 isnéprvediaretbeuright gide t he

act uaf.or 6 I Ls .far in. S in Hg. ; kpcul ar
shapef,§t h%PaEP)ég %rgf%gg %ﬁm‘% &%Q%.%gna%%%u %c%%r%gégglg%g??:lggut he
act uat or dobnewbédht o st Heorumek 1a < lere: daaldy 1 6at thaolghf thet sappleddhitaBy

act uat or A0BEERARA Tamu e LRET SLFELERAR [EEPLRRL e TS ERSo ( he
handl i ng gighagstife JRANSROr batEQBe begor@ie eashrad: aptHaton 706 hagea
thin plate or a vibrating plate 176, a base plate 178, an el astic wave
gener at i relelebvrteabty connected to the lower electrode 166. Because the
20 upper electrode 164 is formed on the right side of the
piezoelectric layer 160, there is a difference in depth that is
equal to the sum of the thickness of the piezoelectric layer 160
and the thickness of the lower electrode 166 between the upper
electrode 164 and the upper electrode terminal 168. It is
25 difficult to £ill this difference in depth only by the upper
electrode 164, and even it is possible to £ill the difference in
depth by the upper electrode 164, the connection between the upper
electrode 164 and the upper electrode terminal 168 becomes weak
so that the upper electrode 164 will be cut off. Therefore, this
30 embodiment uses the supplementary electrode 172 as a supporting
member to connects the upper electrode 164and the upper electrode

terminal 168. By this supplementary electrode 172, both of the

piezoelectric layer 160 and the upper electrode 164 are supported



20 piezoelectric elenment 174, a termnal form ng nenber or an upper

el ectrode termnal 168, and a term nal form ng nenber or a | ower el ectrode
term nal 170. The piezoelectric elenment 174 includes a pi ezi)?lorggr@z
vibrating plate or a piezoelectric Iaye?6160, an upper el ec f , and a
| ower el ectrode 166. The vibrating 25 plate 176 is fornmed on the top
surface of the base plate 178, and the | ower electrode 166 is fornmed on the
top surfabg ohethepplidmeaatt axy place rbde. 1The gridzdrisechei wppay erl eiydde
formed on_the top,surface of the | ower e]ectrode 166, and t he

pper
el ect r ode 19684 A8 f3vfe FGH 19 T AR Tt S OF SRR pi 828 PLECT itg‘el APRET160.

30 TherefangctiBaeMsd £ thNuphe e PLEZOSL @ lithd 1248 468 b iQnEd by
sandwi ching the nmain portion of the piezoelectric layer 160 by the nai'n

portion ofonhectipfer el ectrode 164 and the main 9 ? MAY 2~2 portion of
the | ower el ect e 166 fyomio i de and fr bottomside. A plural.i of
t he pig(,avgoel ectr?gge?le%%#iﬁﬁl:l?o € edﬂbé‘?éi gﬁ]etﬂjebﬁ%t%%n%fseﬁ .orﬁﬁ'?uicily
formed onfhbesvidtaki pjepbal €ctdrfc elkénent! WVEhigl e Fodeat8agi S1d0s 18d on
the top surface of the vipbrating plate 176, The piezoelectric layer 160 is

formed onCPRECEEPLEUFRACE RIS SRS B WEEFBdRCE BB Luntl bRt epper the
el ectrode,l6dats.f PpEed WO, @@ef,opié%rs{]%%@réml% reoezf%%ln?%we! %cltﬁ%$%rl6o'
ower I

The upper electrode termnal 168 and t el ectrode term na 10
are fornmedoéninhenendogdyr bivofiiofinghtogppberekbet medbei64dnaiddele inowae

el ectrode_166. The_fqur nunbers of the actuator 1 are used separately by
cutti K CRERIBFOFnd et udliort TON T BPUOREPY, 136" G0 s BoBLs. SBEL1 on
of a partagtubberacss PeomtRbesBPWY g2 hhfd1d. TherthéPUHhQlierié8ani s
formed on the face 15 of the base plate 178 which faces with the

pi ezoel ecERpE2EFBREAE LT 7UNCTIRRES MD UGS TIReISa nE7 Bhe| St seRPel @f) theebase

vi brating 6. Lbnat i Late .1 i é@g Y [

whi ch haspg%g%?r?ez' i r?é%f%aty:shgﬂ{:ﬁgrgg(%ta%?'?lgt t|z}(§:e ssu%c%e%s aﬁgntl:ktrll%%aarr%t ?:i"rag%ni um
oxi de andla8 smrpasshbleiboabeng efeartieoh ef adte aalthpt othe0 6 iredesd ,eahdi

el ene 174 is formed on the vihratin late 176 .to face with the through
ol o Brat RPTOVRT S5z FBaY T O s 5 CiRe Shrs actathe 108

vi brati ngapéatpel¥psatcas.t orbergxirbeed tre pravane idh'eetdnnyvibehtion
direction in Fig. 26, fromthe region of the through hole 178a. The upper

el ect r odec ggheoPansf iy pediegnthhe She freteratinhegstegelodcthecarhyekor60 so
to b t : i |y ectli d ,
as to be gxkended, 8cf198v88prgfblﬁq%%éﬁﬁ{én%@ﬁogt%ﬁg%ﬂ‘ﬁf tt%leeeg’%%% é%&ﬁ% o

which is right direction I'n e regl rou
178a. Each7®fandietuppersahedtinod & crarimonahelé8t antot he0d @sechéheaetr ané

t ipal 170.js f d th f f th h of .3 I t
o ectRodce b h A HE P ERLT SBCOETT OIS T8 VHRERGLET PHAFS Th AohBt ihir
el ectrodeas epsseah1d /70 with the | ower electrode 166 electrically, and the

upper electrode termnal 168 contacts with the ugper, el ectrode 164
electrically thtodghp¥@ferable to use lead zirconate titanate (PZT), lead

lanthanum zirconate titanate (PLZT), or piezoelectric membrane
without using lead as a material for the piezoelectric layer 160.
25 It is preferable to use zirconia or aluminum as a material of the
base plate 178. Furthermore, it is preferable to use same
material as base plate 178 for a material of vibrating plate 176.
The metal such as gold, silver, copper, platinum, aluminum, and
nickel having a electrical conductivity can be used for the
30 material of the upper electrode 164, the lower electrode 166, the
upper electrode terminal 168, and the lower electrode terminal

170.



59 1 7 MAY 2002 supplenmentary electrode 172 to deliver a signal between
the piezoelectric elenment and the outside of the actuator 106. The upper
el ectrode term nal 168 and the | ower el ectrode term nal 173 f]iﬁ\ a@ii ght
hi.gher than the height of the piezoel ecgric element 5 whic Yh um of
t he height -of the el ectrodes and the piezoelectric layer. Fig. 27 shows the
manuf acturing nmethod of the actuator 106 shown in Fig. 24. First, a through
hol e 940a i s fomied aart s tgrredD & heetsOdOc hyd pasf explahgetihabgpveerrashaet 940

by a press or, |aser 10 processing. The green sheet 940 hecones the base
pl ate 1783RA1E E‘é%tﬁﬁ?ﬁljabPSE Cni? BEFLBEN LHEEL - 94T §XPBPE'EdtB'§ﬁthe

materi al  gueha#%rCeH8MEEn BY &ldudledl BENanai K @&I-tSHeRle 9dld sokampdatgd on
the surface of the green sheet 940 . The green sheet 941 becones the

vi brati ngjprtatléeqqxagmg ePPPAtabusni B pikkessnkThemraeaonsaghest wirh s
formed; by t terjal .Such .as .zirconj ide . T , conductive | ayer
942, t%e Sngggﬁgctdra%gﬁ%éjgrl%%éé tgn&a%mc%ﬁfu%%cfgﬁgl)?e%e@ﬁ is formed on
the surface of trhe gteeatshaas Sddwaeuehie Pidy Jyahler et Radi s uumsd
printing. The conductive | ayer 942 becones the | ower electrode 166, and the

conduct i veR2BN¢ RrGIGArHashBe st hdonfpritha ééﬁ%aé:wwqrers%%awm ng
process. Nextiyt e 0rea) Shaelc94f idReBEeenaahgetoRtdinkhe j6RAdUC e

| ayer 942, the piezoelectric |ayer 160, and the conductive |ayer 944 are
dri ed andlbgridd:ormtrelneaceWhennttze 1947 idncbrousi rege 1 prioilaestivbnh tligugideen
sheet ,941 taq_rai.sing. the, height.?25 t.he.uppe | ectrode m nal, .168 and
The | Mer sbR£0Er 30 er Eria s o e B4 HETST i BRk OV L B A el el

el ement. Jhehspaegiidrenoer 9%/ cnbP4tnd, f Of N"EHe byiguiat iRgitibe 1Sa@d
material with the green sheet 940 and_941 or by lam nating the green sheet
on the gr EeRt3pBEL gwrnsumrd ARA shheer iftiterl 9872 HArroeased henderqtastity
of the ma lal of er, el r i n 8 d : trode
t erm nal ﬁlggbﬁ\%\ﬂgcﬁtﬁggtg%%oﬁfg tqm%a%&%%ﬁ&g)e ?ﬂé%%%e?i?gl\/g%gg&g?%%egggge t he
t hi cknesslofutiie doggemcel ectitodamdiatarittad d68itayndléheotrokatelegtiiddes
term pal 170 _can .be yeduced 6.0 17 MAY 2002 the upper el.ectrode term nal
168 alll  FETPORBR GHBLCRE FaY ERACA FBOCHT B8 REC BUERY SR TIR EaViEYbe o
stabl e height. the aagetnesti 00s paete8d4’ atWkgbti sheonneekednwkt Ant hge
conductive |ayer 944, and the spacer nenber 947 and 948 are forned 5 at the
sane ti nedGABACLRCLBRAMRRES PECHaAYEA M Ehis FrRed 1nt pendbbéPiiel &8t FHdE

term nal heel ry:ed e.term 17 eas) and
ey §1 900 E Ral Ty, e e S o 508 e 6t 1 T IR Snd Thac Gage”

el ect rodeloércamaletietk satbef enegie nrthend igud dr £gi oot fofc 1dret prfdddieidvénl ayer
942 dt anductive layer 10,944, During the.form of the_upper

ol octRbaet Bermitid FESEARNCE £E Bkt dRLePTaESs BRREr peederE it her

el ect r ode1 éeem narudBfe afslrd hehkoyet ugt estroleaheldidtls tHe eypefor oRd to
be connected with the piezoelectric |layer 160 electrically. Fig . 2 8 shows
further olh@ridnbBaifenthsefligeidnrorhpiPrrdge 15 of the present invention.
Fig. 28(A) is : | ONH YL bkt " g i

cartridge of tﬁgﬁéﬁzlzlerﬁfﬁgejh%odi r%lr?t wég%ﬁtgqi%r?kega% Plglg&emﬁ lteﬁlgalpr@) stélﬁte
enbodi nenéchagtart widlghehekplatned.t he bottom face |a of the container 1,
V\/nict%5contai ns jfnk Th oLtom part of th thro%gh h%e 1c is.clogsed by the
actuator 20 650 3nd06tfecf' n> T AR® f’Sr]i%e W 9 i%.m "t%) ah5MBeG2BETai | ed

cross secth@ba@tethstactontor ahQtandckhehbhaouehi bl e 1< meheredn Frg. 28
(A . Fig. 28 (C) shows a plan view of the actuator 650 and the through

hol e | ¢ SHOARUFA Ftie 28mpBPancehe ARAUARATIEHE haPLB ViR at AT pFanee 72
and a 25 phezQeleeiblgce! PPN il! dhdifodi b @ ithoti brat baoupbat e 72
The actuator gg f@s klggéd to t)f"len?tf)ot'tom% ace of trLe YContai ner Hese
The transmission circuit applies a constant voltage on the medium
30 and measure a current flow through the medium with changing a
frequency. The transmission circuit provides a constant current

to the medium and measures a voltage applied on the medium with

changing a frequency. The change in current value and the voltage



1 such that the piezoelectric elenent 73 can face to the through hole |c
through the vibrating plate 72 and the base plate 72 . The vibrating plate
72 can be elastically deforned and is ink 30 resistant. Anplitude and
frequency of the counter electromotive fprce generated by th@ MASI2Hal

vi bration of the piezoelectric elenent 73 and the vibrating plate 72
changes with the ink quantity in 1 7 MAY 2~2 61 the container 1. The

t hr ough hobheukcmessthipedest orhé her groshi s Dot idru it foaeae ttheachaaber 1650,
and the m ni num constant anmount of ink is secured in the through hole |c.
Ther ef or e2CPHEL$EAATREANGRe dritF BT SendhEaRNBBIP e} dbIfF SRR dMpy
previ ousl ri h terd sty f i i f e at or
50, whi Chr S o B g B P e oAty Caateed e NSRS o

| c. Fig .be@comshomsximheroenbbddiment alsohshowsotuhh hbhegecin kaowathcof

Fi g. g@ (ﬁ% éB , and (C) , the left hand side of the figure 10 shows the
statu® t h¥ p?ﬂ Pe®ts no ink Kin the t hrough hole Ic, and the right hand
side of the figofiges oS h8EhsH AN BBbvENK: He asti@FRIrNEesh ide tdra 4 Bheugh
hole lc. In the enbodi ment of Fig. 28, the side face of the through hole |c
i s formedc@ngdelydhyg egrugdiic impgdepge of thy liquiid sisdas hbe Fhapget he

t hr ough |, S, .1 del i.calmdi ; i.t.h
expandi ng&%gyt%etgl&t glegle)ﬁgflg ngMgé%%) Ta}gés?g%pg%qg?rlﬁ%ﬁgﬁgmgﬁﬁ ‘i f%re
formed orexdmepke decdrade ofseidhént Arocagh dblusilrg tHee metépdedfpdet eonihg,
mhicqgis rovi ded abovg the stepﬁfd ortiopn 1eh is wider than the stegped
portidn 12 I FEEPP 2ot EFTUTREY 'Y olighS Pt eI | LhRaSOUR BT oF 0BV R Pt h4
extends tfoide JHAQEHEN by tWRi 685 8Kal Sy Basd d Yordl] SEliv0ed rbhatinks, idhe
direction to a 1nk supply port 2. According to the shape of the through
hol e | ¢ sHeyibwarigg ser {on) afserhe vihsaghbanah Yhevibyatinanseael omk

storing uced. re, t % | er
Than the 5 oras TREPL nad T R 55 ulghg B iferfe U LAB ISR

char act erimgpedande tdfe tdet datqari B50Tae phezbebhecokithel em&nenils s¢ kdmsntcan be
greatly different with the vibration characteristic en enough quantjty of
i K] oI, PREEFELP Bnfie I dTe. COFE R HEFE AVS abdEeRDH NEET SR Ehe
status canhead £n 2By idebech @te PObFiginddettaWh 8 Hrhhc¥i8¥oel thig ot her
embodi ment of the actuator. The actuator 660 has packing 76 on the outside
of the baagrpitide abhitde cemmtentekeqtronriiitg drowsd, clangesre wirbudge hol e

lc of a t | gt ; j es 7 n ~l. 7 NMAY
2002 t he S HS o EpfovibPL thO%RalE S5 5 THE SEIREGPT s TRABITS (e

cont ai nertle thrgeghidiempaikibdrgphohe wibmittingaakbking. offthe Bt Ua)ownd ( B)
is a_slant_ view.,of the further other enbodi nent of the actuator, In this

enbodberte (RS &% ht 4rE 890 UBRECEETs SCaRER0Y -pale TOTRT nGIREED] at o
80 and a i eze! esbfiiEnel BNt HE2 . r I EON CRAVIr K81 dn 8Ati T HeO WKL rihe one
side of the face of the concave part formng base plate 80 by the_technique

such as éedfiinn afndhsi asssiaserni ehel pavhedg20onswhbeht lge sradmit Wit si de
of the f Q anc . form b te e

portion o eet h%o%%%cév%%%%glo%egrg%ﬁ% a@%@%%’r a?tﬁ%ég%gi (])i(r%1 %C% O?I[ng ‘t he
concave pdrd ffeguengy ldsthevaberalQng déet Sdrooé, thdactubtaticuyresgpcomdsof t he

actuator 670.is _determ ned_by the periphery of the concave part 81.
Bur ¢ BBy oo Chen E T RUREHES: 06 1% FOIHE S PSP ORP LAV UL 6o 0t h HHEE S{HFet ur e

of the amﬂntleﬁec%ﬁeﬁepmér{h Eh&fr%?;uérfbgﬂ\@héh dieviBsatr phats dkAbrand
the vibrating plate 176 is forned as one body. Therefore, the manufacturing

process @frithg erEéuAbALfaRd uFhedati Uhk whidchr Fageacha be thelvddratdd@ t he
cost for Jmnufact ur i iﬁg.- | can be reduced. The actuat or
670 has a S|zég&h%%hpgéﬁgbéﬂgﬁ%%gﬁé |§F§”§ﬁ€ t hrough 20 hole I ¢ provided
on the contai nflo ébtByntthes rexsoadditnfregqoersy, £ ¢ ,héheonaew £o yardb t&li neah

operates . as the cavity. The actuator 106 shown_in Fig. 20 can he forned to
be e ed&’é(dmleﬁtgblrtlﬁgo%}@ﬁ HIREGT S IR IV 6 FO LSRR Q{l%éf CiH%Y. 32

shows a yeaitidH exmPfchdeneanlingunal igh tdadndof MBcRai tRenaskuaiRriEe6 in
one body as a nounting nodule 100. The nodule 100 is nounted on the

pr edet er rrngew fyowiad .on Belcause ddvet ai vwratliaif @ thi eskuatbdygels TE modul e
100 is constiqt 0 t t i consunptj.on | iner 1
by detec%ﬁﬁ 15#&%%3%1f?%egg%gﬁgga5g5§%%a§#VcEpgpgﬁéﬁ%ggg?n¥%gqﬁﬁﬁﬁﬁﬁﬁuid.
The nodul e 30 100 of the present enbodi nent has a |iquid contai ner nounting
menber 101 for nounting the actuator 106 to the container 1. The liquid
contai ner nounting nenber 101 has a structure which nounts a cylindrical

part 116 that contains the actuator 106 which



6 3 1 7 MAY 2002 oscillates by the driving signal on a base nount 102, the
pl an of which is substantially rectangul ar. Because the nodule 100 is
constructed so that the actuator 106 of the nodul e 100 can Jil(ﬁ ¢)?ﬂﬂfont act
from out si de when the nodule 100 i s noygted on the ink 5 chft dge, the
actuator 106 can be protected fromoutside contact . The top side of the
edge of the cylindrical part 116 is chanfered so that the cylindrical part
116 can hsheeaiflornfdati dmisachhes hid £l et £dh ishd ekredsiiont, hehenkiksasat fbdge.
Fig. 33 shows an expl oded view of the nodul e 100 shown in 10 Fig . 32 to
show t he P& YeFH R ORIPRE RBIRIURTIFY 1hird UWddidl éhfoéeFﬁEP{}Elegr%q‘F%ﬁﬁ’d
cont ai nerg IOUARLERG Aaber hLL01 aBdgntr @%guéﬁéynf§n9saj Q&&é&%gcﬁéﬂlﬁ&ev' ce
nount i ng nenber 105 which has a plate 110 and”a concave part 7113.

Fur t her normans frermipty kb e Wy efasermof ddte wonet 04l et diddthi ve fouraeorhdif 6,
and a_film108 . Preferably,, 15 the pla 110 .i.s made from,a material which
"o d Pri Gl RAPHEE TURTT NG HLEReRY af i o68eoP gt i PESs i1 | D BN ng
114 is f oyoreih tibrd hgngenheal pRidi f9fiddhecigy| nBgEi eRimiPRti nkl 6f Pegldiey base
nount 102 which are included in the liquid container nounting nenber 101 so
t hat the SOARAEIER] part 116 and the base nount 20 102 can contain the

| ead wire 104a d ercancav is.f cent part
of the cyli ndri% f%%réltgef%g gﬁ&%%egﬁgggéﬁégﬁgﬁ%zt%éggtg g?ttta gec§?it% rical
part 116 meddiurhésbaseimounir TG2 tepedantai s mhigiawtuat FhelObequdecyifum 108,
and e plat 0. The actyator 106 is connected to the plate 110 through
the 38°¢ B dienny HETh IS TERO AT (RPN G HOE i 6 Mo A1 he

i quid coiciey ofiHY HRa ) eerber 1bs ahhefed aleehahh@alepds i r arcki¥da and
104b, the actuator 106, the film 108 and the plate 110 are nounted on the
liquid céieafreauengit ERgl sreanarally asegnaspedhst Eaehion ol Yemanamtl e

104a and rans ri.yin Si I piﬁlgq : regal

coupl i ng fv%n%?ﬁle&hc?u%%{é?gggeé;ﬁr 0 eeg’g%d t:t Qr% I %ﬁgr e eglsl de{-'%%Gq{)efe‘J?ﬁ%nt

act uat or fieGuearny dlssdrobmanhtefrédieestgnéh i ¢le simait faldguereaswdeidct ed
by thg actuator 106 to recordi ng gppar atus. The actuator 106 oscill ates

t enpo? al %9’ 1IPY NG RREPYYH09T hASEd AT HATETdrt U8 ngP s FGfalt BIEREEE Y8 from
the | ead wire it04a a1 dadBdRtofhe oaCtakat Okt 108 aWthr @ €sct eshdualdanstfiter the
oscillation and generates a counter electronotive force by the residual

vi br at i oAMpPB@agerecting the vibrating period of the 5 waveform of the
counter electr Y , e q y espondi tqg the
consunption st ggﬁésogbl{ Q'reeqfibc?{nr%l% ne%&ﬂgép#rp%%t?dyﬁ%%t gﬁ%%% ggn'%g'g%%gt 21& ed.
The fil mii@E&chendest ke taAct hatmrsdimtaidepiuenalyabbt difeticbgadie thieehack,uat or

106. The {i.lm 108 is prefera f or med uch as pol yol efi n.and bonded to
the 10 a¥rdSPoMORRIEaR FRE . ArAcbTEy by nBl NSRS By ddieg arre

act uat or ch@éa2Rdriike iRl ah8 ddfitdrtd RealrdPeliGtiace rW hd detitum t Baa
unevenness of the bonding on |ocation decreases, and thus the portion other
t han t hethebrekthed, phdch weesure® bhieprasenarhdiegprancy he Rhargeusinghe

r esonant e ef gr f.ter ngj ctyat 1 ; Late
110 is srt_hgllral %%ﬁn%y%?atege%f%%ﬁg%éﬁlr%cu#g%ﬂpgh?pég%rtagn%%hie}yop%ﬁ ng@ﬂ@u%fl t he
base nourtibi@2iocs Bar whe vibepkindr seak ishapé. theeaatuaabar. 106 and t he

film 108 are fornmed,in rectangyl ar shape. The | ead wi.re 104, the actuyator
106, X he il m 108 VHIERT HS SERRE™MID Wit 266 U35 1 Qe HER REHHPT ¥Ag68d f r om

the basecppdRt t102s. t FaCh Wity 1@ 20eRSE MDYIHe th4hi ddie bl egitle Wieh i 1 st he
actuator 106, the film 108, and the plate 110 is arranged symmetric with
respect wothha &&et relbratinofphate nbdul e Womn Fuavheér #8r suféachestlihe
centers @f S 102 . uat.or 106, .t fi 1 .the

pl at e 118&%@?59% ?gﬁggg&%%%s?%%{?ﬁﬁé glnl# ]Je@(%'esntf}rla le{eﬁixiq]érl g?let Eggﬁ%gul e
100. Theleépeniend thé ofibrhéibhgseegiont cbOPacssf etadlsgolidt hasitiketarea of
t he ening 114 is |larger than the area of the vibrating,regjon. of the
notull o LB aT RS et nOREm 13RS o TRE TR TR R ORer RTHEdre 110
where theouithhabir-ngugesti @At 0, t ke 3P Bed tiad Orrdford @Rt aAS Shewnche Fig.
20 and Fig. 21, the cavity 162 is formed on the actuator 106, and both of

t he thr obghuhdlivehilclp i gremaigiegain thels ftor Apsidr tHiok idyl paontaites .,

t hi ckness of the plate 110 is preferably smaller than dianeter of the

t hr ough 6 51 ? MAY 2002 hole 112 to reduce the influence of the residual
i nk. For exanple, the depth of the through hole 112 is preferably snaller
than one third of the diameter of the through hole 112. The shape of the



through hole 112 is substantially true circle and symmetric with 5 respect
to the central axis of the nodule 100. Furthernore, the area of the through
hole 112 is larger than the area of opening of the cavity 18% 8f tm
actuator 106. The periphery of the shapgyof the cross-secti pY ¢

t hrough hole 112 can be tapered shape of stepped shape. The nodule 100 is
nmounted on the side, top, 10 or bottom of the container 1 such that the

t hrough holreth&2viibcesing trkgibnsddesohotheontataisnenth tWeed ithe d muti s

consuned, and the ink. around the actuator 106 is exhausted, the resonant
frequency SBRERAESa¥E Bt 5P€1885gPEaVRTWanges. The change of the ink | evel

can thus be detegtetviky Fkg is BAodNAME IEné lartluaticAM 06 Jfendih@isent
enbodi ments of the nodul’'e. The piezoel ectric device nmounting nmenber 405 is

f or med oninventiqui carsbht dlarebe famidngg weabdhelbiquhd tims idsduhe 1400 idf t he
prese enbodi nent..__The. cyl.i ndri cal t_403, whic | L ndrd

