;e3eg0)\ 2Z6T)#v 1 5 ,ARR 2-~3 LI QUI D CONSUMPTI ON STATUS DETECTI NG METHOD,

LI D CONTAI NER, AND | NK CARTRIDGE This patent application clainms priority
Bhged on a Japa ppllcatlons H 11-139583 filed ? Ma 20

1999, H 11- 147@&@”’”@“@ mm May 27, 1999 and H 11-256522 fil g

Sept enber 10, 1999, ..t .hs e, contents of whi ch are incorporated herein by

reference. BACKGROUND OF THE INVENTION 1. Field of the Invention The
present inventi onLI@UADe SONSUNPIIIGHI dSTATVE rRETECTTIRGSMETHOD, a

pi ezoel ectric appar at [ €] | d ct h ion state of
liquid inside a |iqui }%LJﬁdiM%‘f ﬁ‘éﬁ’sé@“{ h?ﬁﬁqﬁﬁf by means of
detecting change of the |level of the acourstic inpedance, especially
detecting the change of the resonant frequency. Mre particularly, the
present invenfidd patientesnrd itded fiqik cdadms ﬁgéor@tmb@switcm anJpRRIESE
recordln rf.or t n oper char gi ng

i nk dropl® {g&ﬁg %%%g?éggbéﬁ nf% P%9§§%a%%g§d8§§hﬁ%k %gb% aﬁpressure
gener at i g chargss fusedasfpmeyszau bysa a)chHSUlrle-ZgEEZE.tfllmgdrmﬁBéptember
corresponding to printing data. 2, Description of the Related Art_An ink
cartri dgel%?:]n?%%l drharcoHke et ‘P’;/p‘éh%%‘éo?’a‘?nbnﬁﬁﬁﬁigﬁt"‘ﬁ%dl gergfBnPys an
exanpl e ofe@ddpd d container and i;5 described below In general, an

i nk-j et recordlng apparatus conprises: a carriage equi pped with an ink-jet
type recording head conprised of a pressure generating nmeans which
conpresses .a pressure genera 1 e openi ng which

di schar ges the conpr essed 7 2 +n the formof ink
droplets]_amQémuldﬁ<gEgHQﬂWEﬁﬁhawuses i nk supplled to the . recordi ng head
t hrough a passage, and 1S structured such that the printing operation can
be perforned cdms nREESERL |th‘1'w]f‘e'.]c(a[p. relates to a 1liquid container

equipped with a piezoelectric apparatus therein which detects the

A

consumption state of liquid inside a 1iquid container which houses

the liquid, by means of detecting change of the level of the acourstic
impedance, especially detecting the change of the resonant
frequency. More particularly, the present invention relates to

the ink cartridge for use with an ink-jet recording apparatus
which performs the printing operation by discharging ink droplets
from a nozzle opening, in a manner such that ink in a pressure
generating chamber is compressed by a pressure generating means
corresponding to printing data.

2. Description of the Related Art

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

printing operation can be performed continuously. In general,

AR
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, S ~~APR 2~ the ink tank is structured as a cartridge that can be

det dched fromthe recordi ng apparatus, so that a user can easily replace it
at ,t.he tine when the ink is used up. Conventionally, as a netgPd of
controlling the ink consunption of the $nk cartridge, a met hd ABRﬂw@Mn
controlling the ink consunption by neans of a calculation in which the
count ed nunber of ink droplets discharged by the recordi ng head and the
anount ofthHenkrdudleedk iis &tmaictterdnes pr ceessidbet hkapr cahi bg Headcherd

i ntegrated r¥ imhtmare and anot her net hod of controlllng thg i nk

consunpt ifHPT TR FERCERATE] ABPAF3HPehSPhERT hi@ (WSS CGR FiSddNsthRRYarS

det ect ed sy di nggd Wm{@%él?g:ﬂé) {he 1§K%§é>at15¢ dge two el ectrodes for use
in detecting the 1iquid surface, and so forth. However, in the

cal cul ati on- baﬁnhwmtﬂ@adﬂmonalsol bi metihedi nkt C@mmxmhlmng)y thet egnkt i ng

t he di schar unber ink,droplets and the a or th I|ke by
the soft B bedhe Tird T Tidedng TeiSd agokantn (ecoPEEaLl ipSor

the ink Q:hﬁznﬂﬁkdﬁﬁeéldh i S bYSRESN € B & YHIRALL UiGh a8 wibeehd 88BREaGUr e
and hum dit el apsed tlne after an ink cartridge has been opened for use,

and usagé® uertcynkt dpopsetssibecharged hy phwhirencrsiicwudegdvaadethe
e Bl L0 AECHER BLNGaRA L Lah oL AR Ll e CONS UL AR P line

act ual consu reover ano er pl‘p Ci emils caus

act ual amnuninﬂégrakeaeﬁaenfngare nmmdKnmmnmhemeuheddnteohheceadE@pahér|dge

is renoved_and then nounted again, the integrated counted value is reset.

On the oﬂﬁerCH&ﬁdeH%OPhénnﬁpﬁﬁd shecbAmEop |H6159 ehecinbdes 2ReURLHE at
whi ch thednfinied GRNaLTREL NSy @TRLBEDY ABOHRE ngf cbnKneainRec£LPE gL ed
with high reliability since the actual nk consunption can be detected at
one poi nttw0|-|e\1/e¢errodiens dodensehan dhtertdupdtbarlageidfsuhéacak aad be
detected % i nk need be conductive, so suitable types of ink for use are
very Ilnl ed ‘Moreover, a problemis caused in that a fluid-tight structure
between the el eeweades tMdheheaTAIl4t {ge-1hgod meehod of lcontAdR 120138t he
conpl i cated. Mreover, since precious netal is usually used as the

el ect r odéMFatASHIP LA HOY s LREGRFRtABAd IdS Vel aplrE9edi varbean act ki ng
costs of othg1kRl AR Fhd0EnbaAL 38 el N e 1YRLCBYCEneSLOEubLe! Sthe
necessary to attac e two el ectrodes to two Separaté positions of the ink
cartridgpreshermanubadsuthng1pkocesSrndgeeaedsthehwsscaa$tmgoﬁ phebimkn

whi ch inc [eases t he nuf a turin% casts. SQKNARE OF FgE NVENTI ON

Ther ef or8 APPSR %&n BPAP RS ESEME T M BRPi Bh 28 RSV IR & 3 F 4t o
consunpt aad ﬁttxat@.lﬁtﬁeteqcetpsftgi gehBog 8@ dri gHkc£00E PAdE hazBakheoéned

accurately detecti a liquid consunption status_and di spensing wth a
conpl i caf®y ear i ¥ 1538 FrEQUaNaYs 2Bt WP T dhidRet G’IhUtSheapPéganm is
inventio r J%QW%J S i &h
does notea’ilg g ?ﬁ%ggé%égi fﬂt Unst abl qgoéggg%rP%g&ggéna generated at t he

early stagk cforishenpresur ang dfhd hactigli drdonsanptimphishat uMorteover,

furth th bj f th t t he | i d,
consunpt RBCEERL S SRR 1 S e AR B FEH a1 aREESE e TERET o et ng

the |iquirdme@AsSuEpPié ebtSkabus. bddabse fdﬂdehehecgah@é cRRiteGiddef ikheemsesent
invention to grOV|de a control circuit for measuring apparatus to realizes
the abov8lAeRPFBNBEYBEELECREBRT Mt RS 1 TRESRT 80 @e¥R-ef eV atHP ebR F BFFT -

conmbi nations dgscrihed %%eEheh ngepe qfeghecl LB The d@?ﬁeggﬂﬁlﬁ aqu

define further advantageous an exenpl ary co I nations o e present
i nventi oplectrodes the time at which the ink is consumed, the remaining

amount of ink can be controlled with high reliability since the
actual ink consumption can be detected at one point. However,
in order that the liquid surface of the ink can be detected, the
ink need be conductive, so suitable types of ink for use are very
limited. Moreover, a problem is caused in that a fluid-tight

structure between the electrodes and the cartridge might be



According to the first enbodi ment of the present invention, a nethod of
detecting a consunption status of liquid contained in a liquid container is
ptavi ded such that the method conprises steps of: preparing a_ detection
devi ce having a piezoelectric elenent agd attaching the det dc? ABR 28%i ce on
a desired position of the liquid container so that at |east a part of the
detection device contacting the liquid; neasuring a residual vibration of

t he det ectompl teated; Muramtect isigidechprecisusphevalsiatwsuaily hesed as ~

APR 200"i_Jliquid contained i.n.the |iguid . container on the basjs of a result
of the meHAHAHRSHEGTS FHE SPOd U PI5ToF SF G L ROt f o i BROF ey
further ofmifSC@rshePcektactdvathdgihRe QRHAGIHRN JRVIEEsED GREIRLT .
vibration. The detection nethod can be provided such that the residual

vi br at i oiMomegeenENinGe df denpersesanystepriofagipdshe itwp #liadqpsdas tof t he
resi dual

i ion., The d i h . i hh h
r esi dual %V:' iaﬁté%ﬁnatr%fg%sr%&té gq%e%o%pg\k?sgsr%%lg{g%\él gﬁ%@g@gr‘f%ﬁghartm%

r esonancepfsesenDycodasde, | £ HUS dosusifygngdi pgobhemdeheehi oncdewises. the
detection nethod can be provided such that the nmeasurenent step is operated
after a pradeta?tinEes tFPRtPeri od has el apsed fromthe activation step. The
detecti on nethod can be provided such that the neasurenent step is operated
after the vibrations of the detection device several tinmes. The detection
nmet hod can be provi ded such SUNMMARYh©PMETHEUIMTAIVENT ISINep conpri ses a step of
measuring tinme period in between a predetermned plurality,of peaks of the
resi dual vi br ati iS5 det et F oA nBPAGECa ortg'l%gp’f:%ﬁ]elb% b?ﬁ@gaéansﬁf?h
that the c?%ﬁil&@@mﬁq&tiapcéﬁgﬁﬁ\b’éﬁénasﬁé@@s Het@asitd MeovHE MM igaaks of
the residual vibration within a predeternmned time period. The detection
met hod ca&PBe g iRl P REcurRE elvadetemsinds tepiavipr roBSUBAPSiEp of

- accor S AT FEBEEETHE HEoHs (RO Bl B AT e A6y

further denEnagsrsidpeaf offeksubregepteynoeakyon tbr profideuantyquabue of
the residual vibration of the_detection device when the liquid contajner is

full of Iqu'tﬁ‘-H'}PttJi%‘fPé&&éﬁ?’cyd?ge?:%b%‘r’-dé‘éfté%o% F”in&hgné@efre‘éﬁj%nw vRfue:
measuri ng #1361 E&Wﬁ_ﬁh&@hé%égsﬁﬂ%g 885 ANRIGHdYAd PR Uhd BEr1y
detection device when liquid in the liquid contaliner is consumed; conparing
t he ref ersdmge ofegbenvgasiirhinghet sdeonid duish vomepmpdicr} wdgitwg + hét is ~
APR 2003 ns t.ion status o e liquid,contained in th iquid

cont ai nerélllfl\t%aecrtzjorE?C aen%eoﬁ?%éaO%eEEFt PSFEERE clélr\rrﬁélrtllr?él S Oepsr#%lgg%eglelgti on
met hod cand il peevistathtiwehst Batist et ¢ €51 dhahe thidd alHidh ideenuedaye the

measurenent ste onprises a step of neasuring a plurality of resonance
f requenc}lr‘f’@dgggo‘&egg‘ét?*’é%i%Itll\giuﬁfda‘?PBﬁu'BPt%ﬂB g‘éﬁ”’e‘é@i ort [ddei ERTTHRE

det ecti o tHRINGH] €8P d¥the present invention to provide a control circuit

for measuring apparatus to realizes the above mentioned detection
method. These objects are achieved by combinations described
in the independent claims. The dependent claims define further
advantageous and exemplary combinations of the present invention.

According to the first embodiment of the present invention,
a method of detecting a consumption status of liguid contained
in a liquid container is provided such that the method comprises
steps of: preparing a detection device having a piezoelectric
element and attaching the detection device on a desired position
of the liquid container so that at least a part of the detection
device contacting the liquid; measuring a residual vibration of

the detection device; and detecting the consumption status of the



provi ded such that the neasurenent step conprises steps of neasuring a
first and a second resonance frequency nodes, and recognizing the two
resonance frequency nodes as a single pattern. According to the second
aspect of the present invention, a |iquid container is provi dddABRCO% hat
the liquid container conprises: a housing containing therein liquid; a

| iquid supply opening fornmed in the housing; and a detection device having
a pi ezoel ¢tgnid edmraeited tihethethhquiﬁl chderiademegenar ahe g sa defex tiemuldi gnal
in accordapce with a residual Rratlon of theag i ezoel ectric elenent, the

det ecti on®5i §h&I "PAEHESFPRY Q CS SukBEiLgHadt ¥iBEagiohe i quid contained in
Lhe housi ng. Thenl | e conkal Reencan e, pERYLed suolotian thesdgpectd on

device is activated to generate a vibratio cont ai ner can

provi ded sothvahangt thededete¢iosi daaticeegreeseatisea & r*eqheatyonal u€hef t he
r esi dual ration of t det.ecti on .devi ce. e liguid cp c n be
ooy SebReHhaR il ean e RralaRer Satn Hian LRE et Y y of
the |iquigesstrenadt ngdhecitpteekison A 6€. méri@ufiﬂguadf@eqhéha?roﬁ&mebe
provi ded such that the detection device vibrates at at | east one resonance

f r equencyrediduaineibratiencorfhe matastiBe rrpﬁtdmcaéwrsm] Peatidegl such
detectiong %é@”&le LR eREA! §1Br899€{%q§%;l§%é E's‘éee %n Qﬁs%%”&rfr%ee&]qﬁyt he

det ecti on devi ce in accordanc e resi uaI on t her

l'iquid con¢asnefngay fusbhaﬁcsofrfpéqaenayneﬁothedeuqoedneumrtcedndﬂntghethe
housing for storing_information of the liquid consunption status detected
by the dé@%%??%hoﬂe@ﬁﬁéceThe 1 ~ APR 20D3 |iquid container can be

provided such thal (g ddgud ﬁeehean%aﬁsb@ bRivGakl | 9G8nT Aman e ] et
printer. According to the third aspect of the present iInvention, a

measurement step is operated after a predetermined time period
has elapsed from the activation step. The detection method can
be provided such that the measurement step is operated after the
vibrations of the detection device several times. The detection
method can be provided such that the measurement step comprises
a step of measuring time period in between a predetermined
plurality of peaks of the residual vibration. The detection
method according can be provided such that the measurement step
comprises a step of measuring number of peaks of the residual
vibration within a predetermined time period.

The detection method can be provided such that the
measurement step comprises a step of measuring a
counterelectromotive voltage generated by the detection device
in accordance with the residual vibration thereof. The detection
method may further comprises steps of: measuring previously a
first frequency value of the residual vibration of the detection
device when the liquid container is full of liquid, the frequency
is regarded as a reference frequency value; measuring a second
frequency value of the residual vibration of the detection device
when liquid in the liquid container is consumed; comparing the

reference frequency with the second frequency; and judging the



detection control circuit for detecting a consunption status of liquid
cont'ained in a liquid container by a detection device having a

pi ezoel ectric el enent can be provided such that the circuit q.on%rizﬁﬁs: a
nmeasurenent circuit segment for neasurigig a residual vi br at A e
detection device; and a detection circuit segnent receiving a signal from
the nmeasurenent circuit segnment and outputting a signal indicative of the
consunpt icomsstgitioroét & tes ldfguhe ldontial cedt 2 inédian theild oot apneainart he
basi s of .the ougput signal._of the measurenment circuit segnent. The

det ect i ol e GRFFIRGE Witk #h IRFProd SR HADY Het Seasur ement circuit

segment neasur §,ca3&£88HEBE M hdd@ahese PRl \ad shibAN it ke dekeghhon
device . The detection control circuit can be provided such that the

measur enmyritrgition t fsegrencyneasasesenent eastepneamzwigat e & r sgepncyt of

Can bo pBASHE UL R IR LN RS aPER £ £ PUTheeY SEReoL idutreacdel |

count er eh@Hrz@ RN Y€ YRb! 38 ENEGH A &fh . t hhdekeelbtadndmeteed Ban be
accordance with the residual vibration thereof. The detection control

circuit eawviees cmeledtbath thrt MEABURBASDERHRP CFPERFLSSEgRHAPToRPr i ses
an anpl i t).g urﬁﬁﬁcggp&'i'ﬁéteran‘ao@rée%%%aa ]:Pe’ﬁ%ﬁéx'&ﬁe ﬁg&g@&%p@&@eé‘ NERyt ype

.
transi st Of Wi ¢ I"énentari I'y connecting w Fahsi st or,
and an emelcbemiafi nghehéhRot yeeohinns ifseau ey modesatst 215 1ok liehea tNBidrh y pe
transi stor connect wi.th each other. A drive voltage generated betwen a

poi nt connect i AGSBEHEEN tenEREnPEERRIORSPREE NBN %égﬁ%‘?%? stofeRhtCEhe PNP

type transi3ben @Rethe ground Jry ke RRldied Ha the defaetd Posieyiser The

detection control circuit can be provided such that the neasurement circuit
segnent compriises :aa aopsing erqnitdien g ltifergine diguiidesaal Paghdnsieppiy el d
ef f ect traré%i.stocf and a.l\l—gganﬁgi1 g aha AR 2000, 62 féel d.effect .
transi st SPSRATEn (?Sfﬁ?ldeﬂrﬁn Fi y Ebﬂﬁec?flﬁg V\ﬁl?tﬁ THECR- CRERABI "FT B8 21 f ect
transi st piezeedeatsaudr celenehe PthBangetett fosi sdoviead gesetacengf 4he
N- channel_  transi stor connect with_each ot her. , . .

detection signal in accordance with a residual vibration of the

piezoelectric element, the detection signal indicating a

consumption status of the liquid contained in the housing.

The liguid container can be provided such that the detection

device is activated to generate a vibration. The liquid container
can be provided such that the detection signal represents a
frequency value of the residual vibration of the detectiondevice.
The liquid container can be provided such that the detection
signal represents a resonance frequency of the liquid surrounding
the detection device. The liquid container can be provided such
that the detection device vibrates at at least one resonance
frequency mode.