Phape.? i cPEF ReRCE I f e TP o BBt tnd mho T BF DBR SrE¥at R by an

t he edgesthé whiwibyarezr ouritkedreadion heill o degOld frhedr a SOEGL 1 ows renber
401. Furthernore, the piezoelectri¢ apparatus nmounti ng nmenber 405 |ncl udes
a board shaped BrRRRAS QFBE?,heV\HPEHtFE‘gs%‘?Sh"pl% at"ﬁiemEVPFﬁBBi %’é?lfaaﬂft thgs,

and a congavgapPakt1443on dhe PLIWAL Yorkldfi Asr ardlaed Hn (KRR LCARCFUE char t
413 provided 25 on the side face of the board shaped el enent 406. The top

end of thehbobigushatedadlesnbnt t 46/ ik athiard eregd onno pr ke te@tviatet anghe so

t hat e ard shaped el enent i.s easy to fit into hole fornmed on the ink
et ¢ 10ic ORI IR FvE! AREMe nEaPa ottt b ST i8R e RRYhSRNll e
an expl odgdsyt esh It the adhduterdO0wrbawhd dcthftoBdetectBund Bistedekur e
of the nodul e 400. As the nodule 100 shown in Fi t he nmodul e 400

.. 32, ! '
i ncl udes @f Itih@J]r%Iq‘é%PﬁlMefrr%EH?i%sﬁ@fﬂf@rOﬁf@feg%’bq‘él%ioéztd“eﬁ ¥ePFRELIRBYI ce

nount i ng 6 117 Y T I gLy ai ; i
menber 40£1]§ agﬁf hgﬁgaslélqn%ntggg%cg}%% ttk?eh%/% i ﬂg??%gﬁﬂ%afié%&ggi?%detﬁﬁe

pi ezoel ecécicateyimevmud ithg acobeatd0le test ide odfohhd etiapezhet efehhe406
and t concave papt_413. The actuator 106 | onnect.ed to the plate 410 5
o 1 e T e eERE AR pRIE 415 e hodtD J8URad oy JaF v BT 4BaE and
404b, actuetffiddbposiEianfbf MtKUOBacAGEEEH] Ngnd Ot hEedpoesent trabodyaeat ,

the plate 410 is rectangul ar shape, and the opening 414 provided on the
board shapetrehresmsm toFibyatdngerire BrttdiRypEingindpehe Iikalidaguarde 10

404a and 404, e a6 u@%%hé‘?.ﬁ.gu{)i@ chhl 3 428, cz‘éﬁ‘ge&t}?y R Rodifheb@NoPe

attached to and renpvéd from ase nount 40 Each ‘of the actuator 106,
the fil mtdd8caandages phabetsd@orsl @ wadidedisyndees ithay therespeenought he

centra| IS i.ch is extended to.perpendicular direction.to the plan_ of
openi Ry a5 eh SR ARE R PR B el G B Gl g HpticR &
Furt her nose, peaednodd the €eiigrishofadheaest Uadwind Obavitye. fil m 408, and the

plate 410 is arranged substantially on the central axis of the opening 414.
The through hol BIZATRIHRQKS deRF ofPte dBnEFdd - oRLt(Fd plthite SRRF 9% r B8 such

that the pfed; 8laddie d @il hol @112 165, WALARE 20 khan! BReal 63,0k Sbe

openi ng e cavity 162 of the actuator 106. The cavity 162 o
act uat or g5 highidedrtaugr ek irtogéehenvioyni6Rnkistoei agtpatrer. The

t hi ckness the plate.410,.is pref.,erabl ler than dia r pof th
i oeBrStfe, e 5eB' £ R s SR oROTRI R iTBLE i (L FPLEE Pladdl) | .,
t han one tThut d 25 i@f th8el thwidtdie Dhotthext bt cupbuh® thed tavitThes s haged of

t he throu%rﬂ hole 412 is substantially true circle and symmetric wth,
respect t%o"? hameentraf &kes ldauike Hbdtihe Qéﬁ?tyhéssﬁﬁﬁé tipan this

Cross-se Jiu.g%l'?cgl& RE IREY ! E'Eeié‘o)gﬁ%%&? ttHHtO'ﬂﬂ'%rgo!LQ rl&?irﬁiﬁggéhéap &y shape

or steppe ape. The nodule 4 n be mounted 30 on t ttomof the
cont ai nercdntsaiaret hatl ft lvket Riqugld kaliet4a2onsdathangaditysi @2, oind heghe

contagjner_1. Bec t he actuatoy_ 106 i§ arran eg inside the.contaner 1

stch ot e S A b et LE68 LExE BRI (T G PR ErELE) AL 0Ene: betd i ng

of the tiyid@edfthat there is ink in the liquid container. For example,
when the actuator 106 is mounted on the side wall of the liquid

container, it is judged that there isno ink in the liquid container



6 ~ 1 7 MAY 2002 the ink end can be easily changed by changi ng the hei ght
of the nmounting position of the actuator 106 in the container 1 by changing
t he hei ght of the base nount 402. Fig.36 shows the further other enbodi nent
of. the nodule. 5 As the nodule 100 shown in Fig. 32, the nodpheuf002f Fig.
36 includes a |liquid container nounting nmber 501 which has a base nount
502 and a cylindrical part 503. Furthernore, the nodul e 500 further has a
lead Wi reyh@Aargad RAMHY 1a6id1atidkiH0cha {ifM @0&nedthér platewekOchihe
opening 514 is formed on the center 10 of the base nmount 502, which is

i ncl uded thetmeunt jud Pasuritigimet rbamdtrigpheniddt send b ihatuddesl bheb
nmount 502 n.contain the. le wir.e 504a and .504b. . The ncave.part 513 is
for med ortiRECcyrt hab i b a8 rend i Ry i B8 R 505 veld
contain thesadeushion itad tbathihay 508 hiapdrt bRapl e nolbht ithepastivabar 15
106 is fixed to the piezoelectric device nounting nmepber SO5 through the

pl at e B510°f HRE @CEMELOrnk0f ea PSS 509t Ba ¢ ohdhwadue b HPifoBaYt he

film 508, +gadathgapbat @oéleaﬁrﬁuage%ﬁgtoehébs F5aHbdiARNE AT PRE TRYALENT
menber 501 as one body. The cylindrical part 503, the top face of which is
sl ant ed i poneainealen difr eloe iigrk atsatbeseto ¢ha havbayeagmimtbywbhekihgs a

square sha edlﬂ | an_and t he_ed of, i.ch_are rou dea" The actuator 106 is
arranged Oh tHe CORCIRES Fi6 e RIS Tk SBFoFPUAHY o - PREDEBHS s FALES of
the cylingké Galowas b5 ikt at Sash@dttedthe aBFiteabadinr @sés et dkcdbg top

end of the nodule 500 is slanted, and the actuator 106 is nounted on this
sl ant¥d st akbreshetdrvreueif the nodul e 500 is nounted on the bottom or

the side of th nt.al : - sl,.an i tical
di rection of tﬁgﬁ%dﬁégf%%%&?.é#ﬁeég%gg%?%%}gnal%ﬁo?é%%gt%%g gﬁ% %ge%h%
nodul e 500ondiBhos WS ttaet 1 adhyd beinteeime30 faogr elee arabBlarde gregueincly of

consi deri t he, .det ect.i erfornmance. The e 500 is ted on the
ot T om or s G SR T PSR AETEE Sectionat THE Sriitor LPoeohurpe
arranged pnshépsliPtng thd cbuhtdhY «2@R2 remiditakefokceWien1t Be aReLAen&P0 is
mount ed on the side of the container 1, the actuator 106 is nmounted on the

cont difnerraference e Rige 26 8adoFi30621 acds VA& agssiigeaPRIWAS] @8, €371 si de
of the cog %ﬁ@rurglpﬂ () H AU "G 6 8 VA01 E?.%GHBQHL% 80¢ ?d@?é‘%%?& e 5

bottom of tThe container 1, the actuator I's preferable to be nobunted on
t he cont aimenpbesuehettndde e radingdt ©68 1061 Eheelovar ehecitmiodsutpgutnyi ok t

side of t containet 1. with _slanting. Fig. 37,sho a Cross-sectjional view
oround t e bort BRE OFLEREE I EaeTe: T ettt EhSoBotham aF e 5
i's mount gsh dfbSTedtei €ONdPéRet6d. whBeeMRddl @1E0Q 12 dRURt ad vt e is

contai ner 1 so that the nodule |00 penetrates thro% the _side wall of the
cont &nersandwighes Py SEbPeE SRt EREE 374t EHRNEM T HRLLEEECEE Yt ween

t he side [ tad : 1 I nt
mdul e 100 S AL CE SRR LR, L P TR P L AR AOEPERED 1 e
t he cyl i nohe o fquand t fon extpl Eheaqulie zodlept B skaydatldhe o uriod0inan be

l ed by the Oring. i i.ng the t d.of th d 00 inside th
cont ai nerragtamp iRl e SARERrsAYD Lo Aeclts Pret e b T iaFar 206 K ough
t he thr ougind plee i b82a P et R DL 6rid Oi oBRIAUERE gz dasitanic 1agguensy, of

the 20 residual vibration of the actuator 106 is different depends on
whet Bér tiee ofikuaifiarenddorefieckilpratergisgci nokhef viPiea bRy Ft UUb i s

liquid or t i nption status can be detected using the nodul e
100. Furt%igratrﬁrqo? e%@tn%%ﬁ%ﬁﬁlﬁhe nodul e 1 00 can be nounted on the container 1

and detect the B steacdual ivikhration is a free oscillation of the
vibrating section of the actuator 106 and the medium. Therefore,

the resonant condition between the vibrating section and the

30 medium can be easily obtained by applying the voltage of a pulse
wave or a rectangular wave on the piezoelectric layer 160.

Because the residual vibration vibrates the vibrating section of

the actuator 106, the residual vibration also deforms the



25 but al so the nodule 400 shown in Fig. 34, nodule 500 shown in Fig. 36,
or the nodul e 700A and 700B shown in Fig. 38, and a nold structure 600 can
be nounted on the container 1 and detect the existence of the in Fig.
38(A) shows the cross section of the ik container 30 when1foMAY i modul e
700B on the container 1. The present enbodi nent uses a nodul e 700B as an
exanpl e of a nmounting structure. 6 9 17 MAY 2002 The actuator 106

i ncl udes pilezge broetectlayed 29er IBErafreraippbe ml exte oelet 1 1 atyleer 1 60er

el ectrode_ 166, the vibrating plate. 176, and,the unting ate 350. The

i brat | n@ISEa B 61 oERBAtR  FACREEATPhGVEI A 980, anLPhe POETE

el ect r odes 1186 #sind tof V@ & 03N ke td At ik Agopbat €nd (BperTBecphezaRl £6411 C
| ayer 160 is formed on the top face of the | ower el ectrode 166, and the

upper el édta ddwersliestiindeed 66n the upperacteotrofe permbehbclédc drger
160. Theregfo I ortion t pi.ezqel ectric | a i.s_ fornmed
by saRawals BEE e ran i oser FERBR L e pr EReaRet e FrapERnto tea Y e
mai n por tdaon bef spleeiffieel bgl ehtisodetébdedndotiheet oybsctersadt bde fdbicd r om
top and bqottom The circul ar, portion, which is_a main portion of each of
the pi ezdetectyTH 9 a5RSYBRE 19ReStRbeF ePethfodd IHG4 FREY St be

el ectrodggeke e dprns a pi ezoel ectric el enent. The piezoelectric element is
formed on the vibrating 15 plate 176. The vibrating region of the

pi ezoel ectri c &esearatl lahd thiee reisbnanitn§ rphacacy76scoastbe irxpredeedidn ati ng
sectign,ggﬁtwghph the actuator 106 actuary vibrates. The nodule 700B is
nnung d on ]he ¢ohtai ner 1 such that the | i qui d contai ner nounting nenber
360 protrude i H0 1 he (Nns) deuebaéP)the A through hole 349 is formed in the
mounting plate 350, and the through hol e 370 faces to the vibrating section
of the acthgateoM d@Botefurhderumpé, am e 882 o thenmeitbont the dwstttiem wal |

of the ul.e 700B, and.a.pi ezoel ectric deyice nmounti menber 363 i S
Pormaa. THRE et as 24542 iBnET  EnEEh b Gt CCr R S I Rt ¢ he
hol e 382 of TRy efiiret itk fyHiast.s with the vibrating plate 176 through the

hol e 382 of the piezoelectric device nounting nmenber 363 and the through
hol e1870 of t h&igourfPilRy phave BsTrospheaedieongf bhetetyreobel ¢ twhian

e R e

nmount i ngFignbern (33 and Fig. 21(B) shows tﬁe equivalent circuit of the
vibrating section of the actuator 106 and the cavity 162 when the
ink does not exist in the cavity.

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

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

30 product of the thickness of the upper electrode 164 in the
vibrating section and the density of the upper electrode 164 by
the area of the upper electrode 164. Melectrode2 is obtained by

dividing the product of the thickness of the lower electrode 166



and the actuator 106 are fixed by the nmounting plate 350 and the film
material. The sealing structure 372 is provided on the connection part of
the liquid contai ner nounting nenber 360 and 7017 I\/AYQZ_gcgégt&@Z
container 1. The sealing structure 372 gan be forned by th VSt

materi al such as synthetic resin or Oring. In Fig. 38 (A , the nodule
700B and the container 1 is separate body, however, the piezoelectric

devi ce noint thg nidnbet i c@nsdie conshnd vheddbysbty parthofldWesr edetcairoee 1 as

shown in Fig. 38(B). There i ossibility that the actuator 106 .
mal functi 6ﬁg By "'El'l"% L& 8 t{:ﬁ?%%‘z@l’? Irﬂg‘l"“‘wi%ﬁr&‘?% %%r'op%?éggfjr%rﬁ]b(f‘?’dﬁdf &¥e or
a side fagevohihBer k@B ANt AV hE dieiatd 4 ier tﬂa@%il&?&ti?@fﬁ?aﬁ@il@% i's

attached to the top face or the side face of the container 0 when the

i nk cart r idgehe svihekierng Heahian apdcshsedensity qef dhemidingdd ngopAsiteg
menber, 360,0f, th r.ot ' the insihde optainer 1,
t he ac‘rf ua? 8?9 986613%1;%9%%#%30%%6&4%%%%@ {1{?%]10% chp %&%eé{q})rr %ﬁﬁpﬁegﬁglﬁgf ace
or the sigesf aceowdvéheactnbdlivhey slzeldf Ehe. ad84 B shewsibiw: ittpgegieati on
of the ink caontainer when nounting actuator 106 on the container 1.

. ) A
prot ect i n§f B 3821 PStHbGnkBEORC P h HOHPRPARSH SRt ey Kttt AOWRE

actuator d9g:-tpohe;kpk gagt %Qgst%gtﬁgaeﬁbw& MRaLeSHOWA1 5B Ehghi386B) -
Therefore, the protecting nenber 361 and the actuator 20 106i s not one body
as a noduskowardavse phetddifiengnrendrengedches tbenmpeaédthe wébastdagor

106 b h . _A hole 380 whi.ch i i he f
19081 | Relfefilt et W b BhedeBRb el el e B et Lo
t hrough hehe B8Ot i Brom oy ech dkridss MadHd itgy plaaie a3 asuwhbeenerecha hol e

25 380 is fornmed on the side wall of the container 1. Therefore, ink
contacts ViPREERBIISF By Ploxeevers thr badirefrraie Hwd &het RerEdAbai ner

1 and the,thrpugh, hghe %@ﬂla@%g%ﬁ%?h{ ﬂﬂi@haig,a’g%pa'nl?%rlﬁqlo% 380e9Ent he

cont ai ner %and t he '?lhroug hol e e nounting p e 350 together
forms i nkoStidre pg epaefl ectivbrcedapeyr BE0 bedwusppeiree et undde UG msdptbeect ed
t he .act uat or rotected.form

out si e Het S AREPRaEe 1BPatE TH6ZHORR n o8 & Pab0 Kar BE (RelSThErdad of
t he nountésgptedetd50nkenmbhia gakediorent Taeowrore , FiMgct38 o Aumnst (Bhe
inertance of the each of the vibrating region of the upper
electrode 164, the lower electrode 166, the piezoelectric layer
160, and the vibrating plate 176 in the actuator 106. Moreover,
20 the compliance Cact is a compliance of the portion formed by the
each of the vibrating region of the upper electrode 164, the lower
electrode 166, the piezoelectric layer 160, and the vibrating
plate 176.
Fig. 21(A), Fig. 21(B), Fig. 21(D), and Fig. 21 (F) show the
25 equivalent circuit of the vibrating section of the actuator 106
and the cavity 162. In these equivalent circuits, Cact shows a
compliance of the vibrating section of the actuator 106. Each
of the Cpzt, Celectrodel, Celectrode2, and Cvib shows the
compliance of the vibrating section of the piezoelectric layer
30 160, the upper electrode 164, the lower electrode 166, and the
vibrating plate 176. Cact can be shown as following equation.
1/Cact = (1/Cpzt) + (1/Celectrodel) +(1l/Celectrode2) +
(1/Cvib) (3)

104k



~ 1~ 7 MAY 2002 Fig. 38(C) shows an enbodi nent that conprises a nold
structure 600 which includes the actuator 106. In the present enbodi nent, a
nold structure 600 is used as one exanple of the nmounti ng‘—sf %itzﬁqﬁ . The
mol d structure 600 has the actuator 104 and a nold rrerrbér . e
actuator 106 and the nold nmenber 364 are fornmed in one body. The nold
menber 364 is formed by a plastic material such as silicon resin. The nold
mermber 364 incl e tdd eqyakiipe 88D and (39 i AdBde2l the q7dt #eneKBErsS86d is
formed so éh@{ th?lﬁj d nenber 364 has two | egs extended fromthe actuator
10 106. The end o e 'two | egs of the nold menber 364 are forned in a
shape of hem spties edngplilanded Chicghshpwki gkhé heo hihel wheidiecaldbdceieph the
container 1, The nold nenber 364 is nounted_on the contajner, 1 sugh t hat

the act ua{P%ﬁi‘i’QGbibr‘blﬂﬁ‘ RRSOT TR ol @ eI$RRT JEC D PY h"eh%_o?\?%_ h‘é"i’"_:?t‘?l_'laﬂ the
vi br ati ngpxi@&érﬁi;’é‘ oRft HDEn AE LHA06 £ 108 LB LA AT LR Wi bR .1 N RSiedand s,

cont ai ner he upper el ectrode 164, the piezoelectric |ayer 160, and the
| ower el ethe odempbirande tPrcacthrwdrtioccas engs ot betlee deberthe®. by the nol d

menber 364. Because mpJ d structure 600 shown dnp, Fig, 38 d n need
the sealing st (r:[“ﬁ’éi 'urzéng%zs%%‘ﬁé:glne Fﬁgsrsfo?%c%le%%é)rf g%i agcntd“%(?rtoﬁ§sc“6n Bi ner
1, the | ek mgipfid nks fsuFnitdientant diindredl igashbellgdidedonthi reyerand

because the nold structure 600 has a formthat the nold structure 600_does

not pr ot riRfePEFRPERY VuEBPAE IR TINY EBHL AN R LS At akotdl 86 At bt €600
can ppot ety y hﬁ%eaf]ilgﬁigf G Ng@%&%ﬁ%\gﬁtﬁ{ 48 5COM 86Y sholleEfel Raximum

possibility that t act uat or functions by the contact of the ink
whi ch i s vrlopped fhemdditdpnadcenertanse ddidratbedfiquied éerngaf hiecidntwly h t he

actuator 106, the ink.,of which .is, attached to the top f or. the sjde face
o he e ed 26t 1 2l dahe S0t FRPEHAS AT ehe e Eog v HataE i
menber 36hdfond RF FBkdast haEdHrHSQQ Piol Eddesth e hguidsi dghdM ohast he

container 1, the actuator 106 does not mal function by the ink dropped from
the top fe RR FMHTesRd fate of the container 1. ‘1 7 MAY 2002 Fig.

7 2
appanat s whi ot JEEG 1 He Adt L4 O V306 h Bt ERa B0l Pl gBSPal' 1 of i i
o ural | DS Ak R BTG g 8 b e (T2 TaRa o el e C1BA Chat orEE ©

cor r esponiendidrs ittie oFfatheomedikinGaaing #gdeh8Besr eRpevtivre echymb&ach THe t he
plurality of ink cartridg_es 180 contains different types_of ink, for

exanpl e, SRYF Nt (4oPEP1dES] WReNThBEA¥ L RERHINIOESI W P dte @ Ut IR ast

acousti ¢ 1iggedapgecull 8 rMBHAHEh P hd & A Gh Bfudelet 0gy of Fhe dyilibmdii ty of
ink cartridge [80. The residual quantity of ink in the ink cartridge 180

can Be ddmemtteandsy Moghowsg thseqaantatyr that the mass of the vibrating

section is increased virtually by the effect of the medium which
exists around the vibrating section.
As shown in Fig. 4, the M'max can changes significantly by
the radius of the vibrating section "a" and the density of the
25 medium p .
The wave number k can be expressed by following equation.
k = 2*g*fact/c (5)
where fact denotes the resonant frequency of the vibrating section
when the liquid does not contact with the vibrating section; and
30 ¢ denotes the speed of the sound propagate through the medium.
Fig. 21 (D) shows an equivalent circuit of the vibrating

section of the actuator 106 and the cavity 162 as in the case of



106 on the ink cartridge 180. Fig. 40 shows a detail around the head nenber
of the ink j et recording apparatus . The ink | et recordi ng apparatus has
an 15 ink introducing nmenber 182, a holder 184, a head plfqugﬁanand a
nozzl e plate 188. A plurality of nozzl ggl90, which jet out ink, is forned
on the' nozzle plate 188. The ink introducing nenber 182 has an air supply
hol e 181 and an ink introducing inlet 183. The air supply hole 181 supplies
air to tHelg nkicEht whege th8011ig@0idhes iskf fiintiregthigr g lilddetinl8Bei hiqeddces
ink fromthe ink cartrid 180. .The ink cartrid 180 has an air

|t T oduc SRS 18 b Bgn BAREEDERY v bof 1 1893 RanE, F R PbRfi R ni et
185 i ntr iaes it r1dg ois thel Béd @il yhdol £qdfd. of the ink introducing
menber 182. The ink supply port 187 supplies ink to the ink 25 introducing
inlet 183 of tH&EInRIi(E rdews fhaErnper agetimy afnthe ARG URE M A 0frvae® he
ink igtr Ci r 2,10 . the. ] rd he 1N tE] 180
accel gra%ggé tlﬁglds![?;g ytglg }%ﬁuwoﬁt eﬁ?%] 1ngg:t%rnljs§18nee dtl’sgntdolé%’l %ggi %Jﬁd&?

i nt r oducilngnnehieaoul@? theThébhat day 784iconmfinilzabes uatiorsappl,i eddftieen t he

i nk cartrL%gf 30 180 through t he ink intrq%gcing menber 182 to the head
plate 186- 15§ raTaiRg '6_ REAVEHOHS Ao dt E R AFRBAFRE 18k 1t r THGS AN XHdwn i n
Fig. 40. (e 2fiatte dQ8:hSmDEEEESnO8 M e DdP e Yauchhishtns
formed to be slanted in vertical direction, of the 7 3 ~ 7 MAY 2002 ink

cartri dgenk3@anshowmw iwhdrhehEi biqulild ApntAinavel pifeveéptiwvigcmwahe I10Mid.
provi ded on the position where has the predeterm ned height fromthe bottom
face 18f Fethagtden prndnk tidit lARLdigythad 1guds ‘F%"e%l’g%rtlﬁec%fb‘i‘ﬂ%ﬁt%r 106

inside thed Ak €QQt akAeked94rauRl dhe viteAary kdge 11800 rBerausa dfior
actuator 1d6 is nounted on the ink container I94 slanted in vertical

di r ect i o, 06t hecdmasnaae cof vhrkunawi e tihept dgedd rergminingiichthe davited with
ink, is farmed,be en the actuator 106 t he wave preventing wall 192 .
The spacé‘%’@et %&&n% e \Fé{pﬁfreéiige iaf?ga%gﬁow a %Péf et uat or 106 has
a space such that the«space does not hol ggjnk by capillary force. Wen the

ink container 194 is rolled, ink wave is generated inside the ink container
194 By t hérerd | & ndenahdst ldree tlsi g@osssdi bEt yhehatedihen aceéllated 106 the

mal functi ans by detectin as or an_air bubple caused 15 by .t he k of
The ©nic aDE= P oy iR e B varSr cobntRg VABFRC185, TR oMrE SFsund
the actualc@atQfs ¢88.ber preavientedraeihfateden M tunetilan Shapderaasitngat or
106 can be prevented. The actuator 106 of the ink cartridge 180B shown in

Fig. 41 iesradinsedfotat helsd decnal beosshowe asuSpkynpert dfheheforgk, 2he
container, 3%iong 5LURLALAP S AR TREN S ook NG SLBgn Bl 11quia
20 is sufficiently filled in the liquid container, and the periphery
of the vibrating region of the actuator 106 is filled with the
liquid. The additional inertanceM' follows the equation (6) when
the liquid in the liquid container is consumed, and there is no
liquid exits around the vibrating region of the actuator 106, and
26 the liquid is remained in the cavity 162.
Here, as shown in Fig. 21 (E), let the additional inertance
M', when the liquid in the liquid container is consumed, and there
is no liquid exits around the vibrating region of the actuator
106, and the liquid is remained in the cavity 162, as M'cav to
30 distinguish with the additional inertance M'max, which is the

additional inertance when the periphery of the vibrating region

of the actuator 106 is filled with the liquid.



or bottomface of the ink container 194 if the actuator 106 is nounted
nearby the ink supply port 187. The actuator 106 is preferably nounted on
the center of the width direction of the ink container 194-1. 3@9 ink is
supplied to the outside through 25 the 4nk supply port 187, { a

actuator 106 reliably contacts until the timng of the ink near end by
provi ding the actuator 106 nearby the ink supply port 187. Therefore, the
actuator 106 camigellniy)y stebectan heqhlvahenofciheulnkoheahe entlorating

Furthernore, by provjding the actuator 106 nearby the ink 30 supply. port
187, the %eéitﬂ%"g %EFFi%f%‘%ﬁtQ%éoéc%‘étt&e £881EY 14 1bRR8 3T AFol h¥ - on

the carr i?ﬂfaa)omﬁé}? tHEK 1GOREY NeY tl?l%c‘i'fﬁﬁiﬁeltbﬁxglaﬁngw EBgcéxptEutH@Hntéﬁg of

the ink container on the cartridge holder of the carriage. I's because

the reli diidre yivfnecduguidyaroundl £the MA¥rao02gbeegeen tchethakastpptyrport

ith the | | dl.e, i ' . duri K he i nk
cont aPnert G S Re KT e: FBFAERS " FRecuRl & i PEQRlS SERUSEDS 0% the |

i nk supply needieren |dhd@atdinie t@ira regaltiedy tst EHet BE&8HCHE aSh& hedgumi | | 5
be damaged so that the ink will be | eaked. To prevent this kind of

pr obl ens,anehedamki jietofprilm exedisimal 4 yahdstle spetthhess roftuhe médiuman
accurately positi.oni the ink container. during_the nmounting.of the .ink
cont ai ner b R W8T FAge. "ARRr BFOrE Ak o SPEESARAG AP ERLLatt tht BRe 106

becones neldaitd echy adhka) ot RE 1tike ik cagtHatarw el the {iBrhbkng Ut ivi Hort
Furthernore, the actuator 106 can be further reliably $05| tioned b

mountlPng athéhectarRator06&6 -t héheantbe biquhed Wk diswlf Feetewnl wifiheed nk
cont al nerinlgcﬁes Ilg dou%db%%%{%?tnteqe, k! %?g}ﬁgf E\%ﬁf%ﬁ?kﬁ@étim? the, d

container ro ng an axis, the ce I's center Tine offthe 15
wi dt h di rectbhen gagubi nga dinem noemnttd atgs of i thhe hienk ibeatdahgeseonidheohdllder .

Fig . 42 shows further ﬁ%qer enbodj nent of the ink c%r,id e 180 . Fig. 42
(A) showd S s¥s 186ct i bh 16F Ghe AMe ICAHNALIRRE1BBRCS S G EPe I hous a
Cross seg QRe"‘Qth‘t%ﬁéaﬁM thidgemshdf d@IHi202194b ©f @ Mml&ag}a@frpl@?_e 180C
shown in Fig. 42(A). Frg. 42(C) shows perspective view fromthe front of
the $hde 2@d|H) wbab tdfe L hauidiersand tHgact8BC.orThes sentenadued orbanansey

device 7 _and,_the, actuator,10 formged on t ircuit board .610 in
Cre oo (MR RSLU P kIRl G (EHEHSEY iR TRy £ it ' iR h b
sem condutlaugrendryhdaevigeid is thenmedgatdt kentppeersi déeofaddie icirnadui t

board 610, and the actuator 106 is fornmed on the | ower side of .the

seni condd@ESt Aoty VadviT@rESsh A &R HHEPERTY 6146°. Ranges.

di ff er entrolefRE 2| Rhebl4iktelBRNLEdLAB 11guShden VEd 1L B ehddigle t he
dlfferent-tyge O ring 614 surrounds the acftfuator 30 106." A plurality of

caul R? ng cpar beedet ¢etedmbarerifiet Be deeamnant $aigquencoupl Berfe f rladi t
boar G181 50Ek L DA} B LB M 9,51 6. 4 MRG0
di ff er enthieypec@vr,i bhebdduation (7) can be obtained by substituting the
thickness of the cavity "d" into the "t" in the equation (6).
M'cav = p*d/S (7)

25 Moreover, if the medium are different types of liquid with
each other, the additional inertance M' changes and resonant
frequency fs also changes because the density p is different
according to the difference of the composition. Therefore, the
types of the liquid can be detected by specifying the resonant

30 frequency fs. Moreover, when only one of the ink or air contacts
with the vibrating section of the actuator 106, and the ink and
air is not existing together, the difference in M' can be detected

by calculating the equation (4).



~s 17 MAY 2002 to the circuit board 610, the vibrating region of the
actuator 106 can contacts with ink, and at the sane tine, the inside of the
ink cartridge is sealed fromoutside of the ink cartridge. A term'Eh%is 612
are forned on the seniconductor nmenory %57device 7 and around T MAY

sem conductor nmenory device 7. The termnal 612 transfer the signal between
t he sem conductor nmenory device 7 and outside the ink jet recording
apparatus. The §é@‘i-c@)?1@ébtb? angraP) Welgle shpweahhBerebist PRER &R BRLYeRN

sem condu r I hi gh, [ S Elf%g)g ll%qﬁﬁé.].ﬁ:g, t he
sem condug{h%r lﬁggg}%n%%?cle&%%gtr{{gné{:t%ég%{o%ﬁgogeaﬁ? or rr%%%on e sane
circuit bdardf6tife irie amsubhengipraciss ssotien i tiexfecdtae ocasetiore tthe i ng
nmounting the sem conductor, mepory device 7 an he_actuator_106 on the ink
cartri dgelilgoﬁ?' _ &R %rﬁ?r@‘?ﬂ?%]c%gd&bﬁ ?‘I_@ql{lh 'rraw_ﬂﬁ‘ & of
the ink 13x6ar bhidge thd0eaRahlte rraguenichd raf, bR ithe RRlicH 11806 can

be sinplified. Furthernore, the manufiactufing cost of the ink cartridge
180C can bbowsdtibedibkcausatihy. nufiber Shef idrbde qeuamas idadebd  epnsdd@ntThe

act uat or 6 detects, the ink consunption status,.inside, 2 he ink. ntai ner
Ton The EBS: FERSHARE Fiedisy R IR BREIREILES RS ddEr U RO
as resi dughequakt gugnefitiynk detected by the actuator 106. That is, the

sem conductor nepory, device 7 stores the information related to the

characteristic ParBnbRlerid iU Heiand lohdiddesr st Foe otk fenhfi g and

cartriglge ;Hgedst o1 1283t BEo8RE UL H06, A8} 51 140 e b GYISUHRt, i on
status . The sem conductor nenory device previ ously stores the resonant
frequencytbe whsamiimkaddst denshelnektzoee A freax Ik dmed (HHe vadate isfiowmhen

ink is filled, in_ the_ink nt ai_per 4 sufficientl r wh i nk i.n. the ink
cont ai ner RPN B FETS SRR RS Rk bE SOhenedl ARSI Bk e
as one of jhReasban@dies vilbratiaareebn dhe-He seranlt o equengyd Wien ihike i nk

inside the ink container 194 is full status _or end status can be stored
when the FAR2EBAt ARnéhe SaBN dfon e adfifierat eéBeHFABCApYAVATUS S or

the figst cghgglatedfbr%ﬁtl][e'eﬁam{o%pgg) :}%@%&Vﬁﬁ tHeen { £SP080 L £f ¢ A HERGY,mhen

the ink insi the i contal ner 194 status or end status can be
st or ed duti ngBedmusmriifeadttir iagdoin tihe ieqatdomai(fer id e Bédaksesshef
unevenness. of the detectian_of .the.resjdual quantity of .ink can 5.b
compensat BASHYFLEBY Fg AERe FRSAmNL PFREGHENCS ARER e Ak PATHH RESI nk
cont ai ner 1 4R4i d oh¥lihe 8 igildifnaan yedsn deaddiSe t fied By Serhhonduet 'l Mesgey
device 7 previously and reading out the data of the resonant frequency at
the ink j B Figordfl Ry Japfatheusasity 163 afafhgeagbeararel 96 ot &61dd BRat

the rgsi d?éés%i‘@ﬁ L E¥a0f 1 & Nked i % 8K 83580 AdL d R ieleehaReepakues 75i 9.
43 shows turther other enbodi nent of the ink cartridge 180. A plurality of
act uat or sagGB:fifsi qimnitled tbanhbhe &3 geoswablel Ovbf exf tohBig nk déht)ai nBere94 in

(he L1k caitrbdge 1408 oWl 0uEigeds L) end e BREIRIAH gutg uRg 1 he
Fig. 24 foibthesén, and t-ink-max as the t-ink when the additional
inertance is M'max. For example, the actuator 106 is mounted on
25 the bottom of the ink cartridge horizontally to the surface of
the ink. If ink is consumed, and the ink level becomes lower than
the height t-ink-max from the actuator 106, the M'var gradually
changes according to the equation (6), and the resonant frequency
fs gradually changes according to the equation (1) . Therefore,
30 until the ink level is within the range of "t", the actuator 106
can gradually detect the ink consumption status.
Furthermore, by enlarge or lengthen the vibrating section

of the actuator 106 and arrange the actuator 106 along a lengthwise



plurality of actuators 106. The plurality of actuators 106 is arranged on
the side wall 194b with interval in vertical direction. By arranging the
plurality of actuators 106 on the side wall 194b with intenv?l ;p mgrtica
direction, the residual quantity of inkgg0 can be detected 'k éﬁébg tep.
The ink cartridge 180E shown in Fig. 43 (B) nounts a actuator 606 which is
long in vertical direction on the side wall 194b of the ink container 194.
The changdiokcthenreshdud$" quarthiet yqobtick (65i deandesiadkcaohing rier thed can
be detected continuousl y 25 the actuator, 606 ichis lo in vertical

i rect | onchtREeIShanh Jvediel S i SR BSY \otby ef BEHALP b SRR OHe
hal f of theshehghiebct Mhesidoceald wh24b. cha Fil)i #3Blualng aehuaker 606

has the length fromthe substantially fromthe top end to _the bottomend of
t he si de Rarleiauple3d-iEhacithrtear LPpdye MBOFesh@mnthe Fide wBkIopfbheats a

luraldty, i J (9 W f in in 194
s the i i SREHELEE AU RANICRLALE e PR Qb Tl sl Thir
further cohaprosssmeédandatiepiekedvely nedheORp theivibMYiRPG2gifdrcbfi s
long in velglti cal direction, alon tPle sécgéie wal |- 194b with prlﬁget er m ned
space with EHACEFARCTAN 46 11 92638 FEN PRI he! FRFE PFARTHY WEPFrEd8ePaces

directly §orhhenplddAddai®yf ACtUal PhR 186l Iths LIHBIADIFS RS ERE
plurality of the actuators 106 5 which is forned in one body as shown in

Fig. 24 foradhadtypinrmedsys ciceprdinarto 108 eqafdpmhildh | TheéreFedewi t h
ink is forned between.the actuator 106 and_the waye preventing wall 192.
Vor eoPer AR ES B bt 05 e Berhe BT oV FRISEPE 155 S M e herusie: 106
has a spacgvstghidhatreithe gapritpes na) )hoklel akthyceapidd aby §oaaeally When
the ink container 194 is rolled, ink wave is generated inside the ink

cont ai ner989achythfeipl| FPRGUMRRHCR hBFREPE  possibility that the actuator

106 mal functi onghby-ehef&ot 1iN0 438 9L @ %hbw!%ugﬁéerl@%%gngﬁibhﬁe§QQEK of

the ink wave . By providing the ™wave preventing wall 192, i1 nk wave around
t he act uathe ird6quant bey ®riedvems édssdetdfat hehinlmglefdmand ¢ieofeshrant

t uat 06 b ted. . T L 11192 al t
the de pierESererh: S5 Iy nitkorrrnd i ViR eboadt epct oottt (EHEr °
106. Fi g.v#ASrshong dedfitthes £ alkescethedirnirg ief fdhred Bk fFactiendds LArdS0 .

The ink cartridge 180G shown in Fig. 45 (A) has a plurality of partition
wal |'s 2107 i of Thhfeh R&ades sdamdhiatf b keronay facauessy 68 ehe ink

cont ai ner ; - %% t Lid I d the
bottom fa%%gi)l?—l k?ﬁfe:laﬁ%%r%gﬁh g’? %%Jr:e%ﬁ as Lgc{lplr)};ggfg gé%lbndé%\g%!e (?%%%%%?om
part of td® tlmk D3k comant ey o=l deonmimi trlt esamkt h each ot her. The ink

cartrj,dge 180G has lurality _of containin h er 1 i yi b he
each égf pl ural ify %efat%‘z%r’t i%thleo)réav?/a Iwglefllf?l.e %ﬁgu%g?ffo%oéag?gogegﬁgt p%/rﬁ% ality
of the caicdesanpfhameraddbhl conmitiptdions ofi theeanhk obthehe taseagierf the

plurali tytl‘(l)e]:c ]:[ihqeuicdogg‘x%i Sggghacgfrqgeéifzflgfent density with each other are
existed together and also involved with vibration. According to

the gradual consumption of the ink, the liquid decreases with

26 increasing of the gas in the medium involved with the vibration
around the vibrating region of the actuator 106. For example,

the case when the actuator 106 is mounted on the ink cartridge
horizontally to the ink surface, and t-ink is smaller than the
t-ink-max, the medium involved with the vibration of the actuator

30 106 includes both of the ink and the gas. Therefore, the following

equation (8) canbe obtained if let the area of the vibrating region

of the actuator 106 as S and express the status when the additional



30 the actuator 106 is nounted on the top face 194c of the ink container
194. It is preferable to use the plurality of the actuators 106 which is
formed in one body as shown in Fig . 24 for these plurality of actuators
106. The actuator 106 is arranged 7 sgg 7 MAY 2~2 on subst g iMalyl 300Zent er
of the top face 194c of the containing chanber 213 of the ink container 194
. The volune of the containing chanber 213 is arranged such that the vol une
of the connantiamgechanbelo® 1B’ wdx tire tihek egupplipnpddt BB 7addit hend hmgest |
and the 5 ol%ge.%%ntggu ntai_ni ng chanber 213 gradually decreases as the
di stance ffromfthéfni %&Fygﬁﬁrt 187 increases to the inner part of the
ink cartridge 180G, Jh f orey s e s bet ) ch; the_ t ory 106
is wdest at thggiﬁﬁqsﬁﬁglgrﬁd??b18fp§?§e gagﬁﬁgggﬁﬁglﬁgrroﬁegﬁgggloh?he

di st ance Wwhetret Membrkisuppl Ingxrdnd8 o1 rey aagesMt onkhes i ameingpatdnad dfhe
ink cartridge 180G Because ink is drained fromthe ink supply port 187,
and ai? emnedskirodihe amiad dangidducih@n mist; 186k riks i f&)’@tﬁ‘m@ﬂ Bam t he

contai ni ng_chanber 213 .of the ink s ort 187 side to_{he .containing
Chanber 218RGT THE FRie hIpkpRSgiol Rt iy Lareiy iy o Eh e R E R o
the ink ianthe- oootial thaa GhadHeys T hdiaR isvdDedd Redh tie e datd oxuppl y
port 187 is consuned, and during the ink | evel of the containing chanber

213 whi chIfscagst Yhear the eREVARRYsAPSI ySpBrunte? @8ctigsdak ORe tatiige
cont ai nin j it h i nks, Wh t he i 0 i he __;

cont ai ni ngpgﬁggggl%té%g m. E}{ﬁkéﬁéeﬁ%g{ nh:e%r lEthéa tﬁgki niugﬂ%% y pt%iét %B%Iirs
consub®ed tiotakhgesaandenhers-ioktdecreasas ningh citerbierc 23 envu et hes gescond

by counted fromthe ink suppl ort 187, .then the. ink in the secaond
cont ai ni n@@hﬁﬁ%e&%’i%@% cgtgd:lx}?ﬁil pothdne ﬁ%u‘ﬁ%‘&l%’lﬁ ‘trhvacfl‘fﬁffi“i t&Fel of
the secong;peatabli A8cGHANDEE Aidbrakd ReFayild BeCEBaSEctiitdNind | Mehel NK

is filled in the containing chanber 213 which is third or nore than third
by count eddfibirnpé LRRrSappRyMpopradgallynderirsangy, PAR thecspsSoRAAtf rom

t he cont ainj j ' t LN %Hﬁfl 87 to
t he cont a:fg%ﬁgegﬁggﬁﬁdﬁ%mﬁkﬁsﬁﬁ rgg%bfhgh%ﬁgego&supp ytx;?%%{ ET 71in
or der15 Astbhownimbov&heredarse, tthe dokuatentifg remaimedhgieds iole tthe tiag face

194c of the Lnk cqg%aine% 194 with interval for each_ of the con ain&gg
chamber 2%3°Kt P& SATatBf FOESHRtd& e Ui Nty 7681 be 06 decré5se of

the ink qugdhtiynstep @é/dpéﬁ&@-oﬂﬁfﬁt&?rm PerREGHST the YohuABe BEchh8e
S

contai ni ng _chanmber 213 decrease romthe ink supply port 187 to the inner
part of tA& tbatasaumet trrnbeat Xise glenridiy Wi the Bilge lisneaptadl CRMBATEhe

act uat or 6 t - CH of, .t i i 4 I
decr easesggT%lggecfegﬁ%,é{]ﬁ)efsft%%qt}gﬁgé dotf"ot Ega{l: n h(g(;]]uan %‘ttf?’ g)(rﬁgg% %)r%rcgﬁnbe
i ncr esedbasigheredk end is drawing near. The ink cartridge 180H shown in

Lo, 44,01 hasyene paciCLon tel | 212 yilch extends donmegdciiemite tor
wal I's 212s@Pdtantially perpendicular to the ink surface, the status can
be expressed as the equivalent circuit, not shown in the figure,
on which the region, where the medium involved with the vibration
25 of the actuator 106 is ink only, and the region, where the medium
involved with the vibration of the actuator 106 is gas, can be
expressed as parallel circuit. If let the area of the region where
the medium involved with the vibration of the actuator 106 is ink
only as Sink, and let the area of the region where the medium
30 involved with the vibration of the actuator 106 is gas only as

Sair, the following equation (9) can be obtained.



the bottom face of the ink container 194 have a predeterm ned space, the
bottom part of the ink container 194 communi cates with each other. The ink
cartridge 180H has two containing chanbers 213a and 213b divi ded by the
partition wall 212. The bottom part of b the containing chatieMAY 208a and
213b conmuni cates with each other. The volunme of the containing chanber
213a of the ink supply port 187 side is |larger than the volune of the

cont ai ni ng chanber 21gpywhich/usalpcat edmi ing ENBBArPaArd a®f the-bilk) +
cartridge 180H far fromthe ink supply port 187 . The vol une of the

cont ai ni ng chanbenk 20 0Ak3b 4 & red)er gbhy smal l er than the half of the

vol ume of the containing chanber 213a. The actuator 106 is nounted on the
top face 194c ofh¢ hededni@R ni Wy Hakerrridsd phahéheodak aspoptehedds,
that is a gr I i h ' bbl ' r - ' 5
cartri dg?%ﬁ&/%&&ﬁﬁfﬁgﬂ@aé&tﬁkﬁ?g%%Btghe @?\ ca;s}rét ?’ﬁgg‘e‘?l}%g’ﬁmﬁg Eé%éed on
t he caént aimitie dsanitgr c2h3be daldkilpteUB)ingt hhebediari@d4(1)s, f(@)nednds a
groove exk‘g)nded upward fromthe aide wall 194b of the ink container 194 .
Because t buf fer 214 catches the air bubble enters inside the containing
chanber 213b, thet3@ s@dd WRshitde OhitRBe36105aERE bhEG PYatiet eeti NghaBKk], NK
end when catching the air bubble can be prevented. Furthernore, by

provi di ngthat dst orhe g eRdheoparaty UEUd soieemandohtis aPnpatabibelty213b,
ink can b | et.el 0. d n ing th o11.2 Y 202 ink
quant 1y, CHITER S S AR B, RATERARMER 6P % me® neeidl BRY: FFe
conplet e wlods wyinooac bhat ok hamitrly &Rewoemadponitbhrge imk regisuPdinparsdat us
of the conta}_ilnj rl’gﬂ(é{]fg er _213a cal cul ated fromthe dot counter.