The liquid container can be provided such that the detection
signal represents a counterelectromotive voltage generated by the
detection device in accordance with the residual vibration
thereocf. The liquid container may further comprise a memory

device mounted on the housing for storing information of the

liquid consumption status detected by the detection device. The



~ ~ APR 200 The detection control circuit can be provided such that a drive
vol t age gener ated between the source of the P-channel FET and the N-channel
FET, is applied to the detection device. The detection control circuit can
be provided such that the detection cirguit segment conpri ses? B ARRU3r f or
counting nunber of the vibration of the residual vibration within a
predeterm ned tine period, and the detection circuit segnent judges the

| i qui d cdrsuist comtstiatas cen he qoroanded wudh tthe tc olnet édgquabueonTaéner
detection contr,ol, circuit. can be provi.ded such, that the detection circuit

segnent cénpr Jek é’a_fdiﬁftdeqe_ ffcﬁr_ rﬁtﬁmgj%%%n%‘?rcl ocks within a tine
period where tRedRAiHpkoVEREAEhPRd VAPt €A tieL Gelpemtnedvaurben  0f
times, the clock has a“cycle shorter than the vibration cycle of the

resi dual Aetlecatiicon comigoderesridh tontdetieatindia comasupptgcsyistiedusueh t hat

the detectiion circuyit, starfts counting the,n er .of vibration of .the
Fesi dual WA I A TS AT Satt ap R aORARer &Y v e Shiedr athece
resi dual naiimat iz0p Nesodtett ¥ £6l. e Toge et eshi be eatidleidich ttican bRe
provi ded such that the detection circuit segnent outputs a signal

r epr esenCiAGUMe CREPTERESI i qUIMG2EBRERFREr CEbAHEE SCUMERT RET ERRGHENBAL
circuit. ,The dgfeqt Rz‘l%r%%’ltcfrf'ofc'ﬁrfé“éetceadti% Ry ded sigh, that é{i‘fon
measurenment Circuit segment further conprises a plurality o arrp?| lers
connecti pdraoutift aegmepecteveivhega s guiair dhichy the méesdeemehtonidevices to
supply a drive voltage, and the detection cjrcuit se t receives a

plural i tﬁeaﬂeﬁtgm%wqtﬁgar@ame .%%V%égﬁg%ﬂe CPRBYPRhHPRG to
the respgehitue &eteet O fievuee aand o Puktl Nigh A3 Bowkaliidet &h tHOPAESs
indicative of the consunption status of the liquid contained in the liquid
cont ai nepfokheheuasits sgEnedc ipfoftheh meaauiameas el Bowit tIRIMRRB Ur enent
Circui t segmeniy, . 1. def £6L IO G £OL L LRl IR by O8's fHBbLRCcRe
control circuit segnment Tor controlling an operation to consuire the Trquid
cont ai netleaButrbaenitqoi dcadntssednent measoaedancierequdncy of bhAPR2{0M3al he

out put sigpal of the detection circuiit segnent.. The detection control
circuit ¥aRTBEIRRRA Ggé ‘g%tb%c’ﬂﬁ%’@ dFWéc@ontlergF d85qqk O EREAL LDIRT i Ees an

i nfor mat (o JPEPELY 1 ARALALL EhhtUHe AEFEBREMERE d18adiNY selhehtend d Sk
consunption status stored In a nmenory device attached to"the liquid

cont ai negtahdanki ohagreéesonhrcaefvequerey cef i thorhgubd swiaounding the
liquid cggguggti ondsé_at us dIg_'E]ee E%dch_{ot he r(?t?}eft i on, citr Cléint He8 rrg,\ptde he
det ecti onccont ol TFYeuft ¢ g provided s uch™ that 1fjhecllqw ontarher is
an i nk caathi dasafor tafe i nkehetirpienter «djreatitng sadmenopl aleaisin@® a Pprint
head, and the control circuit S(igrrent cog]ﬁ)ri si.ng a counter for counting

nunber of PRkSYFSBFELSTRLAYEi NG FREM BRESHRFAE RBade THRE Hfet Eet i BV ot r ol

circuit gansbeophaybaedighcRhkhakstibaadetaeilen ot tiHddesegnent adjust a
paranmeter of an equation for converting the counted nunber of the ink

dropl ets into Eheatafignt odn [coqiiredlcobsowupt iasm be previdedcaiaki thathighe

consunpt i on st at us Accor# ntg ;tno %r}:eo f ouirs',t hS aﬁp%:tlioﬁiié he g[aeasntlanfi ier

i nvent i ot EUESWﬁBFeCrl-rrCe% aBFe"re ord?pr‘Fg hedr Ui ot or ngr‘tﬁ reorr a %rogram
for a cosbmpkiseBCHi INP NS Itatindi by Blod &t NPRi s ¢ akei €€dr avhich
consunption status of _ink contained in an ink cartridge by using a

det ect i oﬂOYﬂEWE@nHaWF@' %OBPEEBéP%c‘H"rl?: e tYPrathras bRt ¥ dedRA P

posi tione@itthe &hk HAbkb g6 Gahhe WV idedaguahi 6@t of the NPN type
transistor connect with each other. A drive voltage generated
between a point connecting between the emitter of the NPN type
transistor and the PNP type transistor and the ground may be applied
to the detection device.
The detection control circuit can be provided such that the
measurement circuit segment comprises an amplifier, the amplifier

comprises a P-channel field effect transistor and a N-channel



the program conprises steps of: neasuring a residual vibration of the

det ecti on devi ce; and detecting the consunption status of the ink contained
i'n, the ink cartridge on the basis of a result of the neasureqrgrﬁpﬁ)gghe
residual vibration. The recordi ng nmedgam may further conprise a of
activating the detection device to cause a vibration. The recordi ng nmedi um
can be provided such that the residual vibration neasurenent step conprises
a step offieddseffenyr arbnefjsiemc whitht demplemedtatily oaneohind v thetbedi ng
medi um can be provided such that the residual vibratio asurenent . step
conpri ses & EPgﬁfo#lee"'d gf%eﬁbﬁ%@lftgrne%%%ﬁ ﬁé’uﬁc?eggnt}%c} 8408hcy of

i nk surrquads R8s Nandef 864+ AoHKEGR chiRh81 THERBL &Y cbRfedt iRt e@Bhdoes

not necessarily describe all necessary features of the present invention.
The pres@thermventi on may al so be a sub-conbi nati on of the above descri bed
features. The above and other features and advantages of the present
invention wll becone nore apparent fromthe foll ow ng description of

enbodi ments taken in conjunction with the acconpanyi ng drawi ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fi gs. 1A, 1B and 1C shows details of the
actuator 106. Figs. 2A, 2B, 2C, 2D, 2E, and 2F shows periphery and

equi valent circuits of the actuator 106.



Figs .. 3A and 3B show rel ationship between the ink density and ink resonant
frequency detected by the actuator 106. Fig. 4 shows the relation between a
residual quantity of ink inside the ink cartridge and conbi hations of
patterns of a primary node and a secondary node of the reschdrAPR 288uency.
Figs , 5 show wave fornms of the counter electronotive force of the actuator
106. Fig. 6 shows a configuration of the recordi ng apparatus control unit
2000. Fig. 7 shbhs detrorkonicaprtamlbicirmiidt ken brbpubwededotuchethate @ di ng

appar at us r ' 0 Fi g. fur ..ol her, enbadi he
recor di ngdg%gér\g(%%%é%%rﬁzeg%??rautn‘%c? bf%d%rég%m%\l/\lﬁ F%HEFS.EDE.&IBT' gqp %%grg‘%lw(symt
anot her eahadthent - Shahhel r BEDI Tl ngpoibpped af dIstle® ddtd c it 2DRAcShowhd n
Fig. 8. Fig. 10 shows a flow chart of the operation process of the

recor di ngdappar &PRSAVHIbF1GAPE E2eRys beppgovided i@ fhat iehg detection
configuratipn,of éé‘&mgﬁé‘%‘é&\ﬂﬁi&ééc&“éo&(‘dér 894, counting number of the

vibration of the residual vibration within a predetermined time
period, and the detection circuit segment judges the liquid
consumption status in accordance with the counted value. The
detection control circuit can be provided such that the detection
circuit segment comprises a counter for counting number of clocks
within a time period where the residual vibration vibrates a
predetermined number of times, the clock has a cycle shorter than
the vibration cycle of the residual vibration.

The detection control circuit can be provided such that the
detection circuit starts counting the number of vibration of the
residual vibration after a predetermined number of vibrations of
the residual vibration has occurred. The detection control
circuit can be provided such that the detection circuit segment
outputs a signal representing whether the liquid container
connects with the measurement circuit.

The detection control circuit can be provided such that the
measurement circuit segment further comprises a plurality of
amplifiers connecting with a respective one of a plurality of the
detection devices to supply a drive voltage, and the detection
circuit segment receives a plurality of signals from the
measurement circuit segment corresponding to the respective
detection device and outputting a plurality of signals indicative
of the consumption status of the ligquid contained in the liquid
container on the basis of each of the output signals of the
measurement circuit segment.

The detection control circuit may further comprise a
control circuit segment for controlling an operation to consume

the liquid contained in the liquid container in accordance with



10 '~ ~ APR 20D Fig. 12 shows a circuit configuration of the detecting
circuit unit 1100. Fig. 13 shows a detailed circuit configuration of the

I'i gui d exi stence judging unit 1000 shown in Fig. 12. Fig. 1§n593m§52 ot her
enbodi ment of the actuator 106. Fig. 1% shows a cross secti n@rt of
the actuator 106 shown in Fig. 14. Fig. 16 shows a cross section of the
entire actuator 106 shown in Fig. 14. Fig. 17 shows a manufacturing nethod
of the atheatwrpu)éighaivofi th&idgtebtidn gsrciBhseti@rand TAE d&dtosetadon Nk
cartridge acco&di n% tq still another, enbodi nen of t he present |nvent|on

Fi gs. 19AR°Ti8Blafd*EIE sRER HfoPREM 1ERboFIRENEIGT (e (IRVUGH HO eIt Fig.
20 shomsagﬁaﬁftut%‘q%r@égsa&m&@&%é&&m&%&ﬁ%ﬂéwﬁ%lrEugé sg%ngéﬁ’@d 21B

show an acfuat or according to still anothér enbodi ment Is a
per spect fer veéadisponitnghe ﬁrmcjuhé Q@@surﬁp'glolz$Ua§:wm séxplested almmcsztwwi ng

the strugture of _th 100, sho 24 shows anot her
ebodi I AEOFe N HERAT S0 6B e S Bordanti, ARaaartt ke I EAR AT

struct ur geof ckha nFoulag 1420 1SNl b Jch@41i§Lod 2onsuemps 19 |ét@3ﬁ.@é her
enbodi ment of the nodul e Z00. Fig. 27 shows an exenplary cross section of

t he nmodufletegbeshbunthe fegec2opheiacuié #eEMEEtL00 is nounted to the ink
contai ner. Fi gy, 386 . 458, 300+28F SPRW, 8t Iddn RIS ; SUR U FELha LT Hde

nodul e 100.
liquid container is an ink cartridge for an ink jet printer

ejecting ink droplets from a print head, and the control circuit
segment comprising a counter for counting number of ink droplets
ejecting from the print head. The detection control circuit can
be provided such that the detection circuit segment adjust a
parameter of an equation for converting the counted number of the
ink droplets into an amount of liquid consumption in accordance
with the consumption status.

According to the fourth aspect of the present invention,
a computer-readable recording medium storing thereon a program
for a control circuit installed in an ink jet printer to detect
a consumption status of ink contained in an ink cartridge by using
a detection device having a piezoelectric element attached on a
desired position of the ink cartridge can be provided such that
the program comprises steps of: measuring a residual vibration
of the detection device; and detecting the consumption status of
the ink contained in the ink cartridge on the basis of a result
of the measurement of the residual vibration.

The recording medium may further comprise a step of
activating the detection device to cause a vibration. The
recording medium can be provided such that the residual vibration
measurement step comprises a step of measuring a frequency of the
residual vibration. The recording medium can be provided such

that the residual vibration measurement step comprises a step of



" 11 '~ ~ APR 200 Fig. 29 shows an enbodi ment of an ink cartridge using the
actuator 106 shown in Fig. 1 and an ink-jet recording apparatus therefor.
Fig. 30 shows a detail of the ink-jet recordi ng apparatus. E}ﬁs. 31A and
31B show anot her enbodi ments of the inkgcartridge 180 shown |H ARRy20080.
Figs . 32A, 32B and 32C show still another enbodi nent of the ink cartridge
180. Figs . 33A 33B and 33C show still another enbodi nent of the ink

cartri dgemd89ur Figss r@4anad4dB, £ Bd@endy 3ADishosustrothdangtthes detdeodiiment of
the ink cartridge 180. Figs. 35A, 35B and 35C show anot her enbodi ments of
the ink c ?Y+?%ge 180 shown in Fig. 34C. Figs . 36A and 36B show still

anot her enbodi nBiM s %hnﬁrﬁ%mi_rcgf t¢Rf L RvEeei U8iIdtkd A8t atd dsd 94 r 10P deldeSERlePTI ON

OF THE PREFERRED ENMBODI ME
all necessary features of the present invention. The present

invention may also be a sub-combination of the above described
features. The above and other features and advantages of the
present invention will become more apparent from the following
description of embodiments taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A, 1B and 1C shows details of the actuator 106.

Figs. 2A, 2B, 2C, 2D, 2E, and 2F shows periphery and
equivalent circuits of the actuator 106.

Figs. 3A and 3B show relationship between the ink density
and ink resonant frequency detected by the actuator 106.

Fig. 4 shows the relation between a residual quantity of
ink inside the ink cartridge and combinations of patterns of a
primary mode and a secondary mode of the resonant frequency.

Figs. 5 show waveforms of the counter electromotive force
of the actuator 106.

Fig. 6 shows a configuration of the recording apparatus
control unit 2000.

Fig. 7 shows a block diagram of the other embodiment of the
recording apparatus control unit 2002.

Fig. 8 shows further other embodiment of the recording
apparatus control unit 2000 shown in Fig. 6.

Fig. 9 shows another embodiment of the recording apparatus
control unit 2004 shown in Fig. 8.

Fig. 10 shows a flow chart of the operation process of the
recording apparatus control unit 2006.

Fig. 11 shows a circuit configuration of the measuring

circuit unit 800.



The invention will now be described based on the preferred enbodi nents,
which do not intend to limt the scope of the present invention, but
exenplify the invention. All of the features and the conbinaiiﬁgﬁ,tg@ieof
described in the enbodi nent are not negessarily essential to ﬁh tion.
The basic concept of the present invention is to detect a state of the
liquid inside a liquid container by utilizing vibration phenonena. The
state of the |ifj@.d Ihcshews ahetherisr aemf ichwratiiqn dof nthtedekgatdng
container_. s enpty,..a of the liquid, level of the liquid, types of the
l'iquid aﬁﬂlgﬁqunajfbﬁggﬂ}1iquids. Several specific nmethods realizing for
detection of tIFest 8 ehfwd heidtaguied tnstdet dwn gt tanbdidies 1uguligzi ng
vi brati on phenonena are considered. For exanple, a nethod is considered in
whi ch t h&XiEdiffcanddHa T Hahige 100 tshewmt B i hs¥ del2he |iquid cont ai ner
are detected IB;gluch 2 JRANET, J N3 e ALl it dof nﬁnépﬁc@&’%?o%z%bﬂ‘@‘!e
generating neans ~generates an elastic wave Inside the liTquid contalher, and
then the refl ectied navehehs chciresishasct £bhesf edphyttdbf Hheuict ustoiracesor a
wal | di sposed counter thereto is captured. There is another nethod in which
a change S8 ddstfil@ i ifedance is detected by vibrating characteristics of

a vibrating Obkégt-léssﬁo%%FQOQrng'EéEE@thSfCEHQgSnEEr&hscéﬁgHékiﬁos

i npedance, a vibrating portion of a piezoelectric device or an actuator
havi ng aspiosrodlredtid.c 1 .enment therein is vibrated. Thereafter, a resonant

frequency or an,.anplitude of the hack, electro ive force waveformi
detacted by meaddr Ad PHE"Bagk ErBLEr bHBL v FOPeR ki Choi SCEaoed bye
resi dual shiolhatinowishi @& .remains in the vibrating portion, so as to detect

t he change of the acoustic inpedance. As another nmethod utilizing the
change of the Hd&8st L8Rl mpbBBaR?, ldhShapedartk EREEREEER dEFETELNG tO

adm U{ ange 16Hanagl HelS bl i Ided it g JIARLr Gl &y fodreasuri ng
apparat us such as an inpedance analyzer and a transm ssion circuit, so that
t he change of &igsrreamsa,valde andalgd tsdgev vahoeheor etrbeddhmente aff the
current vglue r.v ItagﬁEvalue due to the frequency caused by the vibration
gi ven t otPREULAGHPES Sreasured. The operational principles of the elastic

wave generatingigeanso anthdwif BhezZet&stbtC &y i R Rrdadeigiater yhbinde
described at a later stage. Fig. 1 and Fig. 2 shows a detail and equival ent
circuit embaAimentator 106, which is an enbodi ment of the piezoelectric

device of the prgsent:hnyeats A sERe ACLURLAE £XRY8I DEHoREERE o sti11

another embodiment.

Fig. 22 is a perspective view showing a module 100.

Fig. 23 is an exploded view showing the structure of the
module 100 shown in Fig. 22.

Fig. 24 shows another embodiment of the module 100.

Fig. 25 is an exploded view showing the structure of the
module 400 shown in Fig. 24.

Fig. 26 shows still another embodiment of the module 100.

Fig. 27 shows an exemplary cross section of the module 100
shown in fig. 22 where the module 100 is mounted to the ink
container.

Figs. 282, 28B, and 28C show gstill another embodiment of
the module 100.



is used at least for the nethod which detects the liquid consunption status
in the liquid container by detecting a change in acoustic |npedance
Especially, the actuator is used for the nethod which det ecti ts‘{]’% R@gw d
consunption status in the liquid contaimner by detecting at g change
in acoustic inpedance by detectingthe resonantfrequencyfrom
residual vibration. Fig. 1 (A is an enlarged plan view of the actuator 106
Fi g 1 (B) srib:.@ a?%ahocxra):w sabridénent @ﬁearacltmatccarrtmeiget:wgamg Cheshows
a GC D3 Cr.0ss~s i on.of th act uat or ) and
B o 2 (BCOKEE OB GUIAT ant TAEr chi T HeT JEra s S R PR R ARy, )
(O and Higprefdd) 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.FPI(BP &havri g.deLqid ofhbhg tHe 1% &mrdm@ ARBAAASYRD t he

act uat or 106, 39"!%; 4 he;equiyal ents ¢ [ I 6 t e |s
no ink in the in cartrflﬂdf;\élﬁ ‘?’ﬂB a%:%cﬁ\blat %rr18§8%?| nc tn%n Jsgs%pr:Fg(teeq
vi brati ncptatsdda6l 8@ phewveircFigc 3ayer 160, an upper el ectrode 164 and

a lower electrqde 166, _an per el ectrode term nal 168, |.ower el ectrode
terninal 170, andS Sappl %ﬂgrﬁnﬁﬁzgl %].179n°"m§rb%‘§%°‘ﬂf-‘ﬁ?’étf£t 8s a

circul ar shareQaPeiidy 16€d. on approxi matel y its center. The vibrating plate
176 is provided on one of the face, which is called as "right side" in

fol | owi ng, of tRﬁeQSJas’!éApl 3BB arvB3s@cther sttd ldoenpthhe epeadhgensof The
pi ezoel ectr| C I 160 é(z di sposed on right side of the surface of the
vi brati ng p}T ate The pper electrode 164 and the | ower el ectrode 166

sandw ch the plFelzgzel emrl g4B3yencleRd fyamndieivh stiidas anbiidetppRbogl feheode
term nal 168 connects to the u er el ectrode 164 electrically. The | ower

el ect r od@% &hift itk 1GAF teoHiRR t Qo the | ower el ectrode 166 electrically.
The suppl ement ‘"#1 £ 9 EBI 0dep: gﬁﬁi'ﬁsdj'sﬁB §Ho?ﬁé%ﬁb&?§m#‘x@@ﬁ oflgd fade 164

and t he upper ctro e ‘term nal 168 connect ot e upper
el ectrode:ajz:&zrnaigzb t180 uppewn elecfipde34@rm nal 168. Each of the

pi ezoel ectric layer el.ectr 164 nd t ower, el rode, 166
has a circul ar Fa i %%g‘ gngt %W%S?E?Es %‘éﬁ roerl}g%cé rB??ELﬁfgftth&oFPron of
t he pi eZQ%JxQQ:tlrdgf‘e haysalg 168 ddheuamperied ectrode 164, and the | ower

el ectrode 166 form a piezoelectric elenent. The vibrating plate 176 is

formed on the right side of the surface of the base plate 178 to cover the
opening_161 . The Cﬁﬁb&%@ﬁ%@%oi\ﬁOfFO&‘ggdPREF%}REEBO'EMB%IWEygﬁe vi brating
plate 176, which f f the on the
surface The invention will now be described based on the preferred
embodiments, which do not intend to 1imit the scope of the present
invention, but exemplify the invention. All of the features and
the combinations thereof described in the embodiment are not
necessarily essential to the invention.