Fur t her mor®, PAF Qs tRfgl t BB L1J ST UMe? DRET heh e aGiuatath §OeRaRBEr 9958BE by

changi ng ¢he pherakl OF thB&ytdda1vakcobakh& MankiiHKoBuMRldr udldy &8Ee bk
quantity which can be consuned after the detection of the ink end can be
changed. Whrthewk tbgrink dguelsd hsgban amlevgr than e mouns iagpeeaiisi penber
216 in the.c ai_nj.ng.chanb 21 f the ink .cartrid 0 0H.sho in
Fig. 44 (Cg) gﬂ%hécﬁgggﬁg'mﬁ%roggﬁgi §"°fri%ﬁ’e kf%s%aéuggg%cg#?:ﬁcr%sngt ¢hanber
213b 16r oraxt e drigle bacehéd A nkhet okt Vibi & en®frddivomer el geahato2l6brodhe
porous nenber 216 contacts with the actuator 106. There is a possibility

that the SEaURDr LHGECHEYE (hdPi ik By (t’\ﬁeS]é‘H‘t’%rql'WgrSiaFﬁ@nﬁhﬁp&ﬁﬂi’l’%‘e‘? nsi de
the 15 c HHGnEhamefs &l ; [ CPRAL & | £ SO n the
cont ai ni %H%hlg{n%glr 213b n&veghg\ggéﬂaﬁgﬁ%cogﬁﬁ gmﬂ%hffﬁ%nélg%r?age .IQJT:}FV\{%e
por ous nemberhe1eibsapinyi dedtdont whepohhai NikgachagbeeXidy ihesporbus

menber 2 ture It reven ntering of, air i uat or 106 .
Furt her m%gef&gle%%u%leaﬂ%'e ggfgoggg}’ré n‘geéﬁﬁgs Zilga%g‘f%es ]inén% %}Eteaf;}oer%esnc% nber
216 e@an fewdEnthéhenlhandathe d6rd toi maldfamdidroghaagdet ext réage 1 feiuricend
status as .i nk exi st stﬁt us which .is caused tc)gr/_ a%t,achi ng of thg i nk l_(s)l_p t he
act uat or S5 LAREE Ofe CNARIE M oiHe AUadddy. UrhhpEPoGe ReRBeRdo 16 ithe
preferablg 41, D@ dHP d8E 4AdN& HOILR DLDE1CHAMIRS 1213chAki PPsSesTRld est
25 volune. Furthernore, by providing actuator 106 on the top face 194c of

t he cont aiqintginchapbeit 2aBbofi ihecancbeatonsunBy ttdiitsheckamody eénpdrsati ng
the ink nt it ich i sured f t.he .detection_qf the, ink en ntil
the compiaianiant EReElshes T n kL San PRB SR S B RR Sint Pl Han be
cons@ped mteaimddén3theldingct a0k ief mbbe tidn néar peade carmbred kargeard ty.

adj usting the volunme of the containing chanber 213b hy changi ng the | ength
and interval ole"(%é“eﬁj'H‘% t9 o %kRg %ﬁ%.aCCBEt@Jleﬁ\Y%@og‘eﬁi t%ﬂ?( BPShows

an i nk cantididie: N cridhe 1806 QS 5 TREDET 5 246: 8ke WLH iife GRSdd Wradkiby two

ki nds of porous nenbers 216A and 216B having a different hole dianmeter with
each ot heralcTiegssr bhe quambdit 216 Ankscomgempii eombyHaaippékwarddasfaussee

por ous er 2168, T | e . di anet er_.of_ the p S I .. 2L6A which is
| ocat edng_‘nrﬁbet e ul’lp‘-’}t])"’eorr sll e Jc])q;etchtes %cl)]n aelxnlisrtfgenc%eaﬁ%:a%%ﬁgb%ﬁl)%yl eiilrlgreerc':t an the
hol e 3di areiretadfiddevipdr allse Merheard 2168 rvfhietore, | atat e tbdd e ilnevam si de
of the containing chapber 213B. The porous nenber 216A can_be forned by the
menber WSEF & tPoReFe Gk g itha §xp.§|tence 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



10 liquid than the affinity for liquid of the nmenber which fornms the porous
menber 216B. Because the capillary force of the porous nenber 216B, which
has small hole dianeter, is larger than the capillary force of the porous
menber 216A, which has large hol e dianmgjger, the ink in thejycogngi2002ng
chanber 213b is collected to 15 the porous nenber 216B | ocated on the | ower
side of the containing chanber 213B and held by the porous nenber 216B.
Ther ef or etheneei ¢ theneae rofr edehés quaddt Beeachaiat ionf I caddit dheacbuatdangl 06
detects the non-ink s&gt ug. inﬁ dOﬁg not reaﬁhgg tQ the actuator 106 again
so that tR@SLELQRt 6P 168 4bEUiAoCOREREDRE: PO d ¥R | fRTSOVEX st

status. RyetheEaDpE:h REEAURE I8 IPAIOH MBI e t2EeB IMiEN the baksteapet he
actuator 106 absorbs ink, the drainage of ink around the actuator 106

i mpr oves, o&rtthe Hé apishcanybefdeatmige tbe shaghe cactuat snpenddedpninhgrt he
det ectd on_pof _fhe_ink existence increases. Nbyeover,.by proyidin he

act uator AD6EDA- PRAPE, MOLAEER, oG HE (L . CRY T 44 TeF CranRe 2eanCer
can be cofismip®Rbe tto tdhe eedhbyl GeINENSEh 4 NGL ¢ NBeridde fuanbisicy 1Mkitdlen and
neasured fromthe detection of the ink near end_until the conplete
consunpt i oA ofCFRRE 1 r Phet ABr 8X1FRBRFRKOquEREi Lty AiFch EBRTBECEBNshRBd

af ter they fgh £8lboR aQhelheard BK MERAlf KAA 52 PG pa@p%@eby adi-ugkingrthe 30
vol une of the containing chanber 213b by changing the I ength and interval

of the pathe¢tsamdwgeneZbBredby. ths ashowstar ck@s slukgld Gireobparracakn of
cartrj.dge ;180K which is.further other. embodiment, of t.he ink cartridge 180l
o o eRESEPUER A o e S BYRETLTRR o vilkaingr BEpRbEHEY] i
cartri dgeofl 80 shywod Nedt @i c 4baySr desd ohedl Sficthd hatdiberasgaentyt he cross
section on the horizontal plane of the |ower part of the Rorous menber 216
i s conpressed tHiPe Feldefeyythguaelptionshd pdbeEwerantis SepRétBoPE om

face of the iipk &H&t@ie"?éséﬁﬁntﬁ‘%ﬁﬁe&gﬁ £N6r *E‘i‘leeiﬁhga[%ci %'iae%%fa?&t Px? ous

menber 216 decreases gradually to t ection tot ottom face of the
i Nk cont deerid9f |tle carntve dgesHBOK ighdiy .i 22RiRg.. 4504) ihagsadrab ahich
i s pravi ded on t he.side Il pf the ink_cantainer,_ 194 to conpress the | ower
10 palgt oefx%rwglepo?%usl%l er IgiGSF%wPech lﬁher}%o(lBé 'diwg}ﬁﬂ ermf)fé?%%l?%wer
part of tirecpeisas, neaberredtharBecavsgubheyhdse @éapeiessofbddarideovetie part
of the porous nmenmber 216 reduced by the conpression, ink is collected and
hel d by taiditiRnabaiteniantp RFERRSHRbIT DigleBRALD e | BRRPpAFt of

the porous JEEIGL, ko £10 AWt LRENTEIRML R A6E YAHLEnk06 ARSOLASKH NK,

t he drai nage
By measuring the resonant frequency fs, it can be confirmed

20 whether the ink of a different density has been mixed together
during the re-filling of the ink to the ink tank.
Therefore, the actuator 106 can distinguish the ink tank
which contains the different type of the ink.
The condition when the actuator 106 can accurately detects
25 the status of the liquid will be explained in detail in following.
The case is assumed that the size and the shape of the cavity is
designed so that the liquid can be remained in the cavity 162 of
the actuator 106 even when the liquid inside the liquid container
is empty. The actuator 106 can detect the status of the liquid
30 evenwhenthe 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.



of ink around the actuator 106 inproves, and the quantity of change of the
acoustic i npedance during the detection of the ink existence increases.
Therefore, the error, of which the actuator 106 detects the, o Qﬁgstatus
as the ink exist status by the 20 attadg® ng of ink on the a%? Qﬁ%

nounted on-the top face of the ink cartridge 180K by rolling of ink, can be
prevented In the ink cartridge 180L shown in Fig. 45 (B) and Fig. 45 (O |,
to conpress to HeRreesename Hreaaicy e dross fssetiion of the hBErEaReal

i roct o't o Yo Tosanalh 15 U REH of "ERS) 18R ANcf 87 Eha vlBrhbing

Cross secéeonionm Mathoahdoniled aadmelohaﬂhelnentanoengd'cham’bmregradhal |y

decr eases the djrection to thﬁ bott om f ace, of the I’o{]'é nt ai ner 194.
Because t#iAhoteryl dhgEange thelRSwbRe pefta ol ORMRID Y EF" F¥6°

reducegd bynd h%q%Qdcompﬁ@%ﬁdqr&,ldn@li iﬁef@éﬁ@&wdl@ad;m&éayot@viﬁwal partB

of the porous nenber . Because the | ower part of the porous nenber
which is irm:rtﬁasﬂnqﬂm@ aesaacpbrtmeom@m@rmg smztlpnebﬂrfdhm@gféemt pliktAe ound

the 2ot uatals 00LTRAVERe, ARG, BUaNT LLY. Ol ClANgS, ocnde VBT Z00G, 01 Che

acoustic | nce during ron o I NK exXi S ence 1 ncreéases.

Ther ef or eadd ei @rid Drinedft aMtdec bt hes aaiéJ&WunlOGfdeheﬁéasé hef ndie mAkssbat us
as the ink exist status b¥ the attaching of ink on the actuator 106 nounted
&

on the tdf'e AT DG RESEARNCURFR dfe 116GE SRS BY| TRy VoPTATK O gh e
prevept ed, 1L+ 18y Shovs; O hera enbodi ity ofpd bepd nkpLapddi@ge using the

actuator 106. The ink cartridge 220A shown in Fig. 46 (A) has a first
partition wall memm,dedlesuchet Matait iext@ngsr ddvamdhe Mr‘mm‘-‘t ha tlmép face

ofthelnkcrtrld ecaueth els 10 .a.p temn
bet ween tHE" “Tlomerf* gﬁd ﬁg *t 1y qu oerc‘ w&lrltuf;g S?ﬁ 80? ‘?ace
of the inkigaid l’ﬁéi@ej.r?e?cﬂ&n itHe e:&ﬂuftlyomzl nt ohthefbpk, su}n@Ieytemné @3&1

through the bottom face of the ink cartridge 220A. A second partition wall
224 is fdied!'Qfch ishdarere sBabnehedf tmax o vame Y2ihekhend a%ﬁ/at?lba'% rom

the Qatt c l n t'flf‘? Lk E‘H&@l

230 g?’deogqel?ﬁéﬁfqlar%%ng%ﬁ%?:&gnﬂwia wq'g;zngf?'_%g‘(l:guse grgt%gfls a pre eterm ned
space betﬁmaeioetdﬁexoutpphangadbetauhe tsleedmd egerst |r1tqtonhwagle 284tlahsl ¢dwe t op
face of the ink car k can

0A, .i th K 230
Lhrough (PSR T o B AT 158 Seitay BgEessarte Rbp P8 oS SR 1
chanber 22ba-neé jﬁm cashiddendmner part of the f| rst partition wall 222,

seen fromthe |Onk suppl ¥1 rt _ ' ) '

n the other hand, if the M'cav is smaller than the M'max

20 in the equation (4), the medium which is virtually absorbed is

the liquid remained in the cavity 162 and the gas or vacuum in

the liquid container. 1In this case, because the M' changes, which

is different with the case when the liquid is filled in the liquid

container, the resonant frequency fs changes. Therefore, the

25 actuator 106 can detect the gtatus of the liquid in the liquid
container.

The condition whether the actuator 106 can accurately
detect the status of the liquid is that the M'cav is smaller than
the M'max when the liquid is remained in the cavity 162 of the

30 actuator 106, and the liquid container is empty. The condition
M'max > M'cav, on which the actuator 106 can accurately detect

the status of the liquid, does not depend on the shape of the cavity
162.



230, by the first partition wall 222. On the other hand, a second
cont ai ni ng chanber 225b is fornmed on the front side of the second 25
partition wall 224, seen fromthe ink supply port 230, by the second
partition wall 224. The volune of the fiyst containing chartbB MAY2%R i s

| arger than the volune of the second containing chanber 225b. A capillary
passage 227 is formed by providing a space, which can generate the

capi |l ary phenoheneptHeetwean itshehéinssts 38 tﬁ&r litad akhe2221 ame whiieh

econd partition wal|l . Therefore, .the i n the first cqontai nin
Chanber " ob8 B At ladiS el Re W vl ahbaada sy 1631  THER 1y

force of the Gapidithioh Paghaes 2%n HBRERHOr het R AR | bAr L HASSA @uéﬂ
can prevent 1 7 MAY 2002 84 that the air or air bubble enters |nto t he
second co@@@ﬁh@h@lzhaﬂ@@er25&pr¢$$¢®ea$nﬁh? QQnﬁutﬁKﬂi@ﬁéthﬁnVDﬁémgegénd

cont ai |n [ rea adual | Bec t he
first 5gon ai n mlet ?ézgrf%%gbg%%sl &'ﬁééﬁ%g | h erc‘—’lﬁrart)é‘&‘r ?ﬁggé?gécond
cont ai ni ngf dh;’trfbhé 2Zbbus ogethé roperiiiey 18k é;mmnbycpﬁdim%(hhatﬂw takity the

second contalnlng'phanber 225b is consuned after the ink %n"the first
cont ai ni ntPEAHber" F9%h the EBASEReds PhethRtRAN DY KRR 38 nélint EBeBnthfe

si de malIf&iléﬁfhéngngﬁugiiggecggogeogbgggnégk supply port 230 side, that
is, the side 10 wall of the second containing chanber 225b of the ink

supply port 23QMsh#te. > Theddet sat or 106 detectsorhe ink consunption status
inside the second containing chanber225b. The residual quantity of ink at

t he ti0ni Ny @*¢eeiiing the iRRIvebitend Yanthe Helbevias iyt ign gaonPeng

t he acthgﬁgaéﬁgaon the side wall of the second 15 containi ng chanber 225b.
Furthernore, by changing the hei ght of the nounting position of the
actuator 106 omgtdies sidg pmal | of the second coptyi ni ng chanber 225b, the
timng to determ ne which ink residual quantity as an ink end can be freely
set . BecEisdnagals taul(lpecnd orhltlharei vyatidomla whﬁg therdi@pre225at ke t he

second 20 o 25 7

act uat or %‘pGNd’géLsrgzgg QJ@?PS%%%ed%Xﬁ%}}E}r E?’F % |nk caus?é% gylth?% is

rol 1139 afot hei bkl £2rdnd daeo220Ait By BIed sty 75.196 wah thus 44 abd e
nmeasure the ink residual quantity. Furthernore, because the caplllary
passage 227 dolatsshitk beatweesaphkl @ilye@a"scslag:ef 227 canilg guavestaiwnidtiy flow
backward fr n1the seco ontalnln e 25h to the f rsi._containing
chanber c @'k ?/g‘ic}'é ffSVJi p‘?'rb n%é %?P%qhec%gb? FofThe ink
cartridge 220AThHmaﬂcﬁaaKI g e iade Ritict dosa{ad Rbel kv iy tIrdxdgri B saused
by the roII|ng of the ink cartrldge 220A can be 30 prevented by the check
val ve 22&hergpdiaensf he pPediasorl 4Li 07" N9 hRkerdopt i IRE the eavﬁydgﬂe" 220A
can bg pr&iéﬁf‘%ﬁ@l@fypt{ﬁé/'c@h'&gttﬁ% SREGK 1\4@L§-{éq§§§19§‘ {1he !t eRefAGRAfost he
ink cartridge 220A. ink inthe ink cartridge 2 i's consumed, and
negative lm%m élet@tS the lignyd2ebatuaswithone m&t\kflemttw@g%vmomemceeds
the pres { h I t ec Y2 2

|ntroduc§%1alr qugcg ggln Cégt%I %‘ggaﬁnm?heéﬁlﬁel%hg%ﬁggﬁ ee giglcloses
t o mai nt @avittye y@essure inside the ink cartridge 220A to be stable. 5 Fig.

46(C) and (D) shows a detailed c¢cross-section of the check valve 228. The
check val ve 228e93G¢ itherprgdisgope) RRETRADGEENDELRFEE HFHeHAGRIEE ¥ ange
2322 g5 01 MathdBorl DG r M A TA01 &, 238 caphiveh SorENLINLA! eReaie chglinean

i nside and outside of the ink cartridge 220, is provided on the ink

cartri dgene2aiisineh thikacounee 1 (2 ki ¢ todreo B8 ffares genehetEdang@cz:S@écorrhe
airhol e Qnene n osed by the fl e 232 he ck Vi 228
opens thtzél%% bﬁ'g efiffgalaln\gv’alr d 3 e xrkeacsg'lr rsiacf& %Wr%ln tct(%l‘-’l‘%1 zﬁaé e
pressur e adoudd d nkneaidrdedge 220 exceeds the pressure of the check valve
228 by the decrease of ink inside the ink cartridge 220A, 15 and thus the
air outside t hEYEHRSTAINS dRCOBAIRT | HPr SdiFc RIFSTRTS t RBPPARMERFY 1 itdGe 220.
The %Bec‘&c‘t%a‘t%@%?s%{lﬂwkd{éé:‘cﬂe ok d) 1 HRS aAaVEhY & ctda th 166 1%erltfbbef
and a spring 235 e negative pressure inside the ink cartridge 2
exceeds trieaqumesswhe cbunherchéektvamosiZe8fotrhe umﬂaaid&ﬁbmwk@%e@naﬁd
opens the spr 235.20 to_introduce the o de air |nto e rtridge
250 and CiforOENOEEESRo By ORI 1A idyat FUES b eRdra reces her | fe
cartri dgeidxdieoberstadlast ulet nhecar ibwdger 2208 ishavp necddghr#GdE) has
a porous nmenber 242 in the first containing chanber 225a instead of 25
provi ding the check valve 228 on the ink cartridge 220A as shown in Fig.
46. 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
rolling of the ink cartridge 220B.



The enbodi nent that the actuator 106 is nounted on an ink 30 cartridge or a
carriage, in which the ink cartridge is a separate body with the carriage
and mounted on the carriage, has been expl ai ned above . Ho‘tﬁv}%\{ ZP]dle
actuator 106 can be nmounted on the inksi4ank which is nount the ink jet
recordi ng appar at us s 6 ,1 ? MAY 2002 together with a carriage and forned
together with a carriage as one body. Furthernore, the actuator 106 can be
nmount ed ofR¢ idbrgk ingnke et iemefofhe actayatiosgkl e seproThde e vibagkiage
type ink | S b ' ' | L h gk

carriage %@tr%éoalglﬁl@?g%&ggﬁf uﬁggr%%%g&a%?%r}{%%%}é% tr}g)t%lriegf &? %8% vé'i;slgﬁ

enbodi ments gemea il btyethertive ignkot astei. dgevdB G lconsd birttttiady sectbhah a

recordi ng, he d an ink container are formed as on body and possible to
be. excharkReL T CRReUneb: R LhAE SR RESFESLEBREUAATAT d4C-CRERBEYS | O
Descr ispt | o4 RRSF RYRNbYBFEL FHNEE HISE NEH WOUR £RK 1GR1Td, 48 cRa¥bRgakPK
consunption detecting capability according to the present enbodi nents.
These inWJddntthégé@%mﬁﬁpmgeswtélwquil@hsm tavgeat orThaisd sosbdyahnd
t he menory. ns. such m_caon tor [ ans. [ Lt of
features %11‘6? elcirg %%neegan%%%gd%ﬁgﬁgf&f Sg% icl;%\érsno r%éfeagié%aﬁ a&ggﬁ% Ssh%cts
real i zed ghe copbéroélonsrvE theges stsuct unds thersdferi [dhie desertded
bel ow. Referring to, Fi an ink cartridge 800 corresponds to, for

. 47,
exanpl e, SIRCTERNG Ui LS Vot RS, CP. EPReUPRRTCSLPFFER8 2058007 richtdes a
i quird sensqry 80% aithdk GBUNRHEOR: dal8 BEMPRY 804uidneahigui desessos 802

is conprised of the above described el astic wave generating neans or

act uat or ,usirmy otltpsit phaneignah . coFpes paadipdg .t olit heasakofottenpirilonj st at e.
The consu ct(go .rgatg ngggglrl% i% a m)td% of t e _fremry neans for glse wi.th the
liquid 25 Cont &t rer 2R 2ot ol o B‘et e apr%sse?\ hventton: e®Eor l?rrpltriﬂﬁn

dat a memyohtHihdd iasiae thallngk seARIoAS behdase ate &EROY and wiraspands to
t he above described sem conductor nmenory nmeans (Fig. 1, the reference

numer al ALoYRG &d6r Yithgagénacecebhr L (e agtoatercyhpFishd Inerapd

Govi a8 colt o SR e S e e R, e P e
An i nk caersuMEdoho detaertiinggt e pirda tcowad dses nphehe prs nhphgerpalst teicin ng
process unit 8JP21’g .t 93 (ki) qgli'lg Fig~. r23IY%Y éﬁéws a waveform of the residual
vibration of the actuator 106 and the measuring method of the
residual vibration. The change of the ink level at the level of
20 the mounting position of the actuator 106 in the ink cartridge
can be detected by the change in the frequency or the amplitude
of the residual vibration remained after the oscillation of the
actuator 106. In Fig. 23(A) and Fig. 23(B), the vertical axis
shows the voltage of the counter electromotive force generated
25 Dby the residual vibration of the actuator 106, and the horizontal
axis shows the time. By the residual vibration of the actuator
106, the waveform of the analog signal of the voltage generates
as shown in Fig. 23(A) and Fig. 23(B). Then, the analog signal
is converted to a digital numerical value corresponding to the
30 frequency of the signal.
In the example sown in Fig. 23(A) and Fig. 23(B), the

existence of the ink is detected by measuring the time during the



sensor 802 and the consunption data nenory 804. The consunption detecting
process unit 812 detects the consunption state by controlling the Iiquid
sensor 802, and wites consunption related data to the consunpti on data
menory 804, and furthernore reads 5 thesgonsunption rel at eti7TddAa 28t of the
consunption data nenory S04. The recording device control unit 810 further
conprises a consunption data indicating unit 814 and a print operation
control u@gnreBasionhef coRgufpeT orEeeEs i diRiEiSafy fam tdes feorthdpeases to
a user the c u i t e consunption detecting
process uﬁ?t9§§283?29§ é?g%?a§§8§§gaﬁgggggpggﬁé?ESZO. A di agram and t he

| i ke which indi tatéetaanil nkafteemi theygaatmatdr dros dissplldyacdd,n thiee ndindbplray
818, and inornaLive sgund or conposite sqund indicating the ink remaining

amount  ar 85 1SS (IFIRE FRASH the Pigegl debrapeas s ditaPreneheymaed
advi sefl bycEBBeROAPHS] £ £58 e tHe 1B%I 0b16RgEaL 1 Q0 COMHO hidM Lo8L8ge
controls a print operation unit 822 based on the consunption’state data
det ect ed $ydehe Bundigptréredmakisrmeprodesbighivhigithetmngprigeigoal
operat | Ogoggb&e?@ B0 Lé%‘iﬁa@s R g, hS?QRtﬁ HEQS fovi g & & ke BuPERE

f eedi ng device and”So on._ For exarrpfee, € consunption detecting process
unit 812 fostthctsunte tor ithie epghahi oduntsti B2Addsmridpyt beefetarinfiged
operation when it_is judged that the ink renmaining anount is none. 25 The
r ecor di ngS 48Tk cBUEBRt r ol “unit 810 may further control other elements based
on thg det ect edp £ONSIHTPL) UhcHLkBe FAYEXIAPYEen IS & 1B LR 1PEAVEHEFeaN
i nk repl eni shing device and an ink cartridge replacenent device and so on
whi ch ar ethe lsyedont tbeleaubyinhposétdrdiafyt dewvictaiacont 06 - uriiig 828(BB0

Next, the_cons tion ta norv,804 will be descri bed.in-.detail . The
%}aov&%tjtg‘?e wavedta%%gien %he I;in‘}lcvI !Levef S nelroevfahéad 1&3&82 \?\/ﬁi Eﬁe

consunpti menory Oor €s 't he consunpt
rel at e t ondiet COH ORI ih Bifat ke deitacitest 196Ng Chepdt (hgkisemsar. 882a) The
consunption_rel ated data_ i nclude the 8 MAY 2002 det ect ed

h 8 17
consunpti ¥ SHigh-e2 Y4B h: ERfet HB%@Lfn'blﬂ‘? &St 28 ANV 1pdet Re v Ghegunt s
consumpt | 0 Al HalR SLASNY sUNbhgB6: Rfn e GARRUIR ioR faLa HpeRyy 804.
Mor eover, detection of whether or ndt the liquid surface 5 haS passed can
be real i zBu diherheokrdguidemarbopngiize existencase§ tdfe ihkr Exatpie, frém
change i n he_ above- desc%si q:ed i esi du It Vi brat i onst ﬁt.g.f 'lljhe resjidual .
vi brat i ont 3% st QUTH? rELpEHuS R S ES G d8aied P TS hePY oF S 1T t he
| i qui d sufi BE ed hfse RasSe b MMhd e Gt e¢hed cbyisthgtabavetdeser bbegheefhiect ed
wave of the 10 elastic wave. Moreover, the consunption rel ated data
i ncl udes @R &% Pk eChSFact TR TFISUatt®. CTHBL debe ANIPE FadLaGef FORi Ehlat a

are the data-used s QR *bnsRgrthens ARSI d U SR @ HRY cUge QFcLhechd quid
sensor. In the present enbodi nent, the detection characteristic 15 data are
char act ervst¥asion diethet actedtarchl@ibagamest Beablqui dl o wmati oneseht e.
The detect,i on characteristic.dat re the dat for ex e n,_th

fesonant T1LGIANE Scher st 8cine e aalf it toPn BeRER N eoREe b httance.
In this endpslirednt deie e st CvedCt o Sthe dkad Bred | @uritos consunpti on and
detection 20 characteristic data after consunption are stored as the

det ection char 2@ EieRrd seham theefaurEbts IR tcharathesightd gaHREH3%R to

consugpt '&%M&@I %ﬁhhﬁq%%tiﬂfét ELOm & 6L EER Hd et 8rigd @@%;ﬂlshl Somdsuned,
that I's, the detection characteristic in an inkfull state. The detection
char act eristeesdatd af the predetepiioe Sl dckippdtes tBie tidseutasrement,
characteristic expected at the ti n.the i h been consunmed to a
o atios or T GegeranE, SrefieddP chbTe BRERIhIS | Mnd BT oRRTLFANI U A L0
char act erdistdeC anbebsé Neavitg ld guimed tegek wittbhalewelbekl £aui cbrsersoriid?2.
The consunption detecting process unit 812 reads aqut the

such as the semiconductor memory device which i1s mounted on the
30 ink cartridge. It does not necessary to measure the time until
the eighth counts, but the time until the desired counts can be

measured. In Fig. 23, the time from the fourth counts to the

eighth counts is measured, however, the time during the different




30 detection characteristic data, and the ink consunption state is detected
based on this detection characteristic data utilizing the liquid sensor

802. When there is obtained a detection signal corresponding to th
detection characteristic prior to 8 %17 MAY 2002 consunjth MAY 882 seens
that the ink consunption has not progressed and the ink remaining anount is
quite a bit. At least, it can be known without fail that the ink liquid
surface isnabovelt b€ Lthguicdunessaerl s802arObd hietoddwesd haodordabey tbethei s

obt ai ned a, 5 det ecti?n signal corresponding to the detection
char act erF5¥FeIt t fR1F HRUEBRLARAPYRBAER K %t%Fgﬁr EBScHYSAHSRRY i nk remmi ni ng

anmount is |ow. dhe ie&!ém:ﬂl‘éqi dypats f 86 | SniPelowiihe |1 ukd888SAURB02he AN
advant ageous aspect w Il be described in whi'ch thé detection characteristic
data are &lweledathon el ddrs ampiliisndeapd t10e ek i 8@MmallThéhderesonant

h jstic is d ined b h f_the ink i d h
Cpoci Bi catTasienFy (T R 0 =8 RR,PYRE Phe B8 ol e e Y vrRicEanach ner

vari ous fESiEs.td angixt oty ¢ Snmeheasea tiedspeed! b8ndkbesei énmay
change the detection characteristic. It is not easy to cope with the change
of the 15'MEREERT orWRITAIRS s @U@ Mitteh ishanssabdfpenenthet ELturhgapiotess

unit 812 WS 8s ¢ ctd aracterl stife 48l R her
hand, in the prg@nt E%og?@n%j?@he 3%t gcgzt ?gh @ﬁgrséacrfeerl st cggat%gg%
stored i rcalrt g orsuptiven fdateoursrmregndidahdctedltioddtedhuhe restduakasi |y

cope \ﬁith t.he change in the 20 detection characteristic . Even when an ink

cart rildge” A Ty MedC Spedi$1¥ati ons i s used, the printing apparatus can of

course easily ututizerrddie deleother ehBbaLhehts! i €héatavdhuntir bAkthe
cartridge. Further preferably, the detection characteristic data are 25

neasur ed ¥OrtagR Wavad an (aff dde gpensesr ederhroRetiygs iRFER0AVARRE Hesor y
804. Th ificati h i d th
O%é%ﬁl?ﬁffé&!ﬁé}iﬁ%a% éate 2GR 9ﬁ§ﬁér §Bé$§Fgg§g¥ §ft% r

detectio aracteristics fer due to manufacturin [ty.
exanpl e, thee adet@tioiron0 6 hegaict et | theddidyit atepiendiing soset e bhapigland

t hi ckness. of, the_contaiiner. |n the 30 present. enbodi nent, .each ink
o B iy B RO et e P araad w0 S E GATDEs D e Eamglehen

detect | ortr@aa@@lsg?i stbgadatia L becsbots ednken JritRisHAYd OFe fidtah s@nory
804 . Thus, the effect of the manufacturing irregularity on the detection
can be Vveoltage from the low voltage side to the high voltage side is
counted. By measuring the count number, the existence of the ink
can be detected.

20 Furthermore, it can be known by comparing Fig. 23 (A) with
Fig. 23(B), the amplitude of the waveform of the counter
electromotive force is different when the ink is filled in the
ink cartridge and when the ink is not existed in the ink cartridge.
Therefore, the ink consumption status in the ink cartridge can

25 be detected by measuring the amplitude of the waveform of the
counter electromotive force without calculating the resonant
frequency. More specifically, for example, a reference voltage
is set between the peak point of the waveform of the counter
electromotive force of the Fig. 23 (A) and the peak point of the

30 waveform of the counter electromotive force of the Fig. 23 (B).
Then, after the actuator 106 oscillates, set the digital signal

to be high at the predetermined time. Then, if the waveform of

the counter electromotive force get across the reference voltage,



9 01 7 MAY 2002 minim zed, so as to inprove detection accuracy. In this
manner, the present enbodi nent is advantageous in clarifying the difference
bet ween the detection characteristics of the ink cartridges, .5 A@r ver,
the detection characteristic data nmay t¥ke a form of ‘corref&l?iM (} a'
serving as'data for correcting the detection data which a printer driver of

the printer (ink-jet recording apparatus) has jn advance. The printer
driver has®e ?%]5%‘% e}%%geccﬁ &ML ¢51BP HRE Wt USHT P TEHEE -deféct i on
10 charactgéi ghi-erdahace! thide JRME I dhe-Sdidde e dada HOE get
correcting the reference characteristic data by conplying with the ?ype of
the cartradygessntheaefaranne vofltegencet faamde gudpedctinat itdwyrd tiselihk The
detecti onichgllaacte ist]irgrdéta may be a specific correction value. O, the
det ect i on*Bharact &ri st JYata as the correction data may be an

i dentisficati on Bygbels shdhe iy meahifaBtael hgSROttbd @ £t ©hé Bick Uadyy Lbscati on
synbol is perfornmed in the printer side. The consunption data rrerrnri_{6804

further statle¥Fahicy R FRE A AR%S 188 /ol ABROVY BRI Y BRE1FRSE oduFle
contai nerppf the %Q&E%%ﬁ%?ﬁi %EV&T@ Iy TheLheOoRStIRLLP™ SR A RRIM LY F804

stores data on the type o Moreover, this nenory neans stores a
manuf act 2 2d scaepyfateaneédpysequenne tia pl urahgey prfozessangr ddtéa whilcko on.

These data can be, suitabl tilized in caontrol]ing the ink-jet recording
Appar at uscs Fnee AT chdvh nb SRRe AR PBE’ e Bsth b GereEbRFGe
procems undd . 8LEF Whd iezidhd dfheheopserpeil eatgataeleneny s884. thkr shchWeet her
or not the ink cartridge is nounted is judged (S10) . That a new or hal fway

used ink %k tR byl 1y iurkhal ackvasedidéet #dichhils hPsBedsingonsekody
switeh (nol show); £aulbrsd SO dD-Lhesd Mid Rl eeOadind BRPapAl iowen

the cartridge 1s nount étection characteristic data are read ouf of the
consunpt i iom Fdat.a2 feran ype8@dn( 542 uaad dhentthiagcohs ytuagmrstate wWateahar e
read out (S14) . nsunption_data indicating unit 814 B e Y 2~2 and
br 0t opett FSISOS GTREFE1 63F nEeHe PECOPHIAEoRebPEe BB TOR™ERY 12 B0
utilimze tﬁ@lf&ﬁﬂtdﬁ'étf ERASHTRIHtYT batie €Abdodds| BpldealitgHd sensafoB802,

t he consunption etectlng process unit 812 detects the ink consunption

stat e basklf oran He ; regeeddeicsd veRar at hpsepredaiae( ABY . aligre
d d i ' ' i S04
et eCt_e #@W&i%?&@ﬁ%sﬁé qr S%%{%g%g%@%&é‘ gat.p menory

(S18) I'S ‘consu ion state 1s a e recordi ng device
control unit 8lIhe dkeulheororoadiad hethik pdartter bdge vibragnoyedliase] Ltged

(S20). If not renoyed, r?zrnto Seé? 10 Next, a _proper . .tim at _which the
dot ect i orft oAt BLPSR cL4it o e SHAEF | ¥ovie EBREGADLIEN FSYACTentry 804
wi 'l dpe descrddpsetrHd @1eHéRR0S24 1 Natlc s SN E okl HE Sndtibd NdhvhAUugbper

cartridges' detection characteristics are stored. Referring to Filg. 49, the
consunpt iBrEeHafedendesimingd416hi cdnd 2 §eEPésad EPERERE e Oirod Llower

char act erdsst i,c. 1 - o] n i, nk: r '&ﬂg A s ik ridge
i S nount eédlsét%%%gei n'.k?rjh%%‘tl rﬂggér %%'H&&ec‘ﬁ:egé the cdgt %E‘tglhon cﬁar actlgc?élésti C
i S neasuregickioeldetedicl vhbrhtingtEkatst ior apinezsrilreact gt Wegerai 6@y drhe

ount1 19 200 UL &Ll el ore e LB Pkl 00, L O Lo RS
pr ef esably) smasyieedsafd@fied 2 FRENEdPGurface of the base plate 178, and
the lower electrode 166 is formed on the top surface of the
vibrating plate 176. The piezoelectric layer 160 is formed on

the top surface of the lower electrode 166, and the upper electrode

164 is formed on the top surface of the piezoelectric layer 160.

30 Therefore, the main portion of the piezoelectric layer 160 is
formed by sandwiching the main portion of the piezoelectric layer

160 by the main portion of the upper electrode 164 and the main



The detection characteristic is nmeasured in a sane nmanner as detecting a
normal 1 nk consunption. The consunption state is detected by using the

|l i quid sensor 802, and its detected result 25 (neasured val ue1 in@%i?&ﬁrded
as the detection characteristic of a neg ink cartridge. The s Z

detection characteristic which was initially set is changed to the neasured
val ue. The progression status of the ink consunption is determned froma
di f f er enckoBetreérf the devestebrceradacts ifsonctands ddaand f3pmwbestand
det ecti on ult. According to the present enbodi nent, by adjusting the
detection characteristic at its initial stage, the irregularity 92 ~17?
MAY 2002 causedn ipy urtad iitydo¥i thualp idiZdedreetad coé 1l ehient nk7€arficurdgasbeas be
appropriately absorbed, .thus inpraving detection accuracy, Another

proper t i &S CARR Dt Fd et bctihhOERERLR dMesY BT ARt ATk BA5? dr/éd | Rhehe
consunpt i v élatd JRPYIe 884 M Ido R DofasHd ithedsuFPe-aBIs Wird,YBLEE A the

detection characteristic data may be stored during a manufacturing process
of the imdlatetifege. They phegoehsetrbo, lakeri A6€gulsariaynmerhuzedthy top dif
ference of Ipndivi L cartridges can.be oper absorbed and,can inprove
he det el IHE e b 20 TP eEnPEERERRa8r b ottt S8R s e bR oh e

char act eri stficxmaid 6h tile itdlp b0 £eEE WY ¢he PePBabeEediarthyecarwded. THAUS,
t he nmeasured values of both the detection characteristics after and before

the consttRR$ORIESTTPECsERFBINT h 1GfeaRBIAPPIER AR A FRADIOPBURINEXP,
arr angeneifte ¢o i@y bhathd Sensyrt8h @_’fdtﬁgeg[%%’ez[c%ﬁ.de 163t QnHEl?]%éy 804

on the ink cartridge 800 w Il "be descri bed. sensor 802 a t he
consunpt i lowelatel ammde 866 .nmaffhee fanrangedeas dif tbeeattpabeoeslof ahe i nk

cartridges 800 (see Fi.0.,1, Fig. 7 and so.on). _The lLiquid_sensor 802 and
The 20 COmSReraT ALY REGrEEE0d SRn b ThEAGeoEP P FeF SRt ates on
the same wal |l sild.ace ghohde crbseaskerden SPQ psee &f Ghe 42AuaddB Bvdl
42C). The liquid sensor 802 and the consunption data nenory 804 may be

ar r anged STesBecm Feigr &5 -di Ther BRrowahl helef héea b¢ farmeAkoRakle i &RRe 800
(see ki 9.odkne EQEeY@'Até'avasa%ﬁiQQ. f‘é‘+8§‘ wirt B! #QHEQ?J%SB%PEC?\%Pahén%
arranged nay be positioned perpendicular to a walT surface on which the
consunpt 161t .daTaenemoygid b lies 1aBrang etk alsekebFi tthe TidnehtRing pdateRef@rri ng

to Fig. , the liquid sensor 2 .and. t he nsunpt i on _dat a.,nenar 04 are
b ovi ded i GRARSE I BERER: 1 5ad SRR oY 1 TBE cORESEhar T KA%os
directiorlddtfiinBlladisgihara@idr 830 ¢ Sukhoys dadindma Badl Dvedorsilin ace
of the cartridge. The liquid sensor 802 and the consunption data nenory 804

are provic¥édq napfle 3k i paESiAle. Thede adefarmegosskagneeprily the The 3 ' |
.~ My Z%Q%z%%ﬁte%tf}% 'eﬂ%%nq:r 993 %ggg}h@a-oﬁ%ﬂé%mg%#é&%iaw1dyssen50r

802 and the consunption data nenory are provide cinity of the
supply pdarct fa3e. wAdhanhagenosugls pecltes 16f8a.hi Thar tawgenehecwrddle bis&leiscri bed

bel ow. 5 Figs.., 51A and 51B sh f th |
por . ThEFSTES PO P R Aot & pBLPLF BhRRGP brEFetl FoRCads 1Y i
peri pher yxtleride®l tepphy paet df pattsbawn)leEbthereatiohdpe’ Bid oves, fdmace.

The positioning projection832 is inserted to and engaged with a positioning
concave &€t T894 or0 o thige theossli Relgedi’88 -si Bhe. W%@s]iqqt(ﬁﬂcﬁg &cave

part 9834 ;5 formed on the surface of the piezoelectric layer 160 so as to
be extended to the opposite direction of the lower electrode 166,

which is right direction in Fig. 26, from the region of the through

hole 178a. Each of the upper electrode terminal 168 and the lower
electrode terminal 170 is formed on the surface of the each of

30 supplementary electrode 172 and the lower electrode 166,
respectively. The lower electrode terminal 170 with the lower
electrode 166 electrically, and the upper electrode terminal 168

contacts with the upper electrode 164 electrically through the



has a form corresponding to the positioning projection 832. In the above
structure, the ink cartridge is positioning-nade to the ink-jet recording
apparatus at the supply port 830. The supply port 830, the |iquid sensor
802 and the 15 consunption data menory §94 are all provi ded‘?ﬂMW@mZ:entral
portion of 'the container in the cross direction. Even though the cartridge
is mounted in_such a manner of being rotated a little bit in the horizontal
di r ect i onSHBBEEMERE AW F e ¥arade8 372 ahoafeditvest a heignslt betivegn the

di spl acenge . .qui S 805, t ns I menry
804 causggg%;%g%&%%%tr it g%gggﬁgnglﬁds ra %glrt%gr%la Fﬁ F ﬁgr%gg&%ggrgﬁgti or?leng
accur acy uoppelreelexpt nvdel t eAmisadwnes 8 mrichehallmwe e xaepkesdeat &iglnal 170

posi tioni accura is generally required for the supply port, so that a
posi ti oni Hgss%&tﬁc’ﬁﬁ%/tel@ et GRAY the Seidhti PENERE Rie IOV SH C By SBIES di ng

25 thes sepgopnand MBARM YU 5P€ tHL RE{YnOf e KUPRE RYJged hs?&t et ure
for use with supply port positioning functions as the structure for use

with the péagorlaptiriembayepositi oning. A single positioning structure
merory. A ot ol 186 e ey s Rl BSE b ie PR e ot r S D8 or
and nenorghoandic@ical 3. i rpnaeste, bhehdetgltHalre 8¢0Hr B ¥orasbhld g@ca@hher

pref erabl e, enbodi nent, the |iquid sensor 802 and the consunption data
menory 803NGRE POVHIERTERTRtiagethe greenmhesin D194 oRRIRDIT GF dasesting

base ff al grofbgsind?A 1if28,a00 4RC:E AP LEabRLN 5 HdichYLEe 1 AELEELENY 1O

Figs . 42A, 42B and 42C, the sem conductor nenory e actuator 106
are provited lnirning saoeebase THeageebi@Ghdat 940 9 ssformed by, thdmasemsal and

the 5 nenpry, can be mounted wi.,th ease. Mreover, in Fig. 52, consunpti on

det ect i ngs‘ﬁélgeaf)l%?%a% "iag:eﬁrlt‘f\gi 'deg‘gﬁﬁ’tﬁeg’ﬁﬂl‘?%’? rﬁl'fe;)eto%‘ltlhéssgﬁﬁllg}aﬁgﬁt 830
and i s areangrRdsipfhbe crepheigrefert SRe6F @D di TREldEOERERE £ONbaLARES

Ther eby, the positioning_ displacement can be mnimzed as described above.

10 MoreoveRe YHRTABHRTI RY2RBALVE PACRKI ERet RETPigg @reerssr (FBeuarery and
the HRINT S fige £ 104UCE UIES el BNE RO O BEfn % 9{9%8&%9%%@ eff'}&{eg,tgg

i
consunption detecting base at e. e nount| ng nodul e 1s shown in
and so om Asndestiivieed safmved4pr othei i efod e tnmiunt 1agenodéloe card paot ect

the Iiquid sensor 15 fromexternal force nd cap facilitate the unting
itsel f and®? ﬂf)'f”?/%tar?’eeroﬁgéaf‘ﬁo OTPRY LT ég’ﬁc?ﬂﬁg?ﬁg Lodte REFEM gﬁﬁef)ack
to Figs .od2Aequedt ald v1BG, thé rddithdd 8sent agpodi . wher8oh8udt o¥bded a
positioning structure which positioning-perforns on the consunption

det ecti ngt H4RE Ptateecomegathatlewer| ¢tererednt bf herandhbaghcendugeierence
ToUntng THe bat oSS Sre ot T Sucuardry Feemene s me cartt iy e
shown i n pretees vi dlexsf, Rihp or2@n Hlesst 4] edthosréemcshoat a4 posthhé oni ng
means. Thc%r?dt?ét?i\pé 0‘15989 f§.4\ée, p{}'?.é e%tiie%rc])se'leé%ric layer 160, and the
conductive layer 944 are dried and burned. The spacer member 947
and 948 are provided on the green sheet 941 to raising the height
25 of the upper electrode terminal 168 and the lower electrode
terminal 170 to be higher than the piezoelectric element. The
spacer member 947 and 948 is formed by printing the same material
with the green sheet 940 and 941 or by laminating the green sheet
on the green sheet 941. By this spacer member 947 and 948, the
30 quantity of the material of the upper electrode terminal 168 and
the lower electrode terminal 170, which is a noble metal, can be
reduced. Moreover, because the thickness of the upper electrode

terminal 168 and the lower electrode terminal 170 can be reduced,



25 shown in the front view of Fig . 42C, there are one proj ection in the
upper portion, tw in the central portion and another two in the | ower
portion. These projections are inserted to and engaged with positianing

hol es (.and nounting hol es) of the base ggd ate 610 . Since tﬁb‘lbﬂé(ezqmate IS
accurately positioning-mde by these, the 30 accuracy of nounting positions
can be further inproved. The positioning structure of the base plate is not

limted tBhehwroréegssedepteominal d68-aud theodowersl ant tra§edminah t he
projectio The base ] rred,fo_a a "I 7 NMAY 2~2
with the g%?\cggg %%r?g%ﬁkgﬁg?%oﬁ?ébﬁég E:Sdgé At Q?ﬁgﬂgi frqugﬁ'lgptr'munti ng, the
peri phery of thefbaseophateiba @amst rsaidared whidihels naeinae@téd owvithethencave
part, therebé{ reali ﬁg}g t he posi igni ng. The circunference of thg concave
part may ABPINAVEVE sefrrg‘léhaad‘éis §sSRHF T MBI er £hE8 P 4 £ 1fF DESE Bt e.
Ther e Ar e; P d86e ali nlee@BbntoMe £6RGUER; {88 LANCIYE RAELrmaA] dHieuppas

pl ate may be sandwi ched by these ribs. Next, “still another enbodi nent of

t he presenterhvedeitarmingl déddeovdr Fhedlowey.eB3-tiwode fugrmiingdal 78l osk

di agram f,Qr 1Q icnk-jet_recording-a r at ipped with the ipk
consumpt i 5h TR e £RE e, 7BE U rages t hEnBTLLERT b Rt R or i ng
fromthe sé¢rmthal €69 drid)theé’ loadri dkesardde dgerBla Tl sire @bkyedfl on

| i quid sensor 902 . A caonsunptiqn data mam)rg 910 is arranged in a

recor di ng-aRFPCer ¥R O Wit FOBE4CtiBEG AT 4?(?%41@%%\5?(}{9%“1%1?}’@? 47,
the rgecorsling grMiGR eaat EkaPH{;toﬁQﬁeCQBEéka@fe@tf@&@‘HH%tnli%ld‘i%QCSh@Q
process unit 906, a consunption data indicating unit 912 and a print

oper at i onctontowgr @liactodotie Heermdoedudptoi, othdatipperndetact ngdant¢r9igal

i ndi cat es t user the detected consunpt. state by. using a 20 display
016 and o 4D amE S TR Rl SR S EPRTHER LA e PSR e BI et Eed
print opesifih othelnbie 281 daseie orafde Tt e€leck £DASLIPL i on state. The
recordi ng device control unit 904 further includes a cartridge identifying

unit 908. The MG c3fsTPYT S rddicacet Agr Brkpdinenteahpts dakt Frr eoHeIPmt i on

det eqjlsi NG, PrQfL Pl Qg?snﬁz@%n(?arﬂéﬁgﬁs {dentd faygggsﬂnééct?@@nai & ew

consunption data nenory 9 and the ITquid sensor The cartridge

i denti f yiolg thei o908 pdentt Of itde ankiqekrtodirdgd dfetropreedntretihed imentg et
recor di ng.,appanat us., 30, Con tion related. data coryesponding to .t
dont 1 11 oY FE Ak e B TR BRcReR BReSRRehi bR Ak TS 0.