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

the ligquid container are detected in such a manner that an elastic



14 '1 5 APR 20D3 of the base plate 178. The face of the base plate 178
which is opposite side of the piezoelectric elenent, called as "back side"
infollowing, is faced with the |iquid 'container side . The ca'v%t%ﬁlmi S
constructed such that the cavity 162 comacts with [iquid. The viibrating
plate 176 is nmounted on the base plate 178 such that the |liquid does not

|l eak to the right side of the surface of the base plate 178 even if the
liquid envave dersht ing neanstgensrat ghan ehestéraavodasice thelldsntisl on
the right _side.of the vibrati plate 176, that i.s, .opposi,te si aqgai hst
the |1 gui BOEORESPRer Sn9rERFBute Brehtediet 2t i PR Tofe e A ng
pl ate 176pguehet hatqlite SientLie Obrt Be wailNCWH HpdEd | @Buftethenkowet is

el ectrode 166, which is a main portion of the |lower electrode 166, and the
center of caheubpéni nEha isubsphheraneyhedt ghedhichTrechpbae Bt @eoudtisul ar
portion o [ ' I f
t he openi %Sﬁggibcgéﬁes g%gg%{é?gc }%?gb%r%grﬁ&fggal?agc%s%ﬂnéé%{%%%{%nh%k)}%&%\t%g} e of
the surfaslejettt he Aower nelterid ogei 166i/gchrHehathéhge ceyt ethef adamadiirccul ar

portion and the center of the opening 161 substantially match. The area of
t he ci rqur‘ﬁPe‘B%PF?onao‘fll?%th‘il%zRféW‘é’c‘fl?i‘bf Iaaﬁe‘rezf@i‘?%trsﬂé% 7 e SalaTer

t han the t ni;Ng, 4 l.ar t ircul ar
portion o%ét ee{)gmgrsvgpgcﬁr %&{eegjloé%%%hlgcgﬁle% e ec?ﬁ%ﬁ%§?6§gi é’q%g(r\a]rtr:ggﬂon
t he ri ghtThedeabtetrheasuebaventdf firkguenezoelecin i amphiendé60fsttle thaatk t he
center of the circular portion ichis i ezoelectric |layer 160, and the
cont or of e ERRAF he (BT SOBMYRRTAT I 4P AR Lo Ve MIEe B3y Tt (15 B

portion oélébersppeivel BstdOdnithd ikScatbelibPersdmil£Lr Wi divh atgarof
the circular portjon of the opening 161 and the piezoelectric |ayer 160 and

| ar ger t M3 Hes akledhst vikaagiingupartienyi 6r 8f tadeRrt e change ods

Ther ef or i.n pQri] t he .pi i I ture
to be saﬁtvé c%e%ﬂ}fﬁgﬁﬁa%r?%%drtggnélgéeﬁ%ugqh%%g?éy%&l&%%ég%fa ac?il 2 he

mai n portodnthek tdeolabr éhpetiande, eardie f Lopedeght silterd acer hedi back si de
face, and thus the in portion, nciéf'-s ~ ~ APR 2003 of the_ piezoelectric

| ayer 160 ATER CRAEEY LA IFE 1SR GBRO IR 15i RS ER] PY @ PEFERTEEE. The
circul ar f¥d¢HNus Wikcahd Snad rRIGARY Lhaly oE reafda frarlteniRi8zaet esthi €,

| ayer 160, the upper electrode 164, and t%e | ower el ectrode 166, forms the
pi ezoel eciq itdhrad] élenthpRgehef & Nt 08l uss cExp | e Heapabddie t 1gx &hectric
el enment ¢ i i (Y I { t hin, t C{ L of
the upper Ba0t Padsn R i e YATMACR itk add Nalihd BECCHE TALExRENRY 0

t he circuwausabdrivy othefvilbeat bwergelent todeheabdqube dpemiesgulEd. t Tae
opening 161 has, the | ar, ar ea. this structure, the vibratin ion

est B re
whi ch act‘?P(ﬂlT%fWrEﬁ]atPé’ngtPrﬁer? Plﬁetgﬁb‘?]_a??‘ﬁbc prEte gegle(@t@rqﬁ Hl?@“g”‘yafl e
openi ng k4le EEWZU&@L@EQ&%C 886hc8fort Berohie R{1PYd beBef vebtatiRPehter
el ectrode 164 and the circular portion of the piezoelectric |ayer 160 and
the circudt@&9Ieportion of the | ower electrode has snaller area than the area
of the opening J61, The ;vibr at] aLe I.]s i ta.. Wthig the
circular porti OPJ%%T 1t E§d| %va\%'r ie%gl(??) rso%edggégﬁ%“?ﬂe?dclﬁa\gu at(r31 ngrcﬂ%bgf t he
upper el ect raadeuditdr who6h ehhnbctis ba tewdbauieros] exf rtltel pyezoéhbetric
el ectri cadalvy tgff circular portion of the |l ower electrode. 166 i shsmal,l er
than the XA &F pBFt PORSBRCt HE Tt el dCtT GF& UE6LT THEIEASFE DERELD
circular jporyisen oft t heakewerorel eakr oot HES detiem Astetbs RAd | ngwrﬂuch
gener atest he piezoelectric effectw thin the piezoelectric |ayer 160. The
cent er ofcarnmumptrion stasorst inrthd ltilgigl spoépaveli by |dgtactBly & Abangper
el ectrode 164, and the | quer electrode 6, i rm.th i e l.ectric
el enent TUBSORR& Wpe Fehet opﬁf: ee%lean{’l%’ ot}ﬂ%t %gtggg’%nbsl‘%f& rregbgr,
t he cent efetdfod b ieih eyt aetshape 1apeiiidngohblmpvhibans et esimehe hequid
vi brating sectjon of the vibrati n% plate 176, is provided on the

appr oxi mARNR I &Y deteREIAGfati6SToB S THERRIB IS achu St aPPEAaRAE

vi brating,sgetLep; pE dher 85t 2L O LR SRECPEST bR ik 08Pt BFa 0f oh he | uat or
106. Because the main portion of the piezoelectric elenment and the

vi brati ngd @ecis@m efilahgedimrat vagwpl fat belas btier 3 06i.r clliar ls(Rpehows

a B-B cross-section of the actuator 106. Fig. 1(C) shows a C-C



1 ~ APR ~3 16 the vibrating section of the actuator 106 is symetri cal
about a center of the actuator 106. Because the vibrating section is
symmetri cal about a center of the actuator 106, the excitatiﬁﬁgﬁ ?ﬂs
unnecessary vi bration occurred owing tgathe asymretric structdr R be
prevented. Therefore, the accuracy of detecting the resonant frequency

i ncreases. Furthernore, because the vibrating section is symretric about
t he cent eereds t$rcivtmatforhd G tudtemtdbat F1d0€ (A9 arS\Fidm. AnlBIf sbowse,

and thus the unevenness.of the e for each t i ezoel ectlj ¢ el ement
omn beact Bl R B B e R e e BB 0% o MR RE R ST UL O oy
each of tiwy picaroekrelvEi th&leRil: ok’ 40desi@asesind-uhkhes PR €or bEpAUSA AL he
vi brating section has an isotropic shape, the vibrating section is

di ffi cul tthe egaijvisiandnedachy tt A8 the AHAERLOD A Obhwhenxangi it disng idAed
bondi ng pr S .Sy e vi.brati tos [ 0, i.qul.d
cont ai nerlrg(r%?’%o%ﬁgcg%%lr%#%? ejﬁlgiebéggua C(ﬁ;rFll 65?5‘5’(3%2(5\9? o%éetsggﬁglag%#o t he
| i quid cardaiare? .adaurideshe et ecaudethe avidothel pgqusealient efirchdt of

vi brati ngttkpﬁlaate 176 has a circular shape, the | ower resonant node, for

exanpl e, T FFTHRRSE reSoiden noRT Aoh? a® es"bniBhehfedBhaRBr hEdEIEH t he
residual vibratppn afgtﬁé?olp'f@é)eiﬁ&%ﬁ&&s | 255 d 601 2 281 §BUS 5t 0§b§'aEQt@ peak
appears on the resonant node. Therefore, the peak and the noise can bé

di sti nguisledtk dl7éar hyp s@zodbecthic rlegonanits Of, r egueppyr calredteradedrd4y and

det ected._ Eurtherpgor the curacy of the detection of t.nh esagnant
frequency’ &gﬁ’egeeg%cgﬁg N ﬁggeaggdy%@elénefmaer%er? o Sl T t%h6|<’38 ’vf"b?gf"leﬁg
section ofldderdde radinsapgoyi bhata Ny deedddrpecaaerdde 14iF f eraace of

the anplitude of the counter electronotive force and the difference of the
anpl i t ud®aste PRatecddBadms & £4UEH R ToSRAPE P Hth e PTt RBRPYPHLMELEAY St S

| nside thed iQd.CoNRENGL kAL G35 E a[RC 1 G BLABERRRLCACRE! BhedoBY chbe
vibration of the vibrating plate I76 1s |arger than the displacenent

gener at eddne t hivihbiat cehlefl abhe"biglet pdiade" 118 .folllevwhgigiatcdr th@é6bhas a

t wo 1 "~ APR 200 17 layers structute that ,i s stituted,. by the base

pl ate 17@URNA My & U 125 5IePYEEe t&?ﬁi 8ﬁeﬁé5ﬁ’si|%3 i s&ﬁ?f??‘%%?? FSQEéC

di spl aced dpe1t heovidaakheBeqastd ri Ba Ve MabifNEhP st § abeo PAHAGi Brhaigs
conpliance which neans it is easy to be di spl aced bg the vibration. By this
two | ayes adter dd6ur eTheherpet et @t 1ode dit vad dhicappyeri RégctsodrelfPqui d

cont ai ner, : e t t i Sp e of
t he vi br astal%r(lié"; 131% a’lte g‘gll%g%g&%%ézgfg?gﬁa%# El;l%r?s gggwnﬂ():é@és%?égrher e o{rIE,BEtrhe
di ff er encd exftricdiie amgtminde afest hesomoeet @r tel edie ouppeve dleraderaisl 16¢

di fference of the l'itude_of the resonant_ frequency depended on whet her
the |iqui e&ﬁrﬁ%aﬁggiq N U T ?nte‘?r‘?ﬂ?:?e]ga}geos, S & hie
accur acy 1&fwehhe1¢et8eldeon 6@f ctiBeti-eeanant, frrausSHsY1éneheas9Select rode
Furt hernore, because the conpliance of the vibrati ngh£I ate 176 is |arge,

t he atterdUat iien dfsndred iatateash tdee ruepas ekeetrede heb4caid akle oRPPRE
detectio f r f u Y. T e h I ipon of
the act uster T0e SEhaly TSR ot A T BE BRRCuBRsk B LbLLBL
around t he4maragdn thet heppeeniglgdifidelrhe eapperalel @68r.ode Haerhm od&l €68 is
formed on the right side of the surface of the vibrating plat to be

17
el ect ri c@HEFOEIFTE %%Y?ﬂelﬁﬁpeﬂlpaegcﬁ]oeo"etﬁ .tﬁF‘c‘SUQI‘? &%p PEfent ary
el ectrode1bt2rodEe slbowak &l ect&Qgr tedM Neth &l Q tisS nh@mmpdreR ohhe Eheht
side of the surface of the vibrating plate 176 to be electrically connected
to the | efebheldciqwhr et iRscalisdia hécappdecErdet +dYer 160 i $hEoVRRETY on

to the | efierhel@orste sdie e g0 ¥
ept h Lhat 8oe el o TRE o BV The S cesd Oof CORE BIBLOAISctrr & Payer

160 and tfienemtckness of the | ower el ectrode 166 between the upper

el ectrode 164 and the upper electrode termnal 168. It is diffjcult to fill
this differ enpghienvé@ﬁfﬁlé')‘ﬁl 91‘59?%%5 dph EPTBPECPRodRe f@ﬁi"%ﬁ&é@vé’rﬁ F{‘ei s
possi bl e dio.daldd of ReLILELEANGR: | g dSPEByBY difteclBAChgel £LIT At d8¢ichhe
connection between the uppér el ectrode |64 and the upper el ectrode term nal
168 becon®s wesalformed byAPRe2003t18nsoft hhe vherappeg elaterbde. 164idgh| | be

cut off .. _Therefore, this odi nent uses_the pl t e 172
o L o R S e S Skl M SEpUP PR T By chleghpde

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

pi ezoel ectric |l ayer 160 and the upper el ectrode 164 are supported by the
suppl enentary electrode 172 , and thus the upper electrode 164 can have
desi red nechani cal strength, and al so the upper electrode 164 and the upper
el ectrode term nal 168 can be firmy connected. The piezoelectric el enent
and the vibrating section which faces to the piezoelectric element within

o, A — o~ o o, P T NI T o T



19 ~ ~ gPR 200 nickel having a electrical conductivity can be used for the
mat eri al of the upper electrode 164, the | ower el ectrode 166, the upper

el ectrode termnal 168, and the | oler ‘el ectrode term nal 170"'§%§ aahyator
106 constructed as expl ai ned above can4be applied to the conta R ch
contains liquid. For exanple, the actuator 106 can be nounted on an ink

cartridge used for the ink jet recording apparatus, an ink tank, or a
cont ai ne?f Wi bPasendiate washi nghei face @b s badwe plede divdy widady i®he

actuator_106 shown Jn Fig,_1 and Fig. i s nmount.ed pon_the predetermn ned
posi 11 P RPA TS Ehglaf & hraPeTBlERaf STRtEatt 7 s B e Sepcual th
the |iquidfeonbained idFadedhech kol Ui @@Nd abnehindhesifbe |THcdveent ai ner
is filled with liquid sufficiently, the inside and outside of the cavity
162 is fi43 é8 epnetrighed. sudh thatothecavHaty, 16 eortacemiviihdigeidi quid
contain C I qui C .t \
posi ti o(rellrho ggﬁggggp?;?%%?gtwee?ggg?ét’aﬁ%é%%%%ﬁ %ﬁg a{%ﬁ%&:& g%‘%%ggggxi t

i nsi de tdtee dawiuiyd 862sonothh¢akitouitthe sindmashdd ofil the sudfmaavift yhe62 and
air exits on qQutside the cavity 162. The actuator 106 detects at | east the

di f f er eEEG R UHE ddGuSVFE FApEUANCETHEE et Dy HHI%E Gé8vVikYcdhditi on.
By this detectinielethe1dbEL868MG, 1R RSOHEEA ot WRRARAGRE & 1§e &3t HALOr 106
can detects the whether the liquid is sufficiently filléd in the liquid
cont ai nerilgratirguipd dtee ddtsurdtnose tbhavsptedetidenragednisgvehe. liquid

Furt her nor the actuyator 106 can detects the type.of the. liquid [nside the
Ui d COMGa AT - THES PPHER F o ar 00t Mo b8 PRV LR oR IR BT aPFabaNShy ( he
actuat optd 1h6 Sixdh ahBetdkhd @cdebetdt the Aratslaf JomadaNee e Boweedi um

an i npedance characteristic or an admttance characteristic is neasured. To

neasur e AlREHLAIAREe WP dEer M PRF t L AR Qfd Fhet Bpder eHactaasts §66c, for
exanpl e, 1 . SSd i i u : 1S Sy Ci L pplies
o const S G o e e 3 S 40 et secaur AT a6 ont

fl ow t hrcduginet bé roediesmpwirt hoohafigiing lovWermieamyrodd e €4 damssiesstonbei rcui t

provi des _a.constant current t he nmedi u d asur.es a.voltage, applied on
Phe. medi PR PRBgIH G 82T OB AR AT Ehangls B EHARA e P LA Rl ¢ he
vol t age 1@ ugs NEgsHE@doat thide riliS e ihd 0bf CEheUisirFaees dhedhangRein
acoustic i npedance. Furthernore, the change in a frequency fm which is a

f r equen®j aif&iPdehd 6dusiueit thaltusher cengevopPfagbeval teubasorest kaRi #eh or

m ni mum,.al t C i i | JT . he h od
shown atggl\%e?gtn%le%%\g%;ug 8r£l§%§%%&e€f%§§%c¢%%ggﬂ?ﬁ%c§ 'acrgl}f%t ?gelgen%gdance
of the ltihgucdrusilag pbetibange tdd pienocelectedenaayetkr eqoencwetThe be

i ezoel ectri.c el enment, for ex | e, can be _used i.n, a case of using the
hethod GTaddEEoERAE The FR8% RNt RRRIETE 1y fRSStATIRE (AT bhft oFea

el ectr ot ittR fQrER1GaNHMEbD bR hhd adwlirale M Add®&Mm e@hi ch is remai ned
in the vibrating section after the vibration of the vibrating section of

the actuator, The Hprerhelestrederf4 He ERamgd PR the midiustids afednce of
the "q‘éh]‘}fa&eo&' €n2c ?%tz'b'e%e%lt§%nﬁa§/§:re%gaeg{lcﬂ’h{:ﬁgtggggr ééxﬁgeWSE .
counter electronotive torce by residual vibratron remairnéd in the vibrating
secti onthfe thecatangbiort idine wiEgh i sdepdtzbkéecauriel agkectd®mhdvehéor ce
changes with thE applitude of_the vibrating section of Héle act ua or.

Ther ef oFEPEiTe® aFB@rOPﬁ’élﬁﬂ'erﬂ FRPHRRHE VD MR/ HY s 8he8f O nkhe

act uat olci e s8apbet ibe detesd U esapanbakr eauens e tVRiLBYEEma iERENdS ON
the frequency of the residual vibration at the vibrating section of the

act uat othaphghpeared, cbrihshicércuRermaght t aBeCbft h@resuinied 64| aedrohot i ve
force c , e ar.e V| | tion
of the SAtOaTSr tartotpsRae £b L It Satc EE ARt R dOoR LRET LR 281 Ve
force. pereiomefr esendiwey euenmodeedarss t he frequency when the vibrating
section of the actuator and the nediym whi cl')hﬁlcqnt acts to t h? vi brating
section, are FHeZSEeIEnahbedbnth Poghion of fFhpRigFeslectric 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



To obtain the resonant frequency fs, the waveform obtained by neasuring the
counter electronotive force when the vibrating section and the nedium are
i'n,resonant condition is Fourier transforned. Because the vibration of the
actuator is not a displacenent for only®ne direction, but thé5ARR 208on

i nvol ves the deformation such as deflection and extension, the vibration
has various kinds of frequency including the resonant frequency fs.

Ther ef or epfttee rEigmemtedvwiqudayerf 4 6i0scpudgbiiedyivelyidrive arxd siafiaun t he

waveform of the counter electronmofiyve fqQrce when the piezoel ectri,c el enent
B the TERP URT &P R T REERAC T LAERANE S Londitd S T A B Rreth 1 VITHEH HE Foot
dom nat i nga{hegULRLYn CONPONE@MSE thite Jiresancat # B i1syed nepende Wit he

adm ttance of the mediumis maxi num or the inpedance is mninmum The
frequencyelertsodeffebent &ndm the réowaunt eleetuedey £66wi t Farmst | ¢heal ue

b f.1h ' i | . h [ I . b h
e e s o S A e R

because ithaeelisctii® dDsmalet i dbrithdde wiatonay vibagitaney s ta.omitthd n
frequency fmwhich is actually nmeasured. By inpufti ng out put_ of the
act uat or 4% HiFIHE % PAREAPES oA DEI YRREY elard radeuhfdr e ety RONtd 95t

detect ther: ?EEEOET@E@%@E%a}Léril%ogreygdcprycﬁlhe?r , riingBE E}E@tlowé%f eis
al nrost no differences wth the Tesonant frequency obtained by the nethod,
whi ch neasleesrode, faredudre ppemig iéas ut hagopdmei ngpediaiees dher detrgeisst i ¢

d adm tt teristi f th di d the,nethod, . which
the resorfhtafr dBuSTEY FECHEHEER U TG THE® Chinvefoai BEt POMBH g6 craidd

gener at edy yrd H&s BHHURE el PiBEL O IndtpTdtes Mishaat bpgiaeatbpit i obk@ing
actuator. The vibrating region of the actuator 106 is a portion which

constit utesl t heeetheymawe, t aachi efdéher wimay ey R ohhi @ 1Be WPPEIN t he
vi brati ng, pLat £od78 088 diamt §ol S kel Gnuvehe et Jay de-Jd gy
cont ai ner, (?%ucl) S }/%ﬁ?eéé{elg ﬁ{el &4 y i&? §%%Qaf% é}Z 162, an he
vi br at i ngl 6 @gireh thentdetalart boktdondof nsheld dwear leileuitd oeien haisnema 1\Neen
| i qui d does noil exists in the Ii%id,contgi ner sufficiently, th% vi brating
regi on cARSRELAN the ¥ PHHRE GREBAPES! ¢ g e\ﬂl}i’ﬁa'fhlégcaé\ﬁtt%/ FASMGE t he
liquid cudai Ner viBkatBe VipLahi RO tiRYI 0DrdQesr NYPor@OMHACHE WHA 1 BReki qui d
but contacts with the gas or vacuum
electrode 166 and the circular portion of the upper electrode 164
which connects to the piezoelectric layer 160 electrically, the
circular portion of the lower electrode 166 is smaller than the
circular portion of the upper electrode 164. Therefore, the
circular portion of the lower electrode 166 determines the portion
which generates the piezoelectric effect within the piezoelectric
layer 160.
The center of the circular portion of the piezoelectric
layer 160, the upper electrode 164, and the lower electrode 166,
which form the piezoelectric element, substantially match to the
center of the opening 161. Moreover, the center of the circular
shape opening 161, which determines the vibrating section of the
vibrating plate 176, is provided on the approximately center of
the actuator 106. Therefore, the center of the vibrating section
of the actuator 106 matches to the center of the actuator 106.
Because the main portion of the piezoelectric element and the

vibrating section of the vibrating plate 176 have a circular shape,



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

and it can be designed that the liquid inside the liquid container remnains
in the vibrating region of the actuator 106 by the cavity 162 Sm bf3son
w [l be explained as follows. Depends pg the nounting positi 011 nount i ng
angl e of the actuator 106 on the liquid container, there is a case in which
the liquid attaches to the vibrating region of the actuator even the liquid
| evel inthkevibgatdngoaeatnen 0§ thewact ot hid froimts yngnetasi ¢abrelmdutt he

act uator. V\heg t he a¢ uat or det ect% t he existence of the liquid only from
the exi sPefEBLEF Phe Hfq@CEUaTthd fi-brating region, the |iquid attached to

the vibrating peghoBeofnd heraatunbiedl aenkseitifo e pUARIMIIR! BUd LM Lhe
e

exi stence of the liquid. For exanple, If the liquid level is |lower than the
mount i ngofoshe iasttugtamha 04ct tlae @mxcidiat itdre odr bhe oinnére $$auy o idatcims to
the vibrating. region by .the waving of. the |liguid caused t he shaki ng of
the Ii qu?%cgoﬁ §i Rert8aise l'bpy ?%’g“%%ln%n#%?cpﬁ]éecg?ﬁ %e,p]i%"éergt&%at or
106 wi | | Thespodges tthai ddeirady epodgh datquicd tie t Pesbhguitd fejwdnef. | n
this way, the mal function can be prevented b¥1using t he actuator having
cavity. FOFYR@FRSre, BYTERBWMOFR. FiRpcaugE) the hEibraEinAensedeliPRquitd does

not exit 4| Lol iLner | J, qui he, | L qul ier
remai ns Fgm?%gfégv%‘gﬁg%{%?e?ﬁgrgggu%%%raefg%t%goggt%'agh%ﬁéjeégﬁ%gé%gd(}eval ue
of the exsstamg e ohmanig alcitquied. afathus,thd uhleeehngidsd odoele nethaex i fir
around the cavj t‘)é,ll62, and the ,armgnt of the liquid in the cglvity i's

smal | er EAGA Thitde Rl&egrsl¢crdiceelriers FaRAGRR darcairte i(SFELME i n the
l'iquid cenéaiiiverddeddieoli Ghd @ElsThaRtOURH-4RENERY ik 184 cnaNGs t hgyaanmount
of the liquid = 1 ~ APR 2003 23 is larger than this threshold value, it is
judged théezepbeetriciakement hk74 ARAXPaNAR ai FarthRgmaseanplacaugrethehe

act uat or,: i Sk ) | d,qui al her, ..t 1S
j udged t%%ltgp?%g?go%éﬁgor?%ﬁ%‘%nt %gSF?%&#a %:l?)é5 gi nﬂe}?gmﬁ§%1$$%§ﬁt& Yevel

i nside the dififiidutontai ber ihflheneedt banthbeunsuahnegsposi tthen fdfkitee
actuator 106, and it is, judged that there is ink inside the liquid |,

cont ai neFU R &H‘é PR 0 I RXRFEFHisi d&Athd 81/ LhiEd VASRELIRG SeEHIghd® t han
t he noung (o[- i ofy 4 c : 6. ing t ol al ue
in thi s%\/\%lg/k,gecl?hzt&acteﬁgt olr:L Oéﬁcg%ﬁj%%aégt h%rt%yftﬁ?ieyi S nﬂg%fn{fﬁg't hghl\éi qui d
cont ai nexceyaior f1@heis nkasy theasaenbyei sodthedlagdidi sappeaned..