As descriledrmbagehot bem s et benthel @dreth Kada 1, nehtigd t¢bet&ONSURR ] ONn
state data and the detection characteristic data. 9 6.1 T MAY 2002 The
consunpt i O SCHEOHREE0DE i hfe Frroughy Bedpt 1ofi&laseoRY af e (AU 3 4P% he

consygpt igdh dp ddvdLadd rhgl}yrggoﬁ]r?% ahgd-t he print operation control unit

914. The detection characteristic data are used for a detection process in
t he consunpti ofigdet @8t(Bigsbopsoz edstamied 3N sOpecsticonsff bhe tart wHiove

Jesor oo APhgst D et sh L gloy e dap Lhegh JPen e ks sy
cartri dgea PA@n sdewhaf the datenitdryE8g dAlatl eltaigtdholet he sloownnpt i on
data Fig. 28(B). The actuator 650 has a vibrating plate 72 and a
25 piezoelectric element 73 which is fixed to the vibrating plate
72. The actuator 650 is fixed to the bottom face of the container
1 such that the piezoelectric element 73 can face to the through
hole 1c through the vibrating plate 72 and the base plate 72. The
vibrating plate 72 can be elastically deformed and is ink
30 resistant.
Amplitude and frequency of the counter electromotive force
generated by the residual vibration of the piezoelectric element

73 and the vibrating plate 72 changes with the ink quantity in



10 nenory 910. For exanple, an identification nunber attached to the ink
cartridge 900 is read out. The identifying data may be obtained fromthe

| i quid sensor 902. As described using Fig. 49, at the tine 7nmy1tgimg t he
cartridge, the detection characteristicgis neasured is stored in the
consunption data 15 menory 910. Wilizing this detection characteristic,

t he consun‘gtl on state is neasured and is recorded in the consunption data
menory 916hesgppésénekat - t &g whread hede ggowsf@@n@@e@n Rl pos igwn
mounted a e t ar d { AV ins in
t he consu%g?:agnIga?%cérgfrtocg%cg:i%r&%%%da%gaa?}ge;Ega rglg? used or natt-'
processi ngft hekedd tsercured tihi shesinssyglatedreding t'Dhénh@f@r@seme enhedisrent ,

the simlar. advantages to .the above enbodj ments are obtai ned even if _the
consunpt i 8h glF e@%ﬁfy ink £ Pe raelrklYrarhgchedi oY Pyeyigusly

Various mpdhbieahbase é‘HHEXbEQrEQ@lBr&SEHé AHRd fbf e Q@éﬁé@éfssoor
exanpl e, the constnption data nenmory may be provided separately In the ink
cartri dgewhhdht he deterdingddeyittee ciorit rplantiitty se@me:ed itrh & hee trbrpugrhy
record thg rrption state 30 while other nenory may record the detection
characteri's ata. Moreover, one may be record the standard detection

characteri stl c daga Widiouwet beherbymbeg Ofient hef measuheduyhl hiebe afc t hen
det ecti on characteri sti c. 1 ? MAY 2002 In still another enbodi nent, the

consunpt i B8Rt Fitghof 3 (hmy (R pRBdi Hek ithe ket Mendeicedgt the féoune

i qui th Segsgls Bie be LY QY et 'trmetr%e 116680 dhia0k A&y itGe %'ﬂ%ug'ﬁy%l%t Rugtures
may be found in Figs . 15A and 15B . I\/breover there may be provided 5 a

struct ur eagdchhe haiglldz)tftartdn@1Id|eq9|fdthenéoguaecblt¢ves dﬂmswrtratdm tdhattaimknory
are provi ed inther cor aratu her rg?flc ns accqrding to
the present Sérﬁ)d‘baﬁ% Eh g'éh’g‘g gueglcn t hg dgﬂ?dgi r‘ﬁ%g 9t he
consunpt i pg, sdrad glaat@a@@%fl@ha&rard@vhbmf 1&¢hes detpeli £ tardvbbeical
detection characterlstlc data for use with detection are recorded in the

consunpt | Bal Hat af sy 28S A hetBensitptiasie A af cehedthroush twed ecdnt iary,
only gne Qiaﬁ@@dd.%avé‘f‘&'l@glr&fPéﬁ@ijonlQng'8 elgz @Dgh Fé aéamg éhnehs

| iquid sensor Is provided 15 I1nt I nk cart trast ere may
be provi d@dtal@vé ur aln tRigof 20H8) | i qusdeppe@qvcsrtlcay lg |alnd2|1|fgarbe§errpdadr al

liquid sensaqr apled ¢ u ion data can be_recqrded. ., Moreqver, _the
det ecti on 1& &lge g??% otgf:i a r%?%?g}gtﬂg r ec TSt SRR LREA PGl B
sensor. 2Zkhishtikeppoesaatl evbediciRnNbteppPed! psitt This @RS O0i s ivki By BEaur €lle by
the piezoelectric elenent. As described before, the change in the acoustic

i npedanceSFRBPSR BRFeieRdlesi M e pid% (ol ecilie Chreumhthohel ¢ drdmindt i on
st at ggmayy ﬁ@o@@tf‘?t%@té;ld&ldég tdhedLehliecte oWa‘.(ﬁ ?thzﬂelﬁk‘ﬁé'gag‘ﬁi’f The

time required to Travel 25 fromgeneration o astic wave to t
arrival 011$¢ﬁear@¢<ﬂec¢l@@lt wewve the oﬂ)ilaemiemnm a:onslurqnpp)ly stexte Zray be
detected by sorEc

|I|2|n |on f t? ezoel ectric
elenent. In the p Jhr%é) gé?rﬁ%’fﬁp O e‘f-' UéhES gehér ites ¥ %Jr%ti on
and al so pe(wYy aidES(Gi) deh&cﬁuaﬁwtgn@t mkqh iméheat ek 80othegi pXrt can
consunption state. |In _contrast e liquid sensor mm
be reduced. Therefore, because the M'cav can be smaller than the
25 M'max explained in Fig. 20 and Fig. 21, the vibration
characteristic of the actuator 650 at the time of the ink end status
can be greatly different with the vibration characteristic when
enough quantity of ink K for printing is remained in the container
1, and thus the ink end status can be reliably detected.
30 Fig. 30 shows a slant view of the other embodiment of the
actuator. The actuator 660 has packing 76 on the outside of the
base plate, which constitutes the actuator 660, or the through

hole 1c of a mounting plate 72. Caulking holes 77 are formed on



be such that it does not generate vibration. That is, the |liquid sensor may
not be such that it does not generate both the vibration and the detection
signal output . The vibration is generated by 1 r ~A- zoa2 98 an
actuator. O, the liquid sensor may gengrate the detection sfgngdy ®iEch

i ndi cates the ink consunption state when vibration is caused in the ink
cartridge acconpani ed by the novenent of the carriage or the |like. Then,

wi t hout generattgigitte ofi bhat aotuanob &6 posiThevectraaher, 66hels Mixed to
consunption i s detected utilizing the, vibration caused naturally by the
printing OpREAIGISHS § 316?*}%’& g?‘i‘lﬂk?"é% 'ena7d‘é3vtr'ti'bé: - uht€* shown
in Fig. 491e0d . (832188 dEeadealicged rbynot fgre Hdian thHORRBLEN mhtt Be
recordi ng apparatus. Part of or whole function may be 10 provided in an

ext er nal | herast P congit ehisTaabadipeay  dite fedalediongy Obeoppaiisgsdai n an
X T . . . | Kbt
cont aPaer SN - CA I tihd IAARCRY anl TP BEBRLeLER ¢ Btbflene

i nk-j et re&zor diheg capparat partHeuweder forimed bgutHecontasthde oAythe Aacénk 15
container other than the ink _cartridge and, i nk tank. Eor ex}aanI e, a

sub-t ank $h tth?e_"ﬁ’é’é&“’ﬁ B8TiafOLBLYE §S§Lﬁ1ﬁt‘?\/§r°e5\)’ett, €t hECPRRIVSr FRFRIge
may be an, CddHidge Qhat PesQ9a tatl £dcAl1dmerftaihi agendPead MY eR¥ESLhéhE
present invention™hay be applied to a contalner which houses |iquid other

t han i nk.sZle A dbecfabedotlidve camgaviepbertnfdryinddoxste pdtakee 80n wWhireh t he
menor ans,_1s provided in_the |iquid contalner he detection result can
be st aBroL T I Foed et R tereidtn E2Tha T s rled o 7 cBleT LR

i nproved.rdd 1Mo ugh htihet s eseiiavienyent i furoiagy bees gleses Bbed Dyewafozd, of
exenpl ary enbodi nents, it should be understood that many changes and

subst i t utiR¥hs" TREA bEFERIINF (Ao IR FHER PN G oF t9Gk THBtRSAar thg
fromthe ;ﬁéll{éﬂeﬂn%ft PReSEORE WS gta*}% B esefird KRS+ ON oMY §Bc1acdeféned
only by t'he apperided cl ai ns. 99 WHAT IS CLAIMED IS:" 1 T MAY 2002 1. A
| i qui d cdrEtsnitier sivdhpri singetardoudimghacsomodare mf Itheuadtuatbrglo@

suppl.y openi ng foryred in said housing: .a |liqyid | | _detection device
corrpr1|¥’si S‘Oawrgil&ggrééc??!i’clgl‘é%% ;t dbaasesg’ziﬁgﬁgﬁégv?gg %B%n\fje B val |
of said Husid0.72.1isTHodrcdliad onert Boagr. arkerdsfdge | ocled andndfashereid said

storing device stores information relating to a |liquid consunpti on status.
3. The | iRFARIFPTDANERRErTRR EGPMIAG TS 180 MRk GREF et AIE IR REGreRH I

rel ating 4if3 the dd<4ut S rRRSYARELSA ndf At Ykl 298N 20034 rdaleehi. ng
device. 4. The liquid container according to claim2, wherein the

i nf or mat iTre echpritorst 70 detseatsizre whachotan bet ¢riseddddrimitd bhednptayaid f or
det egl,i ng t-he, ligquid.consu ion status by saj.d tecting.device 5  The
| quiCZQ C Cflzﬁ &grgﬁgxbgﬁﬁgn%nn{%o % 8?%1‘-" ?e%%? ei%ﬁ’ Eggﬁ %T%?‘?%bg%&f%ceess ‘ores
i nf or mat itdfe cbaicaski P@rt@ieebhadpehat &€ agr tRéigs hsf or ehiehectugquod 106
contained_ in the contai ner starts to _be consuned, 6. The |liquid caontainer

accor di nFRIE 134} RiZ- AhERS ResiPametioF Pnle deftredded of e ittt uat it e

i ndi cati ng dgt edd i ShayAartgide! 1165 sy chy1 s expected to be detected when
the liquid is consuned up to be a predeterm ned target level. 7. The liquid

cont ai ner accorftfing3oshows e 4lentovienerkithe penféguratoanchaatidiamisst i cs
i nfor,patiQn conprise rr.esonance, frequency. charac i sti.cs. 8. The liquid
cont glgﬁert%aecggggﬁkﬁartslo&%ll&%l ,bq%lyr?ﬁermggﬁﬁ%flgir?%&gfes?ggt'ra gerrrnnolfﬁjtleed on

sai d housiorg.isandusded Rt ENd igiG:diad e it poaiid i8hobE Nghd evdiiea frier 1

di sposed on said substrate. 9. The liquid container, according to claiml,

wherei n &4 87 1RicNtEiElIdet EBEITRAURYITOO HBIIE HHSuiFe dehsahpticon

status 0'1&}@%0?%%&@tqfonas€9€{lgeihr‘tﬁ@?‘c&&%&%{éxc 1! H??@é@&@t,iﬁ&-aé”leea!étqu' d

contai ner according to claim1, wherein said detection device detects a

l i qui d caisueheinge of atasushi¢htnpedincefols thigahgl 1hduidesithalmoduwdeat i on

ther%8f'100 of the present embodiment has a liquid container mounting
member 101 for mounting the actuator 106 to the container 1. The
liquid container mounting member 101 has a structure which mounts

a cylindrical part 116 that contains the actuator 106 which



1 ? MAY 2002 100 11. The liquid container according to claim11, wherein

sai d detection device detects a |iquid consunption status on the basis of a
change in a resonant frequency thereof. 12. The liquid container according
to claim1, wherein said storing devicexonprises a sem conddcMAY 288nory.

13 . Anh ink cartridge for an ink jet printer, conprising: a housing
accommodating_therein ink; an ink supply opening forned in said housing; an,
ink | evelogieitédten Mevilke EBHPINGTignalpiay celbe@s mousite 38Rt ; thadpaan

storing dewigGe: mpunt e f ' I ng he.i.n ridge
accordi ngg%,o&kg g?n?%ﬁ%e%%isﬁpdre:%o%ﬁg%}lévi (?gjcéti‘lg;léeghien%?%%i (E:L)gg
rel ating 19 constuad eapthan datesuatdr The sMkheanbdulgel Gxeandhbg to

claim14, wherein the information relating to the ink consunption status is

gener at ed® By YHAF AEEOEL PRES 4LV i*ED 16 TAdUS Akl Qi PagREEE < diRgink
¢l al msld, et ehide | Roie! I QLIRSS 0 6CURBERDRALLELLAL AARCLSALSLL ¢S

i nformati on enployed for detecting the ink consunption status by sal
det ect i ngTle e side offtdd rlgeart tilbgeyadodrdicad parc|ldiéanis6chantered said

storing devige stores infqQrmation_indicating, detectjon.characteristics
bef or e th%oitn atcogieaf%xgﬁnlgﬁlgg;ldp?lﬁﬁglilnGSc?tnalf’fase?%l%% fclg% dEBTBbO’Frﬁe i nk

cartri dgeviacelor ts nfotmed | fh Nt S, inbes £t tw S@diel. st ori ng device stores
information indicating detection characteristics which iis expected to be

detected when i i & T HhSHTed up*PLoBRIay bredet &ha modulsr 48P pRoWN. ing,
The ik Cﬁgf{!'ﬁg;%oagﬁ%déﬂ‘@ d @8 ¢ Lhe MioaMerfid. t ReedRbaat LOoToo

characteristics information conprises a resonance frequency
char act erimtiwdes 201 iThed iquatednrtar dgenacogriémiger @ 04l made f3;onf artdein

conprisin substrate unt ed on sai d housin an ai.d, detecting device
o o A RO hERL £t E G I i o3l S i HOE A
cartri dge aredlianGdmrBiaipart3 1wher eFarsRkdmord , 7t NAYmE8Q2e 10do i ks | £vel
detection device detects _an ink consunption status on the basis of a change

in the ad@iid FErPiiféfaRRe 1022, aReuabRr e8Ft rande fddwt AP ng Rupigraius,
wher g5 sa{d (efgetion i@eWaglga??Eﬁcésttékﬂﬁidwﬁ?@ﬁgggt Pfls&gft“stcg’rbé he

basis of a change in a resi vi bration thereo e 1nk cartridge
accor di ngust cdwiimakl stwatierleiss sai dtdéhéebisonldeyi. ceTlhet@udrsiay |1 i ik

consunption status on the basis_of a.change in resonant frequency

t her eof . %mefﬁéjq rlf%ecgleﬁtirﬁ ePEEEoPSi ngtﬁy%fﬁgﬁfﬁg? %Jé'felr%gsad? Hring
devi ce CoH¥d mOENE 1IMENWEOBHUMO! nFRIBEY -i r?Bhe AN dulkd E8ht B h8t-@lourltiglig!di ng:
a print operation section conprising a print head ejecting ink droplets

through FEFASES 18d senthak EBPt FYdgBIEdRAECPRRE W ¢ PRAI thphafe maant or
ggggmggﬁzgg;atmhleerotaagi?ﬂnE;hes%qd' R reaibhhdghal PEAHYI Rie &MU/ Parte
113 is formed on the central part of the cylindrical part 116 and
the base mount 102 so that the cylindrical part 116 and the base
mount 102 can contain the actuator 106, the film 108, and the plate
110. The actuator 106 is connected to the plate 110 through the
25 film 108, and the plate 110 and the actuator 106 are fixed to the
liquid container mounting member 101. Therefore, the lead wire
104a and 104b, the actuator 106, the film 108 and the plate 110
are mounted on the liquid container mounting member 101 as one
body. Each of the lead wire 104a and 104b transfer a driving
30 signal topiezoelectric 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



an ink supply opening forned in said housing; a storing device nounted on a
wal | of said housing, an ink | evel detection device conprising a

pi ezoel ectric elenent; and a control section connecting with said ink |evel
detection device and said storing devicgg of said ink cartriddeMAY6200Zhe i nk
] et pr| nter according to claim25 wherein said ink | evel detection device
of said ink cartridge detects an ink consunption status on the basis of a
change i nbeRedaenushe cliinpadamrdgnaly trﬁnef'rerlrke}iefr‘pmim@rleﬁ,d:owridimg%l@

cl ai m 25, er sai det ection deyice glects an i.n at us
on the bas:Ng oﬁ% cha%ge iR d\égl% ra"’fti on ther g&aﬁ ‘%Irh jet
printer aegotlllagiba ehai @aaﬁérau\élgréald.‘bl.&ﬂiéjr aatertricd tderd Cﬂbxdﬁ e:x;zt $;hén i nk
consunption status on the basis of a change in a resonant frequency

t hereof . $951§Hali HPchéFlBPu ntBY %E%ﬁ:emg EBecvabPrRPENIWREFAPH 94 ghe

storing dgyiE8osthorss ltateor@@&ﬁé)élrr@l@at%n{o%l% | pK - CONS YR | 9@33?’1@595 .

30. The ink jet printer according to claim?2 wherein said control séction
conpri sesfraqsegqal CEr VEEBSNAINS 4ol itde conaemptmgnku;dntlsamf déteedtigond

device for ceivin n output signal t 7. MAY head
Control StR i ik el =iren b8 Pediie st ar TR Selriie Hohd phent
control sgeti@fogadd ahlilme@@Ia@epil@tt@aeaaturwaae&bta@ i 0 acenrdaneq with
a signal frocessed by said signal processing section. 31. Aliquid

det ect i ngl @@ ViT ®redfempnblyi fgrmgdshipstuch @és Rod¥asef invnd ézprbif—ch to Ebe
por tign OicééélE’OEUPc% rats th%ﬁlgqg%éni% 89"1?&&@' %g;i ez%g) nglﬁ' g.ﬁg'cﬁgﬁm

and a nenory nounted on a sec portion’ of sai rat I'quid
det ect i ngastubstoat il @cewr dhagplmtelhi@m&’t,h wher £i hm sk &l fsaemsmtdiefecés a

l'iquid consu on statu baS|s a change in_a residua Vlb atlon
ther eof - 55 RSy e O het o EPRG LOGhSP LR b AP RG2 P56 449 CBHS Bher ei
sai d sensgsreebeClothed | GHhad CEOMNS URREQMR i s%—;atyﬁa@@ thedasie O‘TIlBrgE@nge in
a resonant frequency thereof. 34'. A liquid detection system conprising: a

| iquid coPreregereorihs §hﬁ§98a0fldl§§ Kgsepedmbreauercy hefsne pndurfiten
liquig 5%&&%&@‘;@&89‘% gw@gr'fossaw %P%&é‘gué‘”ﬁ ahdpi d | evel detection

devi ce nounte sai ousing, Ssaird ection device conprising a
pi ezoel ectric ei‘lmr@rlta,tealsst)mrs g rdeiaceshapaf ethdpoha awehing 1Sad & fholei ng
of said liquid container; and a contrﬁbnaectlgn connecting with said ink

level detRRTT SIPUWVIQE L Ldigf dfofY EvFeL. shape mhdhe galaberet?s on

syst em acged dineg £ omCh 8k N3 £ oMIRIEH B §éwahg?@ya9 dievsd | dehect bgn @evd ce of
said liquid container detects an ink consu ion status on the basis of a

change i le"ne %Lﬁﬁ‘i@aﬁ%e%ceth%@lhTHelN quanf ddredqlare sist epamdedr di ng

to clg ggﬁ% i

st at us on fnh acg:%s "ﬂ)g%ggk%ﬁﬁa&?eegggugﬁéw ?g?i'onggggrogggﬁg@%@m
| i qui d detaaoit armzsySherﬁmItMengoao tthaiamtddtorhto e reisaifd ldet est i axd
devi ce detect 1&# d consu t| on st tus on he basi s of %lchan e in a

resonant fte et 8oFrTanged Fane CEPBR]EYEP a3y t o
cl ai m 34,3 0he i Bhé&h@d@l@rlid”(g. d@'\d‘r‘ﬁhe&ﬁ\@)&ﬁs £RERIFBIHAN ckakatkngr titha

| i qui d consunption status.

base mount 102, the actuator 106, the £ilm 108, and the plate 110

25 is arranged substantially on the central axis of the module 100.

The opening 114 of the base mount 102 is formed such that

the area of the opening 114 is larger than the area of the vibrating

region of the actuator 106. The through hole 112 is formed on

the center of the plate 110 where the vibrating section of the

30 actuator 106 faces. As shown in Fig. 20 and Fig. 21, the cavity

162 is formed on the actuator 106, and both of the through hole

112 and the cavity 162 forms ink storing part. The thickness of

the plate 110 is preferably smaller than diameter of the through



39. The liquid detection system according to claim 34, 1'T MY 2~2 103
wherein said control section conprises: a signal processing section
connecting with said detection device for receiving an output signal
thereof; and an operating section connggting to said signal 7 Qs Adg
section, said operating section activating a predeterm ned operation of an
external systemin accordance with an output signal of said control
section. HOleThe to qeddcdetlect hbdhueyskesi ahearediinnaloinkai rE@9exbuplber

conprising an_informatjon indicating section, apnd sajd control section
furt her crg?r%rq%%'sh QEthFo?%??%lﬁ RO a2 §8RToHeFRREY VIRt LT P1&j gnal

of said sigpah X RERS8iAReEECt LN BN k&%t'dﬁihio'i% $abd IFHOTIBIAOBE the
i ndi cating section. 41. A nmethod of detecting a Iiquid consunption status
of |iqui dclwomuglh dexle @l1a {$é cuuibss teoritis INer trivectidechg stk pynokt nieading out

information relating,to a detection acteristics: readi out

| or fat | SRR Er e Recelnf Faf AR D e bR BRenfe il (EREEPRE Renetiti qui o
consunpt i Hrestat Uhet nirotighdhedat ai peds i Tatder ldrHH droatkaanef &yedihgqui d
| evel detection device including a piezoelectric elenent; and storing the

new y detRetd® FRYLFY Xaonehinits 8rtER&CTS1P - a TReBEY IRBERYRIE Siet HaPe qui d

cont ai ner . Lauids i teot | C i to
Crai m 41, G, SP8ep PULFCRTSERE Oh-SLah o P 1ae LA KL aRe R oY | ¢

in the nmembrstenpad exhape t h&hki goddleodvai mer mo88tedhenl tihei didensuopt i on

st at detecting me d accordin o claim91, further includin step of
oD e e E e ARt L e Rt e i Suot Pt ais Fadts®
posi tion.t44nelhslidaube ©ionToR Qb shat ughdRt ©ed 1Ntk A8t Bedsamear dhmg to

claim4l, further including a step of judging whether the |iquid container
i s det acHetr f LBl anpradettdrsr aelupbsart ilo®. is 1ezhppytedo? thed ussormet

liquid c%sé%@é' t i had, i.ng t | 8i f her
i ncl udi ng 'a te%agf%s?%éj%r%%%%%?r ?rgg% re g%?l%élgtegl ﬁﬁ‘?ﬂa{/ﬁ%lf’ﬁ %ée
menory nouk eldewml tden |ihus e atdtaamsd. 46. The |iquid consunption status
detecting neth according to cl.aim9l, fu er including .a ste f
not Vit oo an db TP heYE e B Shbct it CAEL RETRE SRHCETISGH & BETRE of
sai d det egddare st epe BezdBBebt ik EPNSH MUY i dfdibedeloct | 80F smidiod
according to claim9l, wherein said detection step includi ng a step of

U,

det ect i nPrat&igahgauie Rt ars Mauntipst aes®ero80 1 The thegmrdudens vt on
status detect]| t rdi ng b LN i i step
ol udi ng s SPaml HPRRRLE, "orhe LR e eat RRFL b BF . WIRLT GO 2

i qui d canysuinpiniaralstshbpe  désefdrmngd e dte deee diomgtt 002/, avini 84, hader ei n

id detecti i di t tecti i esonant
Fr eqilinop THGe SHEDERGUITT c OREADEFBP SHEIEE BEF St IRF drotRotPadoidithg ¢ o
cl ai m 41 cdrigdifitir iRntdnddmamde@P40f . Progesisd Afofe 51 tklp ifefdd tddig-ifd om

said detection step and a step of activating an external systemin
accor dan@PRARAF UsheovrELng & 40 piocdsgienp bpapd shaped element 405,

e e
. . AlY.. . 0AL ry . cAhcAFe. “t, 3. ridle
AL SRt AEASS s A RECBoARrhaned AlERRtU4RGe. ADS. R SR Afv. ASU

AFAY. A3Y.tA% BbatN &h A2meMntU208 is chamfered in predetermined angle
U A Y. A{sl . As2. AYA& AFY. AY. AF. | . ALY. AY. A. s. ASUE. AY. s2. Al 9Y. A

h2. A3U. AeC FharaFhaihoamd phapedyedpmaph 1a sass tQUEAL into hole formed
on the ink cartridge when mounting the actuator 106 to ink

cartridge.