Furt her nor e, tg:uue acl uat or 3506 can tj;udge thgt. there is n%énk i.?) thce | iquid
cont ai ner even 11 e T hk attachiés }3% %Hga é%??ti/e% P y %%XI%’ ﬁ& 3%t he
carri agepkdter1vbehankal ritdaaleavishapdi,sapredicvdecodsSendhe asaunt fof t he
ink attaches 1o the cayi t¥ga ai n does not_ exceed the threshold val ue. The

oper at i om* ¢ h&NS PRLTD SQRACPPHE 49RE 13 RS PTcbRAiHS INAL F'RES i qui d

cont ai neff kh@Md HEat LB M a chilpabentt Sfetbe1 8BEL M BRL A hEoViiaLhRg
section of the actuator 106 obtained by measuring the counter electronotive

force withe séngipl péaledprpebaserr & heordiqnarlt awderi gTherefovel, tthepesk
applied on ch_of. the upper.electrod %(?4 nd the | I i_{actrode 1%6
t hr ough %rh%%%]pepél_rm e_egtapogg ‘fhe?tf‘r}rﬁ%ﬁu%% a‘f@e?@!s&\g}%& g Sr _585098}'1 i nal
170 . Therehesidy ean bedtlsaiepdetkededn therppétmopeofthderdyazasgt egtric
| ayer 160 where the piezoelectric |layer 160 is _
the detection of the resonant frequency can be further increased
by enlarge the area of the vibrating section of the circular shape
vibrating plate 176 because the difference of the amplitude of
the counter electromotive force and the difference of the
amplitude of the resonant frequency occurred by whether the liquid
exists inside the liquid container increase.
The displacement generated by the vibration of the
vibrating plate 176 is larger than the displacement generated by

the vibration of the base plate 178. The actuator 106 has a two



sandw ched by the upper electrode 164 and the | ower electrode 166. By this
electric field, the piezoelectric |ayer 160 deforns. By the deformation of
t-he piezoelectric layer 160, the vibrating region within the \(.ioﬁgatzimgg
plate 176 defl ects and vibrates. For same period after the déi’J t4@n of
the piezoelectric layer 160, the vibration with deflection remains in the
vibrating section of the actuator 106. ~ ~ APR 2003 24 The resi dual

vi brat i o?&la@%{s Blancssdic thet orp ebnsha tuitledaby ridiss besieapl @t e t1v8 havaagor

106 and the ium_Therefore.. the resonant. candition, between .the-vibrating
sect on hETHE TR AT BE-EISTET bt i #Ed By TASoNYT 18 EReCySPLaGaCof a
pul se waug, athe vE6EaNYLhar anavenhenvibeapiiegogllesid ir74 aygrid§Oa Baggese
the residual vibration vibrates the vibrating section_of the actuator 106,
the resi RAIPAEENCR WHAChIRRARRRLErIfsCRRE R besk| wrkaged byytdie Yébratheref ore,
t he piez gl I 0 I S r.ehectr LV Thi s
count er - aeatF o PSS T e Eer el FhPBIoR FFo (S Er oPSor FOREOTE,

t he | owerf ieteat treo deh el @6, qutie aopireri nelre biyr adhe bersed paltE68,78anddt he theer

el ectrode term pal 170. Because the resonantfrequency can be specified by
This dot G CHint BRoe SGRIGRBISRE 16f Bhet HoRPELTY PTe stBeus. i n
the i quig ipontRifess fake bendeieed @d. s @lty, {he §EEPBABHCETr 8gUBREY s
can be expressed as followng. fs =1/ (2* ~* (MCact)'~2 (1) where M
denot es tdmplsiimdsf odnthrertoanter ofl edleromndt tive e inch tiecdi ffdrance

addi tional_ i nertance M. ct,denotes _a.c | iance qf the wvibratin
cection 4 ¢ e eEpidiiide ¥k ReatRnls  EFBaHERET: ApbPasdoohnehSERET: i
does not w 3tgluidtdme sewiihiide the 1gtseNtoathodefeicredtds, 2 tB08 Fig.
2(B) shows the equivalent circuit of the vibrating section of the actuator
106 and tHhe 'aeRF3cYet hhedatieetiiae gbédenbesenast fnequenaineyeashe - Mact
i s obtai 1wl di redu ; t hicC SS4 18 V| i
section gﬁ%t?%ex%ﬁréi ?%Cf)ap%teﬁet@l\% %%ggpﬁtggggcpifoEﬂgy§%ﬁga§?§g %1?5?%eQ96

vi br ati ng-sséetrgen. tRerd theemuatej omofshbenvibrabéoridpcied#gs sa hbaWhthecan

be expressed as fal i ng in detail ct_- zt +_Mel ectrodel +

Vol oot r odesur i Y e det iR oo KRStrpapRans s eREchhYathetenyes

di vi di ng THe fyqdust ©he thebthi ckness ehet Betpiaezreliad riscdyerod60nen the
vibrating section and the density of the piezoelectric |ayer 160 by the
area of we&iphergeicdcithiec chayjéy 168, MepéciFedakonadobhgi Meaghy afviaeng
the prod f t hi ckness of the upper electrode 164 in the vibrating
section g%%ntqﬁg[ Qgsnls'i ty of the upper electrode 164 by the area of the upper
el ectrode 164 TheehppéeradeXtirodebtarmnédabyl 68 visdf ongnédenptloeludighyf side

t hi ck f the | | ectyode,166_in the vibrat] ti d t
densi 1y G (HE | BIRNSET it r bS TAB-B5 PHeBIPLE o8 P |'Gver SF EEF PONLY 166.
Mib is ebhalekeddyditnedupgethelpeedbat Qé4tbﬁr&h§ﬁk@1@és.g@§%1&aeﬂt§f ting

plate 176 in the vibrating section_and the density of the vibrating ﬁéate
176 by t lsdestadst 17Re VIr doweg etgrbrode temmindt dt7itngspiereed vo. thpwever

each of i ze e.are Eb i RE: i o, ez ric
| ayer 16%{1%th%e2%1pcgéerggl é:glter gsdjejgfl%%? %!Itleq:?‘omqulﬂe ecﬁ%d%l%gg, Hg%dq% gfr%ti ng
pl at e 17eleatre izxaldlyacioanslitpdasostioswil ey el dderadid fietencBeanporg eheh of
the area of the vyibrating region i refer to he mcrqscopi.c, to enapl e the
ol cul at PORSST  ENECRREEST r DAt P t ROPRRERs Thdehar {15 BHEE aSTwnile of
the vi br ailelgelciiran: 1Mpee0vel, theis Ps&f i drital ithaepeht tRACOL Her
than the circular portion which is a main portion of each of the

pi ezoel ecatiad tayelre 1900 athéhgppleickness rolddhrepiegnglews nisweryerets? ode
166 is m_cro piL¢ . t it n 1.9 i i on.
Thereforg, dlvggltg :tg'l?%%teto% toﬁetlfi%e:rL gﬁ%eggéggﬁéagggﬁgg}?égﬁéggi Eﬁg?ﬁllﬁgé%egi on
of the upflecteloet rpgle 364, tiHee hoper electrode ltdrmireel piedoel dxtris

| ayer 160, _and the vibratin late 176 in the actuator _106. reover, the
conpl | anééfé&&ulits &e conpt i Hrte S HRESHORL FBndFBF%E(?W %Yel\%é%huwe’f he

vi brati ng16eg4@ae0h shihes HaRSFe £liRCt 508654 681 < e Ai0vek Hel a¢EradentBbint he
pi ezoel ectric layer 160, and the vibrating plate 176. Fig. 2 (A) , Fig. 2
(B) , Fi gepzh(lny theandpfr ¢lertodsshbd tthe equneatépn kereesn the wpper

vibrat| n%lse%%trio & 9f64t diagllléja\}poﬂerl%Qectrode terminal 168 becomes weak



26 't 5 APR 2003 and the cavity 162. In these equivalent circuits, Cact
shows a conpliance of the vibrating section of the actuator 106. Each of
the Cpzt, Celectrodel, Celectrode2, and Cvib shows the conpl H@gﬁ he
vi brating section of the piezoelectricigayer 160, the upper ele ? 164,

the | ower electrode 166, and the vibrating plate 176. Cact can be shown as
foll owi ng equation. 1/Cact - (1/Cpzt) + (1/Celectrodel) +(1/Celectrode2) +
(1/ Qvi b) sE34h#e drhe hppequal ¢obr¢de laddwil)l, beignt ofA) cBhebefexpr essed as

Fig. 2 (B),. .The conpliance Cact, shows the.vol u i.gh_capn accept. ih

et um beTPREHErG: HREF oG BTG The 1S CRg 107 8F 1 HATHONEURE on

the uni t mamearcfo pnedtat hediffRGt e0BctkBdet Tesfan® e upper gt wdde Cact
shows the easiness to be defornmed. Fig. 2 (C) _.shows the cross section of

the actuhesmingd Whtn tBie higuisgppd esemtiadive fLEFLardeed 78n PABD| PHUIRE

{ai ' z ¢ . : ; £ 06 i
contai ek 3R LRe B RDEEY & bR HEBLLID L5008, Tl BEAAAATL400 1o
val ue of byhehaddigplewnt ey tdece roldenl vhe dndjiwhths sheuhpper exltdgtfadd ed i n

the liquid container, and the periphery of the vibrating._region of the
act uat or 1286°R8 fiaViee FSH YIRS HEETH %%/1 TRET MR caRdbalscp StPRE" M nax

= (N " B16ckeohd) 184 ad@tH2ipper SedBrode tdridal 1682kad Ké)firmly

connected.

The piezoelectric element and the vibrating section which
faces to the piezoelectric element within the vibrating plate 176
constitute the vibrating section which actually vibrates in the
actuator 106. Moreover, it is preferable to form the actuator
106 in one body by firing together the member included in the
actuator 106. By forming the actuator 106 as one body, the
actuator 106 becomes easy to be handled. Further, the vibration
characteristic increases by increasing the strength of the base
plate 178. That is, by increasing the strength of the base plate
178, only the vibrating section of the actuator 106 vibrates, and
the portion other than the vibrating section of the actuator 106
does not vibrates. Furthermore, the prevention of the vibration
of the portion other than the vibrating section of the actuator
106 can be achieved by increasing the strength of the base plate
178 and at the same time forming the actuator 106 as thinner and
smaller as pogsible and forming the vibrating plate 176 as thinner
as possible.

It is preferable to use lead zirconate titanate (PzT), lead
lanthanum zirconate titanate (PLZT), or piezoelectric membrane
without using lead as a material for the piezoelectric layer 160.
It is preferable to use zirconia or alumina as a material of the
base plate 178. Furthermore, it is preferable to use same
material as base plate 178 for a material of vibrating plate 176.

The metal such as gold, silver, copper, platina, aluminium, and



where a denotes the radius of the vibrating section;p denotes the density

of the nmedium and k denotes the wave nunber. The equation (4) applies when
the vibrating region of the actuator 106 is circular shape having the
radius of "a". The additional inertancegM shows the quantiﬂyﬁhrﬁt%w#e mass
of the vibrating section is increased virtually by the effect of the medi um
whi ch exists around the vibrating section. As shown in equation (4), the

M max camichemigesawsigni i ededtyileglt ondudituisvidfy t benvbler atdady Sect tbha "a"

and the density .of the nediump. 27 ' APR 2003 The ve.n er can
be expre@frﬁflf 8Ifltg}i}\?r‘lﬁ°p&fu EfSF\.rOEezllEQ‘E’ 5?’%@8‘6’?5 %5‘3‘;,\%1%‘?% ¢t tﬁ%not es
the resongped Q@B it nei1bn @B, NEngeehkoNowlene1 88t Lbgei €e ga€HaNOt
contact with the vibrating section; and ¢ denotes the speed of the sound

pr opagat € 4hr ough the medium Fig. 2(D) shows an equivalent circuit of the

vi brating sect iT%rr]é oﬁfcg&q: tygt o OI:IIQ@r ?geérsﬁg%&ﬁ%}éﬁh}%%l iaaaouc%\%tggncgge of

Fig. 2(C) whenthe Tiquidis sufficren cont al ner,
and the pgpldkel yoafhd benviabhat wigi ¢legiomt adingt heqacfuatmsr E8Gmpd € ,i thed
with the liquid. Fig. 2 (E) shows the cross section of the actuator,K 106

when t he AGEHATPH r OPhEaR BeitPEHRARePR Sk sratimetigamPachdos Faendiki qui d
R b S e e R o A
i nert anceoNtatme detsdrimandd dwids uch wesht Hdhe recording head.

The actuator 106 shown in the Fig. 1 and Fig. 2 is mounted
on the predetermined position on the liquid container so that the
cavity 162 can contact w3ith the liquid contained inside the
liquid container. Whenthe liquidcontainer is filledwithliquid
sufficiently, the inside and outside of the cavity 162 ig filled
with liquid. On the other hand, if the liquid inside liquid
container consumed and the liquid level decreased under the
mounting position of the actuator, there are conditions that
liquid does not exit inside the cavity 162 or that liquid is
remained only in the cavity 162 and air exits on outside the cavity
162. The actuator 106 detects at least the difference in the
acoustic impedance occurred by this change in condition. By this
detection of the difference in acoustic impedance, the actuator
106 can detects the whether the liquid is sufficiently filled in
the liquid container or liquid is consumed more than predetermined
level. Furthermore, the actuator 106 can detects the type of the
liquid inside the liquid container.

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

To detect the acoustic impedance of a medium, an impedance
characteristic or an admittance characteristic is measured. To
measure the impedance characteristic or the admittance
characteristic, for example, transmission circuit can be used.

The transmission circuit applies a constant voltage on the medium



ink densityp when the liquid container is filled with the liquid. On the
other hand, if the liquid in the liquid container is consunmed and liquid
exi sted around the vibrating section of the actuator 106 begp as or
vacuumwi th the liquid remaining in thppcavity 162, the M ﬁérﬁ% @ pressed
as follow ng equation. M - p *t/S (6) where t denotes the thickness of the
nmediumrelated to the vibration; S denotes the area of the vibrating region
of the asndamersugs. al FurkestvEbeut thgoue@ shei gledqlmuwarthslﬁmgim iy a
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filled ifottige e wn oY cRefureand betpgei @]bplye@foﬁ hﬂdé/lnkb’cﬁlumgvnl’tﬂgl on
of the actuator 106 is filled with the Ijquid. The additional inertance M
fol l ows EhengynEtd regesn@ien Thrchpgardin FUERENC Yt e aoet Bhasclitage

consune it V] [ r:q%h_&& f, the
act uat o(rjviggg &Qgégﬁ%ali{lgué dé] fgsrd‘}’ggﬁaﬁ"fmse L&t%]eﬁﬁtavéi}{%{ﬁ 6%% 1q~ APR
2003 Her&coast s6oimpedartdg. ZFurithernloate,t Iﬁheadﬁahgenmh a rerdprerecyMfm, when
the liquid in the Iiquid container is consuned, and there is no liquid

exits arBahaltie %/nfEFQPPﬁﬁYr‘é’@%rFl“tﬁ GREFERG YELYE RBECNANPLIRIS VGHYE i s

remai ned,bBohde GaXEhY¥m162 mdsiMifaVaiodiablvaghehcihhBet Re addhidtanal
i nertance M max, which is the additional inertance when the periphery of

t he V|brampﬁ@amegron of the actuator 106 is filled with the I|qU|d Fig.

106 and the cAuTts® a0 ROPhEancin pBErE. ot PR Rl eprfr f T

liquid coemdngaein ithe erowzdc angetibate b8 e@ellmum arsm{yi t&i@ecwah@@tl ng
region of the actuator 106, and the liquid remains in the caV|ty 162 of the

act uat oronts iméhe reReNpREaFECANENEEL at e tmqqﬁ@lsqcéftli}sc @f lemesityedio¥m ar e
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SeCtiOﬂﬂﬁebﬁbratlngsectlonafterthev1bratlonofthev1brat1ngsectlon
of the actuator, as a method of using the change in the acoustic
impedance of the liquid. The piezoelectric element is element
which generates the counter electromotive force by residual
vibration remained in the vibrating section of the actuator. The
magnitude of the counter electromotive force changes with the
amplitude of the vibrating section of the actuator. Therefore,
the larger the amplitude of the vibrating section of the actuator,
the easier to detect the resonant frequency. Moreover, depends
on the frequency of the residual vibration at the vibrating
section of the actuator, the period, on which the magnitude of
the counter electromotive force changes, changes. Therefore,
the frequency of the vibrating section of the actuator corresponds
to the frequency of the counter electromotive force. Here, the
resonant frequency means the frequency when the vibrating section
of the actuator and the medium, which contacts to the vibrating

section, are in a resonant condition.



actuator 106. If let the additional inertance during the process of the
shifting fromthe Mmax of Fig. 2 (C) to the Mvar of Fig. 2 (E) when the
| i quid around the actuator 106 is consunmed, because the thlfgness of the
medi umt changes according to the contaihning status of the 808 t he
liquid container, the additional inertance Mvar changes, and resonant
frequency al so changes. Therefore, the existence of the liquid in the

l'i quid contain§k>ohnaba ﬁhﬁenﬂsuhanﬁ.§peqhhmcwhésreﬁﬁnanNEEkequehCyinb@re,

if let t = d, as and usin he equat.i t 0, express
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Moreover, if the mediumare different types of liquid with each other, the
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di ff erence e conp ere ore, ypes 0 qU|d can be

det ect ed the sp€ertpicAgnt bacheggruaémédtemera@w bxteMaienyethewiebrasignone
of the ink or air contacts with the vibrating section of the actuator 106,
and the N#€ ¥Agigue kénﬁatO%xﬁléqu%dmd%%éh& reepeaté fRENMCREN be

detected day C hey%meg the eaushhop £dlgu Eheiy (Es{ b y8a8edr BONFURL D, Shovs

t he relatlons etween the iIn quantlt I ns tan nd t

r esonant tmaemf.@rm;u@thé warmﬁcrmn atﬁd:ltmeounbeate:h@ctsmdmhve Herre whencase
for the ink w.l e gﬂ an éagg d .the |liquid. The vert|0ﬁ

axis sho e”pelerz&e %’H%?/ f30 St REMREM 25% a7 54S ERERR2Ehe i nk
quanti ty.codliar ilhe drik eaaaosgﬁécqrfylslgcm apbst! ROMieRMIaN frequeney
increases according to the decreasing of the ink quantity. Wen ink is

suf fici efOMpoRiENteéd in the ink container, and ink is filled around the
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consunedmedddnt hermaximue dmkher mmpddaheeviebmammmt £giThe ﬁiceqhenagrt frat or

106, and.th ,i K remains in.the cavit t he ad t|o aI tance M var
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Because bheauke ¢8@thd Aikheceayatiqys 6N tise Hé%htabﬁ@ale%sgf. However,
the frequency fm is generally used as substitution for resonant
frequency because it needs time for deriving the resonant
frequency fs from the frequency fm which is actually measured.
By inputting output of the actuator 106 to the transmission
circuit, the actuator 106 can at least detect the acoustic
impedance.

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

The vibrating region of the actuator 106 is a portion which
constitutes the cavity 162 that is determined by the opening 161
within the vibrating plate 176. When liquid is sufficiently

filled in the liquid container, liquid is filled in the cavity



the nediumrelated to the vibration, the process during which the ink is
consuned gradually can be detected by formng the "d" (refer to Fig. 1(B))
of .the cavity 162 of the actuator 106 as small as possible, ?Igaémt?nﬂg
form ng the thickness of the base plateg2l178 as sufficiently {hi S
possible (refer to Fig. 2 (C) ) . Here, let the t-ink as the thickness of
the ink involved with the vibration, and t-ink-max as the t-ink when the
addi ti ondl6d ,neanchridee ivirating Feegkxanpdretache wttlal bguideinsideunhed on

the bottgm of, the ink, cartridge horizontally to,the .syrface of the ink. If
o e ol SR e | T oF L aERd Beekondr Mt i MherSghits,
t he hei gldortd iHermpufHimdita ac it ibk@e.inheeMivar cohtdedlsl wiehapges

according to the equation (6) , and the resonant frequency fs gradually
changes glémm vgi€eh ishecmalaed dm g cavikerdivr@e thatdiquk@cpRkaiaesl s
withint I Qf 1. he, act r 6 Y. et e.|,pk
Consumpt 15 ‘Sac e TR 3 Ermar ot ARG FHE Rl b

section @lorthe tactwiadlore D @andaryangamt he actuator 106 al ong a | engt hwi se
direction, the "S" in, the equation (6) changes according to the change of

ink | evel withTH&CRBASYKHE bR PrRvECshrR thenachide bat 006106 t[dihPHEFERE t he
process J ts i s gytakd v . R4 : 106
i s nount \ggfdgﬁlttl@'sgﬁg l%/alsfﬁtof t%uéellfgﬁ écltg}r%tctrtl;lggell%é%g%ﬁ?églggcrﬁi?gﬁ?ﬁe i nk
sur f ace. AR iirtey” rekaiisscbnstine o idord tting rekibevef trleadwsiateon A6 by

vi brating.region of the agtuator 106, .hecause the .addjtional..nertance M
decreaseghﬁt Ve &Egér'eagﬂ%‘ﬁgr(??sf’ﬁe‘“’ilﬁﬁ %&vglx,pq[aﬁélﬁﬂesacﬁng?ﬂl]ﬁ“égquency fs
gradual |y i ncr ggRren@Cearthdgnduntiey padation 444 mdbet h@raglunbgsshéhe
ink level is within the range of the radius 2a of the cavity 162 (refer to

Fig. 2 (eFtpatarmmdofcematde 1dguédncgnhadaeky gbeset ifha FaARecHAsWAHERON
st at us. JL i i q : i I t i nk
guant i tyzg%nffg{lﬁggx?%g? eg%ft?tf &l:é)ei ﬁEBﬁﬁ&Hé%&%ﬁ%ﬁ%&%ﬂ?@ pgggléﬁn%ge s of
the i nk ahe 1iheuidleatlngn seetl D ivdeontlkd neirbi aifliowg rr elgan it hef mdivet anguat or

106 is fornmed sufficiently large or long. It can be understand that the
 esonant PRFAGUSREYE FREACTIREG T MRFRFBF ZEEHE TO817 bRC b Z0hRar K3 ChaNGes
with thecgagieaseulls sy kpkmAuantki ¥t EASEAE the liilajrﬁitdi‘aﬁ tHew dst @t ingt he
case when the actuator 106 can detect the process of the gradual

consunpt ¥641ien.t Heh¢ nkifyidhatéashagherot hael ivdinhtamE gasonani | défeerent
cenSL Y et ST o RLUEE: Bl S SAORELIGE 00, o NI kg
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attaches to the vibrating region by the waving of the liquid caused
by the shaking of the liquid container caused by the movement of
the carriage, the actuator 106 will misjudges that there is enough
liquid in the liquid container. 1In this way, the malfunction can
be prevented by using the actuator having cavity.

Furthermore, as shown in Fig. 2 (E), the case when the liquid
does not exit in the liquid container and the liquid of the liquid
container remains in the cavity 162 of the actuator 106 is set
as the threshold value of the existence of the ligquid. That is,
if the liquid does not exist around the cavity 162, and the amount
of the liquid in the cavity is smaller than this threshold value,

it is judged that there is no ink in the ligquid container. If

the liquid exist around the cavity 162, and the amount of the liquid



31 1 ~ APR 2003 the case when the actuator 106 is nounted on the ink
cartridge horizontally to the ink surface, and t-ink is smaller than the
t-iLnk-max, the nediuminvolved with the vibration of the actqagag 1%

i ncludes both of the ink and the gas . 2Zlherefore, the foll ow ng 3u on
(8) can be obtained if let the area of the vibrating region of the actuator
106 as S and express the status when the_additional  inertance is bel ogw

M max in thet FHRE iGHRT HiFy thFgetrdfal aktiss oF thel YHKCANPThSMRES 1M -
M air *+ MuliK cheP18bhig bofbilSed. P 3K ekahighak! gnef) c HOS& MIBX 1igk an
i nertance of an air; nk 1s an i nertance o nink; palr is a density of
an air; pisknamtedensthy sfdawaldkeofttlae rliigittheohhadkeessibfis Herdged

i | ved with the vibrati,on; . t-ink.i.s the thick f the j [ | ved
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cartri dge; appiOX HEtslg P HoseRt ey 1501 bher | tha s WHaeRudthed YRIsition
increases and the t-ink decreases with the increase of the gas and the
decrease of the dctkuatiohi 06 hembditums rwslgest thiatth thiearey iilsr dmikord nariciend

the vi brat,ing, region _of the actuator .106., The ditjonal . i.nertance M.
or adual | ek LSS o Bhen iRty WbBRars Al v G R F nE B dag
above chad@esa Dhet s thyHe@nthdh & He indunthiey elo@fie.idrhefi fkeddariuatybr
remai ned inside the ink tank or the ink consunption quantity can be

det ect ed.Ihe EJUASTEA N FhgefEFeSIOHy Vol ushé ndéhdpL Yagh the PCGlRdor
because of,d Q%rf‘?% 't?%tt 'E%ﬁtehﬁsdﬁas A O dee 18iduilf c%'i‘i%'a'bin%%%% to

the density of u so that the density of the air can be I gnored.
When t he Bftttdat dnkl1DB tilse meonitgedsodriee amk diseppedgedsubftathesinore,

erpendi cyl ar to the ipk rface, the stat can be e essed, as.t.he,
o vl b 3t on L6 T RaeheChR b Eer §lapent Rhot Poghan Lifidfe 1 he
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region, where the nmediuminvolved with the vibration of the actuator 106 is
gas, can Y téxpraaryEidas afdrest [téle dinkcdint the| tavétyt Aésappgagt bPReapsgi on

\zglg'? L:t or ]tfg% QFISB uﬁggégﬁcl%yet ggk%g%%%%%ggﬁg hétlag\}aip:e}}aQ%fEl \i%l E%g%%ag{botgg\}/{w%g%g t he
medi um i i vddresidild heaMador at i on of the actuator 106 is gas only as
The operation and the principle of detecting the liquid
condition of the liquid container from the resonant frequency of
the medium and the vibrating section of the actuator 106 obtained
by measuring the counter electromotive force will be explained
reference to Fig. 1 and Fig. 2. A voltage is applied on each of
the upper electrode 164 and the lower electrode 166 through the
upper electrode terminal 168 and the lower electrode terminal 170.
The electric field is generated on the portion of the
piezoelectric layer 160 where the piezoelectric layer 160 1is
sandwiched by the upper electrode 164 and the lower electrode 166.
By this electric field, the piezoelectric layer 160 deforms. By
the deformation of the piezoelectric layer 160, the vibrating
region within the vibrating plate 176 deflects and vibrates. For
some period after the deformation of the piezoelectric layer 160,

the vibration with deflection remains in the vibrating section

of the actuator 106.



Sair, the follow ng equation (9) can be obtained. 1/M - 1/M air + 1/ M
ffnk = Sair/ ( pair * t- air) + Sink/ ( pink * t-ink) (9) The equation (9)
can be applied when the ink is not held in‘the cavity of the ﬁséﬁﬁ%9@ﬂ106
The case when the ink is held in the c&fity can be calculated u

equation (7) , (8) , and (9) . In the case when the thickness of the base
plate 178 is t f. the it ep.an IS
conparatively c rgé;e %gﬁbﬁéit h\?{:lﬁrée%g&gf qt hegne \ué %5591?%151?188 Ofa g{'%
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and the vibrating section changes extrenely during the range of change of
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The nmet hod of using_the actuator 106 for detecting _the existence of the
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exi stence of the ink by directly DO: contacting wth
i quid Ran ber speeiftled it hbdsuéehgcaadeteuntedeelecdeomotsvehéoexést ence

of the i con ctivity is inf]luenced b osition to, th

M aud e P akink Lot oat 468 TR hl RIS APRTER (BeBrP406 to
det ects td@e;e@geﬁ ence of the liquid does not influenced by the nounting
position to the liquid container and the ink type. Mrreover, because both
of the oscil| afemeradd Ydetde resoBRNhETETINENENC ESoEaphbe| PURFESERR B8 done
by the sigghe, ¢ Gt or 106, the nunber of the sensor nounted on the liquid
cont ai ner can be T'educed conpare to the nethod using separate sensor for

oscillation andgst he 1gdgtoect kquxohcth&2exi stence of the |fguid. Therefore,

t he
where M denotes the sum of an inertance of the vibrating section

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

Fig. 1(C) shows a cross section of the actuator 106 when
the ink does not exist in the cavity in the present embodiment.
Fig. 2(A) and Fig. 2(B) shows the equivalent circuit of the
vibrating section of the actuator 106 and the cavity 162 when the
ink does not exist in the cavity.

The Mact is obtained by dividing the product of the
thickness of the vibrating section and the density of the
vibrating section by the area of the wvibrating section.
Furthermore, as shown in the Fig. 2 (A), the Mact can be expressed
as following in detail.

Mact = Mpzt + Melectrodel + Melectrode2 + Mvib (2)



1 iquid container can be manufactured at a |low price . Furthernore, the
sound generated by the actuator 106 during the operation of the actuator
106 can be reduced by setting the vibrating frequency of thd piaprogippctric
| ayer 160 out of the audio frequency. B%. 3 (B) shows the relationship
between the density of the ink and the resonant frequency fs of the ink and

examl o i1 rair: A SpalBet pyCalyTig8 tip nibaghalol it khatIECE T

resonant &f afieency fce ldegyreas @ayieec agseihhehadd b anmhg | sert Emcandicheases.

In other words, the resonant frequency fs are different with the %ypzf of
the ink. GRFESOrel By $reRiBFPRISEREIFedGHET LFBqlBhChEs 2582 @b &

conf i r mechybipd des oL Rec kg 82 8o i HlAIR - SlRnSk Biodiass es By xpdat g etier

during the re- ing of ‘'the ink tothe ink tank. Therefore, the actuator
106 can disedungiui ob tthee itiki¢clankssvho€h tdent@pper t kéedicfrbdieert64 ype 6het he

i nk. The candition when, the atqr _106 ca ccurately detect t at us
of the | I GUTPWITS TR ARbGenCaBEAEY Ph T0F I e TR e 12 BYoumed
that the iz rendothenshaisePle1lhe e 1841.s MEDEEPLEdED {hAbtiditrdd By d
can be remained in the cavity 162 of the actuator 106 even when the |iquid

i nsi de t MELVidingl tdenpaicducti of dip phitheess ot bhe lopveneleataodea RE6

T the oath typidteeind seRaeh 2880 ng St dndnd Hue PLRRkble G

when the 14gbiydthe arkhesf ithd heweavelygcteddeThest eqontvtid dgudmed by i s a

function of the inertance M The .inertance Mis a sum.of the inertance of

t he Vit”égqyﬁflng the product of the thickness of the vibrating plate 176
in the vibrating section and the density of the vibrating plate
176 by the area of the vibrating region of the vibrating plate
176. However each of the size of the area of the vibrating region
of the piezoelectric layer 160, the upper electrode 164, the lower
electrode 166, and vibrating plate 176 have a relationship as
shown above, the difference among each of the area of the vibrating
region is prefer to be microscopic to enable the calculation of
the Mact from the thickness, density, and area as whole of the
vibrating section. Moreover, it is preferable that the portion
other than the circular portion which is a main portion of each
of the piezoelectric layer 160, the upper electrode 164, and the
lower electrode 166 is microscopic so that it can be ignored
compared to the main portion. Therefore, Mact is sum of the
inertance of the each of the vibrating region of the upper
electrode 164, the lower electrode 166, the piezoelectric layer
160, and the vibrating plate 176 in the actuator 106. Moreover,
the compliance Cact is a compliance of the portion formed by the
each of the vibrating region of the upper electrode 164, the lower
electrode 166, the piezoelectric layer 160, and the vibrating
plate 176.

Fig. 2(A), Fig. 2(B), Fig. 2(D), and Fig. 2(F) show the

equivalent circuit of the vibrating section of the actuator 106



section Mact and the additional inertance M. Here, the additional
inertance M has the relationship with the status of the liquid. The
additional inertance M is a quantity of a virtual increase of a,nass of
the vibrating section by the effect of 26he nedi um existed ar ound"{%éPR 2003
vi brating section. In other words, the additional inertance M is the

anmount of__j rease_of _t nmas f. the vihrating sectian whigch.i i_ncreased
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is differ@lCwiit)h the case when the liquid is filled in th&)iquid
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Can detect 1 he PEOA BESOPIRRELRRGH b L 1S 1 80 Ak GPRPS SRREGBAGRL | on

whet her tRe raef.uat@) 106 can accurately detect the status of the liquidis
that the M cav is smaller than the M nmax when the liquid is remained in
the cavity 1627Thf cREpidengeoracbeshayg the Vlyne whdrhaicasr arsepfipEe The

conditio == 3 AR ; > V. i . orel can
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t he cavi pyek&2ireHem ¢ heturei thhreavwfi sheha hregsi mf sebeibnqui Ih ot helrewanodiaure
whi ch i s _substanti.al l%ae%tl’ﬁlte%f t he vol une, of the aViLﬁ&%f 162 Ther ef or e,
the condFtFofrCm RGN Earlr o g fARIMFST H 17 X ately, can be
expressed as tRe condey i SMowd e c¥els4mBebt i bhS £aHd ¥ctbdtix0mkhghen
inequality Mnmax > Mcav. For exanple, if let the radius of the opening 161

of the cktheulaguibapedsvaficyent2yailiedany the 1hickdesenoringe, candty
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with the liquid. The M'max shown in Fig. 2 (C) shows the maximum
value of the additional inertance when the liquid is sufficiently
filled in the liquid container, and the periphery of the vibrating
region of the actuator 106 is filled with the liquid. The M'max

can be expressed as

M'max = (m*p/(2*%k))* (2% (2*k*a)?/(3*x))/(x*a®)? (4)
where a denotes the radius of the vibrating section; p denotes
the density of the medium; and k denotes the wave number. The
equation (4) applies when the vibrating region of the actuator
106 is circular shape having the radius of "a". The additional
inertance M' shows the quantity that the mass of the vibrating
section is increased virtually by the effect of the medium which
exists around the vibrating section.

As shown in equation (4), the M'max can changes

significantly by the radius of the vibrating section "a" and the

density of the medium o .



By expanding the inequality (10) , the follow ng condition can be obtai ned.
a/ld > 3* ~ /8 (11) The inequality ( 10 ) and ( 11 ) are val id only when
the shape of the cavity 162 is circular. By using the equatigmg Wpﬁnzwﬂe
Mmax is not circular and substituting“he area ~ a2 with its area, the

rel ati onshi p between the dinension of the cavity such as a wdth and a

| ength of the Vi a epth deri Theref.ore, if. .t
actuat or 106 h@ge t"{%’ecgl\(;ll"?%%l&g%i%%%ﬁgrﬁ Seéarlgjg’i dc'gtlgfo(a{lhé; S ur‘?ith‘g) 61 "a"
and the depth jof_ the Gagdyyc'd” that (gatisfy the condition shown in

inequality (11) , the actuator 106 can detect the liquid status w thout

mal f unctwlerefentvwieamt de theqgre sbicornt drequensyenptireanibtdiei hg geicd iion

remai ned .in the cavit, é62. Because the additional inertance influences the
acoust | R ETn da TuiE ABFRMRY FOPGACTCHA Bt RS HRTF: LIRE SRLHEY SR
neasuri ng ddite iy e EAMiHeY &clakC propaghzed hrdud® ¥aeOnedlGmdY
residual vibration neasures at |east the change of the acoustic inpedance.
Furthernore, dtichr i (9) t showe prnesamtivedesdi memcuitheofictbat yibresing
generates_t.he vi ion, . and th ctuator 106.itsel 1. 5 APR 2003 36
Teasur e e Boith Sl BERPERbL 08 T Cia RAYAEYatEr 386 T o5 Bher at ed
by the rreig dunalc)viWie itde narpiided sabLER ithentillr #ilqedofint Bheactiyatiar 106.
However, it is not necessary for the vibrating section of the actuator 106
to provitRRGHOsH brakd o heo evd ohiegli Phythaevibrriinen xgiere akt GBeor 106
itself ' | S 9Fer : o QA v, ge . Even the vibrating

secti on%%%&aoes n%ét eglsig%/?cl&gtﬁetg{ %é;gﬁ zio%ll ectric layer 160 deflects
and deforns byig.brdEdsshoygst ties aMdds sketlioguof, thdisdt waibmadios wheh t he
Vi brati%s ctiagn with soire raage. This residual vib atioc? enerates the
counter €% Ve “REr VDR SR FHI T he! HiTT BRI 1 18 ©166 &Rd

transf er iy eQWERY tﬁbeo&beae&hgeré@;{@le yPIHRIS Attt UpREr agldegheode
164 and the |ower electrode 166. The status of the liquid can be detected
usi ng t Hiigiyiserenehba. 1rrbhe earilvel 62 picdve astupher W6 j etTheeardtagn
appar at us, t S - i ' i Nt a| I NS i nk
t ank caﬁ( )egg@%%c?ég ﬂg%ﬁ}é\nﬁhjéﬂ\%%%g{%%.%%ér%ﬁ@%%%gig#ﬁsggt }Egﬁ of
the act yaikodenbi €d J sviaanehatednbia EbaeYiBeati S iderer €d dhe 1 hguid.

reci procating notion of the carriage to scanning the print head during the
pri nti n@ropee sether. h@nef difaphe | ighedast the driqlidl centalinersig bensuwgdency

i n inaudi .region. .For .exanpl e, .the .frequency is .preferably from 100 kHz
to 500 RHE TiREZEN P S AReE e e RRY B B b PRl BRI 8B or i ng
appar at u® edbetbgebhga 9 ahcaumbertheheex i gaial yemathingtire thel sevgeper at ed
by the actuator 106 will become conspicuous relative to the noi se generated
by the % j &0 dorr@hdeafTdasied e FO XV SAYRNEPRt ed by the
actuator 106 91””:“%) fpggdriving of the ?gg uator 106 is in audible
frequency. Then, the User of the ink jet trecording apparatus may feel

unconf okdhaltlee.t THenetere thed tisidasddabbe thesatedhenmf requeedy tgenenat ed by
the actuator 106 to be a frequency in inaudible rg\grj on so that the user of

the i nkVioratdesridihFenptatde deesanst Foel vikeakipcaiasi et atke by
the act uakQi 106188, UnePiprd bheating! re £oR #0003 (A%.L860,8 nihengnk
cartridges of the sanme type contaln sanme %I nds of, for exarere, sane~ col or

of ink w rhdsageoquaat | thhe theavabeeslodwih s gerenata#d rtReprapbrel, eguency
are subtly different for each ink cartridges owing to a _difference in each
i ndi vi d@ddisdonadoiBeT0encEHdl dfidrlevws heefe@dakhe) 14 whesuebe Whewidn ink
cartridge LSeEn.iok-fyld. status, - d e '

previ oug%yé%%%?%%j@%%i?héellzle%& g(?)int ucgébnﬁéin%?@tﬁjél\}%gé %{&;?Hﬁg&!ﬂ h?f/yi nsi de
t he recofdchg spparnatng. réhépn by thapactugtdheld6efmehtyledasutledtidari ng

t he consunpt.i.on the ink in each ink carirjdges wth the, frequency stored
i he TR ns The A wians ) hcarats MRS LEREE e Satetionddaniee

det ect ednkon igach iAkegari 1o corftdiranR eonkhteld, eduaneyevaenstie i nk
cartridge is in ink-full status is measured when the new ink cartridge is
mount ed laguikeexbedratiqindppar aibsat ingd ation af uehefaatiwmfareddéncynd s
stored in_t r, s a.referen val ue. . T the ink consunption status
can be ﬁ-]gteer(S,Lt(?ngFL yl)céo%rr‘peg]'allﬁlge hlgl %?léaq%é_’ﬁlgfyngg%u'r ed when the ink in the ink
cartridge is consunmed with the frequency when the ink cartridge is in
ink-full status as a reference value. Mreover, the frequency when the ink
cartridge is in ink-full status is previously neasured during the

manuf acturing process of the ink cartridge, and the val ue of the neasured
frequency is stored in the sem conductor nenory device 7 as a reference

val ue. Then, the ink consunption status can be detected by conparing the
frequency neasured when the ink in the ink cartridge is consuned with the

. T Y



3 s 'i 5 APR 2009 frequency are shown for each of the ink cartridge having
different residual quantity of ink. A primary node is a primary frequency
of . a waveform of a counter electronotive force generated by af%iip u?doa

vi bration of the actuator, or elastic Wave generating device 106.

secondary node is a secondary frequency of a waveform of a counter

el ectronotive fagge &é’rkﬂ{&h?%p!‘ig.rQ%Eglﬂaie%{'%éltddﬁ‘i@ioﬁﬁ B M3 fe OF

el asti c wave generating device 106. Because the frequency detected fromthe
wavef or nM6f when thent Bquid dot tbedtiique & opneagererbs ednppmed, esndudiere

vibration of the actuatpr 106 substantiglly matches, with_ the frequency of
Uhe ot RENP9at SEUGR THEL 8T PP AR e T (150 TR iy G e
anal yzeryot0 aRasthe 10guisenyensyatled hen vayeime) 141, CUM ®ayv to
el ectronotive force is equal to obtain the singular ‘point of the acoustic

i npedancéistThegpashewnshofhrupdditabnadl deefrtencacM 'oexbi ndtiicddnsi softhehe
primary e, Lesonant frequen and the_secondar de_resanant frequency
e 11 ERanE L E5 AT e { FAVE e e, BB BBRRUCPE RS S I, AR RECR o

ink cartofdgre ActtlatepdiCe Tbefelided, wibd chel ddajiguantity of ink
contained in the ink cartridge, which is nounted on the recording .