30 Fig. 35 shows an exploded view of the module 400 shown in
Fig. 34 to show the structure of the module 400. As the module
100 shown in Fig. 32, the module 400 includes a liquid container

mounting member 401 and a piezoelectric device mounting member
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10 of the base mount 502, which is included in the liquid container
mounting member 501, so that the base mount 502 can contain the
lead wire 504a and 504b. The concave part 513 is formed on the
cylindrical part 503 so that the cylindrical part 503 can contain
the actuator 106, the film 508, and the plate 510. The actuator
15 106 is fixed to the piezoelectric device mounting member 505
through the plate 510. Therefore, the lead wire 504a and 504b,
the actuator 106, the f£ilm 508, and the plate 510 are mounted on
the liquid container mounting member 501 as one body. The
cylindrical part 503, the top face of which is slanted in vertical
20 direction, is formed on the base mount which has a square shaped
plan and the edges of which are rounded. The actuator 106 is
arranged on the concave part 513 which is provided on the top
surface of the cylindrical part 503 that is slanted in vertical
direction.
25 The top end of the module 500 is slanted, and the actuator
106 is mounted on this slanted surface. Therefore, if the module
500 is mounted on the bottom or the side of the container 1, the
actuator 106 slants in the vertical direction of the container
1. The slanting angle of the top end of the module 500 is
30 substantially between 30 degree and 60 degree with considering
the detecting performance.
The module 500 is mounted on the bottom or the side of the

container 1 so that the actuator 106 can be arranged inside the
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container 1, the actuator 106 is mounted on the container 1 such
that the actuator 106 faces the upside, downside, or side of the
container 1 with slanting. When the module 500 is mounted on the
5 bottom of the container 1, the actuator 106 is preferable to be
mounted on the container 1 such that the actuator 106 faces to
the ink supply port side of the container 1 with slanting.
Fig. 37 shows a cross-sectional view around the bottom of
the container 1 when the module 100 shown in Fig. 32 is mounted
10 on the container 1. The module 100 is mounted on the container
1 so that the module 100 penetrates through the side wall of the
container 1. The O-ring 365 is provided on the connection face
of between the side wall of the container 1 and the module 100to
seal between the module 100 and the container 1. The module 100
15 is preferable to include the cylindrical part as explained in Fig.
32 so that the module 100 can be sealed by the O-ring. By inserting
the top end of the module 100 inside the container 1, ink in the
container 1 contacts with the actuator 106 through the through
hole 112 of the plate 110. Because the resonant frequency of the
20 residual vibration of the actuator 106 is different depends on
whether the circumference of the vibrating section of the actuator
106 is liquid or gas, the ink consumption status can be detected
using the module 100. Furthermore, not only the module 100 can
be mounted on the container 1 and detect the existence of ink,
25 but also the module 400 shown in Fig. 34, module 500 shown in Fig.
36, or the module 700A and 700B shown in Fig. 38, and a mold
structure 600 can be mounted on the container 1 and detect the
existence of the ink.
Fig. 38(A) shows the cross section of the ink container
30 when mounting module 700B on the container 1. The present

embodiment uses a module 700B as an example of a mounting

structure.
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Therefore, the main portion of the piezoelectric layer 160 is
formed by sandwiching the main portion of the piezoelectric layer
10 160 by the main portion of the upper electrode 164 and the lower
electrode 166 from top and bottom. The circular portion, which
is a main portion of each of the piezoelectric layer 160, the upper
electrode 164, and the lower electrode 166, forms a piezoelectric
element. The piezoelectric element is formed on the vibrating
15 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.
The module 700B is mounted on the container 1 such that the
liquid container mounting member 360 protrude into the inside of
20 the A through hole 370 is formed in the mounting plate 350, and
the through hole 370 faces to the vibrating section of the actuator
106. Furthermore, a hole 382 is formed on the bottom wall of the
module 700B, and a piezoelectric device mounting member 363 is
formed. The actuator 106 is arranged to close the one of the face
25 of thehole 382. Therefore, ink contacts with the vibrating plate
176 through the hole 382 of the piezoelectric device mounting
member 363 and the through hole 370 of the mounting plate 350.
The hole 382 of the piezoelectric device mounting member 363 and
the through hole 370 of the mounting plate 350 together forms an
30 ink storing part. The piezoelectric device mounting member 363
and the actuator 106 are fixed by the mounting plate 350 and the
film material. The sealing structure 372 is provided on the

connection part of the liquid container mounting member 360 and
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the container 1. The sealing structure 372 can be formed by the
plastic material such as synthetic resinor O-ring. InFig. 38(A4),
the module 700B and the container 1 is separate body, however,
the piezoelectric device mounting member can be constituted by

5 a part of the container 1 as shown in Fig. 38(B).

There is possibility that the actuator 106 malfunctions by
the contact of the ink which is dropped from a top face or a side
face of the container 1 with the actuator 106, the ink of which
is attached to the top face or the side face of the container 1

10 when the ink cartridge is shaken. However, because the liquid
container mounting member 360 of the module 700B protrudes into
the inside of the container 1, the actuator 106 does not
malfunction by the ink dropped from the top face or the side face
of the container 1.

15 Fig. 38(B) shows the cross section of the ink container
when mounting actuator 106 on the container 1. A protecting
member 361 is mounted on the container lseparately with the
actuator 106 in the ink cartridge of the embodiment shown in Fig.
38(B). Therefore, the protecting member 361 and the actuator

20 106is not one body as a module, and the protecting member 361 thus
can protect the actuator 106 not to be contact by the user. A
hole 380 which is provide on the front face of the actuator 106
is arranged on the side wall of the container 1. A through hole
370 is provided on the mounting plate 350. Furthermore, a hole

25 380 is formed on the side wall of the container 1. Therefore,
ink contacts with the vibrating plate 176 through the hole 380
of the container 1 and the through hole 370 of the mounting plate
350. The hole 380 of the container land the through hole 370 of
the mounting plate 350 together forms ink storing part. Moreover,

30 because the actuator 106 is protected by the protecting member
361, the actuator 106 can be protected form the outside contact.

The base plate 178 shown in Fig. 20 can be used instead of the

mounting plate 350 in the embodiment shown in Fig. 38 (A) and (B).
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structure 600 which includes the actuator 106. In the present
embodiment, a mold structure 600 is used as one example of the
mounting structure. The mold structure 600 has the actuator 106

5 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

10 106. The end of the two legs of the mold member 364 are formed
in a shape of hemisphere to liquid tightly fix the mold member
364 with container 1. The mold member 364 is mounted on the
container 1 such that the actuator 106 protrudes into the inside
of the container 1, and the vibrating section of the actuator 106

15 contacts with ink inside the container 1. The upper electrode
164, the piezoelectric layer 160, and the lower electrode 166 of
the actuator 106 are protected from ink by the mold member 364.

Because the mold structure 600 shown in Fig. 38 does not

need the sealing structure 372 between the mold member 364 and

20 the container 1, the leaking of ink from the container 1 can be
reduced. Moreover, because the mold structure 600 has a form that

the mold structure 600 does not protrude from the outside of the
container 1, the mold structure 600 can protect the actuator 106
from the outside contact. There is possibility that the actuator

25 106 malfunctions by the contact of the ink which is dropped from
a top face or a side face of the container 1 with the actuator
106, the ink of which is attached to the top face or the side face

of the container 1 when the ink cartridge is shaken. Because the
mold member 364 of the mold structure 600 protrudes into the inside

30 of the container 1, the actuator 106 does not malfunction by the

ink dropped from the top face or the side face of the container

1.
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different color of ink. The actuator 106, which detects at least
acoustic impedance, is mounted on the each of bottom of the
10 plurality of ink cartridge 180. The residual quantity of ink in
the ink cartridge 180 can be detected by mounting the actuator

106 on the ink cartridge 180.
Fig. 40 shows a detail around the head member of the ink
jet recording apparatus. The ink jet recording apparatus has an
15 ink introducing member 182, a holder 184, a head plate 186, and
a nozzle plate 188. A plurality of nozzle 190, which jet out ink,
is formed on the nozzle plate 188. The ink introducing member
182 has an air supply hole 181 and an ink introducing inlet 183.
The air supply hole 181 supplies air to the ink cartridge 180.
20 The ink introducing inlet 183 introduces ink from the ink
cartridge 180. The ink cartridge 180 has an air introducing inlet
185 and an ink supply port 187. The air introducing inlet 185
introduces air from the air supply hole 181 of the ink introducing
member 182. The ink supply port 187 supplies ink to the ink
25 introducing inlet 183 of the ink introducing member 182. By
introducing air from the ink introducing member 182 to the ink
cartridge 180, the ink cartridge 180 accelerates the supply of
ink from the ink cartridge 180 to the ink introducing member 182.
The holder 184 communicates ink supplied from the ink cartridge
30 180 through the ink introducing member 182 to the head plate 186.
Fig. 41 shows other embodiment of the ink cartridge 180
shown in Fig. 40. The actuator 106 is mounted on the bottom face

194a, which is formed to be slanted in vertical direction, of the
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5 of the 1nk cartrldge 180. Because the actuator 106 is mounted
on the ink container 194 slanted in vertical direction, the
drainage of ink can be improved.

A gap, which is filled with ink, is formed between the
actuator 106 and the wave preventing wall 192. The space between

10 the wave preventing wall 192 and the actuator 106 has a space such
that the space does not hold ink by capillary force. When the
ink container 194 is rolled, ink wave is generated inside the ink
container 194 by the rolling, and there is possibility that the
actuator 106 malfunctions by detecting gas or an air bubble caused

15 by the shock of the ink wave. By providing the wave preventing
wall 192, ink wave around the actuator 106 can be prevented so
that the malfunction of the actuator 106 can be prevented.

The actuator 106 of the ink cartridge 180B shown in Fig.
41 is mounted on the side wall of the supply port of the ink
20 container 194. The actuator 106 can be mounted on the side wall
or bottom face of the ink container 194 if the actuator 106 is
mounted nearby the ink supply port 187. The actuator 106 is
preferably mounted on the center of the width direction of the
ink container 194. Because ink is supplied to the outside through
25 the ink supply port 187, ink and actuator 106 reliably contacts
until the timing of the ink near end by providing the actuator
106 nearby the ink supply port 187. Therefore, the actuator 106

can reliably detect the timing of the ink near end.
Furthermore, by providing the actuator 106 nearby the ink

30 supply port 187, the setting position of the actuator 106 to the
connection point on the carriage on the ink container becomes
reliable during the mounting of the ink container on the cartridge

holder of the carriage. It is because the reliability of coupling
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needle will be hurt or a sealing structure such as O-ring will

5 be damaged so that the ink will be leaked. To prevent this kind

of problems, the ink jet printer usually has a special structure

that can accurately positioning the ink container during the

mounting of the ink container on the carriage. Therefore, the

positioning of the actuator 106 becomes reliable by arranging the

10 actuator nearby the ink supply port. Furthermore, the actuator

106 can be further reliably positioned by mounting the actuator

l06at the center of the width direction of the ink container 194.

It is because the rolling is the smallest when the ink container

rolls along an axis, the center of which is center line of the

156 width direction, during the mounting of the ink container on the
holder.

Fig. 42 shows further other embodiment of the ink cartridge

180. Fig. 42(A) shows a cross section of an ink cartridge 180C,

and Fig. 42 (B) shows a cross section which enlarges the gide wall

20 194b of an ink cartridge 180C shown in Fig. 42 (A). Fig. 42(C)

shows perspective view from the front of the side wall 194b of

the ink cartridge 180C. The semiconductor memory device 7 and

the actuator 106 are formed on the same circuit board 610 in the

ink cartridge 180C. As shown in Fig. 42(B) and (C), the

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

circuit board 610, and the actuator 106 is formed on the lower

side of the semiconductor memory device 7 on the same circuit board

610. Adifferent-type O-ring 614 is mounted on the side wall 194b

such that the different-type O-ring 614 surrounds the actuator

30 106. A plurality of caulking part 616 is formed on the side wall

194b to couple the circuit board 610 with the ink container 194.

By coupling the circuit board 610 with the ink container 194 using

the caulking part 616 and pushing the different-type O-ring 614
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semiconductor memory device 7 can be constituted by the
semiconductor memory which can be rewritten such as EEPROM.
10 Because the semiconductor memory device 7 and the actuator 106
are formed on the same circuit board 610, the mounting process
can be finished at one time during mounting the semiconductor
memory device 7 and the actuator 106 on the ink cartridge 180C.
Moreover, the working process during the manufacturing of the ink
15 cartridge 180C and the recycling of the ink cartridge 180C can
be simplified. Furthermore, the manufacturing cost of the ink
cartridge 180C can be reduced because the numbers of the parts
can be reduced.
The actuator 106 detects the ink consumption status inside
20 the ink container 194. The semiconductor memory device 7 stores
the information of ink such as residual quantity of ink detected
by the actuator 106. That is, the semiconductor memory device
7 stores the information related to the characteristic parameter
such as the characteristic of ink and the ink cartridge used for
25 the actuator 106 when detecting the ink consumption status. The
semiconductor memory device 7 previously stores the resonant
frequency of when ink inside the ink container 194 is full, that
is, when ink is filled in the ink container 194 sufficiently, or
when ink in the ink container 194 is end, that is, ink in the ink
30 container 194 is consumed, as one of the characteristic parameter.
The resonant frequency when the ink inside the ink container 194
is full status or end status can be stored when the ink container

is mounted on the ink jet recording apparatus for the first time.



10 10Uz4r4}[9rS1 11 IWNf $109%& ()-!; $109% ()- !DSL10% ()- 3
109& ()-S109& ()-!1&$109%& () - 4wwWUGO1 1! I W 10 10! YLO$109& ()-Z

| DYLO$10%&' ()-Z ! XY) $10%& ()-!aY)$10%& ()-!SIf $10%& ()-FJI J91 1!| \%@o
11 SF$1098(3( & () -! YS10% (& ()- 9! SWr$10% 3( & ()- 9! NY$10% (. (&T(WAYf
f @$10% (& ()-,'k @SL0M(K(& ()-,'a @S$L0%A(A(& ()-,

)-1

10Jh/ xV591 1!

$10% (& ()-, p @S$109PP& ()-,! SF$1098(3(& ()-/F uva 111.Y
9$109&' ()Martd0et, (FheZre0oRany- Lo¥uency WOBIB(LHOS(B 108{8¢! Xh@ ink

P Da10%e (SORFARIBTEI T i G0 SRS, ok 99k 15214 AR (B SEEEBAAUEENE,.

| D$109%&' (§
"10%& () - thS 1M UDact@rkoid 6F- 'the CihRY8c e 9EA0UE (94 Y! SHEK I Eh&daB74

1!

10

15

20

25

30

unevenness of the detection of the residual quantity of ink can
be compensated by storing the resonant frequency when the ink
inside the ink container 194 is full status or end status in the
semiconductor memory device 7 previously and reading out the data
of the resonant frequency at the ink jet recording apparatus side,
it can be accurately detected that the residual quantity of ink
is decreased to the reference value.

Fig. 43 shows further other embodiment of the ink cartridge
180. A plurality of actuators 106 is mounted on the side wall
194b of the ink container 194 in the ink cartridge 180D shown in
Fig. 43(A). 1t ispreferable touse the plurality of the actuators
106 which is formed in one body as shown in Fig. 24 for these
plurality of actuators 106. The plurality of actuators 106 is
arranged on the side wall 194bwith interval invertical direction.
By arranging the plurality of actuators 106 on the side wall 194b
with interval in vertical direction, the residual quantity of ink
can be detected step by step.

The ink cartridge 180E shown in Fig. 43 (B) mounts a actuator
606 which is long in vertical direction on the side wall 194b of
the ink container 194. The change of the residual guantity of
ink inside the ink container 194 can be detected continuously by
the actuator 606 which is long in vertical direction. The length
of the actuator 606 is preferably longer than the half of the height
of the side wall 154b. In Fig. 43(B), the actuator 606 has the
length from the substantially from the top end to the bottom end
of the side wall 194b.

The ink cartridge 180F shown in Fig. 43(C) mounts a
plurality of actuators 106 on the side wall 194b of the ink
container 194 as the ink cartridge 180D shown in Fig. 43 (A). The

ink cartridge 180F further comprises the wave preventingwall 192,

0% & (

@
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5 which is formed in one body as shown in Fig. 24 for these plurality

of actuators 106. Agapwhichisg filledwith ink is formed between

the actuator 106 and the wave preventing wall 192. Moreover, the

gap between the wave preventing wall 192 and the actuator 106 has

a space such that the gap does not hold ink by capillary force.

10 When the ink container 194 is rolled, ink wave is generated inside

the ink container 194 by the rolling, and there is possibility

that the actuator 106 malfunctions by detecting gas or an air

bubble caused by the shock of the ink wave. By providing the wave

preventing wall 192, ink wave around the actuator 106 can be

15 prevented so that the malfunction of the actuator 106 can be

prevented. The wave preventing wall 192 also prevents the air

bubble generated by the rolling of ink to enter to the actuator
106.

Fig. 45 shows further other embodiment of the ink cartridge

20 180. The ink cartridge 180G shown in Fig. 45(A) has a plurality

of partition walls 212, each of which extends downward from the

top face 194c of the ink container 194. Because each of lower

end of the partition walls 212 and the bottom face of the ink

container 194 has a predetermined gap, the bottom part of the ink

25 container 194 communicates with each other. The ink cartridge

180G has a plurality of containing chambers 213 divided by the

each of plurality of partition walls 212. The bottom part of the

plurality of the containing chambers 213 communicates with each

other. In each of the plurality of the containing chamber 213,

30 the actuator 106 is mounted on the top face 194c of the ink

container 194. It 1is preferable to use the plurality of the

actuators 106 which is formed in one body as shown in Fig. 24 for

these plurality of actuators 106. The actuator 106 is arranged

10
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of the ink cartridge 180G.
Therefore, the space between each of the actuator 106 is
widest at the ink supply port 187 side and becomes narrower as
10 the distance from the ink supply port 187 increases to the inner
part of the ink cartridge 180G. Because ink is drained from the
ink supply port 187, and air enters from the air introducing inlet
185, ink is consumed from the containing chamber 213 of the ink
supply port 187 side to the containing chamber 213 of the inner
15 part of the ink cartridge 180G. For example, the ink in the
containing chamber 213 which is most near to the ink supply port
187 is consumed, and during the ink level of the containing chamber
213 which is most near to the ink supply port 187 decreases, the
other containing chamber 213 are filled with ink. When the ink
20 in the containing chamber 213 which is most near to the ink supply
port 187 is consumed totally, air enters to the containing chamber
213 which is second by counted from the ink supply port 187, then
the ink in the second containing chamber 213 is beginning to be
consumed so that the ink level of the second containing chamber
25 213 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 213 which is most near to the ink supply
port 187 to the containing chamber 213 which is far from the ink
30 supply port 187 in order.
As shown above, because the actuator 106 is arranged on the
top face 194c of the ink container 194 with interval for each of

the containing chamber 213, the actuator 106 can detect the
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the bottom face of the ink container 194 have a predetermined space,
the bottom part of the ink container 194 communicates with each
other. The ink cartridge 180H has two containing chambers 213a
and 213b divided by the partition wall 212. The bottom part of
the containing chambers 213a and 213b communicates with each other.
The volume of the containing chamber 213a of the ink supply port
187 side is larger than the volume of the containing chamber 213b
which is located in a inner part of the ink cartridge 180H far
from the ink supply port 187. The volume of the containing chamber
213b is preferably smaller than the half of the volume of the
containing chamber 213a.

The actuator 106 is mounted on the top face 194c of the
containing chamber 213B. Furthermore, a buffer 214, that is a
groove for catching the air bubble which enters to the ink
cartridge 180H during manufacturing of the ink cartridge 180H,
is formed on the containing chamber 213b. In Fig. 44 (B), the
buffer 214 is formed as a groove extended upward from the side
wall 194b of the ink container 194. Because the buffer 214 catches
the air bubble enters inside the containing chamber 213b, the
malfunction of the actuator 106 by detecting an ink end when
catching the air bubble can be prevented. Furthermore, by
providing actuator 106 on the top face 194c of the containing

chamber 213b, ink can be completely consumed by compensating the
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ember 216 in’'the containing chamber 213b of the ink cartridge
10 180H shown in Fig. 44 (B). The porous member 216 is filled inside
the containing chamber 213b from the top face to the bottom face
of the porous member 216b. The porous member 216 contacts with
the actuator 106. There is a possibility that the actuator 106
malfunctions by the entering of the air bubble inside the
15 containing chamber 213b when the ink container fall down or when
the containing chamber 213b moves back and forthwith the carriage.
If the porous member 216 is provided on the containing chamber
213b, the porous member 216 captures air to prevent entering of
air into the actuator 106. Furthermore, because the porous member
20 216 holds ink, the porous member 216 can prevent the actuator 106
to malfunction as detecting the ink end status as ink exist status
which is caused by attaching of the ink on the actuator 106 when
the ink container shakes. The porous member 216 is preferable
to be provided in the containing chamber 213 having a smallest
25 volume. Furthermore, by providing actuator 106 on the top face
194c of the containing chamber 213b, ink can be consumed to the
end by compensating the ink quantity which is measured from the
detection of the ink end until the complete consumption of ink.
Furthermore, The ink quantity which can be consumed after the
30 detectionof the ink near end can be changed by adjusting the volume

of the containing chamber 213b by changing the length and interval

of the partition wall 212.
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10 liquid than the affinity for liquid of the member which forms the
porous member 216B. Because the capillary force of the porous
member 216B, which has small hole diameter, is larger than the
capillary force of the porous member 216A, which has large hole
diameter, the ink in the containing chamber 213b is collected to

15 the porous member 216B located on the lower side of the coritaining
chamber 213B and held by the porous member 216B. Therefore, once
the air reaches to the actuator 106, and the actuator 106 detects
the non-ink status, ink does not reaches to the actuator 106 again
so that the actuator 106 does not malfunction to detect the ink

20 exist status. Furthermore, because the porous member 216B which
is far from the actuator 106 absorbs ink, the drainage of ink around
the actuator 106 improves, and the quantity of change of the
acoustic impedance during the detection of the ink existence
increases. Moreover, by providing the actuator 106 on the top

25 face 194c of the containing chamber 213b, ink can be consumed to
the end by compensating the ink quantity which is measured from
the detection of the ink near end until the complete consumption
of ink. Furthermore, The ink quantity which can be consumed after
the detection of the ink near end can be changed by adjusting the

30 volume of the containing chamber 213b by changing the length and
interval of the partition wall 212.

Fig. 45 shows a cross section of an ink cartridge 180K which

is further other embodiment of the ink cartridge 180I shown in
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216 is compressed to be decreases gradually to the direction to

5 the bottom face of the ink container 194. Therefore, the hole
diameter of the porous member 216 decreases gradually to the
direction to the bottom face of the ink container 194. 1Ink
cartridge 180K shown in Fig. 45(A) has a rib which is provided
on the side wall of the ink container 194 to compress the lower

10 part of the porous member 216 to reduce the hole diameter of the
lower part of the porous member 216. Because the hole diameter
of the lower part of the porous member 216 reduced by the
compression, ink is collected and held by the lower part of the
porous member 216. Because the lower part of the porous member

15 216 which is far from the actuator 106 absorbs ink, the drainage
of ink around the actuator 106 improves, and the quantity of change
of the acoustic impedance during the detection of the ink
existence increases. Therefore, the error, of which the actuator
106 detects the non ink status as the ink exist status by the

20 attaching of ink on the actuator 106 mounted on the top face of
the ink cartridge 180K by rolling of ink, can be prevented

In the ink cartridge 180L shown in Fig. 45(B) and Fig. 45 (C),

to compress to decrease the area of the cross section on the

horizontal plane of the lower part of the porous member 216

26 gradually to the direction to the bottom face of the ink container

194, the area of the cross section on the horizontal plane of the

containing chamber gradually decreases to the direction to the

bottom face of the ink container 194. Because the hole diameter

of the lower part of the porous member 216 reduced by the

30 compression, ink is collected and held by the lower part of the

porous member 216. Because the lower part of the porous member

216B which is far from the actuator 106 absorbs ink, the drainage

of ink around the actuator 106 improves, and the quantity of change
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the actuator 106. The ink cartridge 220A shown in Fig. 46 (A) has
a first partition wall 222 provided such that it extends downward
from the top face of the ink cartridge 220A. Because there is
10 a predetermined space between the lower end of the first partition
wall 222 and the bottom face of the ink cartridge 220A, ink can
flows into the ink supply port 230 through the bottom face of the
ink cartridge 220A. A second partition wall 224 is formed such
that the second partition wall 224 extends upward from the bottom
16 face of the ink cartridge 220A on the more ink supply port 230
side of the first partition wall 222. Because there is a
predetermined space between the upper end of the second partition
wall 224 and the top face of the ink cartridge 220A, ink can flows
into the ink supply port 230 through the top face of the ink
20 cartridge 220A.

A first containing chamber 225a is formed on the inner part
of the first partition wall 222, seen from the ink supply port
230, by the first partition wall 222. On the other hand, a second
containing chamber 225b is formed on the front side of the second

25 partitionwall 224, seen fromthe ink supply port 230, by the second
partition wall 224. The volume of the first containing chamber
225a is larger than the volume of the second containing chamber
225b. A capillary passage 227 is formed by providing a space,
which can generate the capillary phenomenon, between the first

30 partition wall 222 and the second partitionwall 224. Therefore,
the ink in the first containing chamber 225a is collected to the
capillary passage 227 by the capillary force of the capillary

passage 227. Therefore, the capillary passage 227 can prevent
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The actuator 106 is mounted on the side wall of the ink

cartridge 220A of the ink supply port 230 side, that is, the side

10 wall of the second containing chamber 225b of the ink supply port

230 side. The actuator 106 detects the ink consumption status

inside the second containing chamber 225b. The residual quantity

of ink at the timing closed to the ink near end can be detected

stably by mounting the actuator 106 on the side wall of the second

15 containing chamber 225b. Furthermore, by changing the height of

the mounting position of the actuator 106 on the side wall of the

second containing chamber 225b, the timing to determine which ink

residual quantity as an ink end can be freely set. Because ink

ig sullied from the first containing chamber 225a to the second

20 containing chamber 225b by the capillary passage 227, the actuator

106 does not influenced by the rolling of ink caused by the rolling

of the ink cartridge 220A, and actuator 106 can thus reliably

measure the ink residual quantity. Furthermore, because the

capillary passage 227 holds ink, the capillary passage 227 can

25 prevent ink to flow backward from the second containing chamber
225b to the firgt containing chamber 225a.

A check valve 228 is provided on the top face of the ink
cartridge 220A. The leaking of ink ocutside of the ink cartridge
220A caused by the rolling of the ink cartridge 220A can be

30 prevented by the check valve 228. Furthermore, the evaporation
of ink from the ink cartridge 220A can be prevented by providing
the check valve 228 on the top face of the ink cartridge 220A.