appar atus, canfb3-j ad§edsShPWie U RY ot of CiReUhE | fhr §heodd breddment
f requencge@gﬁoﬁr@f %ﬁ%oé'gé‘mgxé(tgﬁi)qebé SRanand J{ﬁ%&ﬁ?%i-iﬂf@hﬁé@tg@!@f Fg Shown
f of the val ue o

in Fig. 4, e patterns nunmer 1 cal t he conbi nati ons t he
prinmary roEp whesoraatl ifqueclen cheahit hé contaritderyi sodasurschaand fuheqeency

are different _for ,(éfach of .t he mE cartridge, A ink cartridge B, and ink
cartri dgt® &° &AGH 16 aGRRd tg’tfh%’_& Reting; ¥Fdi @Riot EbedagFughart19§ 619 nk.
Ther ef orgne t heqRalt BEMa PhaNURBEhE AL VAL YE10D blRergemaRakiced Qfost.he prinary
node resonant ?r equency and the secondary node resonant frequency can be

used as the pdi®esn thatParRietere relatRaltqudn iatators iafk téfe mediawch i nk
cartridges

'~ 5 APR_2003 39.The ink i h t f k f
o1 mar y SRS SECohduRs Mol e@onB EhPeqiSREp R O theseAts F00 kit
over 1t han ddiee Pl ord) Of WREAKsne! 1 Pl 8! s TBST AL AEEPTUAINodTIGE LHBSOnan!

frequency of the ink cartridge A € ink cartridge C has a pattern of
peaks oflpyuhdopnmedaend tbecbhgaiy amda ates waght the etjuaratyi nghiseletiion

Secondaryt it TESONAR 17Cquihe) 5ot RACPAR Gr ERPHBE R o Wnid THaP
depends 1 tie riefialortiaiidt y tfe ilAuEential rethaihddan RkeCabifikgge, the

pattern of resonant frequency of the primry node and secondary node are
di f f er erRY thfe 8o PE, VEREUNeSPALAFL §usht Pt fViktetddid &artd ath afhéhenk

cartri dog Gl e 1jod9ed £ e WeheCdddD: Fori £5 Q%Qttafx{c%qHGPEMgoéhé’BtE%gQ%s

primary node and secondary node and recogni zing the pattern of
conbi natdforehsf shlidtimeefironl thalMbnax afh&igesarignt térdhpehoansft Fag.

character)sti attern of. the residual_ quantit f.ink in th asured ink
cartri dge EhehsP EhE Thlbick AFoRndl n8 ar i re L pfot hrbinaisbict, FREANSE0 e
and a segondanykieds, oflthdleleaaads JieMRMeey actesddugl t Uy cbytafiniflg can
be judged by detecting_the resonant frequency of plurality of nodes . For

exanpl e, %1% f dthf  YhaREFt profHenk IR D TRIREF By HetetfifAgitnal
resonant; f{L,QQUENCW Of o £ WoL ARIES, SUEH AScLREnPT EMBLYe d9€a§88 Ehgnkhird

node. Al so, the residual quantity of 1nk can be judged by detecting the
r esonantThexefiewrey tdie tarpi stetuee aufclvhes lilgw idedondiey 1agdé danant Bénei r d

he. act (b PL08 RRECIRY ARSA Iy Sor Rt o1t he-RaSiaa) ot atiohe:The
change of <the ddilsnbemveinatid he (Eevehdafsing the equation (6) to express
the m'cav, the equation (7) can be obtained by substituting the
thickness of the cavity "d" into the "t" in the equation (6).
M'cav = p*d/s (7)
Moreover, if the medium are different types of liquid with

each other, the additional inertance M' changes and resonant



the mounting position of the actuator 106 in the ink cartridge can be
detected by the change in the frequency or the anplitude of the residual

vi bration renmai ned after the oscillation of the actuator 106.15rAPﬁ 90035 (A
and Fig. 5 (B) , the vertical axis sho# the voltage of the counter

el ectronotive force generated by the residual vibration of the actuator
106, and the horizontal, axis ~| ~ APR 2003, 40 ,sho the ting. th

resi dual VISTATOn o THE b aRgE? 2065 FRe WEVEEBPHLHl A neoaRaT o7 e Bna
of the voldRaeieNeAtREe @PrBEPMACEoFitthe 2dNoAtd Jri 9. ThelBEorelhene the
anal og signal is converted to a digital nunerical value corresponding to

t he frequemss off itthe diigndld cem beedekarprd bywareAiEFygnasthA) ragangng. 5

(B) , the existence of the ink is.detected b ring the.ti rLng the
Goner at | G ST F8or MORBEVST oristt G005 pat T IR AR B e TPaEHRES

ei ght h pulige ehe hepaaaliag sktebabn bh flieé aldtumdideriddie aad wafeoinkO&nd
oscillates, the nunber of the tines when the anal og si gnal et across _the

pr edet er ifeds e exhst 1n0| togrt e mtitedl bhevencage: &' dear b Aetargad

vol t age fsbg %%l-g?ﬁacgiq{ét ?}ﬁige%el?égﬁcﬁq Sgfy to be high while the anal og signal

beconmes fourth counts counts, and the tine during fourth
counts to the @&ight B (apubbsaigramastrieth Bhowsedeeereiatdonkbdp petseenFi g.

5(A) sho t he wavef orm when the ink |evel .is above the | evel _of the
nount i ngV%’(?silPikoﬂuBPttlﬁé{ Retdeorhaoerk By a8d BheskBReneRE DESSRBRRY when

the ink lvelr tBebehioWAde Heevebrat ihBes8RENEhNT ROSE [ itde @addheoaCiHat or
106. Conparing the Fig. 5(A) and Fig. ™5 (B) , the tinme of the Fig. 5 (A
during tHek watihberunlkained s engbrampoas tite Ldgyed .t hThet wertiael of

the Fig. 5(:B).,Iln other words, .depends on the exi stence of.the Ik, the
e 1 0o PSR 1B MRS TP M SO s S e bbiie ] et ¢

ere y USThg
this diffedosrcehef ihkequbfiitihe wassuppé i Dk séehpSs Of 1 dhei s nkosatahe,
detected. The reason to count the analog signal, fromthe fourth counts is
to start HReTREQSAPENEREIBPNEHRTHRASRT SR INND L& FOR BeCTRRSARIURE Or
106 becongs SiAbl@arttidys only one of the exanple of starting the
measurenment fromTourth counts, but neasurenent can be started fromthe
desi red count sWhéheiskghalsuffbrdemely dlrtled duintiet dnkheortghnarcommds are
detected,, _and t

ittt G RYL I SRR T ERT AR
the maximum additional inertance M'max becomes the value shown
in the equation (4). When the ink is consumed, and there is no
ink around the vibrating region of the actuator 106, and the ink
remains in the cavity 162, the additional inertance M'var is
calculated by the equation (6) based on the thickness of the medium
t. Because the "t" used in the equation (6) is the thickness of
the medium related to the vibration, the process during which the
ink is consumed gradually can be detected by forming the "d" (refer
to Fig. 1(B)) of the cavity 162 of the actuator 106 as small as
possible, that is, forming the thickness of the base plate 178
as sufficiently thinner as possible (refer to Fig. 2(C)). Here,
let the t-ink as the thickness of the ink involved with the
vibration, and t-ink-max as the t-ink when the additional
inertance is M'max. For example, the actuator 106 is mounted on
the bottom of the ink cartridge horizontally to the surface of

the ink. If ink is consumed, and the ink level becomes lower than



41 ' 5 ApR 2009 the resonant frequency can be obtained. The clock pulse is
prefer to be a pulse having a sanme clock with the clock for controlling
such as the sem conductor nenory device which is nounted on tRe; NgE 003
cartridge. It does not necessary to nedfure the tinme until the el'g !
counts, but the tinme until the desired counts can be neasured. In Fig. 5,
the tine . fQurth o] gp% ts.s u ver,
the tine %{Jérjllﬂr?t& te%dilﬁj?leﬁ]%g{%?ﬁ@‘&%%?a% (grgl%g]n’t thla gg%%a?{ngggdggge ted
accor di nghHamddre acicoediihgcon ftihgueata obonh{ah, datechs rdwriarmgieagyvenker
exanpl e, when the ink quality is stable and the fluctuation of the

anpl i t udé HETRRMIdak SPENgRE ACCPREIREsbRdMMe BBHERY ddn bENBEEEETEE by
det ecti g, bhigeshkomthe {OhiGOURES-LAGENGE Siod  GUBEE LR N bRase

t he speed of detectlion. reover, en the | quality 1s unstable and the
fl uct uat icem gfrade ldnpldétuset adfhe hiemlputeesuspt Aogestatrestime from t he
fourth counts the twel fth counts can he detect to,detect the residual
Vi brati on acouFSEEHF IR h ¥ nEPLaTES O N AU VA DL e e g aRBer of
the vol t ager MeeRitAaBH 1bbrDyPEShgeIted 100RAE ¥8 1f0df 8Byl DEngPBwise
predeterm ned period can be counted. Mre specifically, after the actuator
106 osci [digesd iarhe tdiegi"£41 1Bi ghrlequrtsiaan t ($ behringlesdaccegdimg to the

pr edet er g i,0 nd, t he. nu r_of t ti whep t he al og sjignal is
et - acr oot 5F dad SV b Sl Shel ubr i ahs TR P e Ret oot aga e e 1o
the hi gh1oel tagedstdeti she b esks Byhimaaslid Agkt he godahabUpbesnstifed.

exi stence of the ink can be detected. Furthernore, it can be known b

conpar i n§OFi §%2BPAR Wb FFatRB)L0G HE BRPPEEHdRN dthe Huldmveddr ﬁifo\‘f%? he
counter 1 I C e : i s fi dii i nk
cartri dgEeilng(?lrtlzlslél\g/%,hliné?nrllIcl heggﬁggpg’%ﬁgl{l ngl&s?&ed%mtr&%%idrﬁ% cdaers't r :W(h}lgegl t%ﬁeiggor e,
t he i nk éensanptined sndttise iimk hevehkreaches dye téwn vhbrdstiect edghpn of

measuring,the itude_of the waveform.of .the.counter _electronotive force
W thout | SRECAPEIRRGEL hIST e he 20d] b1oR5n" SRk RpERCl (0 g et
speci fi calilty, ther d@&ﬁéﬁb@nﬁaof efres enge 1eRlkellggehesregebnhat Weesgh bR cpenk

poi nt of the waveform of the counter electronotive force of the Fig. 5(A)
and t he p¥EaRupdilat igrrensefanerorming trRetheungeatépact t brotTherefpEe:, of
the Fig. n; .. af 0 0. [ kol al
si gnal tgﬁgggﬁi gﬁga%n}?hieg%?ieggst %gtrtnﬂgédEP%rr%Rg en%%lt Fﬁe%q\t}\l/astlggogrng%}ﬁgt he
count er ekhedtyomdRi Veefeorceo geitg.acr(@ys ,t hiaer etenenoe Y06t aae,grdduahl e

j udged tgag there is [P‘(f) ink in the ink cartridge. If the waveform of the
counter 8&F EEFoMOEi V& GPOEHBES Mo ' Gt Sacr oss the reference vol tage, it
can be judged thatctihes & ks FiK. BNahhshbwk W eld@8onEM g BELWEah the

vi bration of the actuator 106 Is preferably nmeasured when a carriage is not
movi ng ofkh@H2RtEEYoFAPRGIREddinsifet opr Fhei Hyc tank rand dhlugsH MRt i on
S oeasuEedatRy ! 1% [ SEOLALNG Ieathd S CRE! Yldie HRFAUSE: AohOUHRL che
processing unit ( of the ink jet recording apparatus is used ¥ or
measur i ngibhetiag temlonidir ahe @rtudteon L06 idhdoroed ssEfacCPhtlgrlargat i ng

decr eases d the ]g'-{;i nti Bg sg&ed t her ef ore decreases. Tgerefore, Eg

measur i ng*t1@8"¢ esidu&d*Vrbrd ‘6595\?1%?1: GhaE FEPRGREad” PIURBEYp % ng,
whi ch i sthbeiriit BRd Habriben&Rddts J0GrHaad 1l 9 cidhdd s RA.t H PRe dRCI 19858 Of
the printing speed can be prevented. Furthernore, the case in which the ink
cont ai nePfi §hehdnky guanifityh insigsuited io¥ tw@kearri age and novi ng toget her
W th carriage, +\ copsid . t r 'igé?g vy i i qg&ged
when t he recoré&ngéﬁgg ’igﬁ%r?‘grll%?n“é%é?héﬁ? eagléé ua Ei%%taﬁtéolﬁq%:éa?\%o e
accur at epyoaeasupédthecagusduahkconsudet dbntdbe tidk Tontss nere raddes vhyer he
nmovenent of the ink container. Therefore, it is.preferable to neasure the
rost dual EOPDHAEHR HHLPAhEAACE B gg SRERS PERRGEYRVE RET REck FITHErTF e,
when theek eseedi e dteash I8l 5B ifd Nad WA WP BEat hBh . drAvesrdheg0as i age
is not noving, and_the residual vibration thus can be neasured vmt%

avoi di ngth@egnaivalgepasampd igor pigthke 1ok vichg il auiel Cesuredisap addh and

t he noto [ j.age. ~~ ~.APR 2003 .43 Ther , i vi hration
can be %ﬁgﬁ?égg%rgga%}%%rga Sell)lll. B?%eggg%nérﬁgbﬁ}éi\&%ﬁewIr%got{%?ngtiﬁtleaatdl C|§Hs not
pri nti ngarachddeBet iebt &bl NgSregtbn ast ditié nge et shan@é ng rafr tdxamslges,
during the cleaning of the recording head, at the tinme of sw tching-on the
power supply, just before the switching-off the power supply, that is, the
time fromthe switching-off the power supply until the recordi ng apparatus
actually stops. Fig. 5 (C shows the exanple in which the tinme of the pul se
wave fromthe fourth counts to the eighth counts is nmeasured by

predeterm ned clock pulse. In this figure, the clock pulse is arises for
four counts during the fourth counts to the eighth counts . Actually, the

a o r - - A NN o, M P e o



Fig. 6 shows a configuration of the recording apparatus control unit 2000
whi ch detects a |liquid consunption status inside the container 1 by
detecting a change of acoustic inpedance using the actuator ég@ ggd 9
controls the ink jet recording apparat#d based on the detect rA u?np The
recordi ng apparatus control unit 2000 conprises a liquid consunption status
detectin ni 20 nd, a trol _clireuit i 00 h iguld ¢ tion
tatus deTScEPRE GRFE 19BoSarantase Dhc BtPulefdonortegb f ol EErRIoth: or
106 nounhediednthe lgomaiher ihkapdrdatect anfhe-ihguid epaslept thanstias us
fromthe change of the acoustic inpedance detected by the actuator 106 as a
resul t of ~&8# 1@ ophe TIRd idh i PYP LY PR th Ghiet ViBDRt E8RtGbtie2FEedF o ng
apparatu ases . ct t L QUi

exi st encgogut pu u%‘%/s ?ﬁéﬁﬁ%tﬁﬁgﬂﬁ%}ﬁgﬁﬁ&%}eﬁﬁggf atef'it}:lseg e%géfc?i %&eﬁﬂi?@%&ﬁ The
control eguetibnu)i chAhQi: bBsadnednitfi bét el a #dH O farite & ibeaaridignge@par at us
operation _cqontrol unit 1402. The control unit 1400 cqntrols a_recording

appar at uSTdpet éFFHﬁté’b"th?6Ia%%iaﬁd1@f§1?r%%§§@eoﬁtf?ﬁ’és Wrteg FETIRdt the
liquid exp,gtenaecouEPyE1 By M hRak | GitehC QBIBIRILNON 45t B USAAEE B6hA NOnAE t
1200. The recordi ng apparatus operation control unit 1402 controls the
oper at i opfothehénkeendditihg @@sar at us based on the direction of the control

unit 1400. The cont rpl . Ci rculi,t uni t 1500* further_ has ,a_indjcatj process
unit 1404, a pMi ntihg@bbpet ik ot #bF Lrki 1206, AATKNK Eubﬁkzgrenf%g

rocess bi-o140 a. ri i QCHS Ni; 1 Lot
8ata sto??lﬁ%ep@o@%}s{sl%?}%rﬁ i141 ,%%@S%?ﬁ?%ﬁgﬁdg?g g%o%ﬁngm%%%)ﬂ&iglélf,]gt h
oper ati ognoinihi ghyiaF & £ entdediad, B e J19CordiAR P adaiss DPEI G | 41
control unit 1402. The recordi ng apparatus control unit 2000 may be

provi dedinksitdeiof isHdia hkirkeessertherg mppueivead with phetvidiratheon;
function_of, .t he ,recor.di ng .apparat u ontrol. unit. 200Q. may, be provided on

t he out sia“ace1 to_flr%}%ésr%%%rtg’l r%leﬁﬁa?gtt S CORtTo Of%'é)wf(y%¥h (yrl%e&aatnjb ® the
functioninfcabe ehehr eheCaktuiatouniioel3@0msayited RrowWHEed il ddret wited de
apparatus such,as conputer connected to the recordi ng_apparatus .

Fur t her nBPBYO%X1BaFEL¥r haBi FARERT LY df° t fdS edBrdi RYTEppSr at ‘E}%ec&'tarjdf uni t
2000 may;RerehoE8dahh tHE feeRkdhOG-OREL LN BSh & I O AR 288 Stippld ghd o the
out side conputer. By supplying a part of the function of the recording
appar at usnéopire cleargase O tde dnjr withanstbe ened umhinvelvediwit rddiaim t o
the computer_connected to .the recqrdi ng apparatu t he operati| of,..t he
recor di ng BEREFAE e EHRC B A VAR i RSTLGR By ERE Tarearorubde: oty
easily si@aingohl® PhegtanceWli' CHraauhol s debech@lsst shd e keddhdrie
recordi ng nmedi um of the conmputer when a part of the function of the

recor di ngr%%%%i/@r%%%%by RFAICTYOV Qs 2PRYEoFBEATBRS AE FREWr 1T Al -1 5
APR 2003 frard Deroor epn & 3adte ,OftHeh‘?LnicuaﬁShQQt9f r&081 HEGOI Sk PGe APRATB{US
control unit 2000 may be sent fromthe” i nfornati on processing apparatus
such as sankeprt ¢he t énki rainsungit ion ageantpit gr ceonieet ddtegtede r &w di ng
appar at us_t hr ough |l ect ki c_communication line r,Qar a In this
case, bye%‘tg%thlcﬁlg {ﬁg ?%?%%?Sf%%g i T TR or%lsr%legplplg;r%]traug) e(ﬁauasl’ ©
conput erofhiled 4Ss@Rst 1on SeNit f 108 derseiieros agh i L1l @ompare
conmmuni cation Ljine, the recording apparatus can always perforns the | atest
f unct i ontO TH® I99R oF £ s st ildiddap@s t Bt ebhendenft tY 12B0t R 13 VAt t he
act uat or,d 06;qpdegdet ects the existence of liquid in the container 1 froma
change of the acoustic inpedance. For exanple, the liquid consunption

st at us det ect iWigennthel200vhasra ldgasiy ipxpcidedi onuhhe 806, osrtotidgsasures
a counter_electro ive force.such as the vol.tage val ue generated by the
eat dual PUPEF SR RTLY BreSRERASHERT 160, ina it ARG T A ™ 100,
whi ch oub®uprdesesd grak hehagu shevent hei xSt emet ehowhqithdthé flikfire,

contai ner 1 by ingutti ng the counter el ectronotive force neasured by the
on which the region, where the medium involved with the vibration

e

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. 1If let the area of the regionwhere



measuring circuit unit 800. The neasuring circuit unit 800 has an
activating voltage generating unit 850 which generates the activatin
voltage to activate the actuator 106. The actuator 106 nount edi 5MRR1§W3
container 1 is activated and oscillated?by the activating voltage generat ed
by the activating voltage generating unit 850. The actuator 106 conti nues
to vibra residual fter th cil.llation, and_{he uat or. itself
gener at eégg n(}%%ﬁ rgrlr}e/"foec\fer%%tt ?‘vgﬁ? (yrlcberabtyl?rhios% F%Eiﬁ‘ﬁa%%%rlﬁ grsl.lﬁ‘ge
measuri ngntir adi Sinki,t aBA0 1k4r ther atreansfforme theyianalwgese gitee midihe
wavef orm of the counter el ectronotive force generated by the actuator 106
to the digveaved yakh GRECHIBBREESPBOAESER® 2ReURFREULREYIBIIRRHCHEN A Dr m of
t he counter el r Y or, 0 u tQ .t jsgidpl circuit unit
000. 4SBT RBR 00 HRe SRRy O Cart Boni P O Fas a digi tal
circuit unit 900, whigfrcounyshhe punber iglk thesgwsepefirt he signal put put
by the neasuring circuit unit 800 during a constant tinme period digitally,
and a liquid egiakéneeinkidgi hgimmg) t @Q00, which judges the existence of

| iquid based on the nunber of the pulse counted by the digital circuit unit
900. I n the pré&benedvabbanméhl , canebgizpphied|veent thei in0obs replrald he

si gnal which i 1.qh, f.r-0 nt 0 i C ts.I e
wav ef orvn\?%f%‘%lzca@olu tgrf gﬁ‘%ﬁ?%%‘?%é%%udrczh%u?%%% ‘@Jil&ﬂltgled?élﬂtg H(;laifré(;'uit
unit 900in flue tdwrimy eanabestalvul at &d qis ng Ehe egbatdiog (&) , ci8tuidndini t
900 counts, the nunber of the pulse of the predeterm ned clock pul se which
has shorf@?'period than the period of the waveform of the counter

el ectronotive tRAGR d4EéRAchNEnLERinthant hecahoye praRk ONedsditg dial
signal is high fromthe fourth counts to the eighth counts. By counting the
nunber othehd pukbe @pttheictelcaniltyel havisngeapcnd Cah® qeaidagtht ively i ne

during t urth S e_ gl C can |k red. .For npl e,
in Fig. gf?%') {E&t%lg%)gaglr%ﬁ??%g %%u‘%?ésq% %%cl%qﬁ%ﬁgﬁyalnd L-tlﬁee Cia?gn(eg can
be cal cuvh¢rdidiyharebtupkypirrigad g b vergauiilsl bybirhe iper redioh ddwgeateatk

pul se. Here, the clock pulse of |ow frequency is used té make the

expl anat Ferh et gt £ FdfevdAuicheorkadRepul RS CHIGROF rddtR MYt SRt 16
Miz is pﬁﬁ@yr%_@és\é Y8 &he JhEahL ftied R0 SPC0d HARING HBELaTPDRdridass the
exi stence of liquid in the container 1 based on the count value output by

t he di gi va¢ther dlie inkiltevedoi aid olwetrpor 4 owes §lalgitdg megat ing pagid icont r ol
circuit upit,1500. en the_liquid_consunpti st at.us detegtjing,unit 1200
out put s ?ﬁeg:flﬁdgaf%tglygke%ﬁt Fﬂa?)%thﬁ‘ rew?lég%’o ?E’E i TR quélehegsﬁté-’l fer 1,
the contexlstshte HH0Ohe ik akscid @ ibea@ndigneeaPeAlaE Yhe el wd t @i, C Qi Ol
unit 1402 to gerforn1the predetermned | ow ink |evel correspondi ng process.

The | ow FH&™P %el?%%é’ﬁpﬁd’r%@iﬁ-oéé% PROVAE It MWWQ&?Q“@&% t hat
the thergnd s; AieVinbdve { &0 Nathd N & driduinh GoR dieRinahtdtdtflhey 45 1 5
APR 2003 or restfain the operation of the recordi ng apparatus such as

i nappr opef atke priibrahgngTeectéomr diheg dpparatinsatopey aseohicontisolsmadilt 1402
performs_the low ink |ev corres din rocess.by controlling the

Dper at | GFEr 11 Thet TR atiify Psinds SHE THGF, LR ZEPoRA TG *dgaican
control f&idf t4H@6inkhend HheSypBlrafEALi 8gcPiofesandes ebdlmdInge deatitnd dge

exchangi ng process unit 1410 or printing data storing process_unit 1412
based ont¥ReraigeQ@l shagos RE EBAtEBFPBAFY Q40N iREIHRIRATIR G5 Sd¥ss

uni t 1404c 4 dh QU £Srd R@id RERERRLHEM QOMTRRNAONY Bhel OnkNea e s 136 t hat
detects the existence of liquid in the liquid container 1. To indicate the
i nf or matmeent ik@r pogis ignnetthothef aichdie¢atri.ng By thésdidpinges 496 &t a
speaki ng by the speaker 1418. .The_ di.spl.ay 1416 i,s,. .for . ex l e, .di.splay
panel of THEM Ce SREANE Aoy atecat Thacber sen Ui shnurs Puebineel v (o
t he recorethdih@®Pal ahesiniCwahirel Soicke thani fite ¢atd dut HmMIaass quant 11404 is
connected to the speaker 1418, and if the actuator 106 detects that there
is no ink at tHee nbeREPRgoposPingn tée | wittatbie 1667 AetRetinguitdie
cont ai net., . i ogi iNg..S0 [ u f t aker 13 i The
speaker %ﬁ%%t%lgﬁe b%lpatqg%elgkq%%dég @%e%%%&%&%&a? E% lg]% tzglljogipggl’l%-egrill of

t he out scalbcappee athe Guanit aisy a fcoripobesucpnieat sy the sof eecarebegause
apparatus. Mreover, voice signal also can be suitably.used far. indicating
sound, arf sINEHREPE %@fc@eTﬂg Sj HoP carLEtenESi Rk ggﬁs&ﬁ%tggn %F?F%&yban be
generated by the voice synthesizing process. The printing operation control
unit 1406 controls the printing operation unit 1420 to stop the printing
operation of the recording apparatus . By the stopping of the printing
process, the printing operation after the running out ink can be avoi ded.
Mor eover, the printing operation control unit 1406 can prohibit the
printing process to nove to the next printing process after finishing of

. o o o o . b1



4 815 APR 2003 printing process, it is avoided that the one printing
process, such as printing of a series of sentence, is stopped on the
hal fway of printing process. Mreover, as an exanple of prohibij] t
printing process, it is preferable to pfohibit the printing prdtéggnéaﬁ%r
the starting of the new page to prevent the printing process to be stopped
on the hal rj.nti t he aone; page. i S Iqqgnf' e uni t
1408 con??gﬁ\e%%ttﬁglgion lq;sl'lupp eegelrﬂq?ln%' a%%arrta%%sﬂo%z;{?ge supp éeér;g‘rllﬁr?%%kgﬁ?n t he
i nk cart ellége radicofdt devbtys e ehiistemerl efetlié¢ nhkobyl okndubeiptitptiag
operation can be continued w t hout interruptin%. The cartridge,exch%gging
process t t t n r

AREE- UERES S BNt FBE SMYHRC 12 (RItHdel ¥k HrahgPng EBpdr aPH52189E ]
exchange_th@eihgktggg, "bgec AUt REBRLEAL Ing TBhS SALLRERPNEDE. BroLESSCS! SO
can continue the Inting operation w thout troubling the user. e
printi ngttiet axssoenng pforlesd iqiid BEEs soar éafihenpednbynghdateauntdmagh i s
the data before the finishing of the printing, in the printing data storing
uni t 141B°34tdPoRq {09 é\;éam@oﬁ%ﬂﬁgarﬁfo%%sm THESpr TSRVt a i s
the datapuwbheBel BosBNbrt PHENSsELEPLHEBE APRAKSE &St BEL 66 £ 1hige Sk £6¢d0Re Of
the ink-end. By this storing of the printing data, the |loss of the printing
dat a bef ofethel pruid igan bendbseavyitthel s & hetvatonf L6 atherutbeim t he
1404 to 12,do not_ have tq b royvided.to.the recordin aratus contro
ani't 20087, CRPeg HerE Skt o ToRE T o oo bER SR g B B ke o
have to bempattotsethe anetiaid hedsig eepadhticheechevyri dkrl eyellTatiespandi ng
processes_can be perforned. For exanple, if the jink supplenmenting process
uni t 1408h6r derecéarny cdgéhex SrdmfioRs prfcdde Ui quidao Tadehare e
process, 1§81 BIddHd Jih APELA PR FHAPLECL U L 4440 S0P NOLp 1S Lo ON b !
the printing operation. Furthernore, the recording apparatus control wunit
2000 canthevecangdoénguatadd dry tiet acamapenft aom dheihguwthakopevetion of
correspopdin roces t her .than_ the.process, ex Hf%ned apove and have a
cont 1 Bur e AR o 105 2 B e A B F S 58 B TP F AL B EERTRS t ne
short ageof #Help$ecABR120QZief 1bper Ryt bermare tHehewatiey & rmitdaned | ow i nk
| evel correspondi ng E%fcess is preferable to be perforned after the

: ; . p .
printing of thBigprkdt Shevsctheradatiprshin betaer the density aéttiha or
106 det e¢ -] u ! St i \ r
106, Thetns, ST, E08. LORoRLAL Frlinphly TRUTLL Wb P 5L A nd MAHCRLT e
val ue whsebtisnl ef§sthearutrkre QT ishiowng iquatitg.t 3 (at daksudre wdd tdwe dmk
after the detectiaon of no-ink status by the actuator 106. Fig. 7 shows a
bl ock di S§PERLBf Ofhd IFHE - erfodFhert 3F tHS i N epparkt fensity

cont r ol upht28828es! N dife pégéﬁaﬁterm@amf FOr e A O BedBfBe XIRB, and

106C are mounted on the liquid container 1. Three actuators 106A, 106B, and
106C ar e2@Bihi@dadninpEtanFredagrepssiti ol AthRE Werderi dhealtefPnitch t he
l'iquid degreg i gHI ; ! ri Ci id jt 802
Shown | i Faro0CY i GRS R CefE IR I b I R BRU L0, s Bt
and 850yewmehsofringi dheprovsaesnt héregheagy tflsat idctcant be tdonfactmest or to

the each of actuators 106A, 106 and 106C whi ¢ch are nounted. on t | i quid
cont o) netPIEEFESTRE TRIGE i he i RTRAIY HAA At Thicichd QSRS ng
circuit gntindlORel Beuﬁfilﬁﬁg ek the caunter rekeghkorBhive force signal
generated by the actuators 106A, 106H, and 106C fromthe neasuring circuit

unit 802 and cBeersfohe. ntihdercioiapet skOqiaadn dimtadursrsh die tirde tamkge of
each of o] .ele o] i r i gpa F hernmore, the liquid
existené%ﬁfﬁﬁggﬁégéﬁﬁ% g%%zgﬁﬁgéggkghgﬁggig?ekgg gbkriquid inthe liquid
cont ai ner 1 bafbled camditel @achenl thbeaooiattow alodecah ddmuratml erdetects

el ectronptive force_sign

I
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 ligquid 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



output fromthe digital circuit unit 902. Because each of a plurality of
actuators is nounted on the different posi tions along the liquid decreasing
direction in the present enbodi nent, I iquid consunption st gtgjé ét E\aach
of the mounting position of the act uat can be detected step ? pm.
Because the configuration of the recor d| ng apparatus control unit 2002

ot her t hafi,dghkhd« 10U hep Slaldé i HRURCERDItYNida 12044 §c§6€%o§5 the
50 15 APR 2003 configuration of the recording apparatus control unit 2000
shown i n & cag) dehecexphandtatos of ke diquid whenobhetledjuihe softpded
signal of, t act uaI or 18 di fferent depends on whether the liquid level is
hi gher ort’f d§ GhEHT hJe 4evel of the nounting position of the actuator.

For exanple, thed ne@aneat FraRinduds o bheudetgehed rCeHBE ¢hertance

el ectronotive force changes greatly, and the detection signal changes

accor di ndg!t o Thige FiokatgoseoM tiheaf sequeﬁcyher inpptangdecsf thRevibuaténg

el ectrom efor The id ¢ n sta t|n n|t 1202 can
j udge V\he%%erlc%rheﬁsf:&w%m%e gﬂ hag8 p ssed )[Lt%rough hie eaéehq evég

t he mountddui thiesidl dmedft e mctuagowhelmatlﬂﬁeshmdvﬂﬂﬁ@ﬂéa@tdtm bhe
detecti on signal . The detection process is perfor med periodically at the

pr evi ousltheiét @ridnedThs aRdatiperd inartanee M 4%:3 awrsttel thefla ‘darﬁuﬁével

is | ower t&gq_z it r u
status”, an %%Eefggg{[\%?%sdpm%g?eegtgﬁggf:?ggi %g%g\%ﬁ bgsﬁﬁ%%ff%éalt(ﬁt han t he
act uat or MMEexhsqadobmmghst\aimsatlmg stehc&:’]qrqw dnl eule¢r pagsEs theough
the act uat the detection result an fro ui d-h st at us"

ho- 1| quATHEATE SRt RESs: B ettt SLUHRETEFEE (T i 1 TR PFqu d
passi ng tdHeowdbrabews éébﬁléh%ﬂﬁ:wflst hacdehael BY H18S Wilsrathor BE the
characteristic of the present enbodinent, the control unit 1400 swi tches

t he act udidratgerausEestfiom détaéctwwqaﬂﬁédaﬁh@#bﬁ ttee dne@temon al ong whi ch
the level of tg'%llﬂe% dz% %Cghgeﬁri?%\gteiss llaﬂrvﬁdjee} Q:'tl'L e MabhS 4 hh?he

nounting of th I qui ai ner e ITquid s

filled i @qmmlldnqund cabt athermddiwnmlwhitdie 1ax:tzﬁartuall(§>6ébss:rbeeld1fsothe
det ecti or1 quid is consuned and the |IC{%I d | evel passes through the
act uat or Fﬁé“’%@@@aﬂ@r tigegRayet¥ct 82t helRorefotied Sh&t %Eat%sgﬁ%l ng

to this, twéemceav ok ygfée}%aﬁvuﬂmpsnéw%é Isqwedw@Eheehbogtaeﬁsttﬁatto
m ddl e stage of the liquid container 1. That is, the liquid consunption is

det ect ed thg hsqugquﬁqmraeﬁmldr wi0bEl i@rhdt| arIl}ye resonn@taﬁrmuemcm%
detects e 1 AP 00_.no St S C tLon is
tfg d{)ﬁg not §e2b ausé otf %ﬁ'le |d% X aﬁég 556@19 <l: é

swi t ched to tPhe hBunt g p05| i on ccor ing to

t he preseankrefbedi, nem ,adtemuﬂelweadﬁoe;caeaecﬁaﬁé beatus sichehbtqdoanwar d
sequenti al | all the actuator 106 does not have to operate all the tine,
and t he Fpeéb@né&%lfl 4 KeN$FeMSEG-on of the actuator 106 decreases .

Therefore, theoquankibynet KW@, 10 REPMICRSSEE LRal D8 rCOARAOLHE N Imd 400
can be reduced. As a result, the detection process does not decrease the

t hr oughpdn thet pguptinni fg) opbhatm@ﬂilumrwltlh@hpx%smtlmbbﬂlmrbeﬁelﬁunber
of actuabgr i 3qtaneeentoneuet, Lhe DUpberS: ol a6kuahergs 400, AN RS, ATy

nunber ree or noreé ree reover, e interval of the
nount i ng thesl 1dwid ebnthe naet. ua]tﬁrt}ﬂcseeaﬁet ldm:emsteatbe Mobabafks., Wetch

exanpl e, preferable to arrange the interval of the_actuatars narrower

as the déérféﬂagé CHENE e Oh GheLIsR whenThae Jaquhd 48 Shbted dbyae 1iqul

container, the resonant frequency fs changes. Therefore, the
actuator 106 can detect the status of the liquid in the liquid
container.

The condition whether the actuator 106 can accurately
detect the status of the liquid is that the M'cav is smaller than
the M'max when the liquid is remained in the cavity 162 of the

actuator 106, and the liquid container is empty. The condition



can be simlarly applied to the follow ng other enbodinents. Fig. 8 shows
further other enbodi nent of the recordi ng apparatus control unit 2000 shown
in.Fig. 6. The liquid container |Ishown_in Fig. 8 is nounted djlsaAm@rzﬁdaage
so that the liquid in the liquid cont aPRer 1 can be comunicated to a head
1300 which discharges the liquid in the liquid container 1 to recording
medi um f qf, QrJj nt kNg...The_h 3 i ' t h LYh DO Li..1440.
The reco?@ﬂﬁ%!ébgggg?hs%?hg%gC%nQBFgacghhg§9a9§Fegﬁpngggﬁg%t%£g6d§gkéﬁ
absor bs tdke st guud I8 oRe tlhenhiehddd88hdtodepend drhehaatzpe of tiHeecheatdy 1300.
The cl eaning unit 1436 absorbs the liquid fromthe head 1300 by driving the
punp 14345@y the cleaning driving unit 1432. The control circuit unit 1502
of the recordi pQAPPERAMISLPIEHe HAEE 0PRSS d B Be & 1RhePRhYchas
the el enment conprised in the recording apparatus control unit 2000 shown in
Fig. 6 biits substhant hatly elguali do dhechalhgnegfddentcevitya®2 a MThewedore,
consunption quantity calcyl ating unit 1452, and a_c|eanin ntrol unit
Taa el depRadtLeRar g o b dARREE cohR sStaESe OF KPR 2bbaiife
number Ofadda&a%rquz,dlc%qb%regégkgfr%%@eahasheae 4308itTBa birauhd GensHEPSEON
quantity calculatiing unit 1452 calculates the quantity of ink consunption
based on ttieecavatyr 162 fnemotlep omauald by M'max i>glfi' ¢adi-scRar géxgedbant er
1450 . T in r i 4 rol ' riving. upit
1432 based SRECHS PRETSrSn Y SRedife ot Ree i f ARaReg B0t  on
st at us deatectngatnahd 12HE. t ik hes srosfe t Hheadditgctliczgagi rdvi, t thent t 404
i ncludes a_liquid consunption sta usdﬁfrrect'ng unit 1010 which corrects
the nunbéPldrWimg drGaud A FE 3§ G Sfead 1300 that is counted by the
liquid discharQLn% ountgé/l450 based on the (ﬂk consunpti on status

0

c i
detected by the Sctuat or 6.2 Next, the opergtlon of the elenent newy

added i nghi gxp&ntihl tee exRl@ianeady The)l, i eeé ¢ i lshioig idhBRURIe Eahdsd
counts the nunber of ink drop discharged fromthe head 1300 during the
printi ngokh@isedputs to the |iquid consunption quantity cal cul ating unit
1452. The |iquid _consynptjon quantity cal culating unit 1452 cal cul ates the
ink quantity dﬁzéhérgegpgbon1the head 1300 bgéég on the count val ue of the

liquid dirpehanghngl ceynted) B0 (1fyrdheranrn@ ohllly Wiedl Gt GHRpaBE Hie
flushing operation. The flushing operation recovers an _uneven neni scus
around t Bavasyzle2obe M ikFwian he Byendingohamiyatevahidhernghel gang of t he
ink in the nozzl e_opening

by di,scharging the ink dyop,.idly by applying the

dri ving BPGnSiECHAREL ARE RUPSEA e 6 PG 6 it F ng'dpbr i G o o Had
1300, TheeehetBnchip bLoHbantling AR SOUR! Che 14l &) SUGPURLS diigiunber
of the discharged ink drop by the flushing operation and outputs to the
| i qui d cenduapieogthueardt the calvdtlyatindg tinel dedp cafhdod idpiidvarbnsunpt i on
quantity cal cul,ating unit, 2 ca ug t ?e i E co ian_ guant.i from
t he nunber of #ﬁ%rﬁigggﬁarb%??er% kﬁﬁ 8 gg%g 0JEI 3e/<f e&g?itlr?% Hglgge}l%% ion
and the thesradguenpel aticospantingul @ut's 't hadceahe WeabEd dikheossuipyi 'adr
quantity to the |iquid o L ,

that satisfy the condition shown in inequality (11), the actuator

106 can detect the liquid status without malfunction even when

the liquid container is empty and the liquid is remained in the

cavity 162.