If ink in the ink cartridge 220A is consumed, and negative pressure
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Fig. 46( and (D) shows a detailed cross-section of the

check valve 228. The check valve 228 shown in Fig. 46 (C) has a
valve 232 which includes flange 232a formed by rubber. Anairhole
233, which communicates air between inside and outside of the ink
cartridge 220, is provided on the ink cartridge 220 such that the
10 airhole 233 faces to the flange 232a. The airhole 233 is opened
and closed by the flange 232a. The check valve 228 opens the
flange 232a inward the ink cartridge 220 when the negative
pressure in the ink cartridge 220 exceeds the pressure of the check
valve 228 by the decrease of ink inside the ink cartridge 220A,
15 and thus the air outside the ink cartridge 220 is introduced into
the ink cartridge 220. The check valve 228 shown in Fig. 46 (D)
has a valve 232 formed by rubber and a spring 235. If the negative
pressure inside the ink cartridge 220 exceeds the pressure of the
check valve 228, the valve 232 presses and opens the spring 235
20 to introduce the outside air into the ink cartridge 220 and then
closes to maintain the negative pressure inside the ink cartridge

220 to be stable.
The ink cartridge 220B shown in Fig. 46 (B) has a porous
member 242 in the first containing chamber 225a instead of
25 providing the check valve 228 on the ink cartridge 220A as shown
in Fig. 46. The porous member 242 holds the ink inside the ink
cartridge 220B and also prevents ink to be leaked outside of the
ink cartridge 220B during the rolling of the ink cartridge 220B.
The embodiment that the actuator 106 is mounted on an ink
30 cartridge or a carriage, in which the ink cartridge is a separate
body with the carriage and mounted on the carriage, has been
explained above. However, the actuator 106 can be mounted on the

ink tank which is mounted on the ink jet recording apparatus
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ink tank of the off-carriage type. The off-carriage type ink tank

is a separate body with a carriage and supplies ink to carriage

5 through such as tube. Moreover, the actuator of the present
embodiment can be mounted on the ink cartridge 180 constituted
so that a recording head and an ink container are formed as on
body and possible to be exchanged.

Liquid sensor and memory means (consumption data memory)

10 Description has been made concerning various ink cartridges
having ink consumption detecting capability according to the
present embodiments. These ink cartridges comprise the liquid
sensor (actuator and so on) and the memory means such as a
semiconductor memory means. As a result of features of the

15 present embodiment, functions and advantageous aspects realized
by combinations of theses structures thereof will be described
below.

Referring to Fig. 47, an ink cartridge 800 corresponds to,
for example, the cartridge shown in Fig. 1. The ink cartridge

20 800 includes a liquid sensor 802 and a consumption data memory
804. The liquid sensor 802 is comprised of the above described
elastic wave generating means or actuator, and outputs a signal
corresponding to the ink consumption state. The consumption data
memeory is a mode of the memory means for use with the liquid

25 container according to the present invention. The consumption
data memory 804 is a rewritable memory such as an EEPROM and
corresponds to the above described semiconductor memory means
(Fig. 1, the reference numeral 7).

A recording device control unit 810 is comprised of a

30 computer which controls the ink-jet recording apparatus. The
recording device control unit 810 includes a consumption
detecting process unit 812. An ink consumption detecting device

comprises the consumption detecting process unit 812, the liquid
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The recording device control unit 810 further comprises
a consumption data indicating unit 814 and a print operation
control unit 816. The consumption data indicating unit 814

10 indicates to a user the consumption state data detected by the
consumption detecting process unit 812 via a display 818 and a
speaker 820. A diagram and the like which indicate an ink
remaining amount are displayed in the display 818, and informative
sound or composite sound indicating the ink remaining amount are

15 output from the speaker 820. A proper operation may be advised
by the composite sound.

The print operation control unit 816 controls a print
operation unit 822 based on the consumption state data detected
by the consumption detecting process unit 812. The print

20 operation unit 822 includes a print head, a head moving device,
a paper feeding device and so on. For example, the consumption
detecting process unit 812 instructs the print operation unit 822
to stop the printing operation when it is judged that the ink
remaining amount is none.

25 The recording device control unit 810 may further control
other elements based on the detected consumption state. For
example, there may be provided an ink replenishing device and an
ink cartridge replacement device and so on which are to be
controlled by the recording device control unit 810.

30 Next, the consumption data memory 804 will be described in
detail. The consumption data memory 804 stores the consumption
related data which relate to the consumption state detected using

the liquid sensor 802. The consumption related data include the
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Moreover, detection of whether or not the liquid surface

5 has passed can be realized by the liquid sensor 802 on the basis
of, for example, the change in the above-described residual
vibration state. The residual vibration state corresponds to the
acoustic impedance. Whether or not the liquid surface has passed
may be detected by the above-described reflected wave of the

10 elastic wave.

Moreover, the consumption related data includes detection
characteristic data. The detection characteristic data are the
data used for obtaining the consumption state by use of the liquid
sensor. In the present embodiment, the detection characteristic

15 data are characteristics to be detected according to the liquid
consumption state. The detection characteristic data are the
data, for example, on the resonant frequency which represents a
magnitude of the acoustic impedance. In this embodiment,
detection characteristic data prior to consumption and detection

20 characteristic data after consumption are stored as the detection
characteristic data. The detection characteristic data prior to
consumption indicates the detection characteristic before the ink
is consumed, that is, the detection characteristic in an ink-
full state. The detection characteristic data after consumption

25 indicates the detection characteristic expected at the time when
the ink has been consumed up to a predetermined detection target,
and specifically indicates the detection characteristic when the
ink liquid level is below the liquid sensor 802.

The consumption detecting process unit 812 reads out the

30 detection characteristic data, and the ink consumption state is
detected based on this detection characteristic data utilizing
the liquid sensor 802. When there is obtained a detection signal

corresponding to the detection characteristic prior to
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liquid sensor 802. On the other hand, when there is obtained a
detection signal corresponding to the detection characteristic,
the ink consumption has progressed and the ink remaining amount
is low. The ink liquid surface is below the liquid sensor 802.

An advantageous aspect will be described in which the
detection characteristic data are stored in the consumption data
memory 804. The detection characteristic ig determined by a shape
of the ink cartridge, the specifications of the liquid sensor and
the specification of ink and other various factors. A change in
a design such as a modification thereto may change the detection
characteristic. It is not easy to cope with the change of the
detection characteristic when the consumption detecting process
unit 812 always uses the same detection characteristic data. On
the other hand, in the present embodiment, the detection
characteristic data are stored in the consumption data memory 804
and utilized. Thus, it can easily cope with the change in the
detection characteristic. Even when an ink cartridge having new
specifications is used, the printing apparatus can of course
easily utilize the detection characteristic data of that ink
cartridge.

Further preferably, the detection characteristic data are
measured for each ink cartridge and stored in the consumption data
memory 804. Though the specifications of the cartridges are the
same, the detection characteristics differ due to manufacturing
irregularity. For example, the detection characteristics differ
depending on the shape and thickness of the container. In the
present embodiment, each ink cartridge has its own consumption
data memory 804, so that its own detection characteristic data
can be stored in the consumption data memory 804. Thus, the effect

of the manufacturing irregularity on the detection can be
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characteristic for wuse with detection. The detection
10 characteristic data of the memory in the cartridge are data for
correcting the reference characteristic data by complying with
the type of the cartridge in use and the difference found in the
cartridge itself. The detection characteristic data may be a
specific correction value. Or, the detection characteristic
15 data as the correction data may be an identification symbol. The
correction corresponding to this identification symbol is
performed in the printer side.
The consumption data memory 804 further stores the ink
related data, as a memory means for the liquid container of the
20 present invention. The consumption data memory 804 stores data
on the type of ink. Moreover, this memory means stores a
manufactured data, cleaning sequence data, image processing data
and so on. These data can be suitably utilized in controlling
the ink-jet recording apparatus.
25 Fig. 48 shows a procesgsing of the consumption detecting
process unit 812 utilizing the consumption data memory 804.
First, whether or not the ink cartridge is mounted is judged
(S10) . That a new or halfway used ink cartridge is mounted can
be detected. This processing uses a switch (not shown) equipped
30 with the ink-jet recording apparatus. When the cartridge is
mounted, detection characteristic data are read out of the
consumption data memory 804 (S12) and then the consumption state

data are read out (S14). Consumption data indicating unit 814
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removed is judged (S20). If not removed, return to S16.

10 Next, a proper timing at which the detection characteristic
data are stored in the consumption data memory 804 will be
described. Here, suppose that measured values of individual
cartridges’ detection characteristics are stored.

Referring to Fig. 49, the consumption data memory 804 which

15 stores a standard detection characteristic is mounted on a new
ink cartridge. After this ink cartridge is mounted to the ink-jet
recording device, the detection characteristic is measured. The
detection characteristic is measured between after the mounting
and immediately before the printing operation. In order to

20 reliably carry out the measurement, the detection characteristic
is preferably measured after the mounting.

The detection characteristic is measured in a same manner
as detecting a normal ink consumption. The consumption state is
detected by using the liquid sensor 802, and its detected result

25 (measured value) is recorded as the detection characteristic of
a new ink cartridge. The standard detection characteristic which
was initially set 1is changed to the measured value. The
progression status of the ink consumption is determined from a
difference between the detection characteristic and a newly

30 obtained detection result.

According to the present embodiment, by adjusting the

detection characteristic at its initial stage, the irregularity
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can improve the detection accuracy. In this mode of embodiment,
10 the detection characteristic prior to ink injection can be
measured and recorded. Thus, the measured values of both the
detection characteristics after and before the consumption can
be stored in the consumption data memory 804.
Next, arrangement of the 1liquid sensor 802 and the
15 consumption data memory 804 on the ink cartridge 800 will be
described.
The liquid sensor 802 and the consumption data memory 804
may be arranged at different places on the ink cartridges 800 (see
Fig. 1, Fig. 7 and so on). The liquid sensor 802 and the
20 consumption data memory 804 may be arranged at different places
on the same wall surface on the ink cartridge 800 (see Figs. 42A,
42B and 42C). The liquid sensor 802 and the consumption data
memory 804 may be arranged respectively at different wall surfaces
of the ink cartridge 800 (see Fig. 1). The wall surface on which
25 the liquid sensor 802 is arranged may be positioned perpendicular
to a wall surface on which'the consumption data memory 804 is
arranged (see Fig. 7 and Fig. 9).
Referring to Fig. 50, the liquid sensor 802 and the
consumption data memory 804 are provided preferably in a center
30 portion of the container in the cross direction. In Fig. 50, a
supply port 830 is provided on the lower surface of the cartridge.
The liquid sensor 802 and the consumption data memory 804 are

provided in the vertical wall. These are all positioned in the
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in the cartridge’s lower surface. The positioningprojection 832

is inserted to and engaged with a positioning concave part 834

10 in the recording device side. The positioning concave part 834
has a form corresponding to the positioning projection 832.

In the above structure, the ink cartridge is

positioning-made to the ink-jet recording apparatus at the supply

port 830. The supply port 830, the liquid sensor 802 and the

156 consumption data memory 804 are all provided in the central

portion of the container in the cross direction. Even though the

cartridge is mounted in such a manner of being rotated a little

bit in the horizontal direction about the supply port 830, an

amount of the positioning displacement of the liquid sensor 802

20 and the consumption data memory 804 caused by such the rotation

is rather small, thereby the positioning accuracy can be improved.

As shown in the above examples, a high positioning accuracy

is generally required for the supply port, so that a positioning

structure satisfying this requirement is provided. By providing

25 the sensor and memory in the vicinity of the supply port, the

structure for use with supply port positioning functions as the
structure for use with the sensor and memory positioning. A

single positioning structure operates not only as for the supply

port but also as for the sensor and memory. A simple structure

30 makes possible the positioning of the sensor and memory, and can

also improve the detection accuracy.
In still another preferable embodiment, the liquid sensor

802 and the consumption data memory 804 are provided on a same
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consumption detecting base plate 836 is provided in the vicinity
of the supply port 830 and is arranged in the center of the cross
direction of the container. Thereby, the positioning
displacement can be minimized as described above.

10 Moreover, the mounting module in which the liquid sensor
(actuator) and the mounting structure are integrally formed is
preferably mounted to the consumption detecting base plate. The
mounting module is shown in Fig. 32 and soon. As described above,
provision of the mounting module can protect the liquid sensor

15 from external force, and can facilitate the mounting itself and
simplify the operation, thus reducing the cost.

Referring back to Figs. 42A , 42B and 42C, in the present
embodiment, there is provided a positioning structure which
positioning-performs on the consumption detecting base plate

20 against the liquid container. Though the reference numerals are
omitted in Fig. 42B, a plurality of projections for use in mounting
the base plate are protruded outwardly from the ink cartridge as
shown in a side view of Fig. 42B. These projections function as
positioning means. There are provided five projections. As

25 shown in the front view of Fig. 42C, there are one projection in
the upper portion, two in the central portion and another two in
the lower portion. These projections are inserted to and engaged
with positioning holes (and mounting holes) of the base plate 610.
Since the base plate is accurately positioning-made by these, the

30 accuracy of mounting positions can be further improved.

The positioning structure of the base plate is not limited
to the above description. A cut-out groove may be engaged with

the projection. The base plate may be inserted to and engaged
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least two ribs 1n the concave part, and the base plate may be
sandwiched by these ribs.

Next, still another embodiment of the present invention
will be described. Fig. 53 is a functional block diagram for an
ink-jet recording apparatus equipped with the ink consumption
detecting device according to the present embodiment. Differing
from the structure in Fig. 47, an ink cartridge 900 consists only
of a liquid sensor 902. A consumption data memory 910 is arranged
in a recording device control unit 904.

Similar to the structure in Fig. 47, the recording device
control unit 904 comprises a consumption detecting process unit
906, a consumption data indicating unit 912 and a print operation
control unit 914. The consumption data indicating unit 912
indicates to the user the detected consumption state by using a
display 916 and a speaker 918. The print operation control unit
914 controls a print operation unit 920 based on the detected
consumption state.

The recording device control unit 904 further includes a
cartridge identifying unit 908. The ink consumption detecting
device comprises the consumption detecting process unit 906, the
cartridge identifying unit 908, the consumption data memory 910
and the liquid sensor 902.

The cartridge identifying unit 908 identifies an ink
cartridge mounted in the ink-jet recording apparatus.
Consumption related data corresponding to the identified ink
cartridge are read out of the consumption data memory 910. As
described above, the consumption related data include the

consumption state data and the detection characteristic data.
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now be described. When the ink cartridge 900 is mounted, the
cartridge identifying unit 908 identifies the ink cartridge 900,
so that the identifying data are stored in the consumption data
10 memory 910. For example, an identification number attached to
the ink cartridge 900 is read out. The identifying data may be
obtained from the liquid sensor 902. As described using Fig. 49,
at the time of mounting the cartridge, the detection
characteristic is measured is stored in the consumption data
15 memory 910. Utilizing this detection characteristic, the
consumption state is measured and is recorded in the consumption
data memory 910.

Suppose that the ink cartridge 900 is removed, and is now

mounted again. Then, the data on the cartridge mounted again
20 remains in the consumption data memory 910. That data are read
out and used for a processing thereafter.

In this manner, according to the present embodiment, the
similar advantages to the above embodiments are obtained even if
the consumption data memory is arranged in the recording device

25 side.

Various modifications applying the present embodiment are
possible. For example, the consumption data memory may be
provided separately in the ink cartridge and the recording device
control unit. One of the memory may record the consumption state

30 while other memory may record the detection characteristic data.
Moreover, one may be record the standard detection characteristic

data while other may record the measured values of the detection

characteristic.
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will be described.
In the present embodiment, the consumption state obtained

10 as aresult of the detection and the detection characteristic data
for use with detection are recorded in the consumption data memory
as the consumption related data. On the contrary, only one of
the data may be recorded.

In Fig. 47 and Fig. 52, a single liquid sensor is provided

15 1in the ink cartridge. In contrast, there may be provided a
plurality of the liquid sensors. Byutilizingtheseplural liquid
sensors, detailed consumption data can be recorded. Moreover,
the detection characteristic data are preferably recorded for
each liquid sensor.

20 In the present embodiment, the liquid sensor is structured
by the piezoelectric element. As described before, the change
in the acoustic impedance may be detected using the piezoelectric
element. The consumption state may be detected utilizing the
reflected wave of the elastic wave. The time required to travel

25 fromgeneration of the elasticwave to the arrival of the reflected
wave is obtained. The consumption state may be detected by some
principle utilizing a function of the piezoelectric element.

In the present embodiment, the liquid sensor generates
vibration and also generates a detection signal which indicates

30 the ink consumption state. In contrast, the liquid sensor may
be such that it does not generate vibration. That is, the liquid
sensor may not be such that it does not generate both the vibration

and the detection signal output. The vibration is generated by
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carriage or the like. Then, without generating the vibration in
a positive manner, the ink consumption is detected by utilizing
the vibration caused naturally by the printing operation.

The function of the recording device control unit shown in
Fig. 47 and Fig. 52 may be realized by other than a computer of
the recording apparatus. Part of or whole function may be
provided in an externally provided computer. The display and
speaker may be provided in an externally provided computer.

In the present embodiment, the liquid container is an ink
cartridge while the liquid utilizing apparatus is an ink-jet
recording apparatus. However, the liquid container may be an ink
container other than the ink cartridge and ink tank. For example,
a sub-tank in the head side may serve as such. Moreover, the
ink cartridge may be an cartridge of the so-called off-carriage
type. Moreover, the present invention may be applied to a
container which houses liquid other than ink.

As described above, by implementing the structure in which
the memory means is provided in the liquid container, the
detection result can be suitably utilized and the detection
capability is significantly improved.

Although the present invention has been described by way
of exemplary embodiments, it should be understood that many
changes and substitutions may be made by those skilled in the art
without departing from the spirit and the scope of the present

invention which is defined only by the appended claims.
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a hou51ng accommodating liquid;

a liquid supply opening formed in said housing;

a liquid 1level detection device comprising a
piezoelectric element; and

a storing device mounted on a wall of said housing.

2. The liquid container according to claim 1, wherein
said storing device stores information relating to a liquid
consumption status.

3. The liquid container according to claim 2, wherein
the information relating to the liquid consumption status is
generated by said detecting device.

4. The liquid container according to claim 2, wherein
the information comprises a detection characteristics
information employed for detecting the liquid consumption
status by said detecting device.

5. The liguid container according to claim 2, wherein
said storing device stores information indicating detection
characteristics before the liquid contained in the container
starts to be consumed.

6. The liquid container according to claim 2, wherein
said storing device stores information indicating detection
characteristics which is expected to be detected when the 1iquid
is consumed up to be a predetermined target level.

7. The liquid container according to claim 4 to 6,
wherein the detection characteristics information comprises a
resonance frequency characteristics.

8. The liquid container according to claim 1, further
comprising a substrate mounted on said housing, and said
detecting device and said storing device are disposed on said
substrate.

9. The liquid container according to claim 1, wherein
said liquid level detection device detects a 1iquid consumption
status on the basis of a change in the acoustic impedance.

10. The liquid container according to claim 1, wherein
said detection device detects a liquid consumption status on
the basis of a change in a residual vibration thereof.
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12. The liquid container according to claim 1, wherein
said storing device comprises a semiconductor memory.

13. Aninkcartridge for an ink jet printer, comprising:
a housing accommodating therein ink;

an ink supply opening formed in said housing;

an ink level detection device comprising a piezoelectric
element; and

a storing device mounted on a wall of said housing.

14. The ink cartridge according to claim 13, wherein
said storing device stores information relating to an ink
consumption status.

15. The ink cartridge according to claim 14, wherein
the information relating to the ink consumption status is
generated by said detecting device.

16. The ink cartridge according to claim 14, wherein
the information comprises a detection characteristics
information employed for detecting the ink consumption status
by said detecting device.

17. The ink cartridge according to claim 16, wherein
said storing device stores information indicating detection
characteristics before the ink contained in said housing starts
to be consumed.

18. The ink cartridge according to claim 16, wherein
said storing device stores information indicating detection
characteristics which is expected to be detected when ink is
consumed up to be a predetermined target level.

19. The ink cartridge according to claim 16 to 18,
wherein the detection characteristics information comprises a
resonance frequency characteristics.

20. The ink cartridge according to claim 13, further
comprising a substrate mounted on said housing, and said
detecting device and said storing device are disposed on said
substrate.

21. The ink cartridge according to claim 13 wherein said
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accommodating ink therein, said ink cartridge including:
a housing accommodating therein ink;
an ink supply opening formed in said housing;
a storing device mounted on a wall of said housing,
an ink level detection device comprising a
piezoelectric element; and
a control section connecting with said ink level
detection device and said storing device of said ink
cartridge.

26. The ink jet printer according to claim 25 wherein
said ink level detection device of said ink cartridge
detects an ink consumption status on the basis of a change
in the acoustic impedance.

27. The ink Jjet printer according to claim 25, wherein
said detection device detects an ink consumption status on
the basis of a change in a residual vibration thereof.

28. The ink jet printer according to claim 25, wherein
said detection device detects an ink consumption status on
the basis of a change in a resonant frequency thereof.

29. The ink jet printer according to claim 25, wherein
said storing device stores information relating to an ink
consumption status.

30. The ink jet printer according to claim 25, wherein
said control section comprises:

a signal processing section connecting with said detection
device for receiving an output signal thereof; and
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by said signal processing section.

31. A liquid detecting device, comprising:

a substrate;

a sensor mounted on a first portion of said substrate,
said sensor comprising a piezoelectric element; and

a memory mounted on a second portion of said substrate.

32. The liquid detecting substrate according to claim
31, wherein said sensor detects a liquid consumption status on
the basis of a change in a residual vibration thereof.

33. The liquid detecting substrate according to claim
31, wherein said sensor detects a liquid consumption status on
the basis of a change in a resonant frequency thereof.

34. A liquid detection system, comprising:

a liquid container comprising:

a housing accommodating therein liquid;

a liquid supply opening formed in said hosing; and
a liquid level detection device mounted on said housing, said
detection device comprising a piezoelectric element,
a storing device mounted on a wall of said housing of said liquid
container; and

a control section connecting with said ink level
detection device and said storing device.

35. The liquid detection system according to claim 34,
wherein said liquid level detection device of said liquid
container detects an ink consumption status on the basis of a
change in the acoustic impedance.

36. The liquid detection system according to claim 34,
wherein said detection device detects a liquid consumption
status on the basis of a change in a residual vibration thereof.

37. The liquid detection system according to claim 34,
wherein said detection device detects a liquid consumption
status on the basis of a change in a resonant frequency thereof.

38. The liquid detection system according to claim 34,
wherein said storing device stores information relating to a

liquid consumption status.

39. The liquid detection system according to claim 34,
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wherein said control section comprises:

a signal processing section connecting with said detection
device for receiving an output signal thereof; and

an operating section connecting to said signal processing
section, said operating section activating a predetermined
operation of an external system in accordance with an
output signal of said control section.

40. The liquid detection system according to claim 39,
further comprising an information indicating section, and
sald control section further comprises an information
control section receiving an output signal of said signal
processing section and activating said information
indicating section.

41. A method of detecting a liquid consumption status of
ligquid contained in a liquid container, including steps of;

reading out information relating to a detection
characteristics;

reading out information relating to a liguid
consumption status;

detecting a new liquid consumption status of liquid
contained in the 1liguid <container by a liguid 1level
detection device 1including a ©piezoelectric element; and

storing the newly detected 1liquid consumption status
in a memory mounted on the ligquid container.

42 . The liquid consumption status detecting method
according to claim 41, further including a step of storing
the detection characteristic in the memory mounted on the
liquid container.

43. The liquid consumption status detecting method
according to claim 41, further including a step of judging
whether the liqguid contailner is installed at a

predetermined position.

44 . The liquid consumption status detecting method
according to claim 41, further including a step of judging
whether the liquid container is detached from a

predetermined position.
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45. The liquid consumption status detecting method
according to claim 41, further including a step of storing
information relating to liquid type in the memory mounted
on the liguid container.

46. The liquid consumption status detecting method
according to claim 41, further including a step of
activating an external system in accordance with the
detection result of said detection step.

47 . The liquid consumption status detecting method
according to claim 41, wherein said detection step
including a step of detecting a change in the acoustic

impedance.

48 . The liquid consumption status detecting method
according to claim 41, wherein said detection step
including a step of detecting a change in a residual

vibration.

49. The liquid consumption status detecting method
according to claim 41, wherein said detection step
including a step of detecting a change in a resonant

frequency.

50. The liquid consumption status detecting method
according to claim 41, further including a step of
processing a signal resulting from said detection step and
a step of activating an external system in accordance with
the result of said processing step.