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

Furthermore, according to the present embodiment, the

actuator 106 generates the vibration, and the actuator 106 itself



consunption status correcting unit 1010. The ink quantity cal cul ated by the
| i quid consunption quantity cal cul ating unit 53 ~ ~ APR 203 1452 is

di spl ayed by the display 1416 of the indicating process unit 4180pR 2003
Furthernore, the ink inthe liquid cont@iner 1 is also consuned by
absorbing ink in the head 1300 to clean the head 1300 by the cleaning unit

1436. Thﬁ!’eﬁ%ﬁ&%s &HS LLAaHE rCQi‘éHé‘P{aﬁ@EiGBaﬁ&k&% %ﬁ'&#@é#é‘ﬂ 1% tyi?
cal cul ates the ink consunption quantity consunmed by the cleaning operation
by mul ti pbyigendiwtel i biynotlié neeefiduad puilprddddn wendiried dafven byhd he
cleaning driving unit 1432, by the guantity of ink absorbed b cI_:l)urrp 1434
per timeViPRELLPHUPE uheGHYEteT §04nt i EQWRBEFEulHt itFg ORI rtleC:‘L@%% FRPRS the

driving Eh@ﬁvfﬁréfﬁué’ﬁg_gtlﬁg%f tﬂh‘é%tﬁ@@of'1%“%8%Mlt&é)l:hémi_tb%i?oﬁ rom

the cleaning driving unit As an exanple of the driving tinme of the
punp 14349 the ligeidihy eheheiblrectionciofythe sapphted 106t Heselihpvlitdsd can

b d. . Theref he Liquid t t | cul at | it 1452
oal cul af 48 THRCTRREL B ERe, Ty v iR N HAS ui S bhaortStnf At ton T he
cl eani ngi €981 Flodwirdorld42i1Theek] Gthd (HRYHETHI A Shales oo rRAlidtdini t

1010 corrects the cal cul ated value of the |iquid consunption quantity
cal cul at ang dedernady yibsates teaethergiidg: tdsul igsidy hehich ganFastst ence

j udging it .1000...The S r._Usi t hr tputs fapmt 4 qui+d
exi st encgEth(g’l r?g \Gln}?’fafl{)’g%, %t% te:(?Lloinqz‘"(%qco%gﬁ'rgrp?’#’lo q'uan?fl% (r:%slclu all ng
unit 1452ibaatdibhegehenat8g €hatdohntedt te lddPrdmdt thed efdtde wdlecddek in
consunption status wll be explained in foll ow ng. ﬁ}'he output of the liquid

exi st e_nth?udﬁilﬁéoﬁllrFth_GG’O_ ileviste iYf®r n%@‘i’lon'v'\ﬁiaﬁ_ FE oﬁf’é‘!sned:owl%ﬁﬁ ual 'y
measur i ngy Lherbayelivaf ehigdi 90?&'5%%C€0 al hd hepp@Hndl 19 RO 1D Mg the

actuator 106. On the ot her hand, e outputs of the liquid consunption
quantit yleweéruehechygodai 166. The status of the liquid can be detected
using this phenomenon. For example, in case of the ink jet
recording apparatus, the status of the ink tank or the ink
contained inside the ink tank can be detected using the vibration

around the vibrating section of the actuator which is generated

by the vibration generated by the reciprocating motion of the
carriage to scanning the print head during the printing operation.
Preferably, the actuator 106 oscillates the frequency in

inaudible region. For example, the frequency is preferably from

100 kHz to 500 kHz. Recently, because the noise generated by the

ink jet recording apparatus during the operation becomes
extremely small, the noise generated by the actuator 106 will

become conspicuous relative to the noise generated by the ink jet
recording apparatus if the frequency generated by the actuator

106 during the driving of the actuator 106 is in audible frequency.

Then, the user of the ink jet recording apparatus may feel
uncomfortable. Therefore, it is desirable to set the frequency
generated by the actuator 106 to be a frequency in inaudible region

so that the user of the ink jet recording apparatus does not feel

the vibration generated by the actuator 106 as uncomfortable.



1452 and the cleaning control unit 1442 are ink consunption quantity which
is estimated by cal cul ated fromthe nunber of ink drop counted by the

I'i quid di scharging counter 1450 and driving tinme of the punp § &mis
cal cul ated val ue may cause an error 84 1 ~ APR 2003 because 0 t%e
changes of the formof printing of user or the using environnment, for

exanple, the ¢ ol LI° LRICIAN! Bl Bl ABLNE! BKeCaLRE! B0Be0bohDRIY
viscosity of ink caused by the roomtenperature extrene or e el apsed tine
after theamesiahdsfof hefdmkxeaapfiei, dg@eme Trdreef ofejnk el th gaivé gqoastmpyi on

status correctin it 1010 corrects the ink cons tion anti, whjich is
cal cul at CHDESLACSH THE SR SOl L ERRIFRG SR LONCINREF Y Hhdaner Eperent |
cal cul atimg uakh 1ARZ AN 14§ |RARNECOM e rtlide 1442acH thdt bealiudgi ng

result of the ink existence output fromthe Iiquid existence judging unit
1000. Furedteranoms 10ke | Therdfonas s feedseaaysigoneasured whiren an0igk

corrects th anmeter, of, th uation used.by,th Lquid_gconsunption
quantity‘%%ﬁaﬁﬁagﬁ Ag df ﬁn%igfiﬁoﬁkéngulgpénéhFhﬁa#ﬁko oﬁgﬁ fggﬁeaﬁ%ntity
based on itshgrevdeuBayr 868tédqoin ithe Eakieshahenee Qehedy déeied heokd ghed

exi stence judging unit 1000. By correcting the paraneter of equation, the
equat i on MEFOFYopMEd dep thige TERPLESMGe APPATA tWSI-chThAB, | X CAFPAFHRE FBeused,

t hat I i i t.
ani oh 1 s Saecharly D8sgboR SRETU e RAAReaR, BE ChOSR. i BOBHVRND,
t he nountdang ridgyetls ehtht tiee Firiegfuengyopesasdam thet mehouyids d4bHéfetrdece nk

suppl enent i_n rocess.unit 1408, the cartridge, exchangin rocess, unit
1410, t hdAHRnt LRE d2KaCOPGHTRE LpPoEEEE ENFEn 18 29 BRHCEHer BF e g Bhnt r ol

Nt i

unit 1442;rteacled. Webeheahfptant tRE! EleQYchBP WBEART €hEUi ARPE4 AE HEdge
operation control unit 1402, perforn1the predeterm ned | ow i nk | evel

correspoidi Ay prbcéudl Beabusels megrunad nhespéhgt PeW sbht Fartuhfge 1496
trol { i Vi i 44 di i i t
cont ol LGRSt U511 0048k ho LA L0 of 01, 1 351BIGH B OF Lol @

t he head reduce a drschargi he in printing
oper at i oA safstterredhe i utie Nge@dty Ohsi Bk rederkecaveiadec . Tirherl eathangiglont r ol

unit 1442 prohibits the cleaningﬁfperation whi ch cleans the head 1300 by
the cl eafPRGUIRELCT4SE2 S CduRe AR SRRASEOYDICAMRARIT W12 ¥ #3HRCY educe

the absopRihag @waRhehYthe ink in the ink cartridge is consumed with the
frequency when the ink cartridge is in ink-full status as a
reference value. Moreover, the frequency when the ink cartridge
is in ink-full status is previously measured during the
manufacturing process of the ink cartridge, and the value of the
measured frequency is stored in the semiconductor memory device
7 as a reference value. Then, the ink consumption status can be
detected by comparing the frequency measured when the ink in the
ink cartridge is consumed with the frequency when the ink
cartridge is in ink-full status as a reference value.
Fig. 4 shows the relation between a residual quantity of
ink inside the ink cartridge and combinations of patterns of a
primary mode and a secondary mode of the resonant frequency. The
value of the combination of the patterns among a primary mode
resonant frequency, secondary mode resonant frequency, and a

combination of the primary mode and a secondary mode of a resonant



~ 5 APR 2003 55 of ink by reducing the power of the punp 1434 for absorbing
ink'as a lowink |evel correspondi ng process. Conparatively |arge anount of
ink is absorbed fromthe head 1300 during the cleaning of th% §1ead 1300.
Therefore, by prohibiting the cleaning38peration when the inld Y APBI 2088:cones
low in the ink cartridge, the absorbing of the small anmount of remained ink
fromthe head 1300 _for .t he ¢l eani be_avoi ded, .and thus the-shortage
of “Tnk CAICE B RECCTHEAN AT ATEPE P e AR S bhIEE Bryads M FRerhbre.

t he nunmbetesafadal 0t iddyeay¥ nchiean be reduced, and the absorbing power of
the punp 1434 can be reduced as a |ow ink | evel corresponding process.
Based on the r@&spddgiarguiedet sof PHEEMRHYt hEeARgory eéneavaveiorm gé a
control i 0 i.C ' v orr jqNgG be
pert or med A R B e ke B d ey Hot S deblhn e brh HESRUY 1 BEARTRR £
control uhietaddd2toFi @or 81abous wanad hehesritddign@atioé 1de. r acaechndary

apparatus control unit 20Q4 sho in Fig. 8 1In this enbodinent, a
seni condOS§r hendr ySHEQNERTY | erﬂi’tfrﬂcég 82 tanewlai"G%Pc‘Imc aPnefCYnteRhd t he

recor di n@12PRAANS O dUe Wikl 20063 B3 8N ol ALAAL A I G £ 0phE O
circuit unit 1444. OQther configuration 1s sane as the recordi ng apparatus
control aeitha20d4 showldstilEd gra®e déhmerrdtoieg déreli et ehehit s Rdvadsar ghaot
related to the sem conductor nmeppry device 7 d the information storing
Control EFPENFRATITCaaHad oMo TE WAT SR PhALS BHURART SHR SRS ve

obt ai ned £y ceh@yea ity ab{ 08 il NP bk 1die SEMaRNAUEIRIt JTENDE ¥
device 7 and the information storing control circuit unit 1444 wll be

expl ai ne@uPstratigdiligmas cheshat e ttdrd §rpaushncyhef gihe evgciampodrhEftof The
liquid coptai Q'+ 4 Ugﬁﬂgg device 7.
The sem gotﬁ%@?%é%%ﬁ%r% e\Cflteé% tllico gle%g'%??s%lc cag{(%’aagg\%? %%é%: éﬁﬁ/(l')such
as EEPROWeagheecdmnt fokquencyi ¢ f thetwahbtotme farhe nbuontetr ele st asmatgi went r ol
circuit ynit 1444. The |]jquid, consunption status detecting.unit 1210

et ects 20rpel Yebiequth b8 PRESIPQ R GO oROSRE: 0E hY Hequakie
cont ai neg mbeB¥ne@ntrol ling the actuator 106 and outputs the consunption
related information, which is related to the detection of the liquid
consunpti on st &haspatiagnehef astmaroraloalue fore earh rapmiinatdons g
1506. Th ont.r.ol_ uni 400 writ t n tion r.ela infor i into
the sem EHRdRAioRHerbeg erter Y 1 Er RN o et | SecSParENg TSRt o
circuit wvesbnaddd.fdequidrernoaee i€ fiarfearuneby onhet aii hifecemds obfcigaxh t
unit 1444 regds t he consung ion relate i%for tion fromthe seniqgnductor
menmory dBGPEEURLaAHBREpYt ST (b Hi? BF bR C3EEBIIRER: 2 e and C.

sen condyrbeE FRRADI Y hde Vet dhiad |duddf 4Pl &f nedik i Boflehahka The the ink

sem conductor nenory device 7 stores the consunption related information
whi ch i scastaidget owhhehdéecoounhedfon Hehe | xpRA QI TURE LARRAVFCES ateAN U8 ng

t he actuat Qr . . The nsunpt,i,on ted.infor i on i ncl t he

o mat 1 80087 B TR R ettt R ELBLEEAnE Y TR ke Pt B e f ng

control &hdcthé bBtbndd4¢ wodkesekbaatansuwepiiepyr.el ated information
obtai ned by using the actuator 106 into the sem conductor nenory device 7.

Then, this conSBhpErGTH & at®R PRPEPMETT dii9s feadGutPForetRedC4t e
recor di nguREPREAL Usa LRSI Ok ndNESmB PRt 1 IRs YOkl PB1 hARFUNBEL G dstAled
information in the sem conductor nmenory device 7 Ts especially advantageous
for the hvaavengyans cbeossepnddry hede xesenanhifaiemiency Fhe ddferent

consi der i i i gui,d cont ai LS. ved fr i,nk. §
recordi ngggfp%a%%ﬁg}%gﬁkt%%hﬁ%ii’ g%%%?ﬁ%é&%l ?(Ngﬁdogt&[}%ﬂs%dri% t he
sem condoctedchierndrshidayicemtbainshiachi stereatt hes canalnphanni tel@f edchk.

information, is always together with the lLiquid container 1 . The liquid

cont ai nef P4 EECRBuNtRY RAT 9! LIMBUER et V8dBrdPRgE PR R Plor s
mount ed pRet @%ima&?_m@&el ?E_s'b‘?x%?i‘i:d'ﬂgecﬂpé}%)?t Usid Athd hscbhBryt Rde

consunption related information 1s read out Tromthe sem conductor nenory
devi ce 7reapdanhefrequedicyg cappdeatusedorg rivhe upattee06tbpér atewsbddw on

57 15 APF%Z%DB t he ﬁgn ung%ionkrg%a%gg informatiaon L?héés read out from
the sem SORUULEdr IHBREFYY d8Yi dBX7CTFGHCeRaTH 675 £orhé 1ESFSunpti on rel at ed
informati on such that the liquid container 1 nounted on the ink jet
recordi ng apparatus is enpty or has~only snall anmount of residual ink, this
consunption related information will be conveyed to user. In this way, the
former consunption related information of the Iiquid container 1 can be

reliably used.




The sem conductor nenory device 7 may further store the liquid consunption
status' calculated by the liquid consunption quantity calculating unit 1452
bhased on the nunber of ink drop counted by the liquid di schaf?i gatainter
1450. The actuator 106 can reliably defécts the level of the fA%%I urface
to be passed through the nmounting position of the actuator 106. Therefore,

it is preferablg t St1 iiﬂ# 0 1.0 , i i
status before gﬁl g f{e‘%é?ﬁggﬁégﬁ? e\%epgggggbngft %ﬁ%ﬁ%ﬁ%@u tfnﬁge
posi ti on avfd tseecanctaryt avde remcnaat! ifaqeigtetays whpthohsstat isedalloal kHed by

the liqui,d consunption quantity_calculating unit 1452. This esfimted val ue
is storedIh EEQBM%Bﬁ&G@F&gﬁ&?@ﬁF FeRIEaLY NBFERRT S TREEI on

related ifQy; i [ t d i T ermhst ;¢ EaLLRNe
which is to be e?ggﬁggnggﬁgrfd?ﬁg tf%ﬁt éeIO‘PJi‘%u' dqgon?tlj%ptl?l(])dneétgat us%3 In t
present dmisodipantterit bé medles bifopr tharaaioeld shdcseadruiany nodebeésopanbe

ti d the d tion_ch teristic inf i ter t
consunpt FOR BB GhEEh 48 FROERERAAN BRe EHERE hrR s PAFEFRRADHE e
detecti O%fcgﬁﬁaﬁk?rrfné&é Cand) @B Iagaerﬁewﬁaﬁ@m@%ié@@yio% the ink

e 1n

detection characteristic before the starting of the ink consunption, that
is, the geréaicge éhar vt Bhist veyat dependakonuthe syegidua¥hguastétyi oh

character.i . sti ¢l [ i er, ; i onisth ti
char act erl ilns icgdr{egsa} |r{r€€c§ elglqt gB%e 1&?2{: e(’g%e\%&%én’ t%%éi ﬁﬁq;ﬁ;e%glon% rr]é%is?%a?%e
pr edet er fireegietietyeofi thetgr eary aorde elrel yecohdadet motieoare diffe@ht2~3 58

characterjstic when the level of the ink surface becones | ower than, the
| evel of TWRECHET i 1 TSGR bf TeRREHEY uaf oiRFo6ORERE N8 SritretR®niB¥ or i ng

control eia&ewm%étn&sn%ﬂua%%@sbweé&% 98 S%é@éh&:@@rﬂ‘écﬁ.éér%§ &f both

information fro he sem conductor nmenory device 7, and t I '17qui

consunpt Pénpstineyy tetlecandgsanpndazyOmdée eand Yéeodn faingcohs uppt torn

st at us u%i n tehe al(_:n%juat gr. 106 Pa gd on_t he. da ect '&on ch’;;r %%teriesti Cont

i nfor mat £5n FEad SR RS he S e EortiiG GreHensry UFevite T7E | FEFRR2D

det ect i ofirebgeakycas raspended crertike idepeet 0N cthahackesighht dudet Meyi on
before the consunption is obtained, it can be considered that the

consunpt Pénisk Angéhe Mmeassrest dgvesaed rigde® there is | arge amount of
i dual i nk. i j t | i
residual ink. At Leaghe kEsB%QBQefEEgHé{?’{:% éfoi‘,"ﬂe @b ﬁ@lcg%%,e‘é% E[)ﬁ{em%t or

surface is above the nountin osi tl e actuator
hand, ifmbHe deidecdi sacendraly cwdegsporeledetectaé. deHeoteivear cheesidwxl stic

i nf ti f h t.i [ bt ai ned, i b i der ed_t hat
the. cons BHAPEORYGTE [P Pan B prOgede BE LT 1B Lo SRRANE AL RTY
resi dual o1 uddes €f FfemotibsC¢anrde il o, hahetsiBYEl RfaritiksBEfDge is

bel ow the nounting position of the actuator 106. One of the_advantages to
store théaHePécﬂPgﬁeéh]alfaé?‘é??%%ﬂﬁ the resonant frequency of two modes

such as the primary mode and the third mode. Also, the residual

he

quantity of ink can be judged by detecting the resonant frequency
of two modes such as the secondary mode and the third mode.
Fig. 5(A) and Fig. 5(B) shows 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
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. 5(A) and Fig. 5(B), the vertical axis shows
the voltage of the counter electromotive force generated by the

residual vibration of the actuator 106, and the horizontal axis



information in the sem conductor nmenory device 7 will be explained. The
detection characteristic information is determ ned by a various kinds of
factor such as a shape of the liquid container 1, a specificgts spRoi03
actuator 106, and a specification of iAR. If there is a change in design
such as inprovenent of design, the detection characteristic may al so
change. If_ the lLiqui.d consunptiaon status detectin it 1 y ses
t he sane saqeqwesctqhgn%&ﬁlgr'acggm?ircesiln(?uoa;ﬁ'nﬁlﬁjorr??“ﬁ io;tnﬁg)lte éégygk\éﬁdzgtﬁ’mth
the changmeofatrBesemdst B0 1CRAE BGHET iIcH t ke vBAGRAWREgEHerat es&il shown
enbodi ment stores and uses the detection characteristic information in the
senmi condddt BEgnebbhy awFde .75 (Bhe ghedonthendordil gl d8sePyvashedw t h

oh h £t ¢ : SO iog .
the cace that ot PRl Lo AT L L sh R TR, k8 ey F U RRey uEn 11
speci fi catHeorsignglr ovi ded, the recordi ng apparatus control unit 2000 can

easily use the _detection characteristic i nforn;st i.on of the liquid container

1. Further prefIé‘_r'é]BFﬁxat"Weled%‘P‘é’&ﬁ”o%l%hér@et%? g_t]igc ?ﬁ?brﬁﬁ‘ﬁ%l?'é?nﬁﬁch of
the |iquig EHQH@&]@%%&@&&W&&@% HHY £9mb Nt Nen S e MeCQOLEEL Of ofBNMOT Y

device 7. Even the specification of th iquid containers 1 are sane, each
of the detfetheofioeharatiesrs ofi pul s¢orimmn chenfgubthdiilee dit thecaugkthf t he

unevenness_,of facturi,ng. For exanple, there is case that the detection
char act eﬁuéﬁecgsfg;{:&%ri sgltﬂqaf%e'r ent according to the shape and

thi ckness of the lde¢diid caftarnehelacBeatyse1 @8chsei118¢€ek] qhd s@batners
1 includes the sem conductor nenory device 7 in the present enbodi nent, the

det ect i oRfcRBPaki®es sthan theorRal Po e kg hadr RSEPE St Bhe It eXMENEd qui d
contal “e&elfeﬁ%?xfé%ev%tl%g‘é EBrhNEn & B QRAYCIA SIRIIDLY, éﬁg;{if%ﬂ;vﬂ‘@éiﬁ b’

the influence of the unévenness of manufacturing on the ection ca
reduced, sade .t hehaatiyiarl sfigdel eict 5eh twahelieighmphdtedihd ankhioyg swgnal he
present enbodi mag}) i s, advant ageous for, the difference .of the, detgcti on

Char act ePFELMES SPUEEENCERNE AP ith & CoMntE. PRg. thY SHBRTIE 1w

chart of sblietPPerahtaNc B 9ee S M H beuheeok di N2 3RPAR A Y 1§ S m ik d
2006. First, it is judged whether the ink cartridge is nounted on the

recor di nglegpapatlgs -(S10). It is detected that the ink cartridge, which is
new or used halfway. i e Thi e | S r usi e

el enment such aggpﬁesé\ﬁtgﬁg%o h%h‘g{’}\ie?%?@h‘zﬁ?#gﬁl?%,I@érrn%érj\(%% ;s“fnil% #eé]i nk
j et recortdenpewpbafaths . mduntiiiey pokicaohroftigaei sctmatnded oen t Régr e )i ng

apparalus, Lo ponsuibLlon el atsd Lnformattion J peludipg,the, et et

mounting position of the actuator 106. Comparing the Fig. 5(A)
and Fig. 5(B), the time of the Fig. 5(A) during the fourth counts
to the eighth counts is longer than the time of the Fig. 5(B).
In other words, depends on the existence of the ink, the time from
the fourth counts to the eighth counts is different. By using
this difference of the time, the consumption status of the ink
can be detected. The reason to count the analog signal from the
fourth counts is to start the measurement of the time after the
vibration of the actuator 106 becomes stable. It is only one of
the example of starting the measurement from fourth counts, but
measurement can be started from the desired counts.

The signals from the fourth counts to the eighth counts are
detected, and the time from the fourth counts to the eighth counts

is measured by the predetermined clock pulse. By this measurement,



is read out fromthe sem conductor nenory device 7 (S12). The indicating
process unit 1404, the printing operation control unit 1406, the ink

suppl ementi ng process unit 1408, the cartrldge exchangi ng prqcess unit

1410, the printing data storing proces$4l 60 '1 ~ APR 2003 J%CAPMZM& and
the cleaning control unit 1442 of the recordlng apparatus control unit 2006

use the nsungglon re | at ed i nfor g gh i re d ut Eronkg .
sem cond ﬂ%?§ &ﬁﬂ%ﬁ?qchB ﬁﬁﬁge R+ Phat Pﬁ%FS is
only snaldo aepEnbubde neshidla bhadl @Iwaktmlh Itqw @1@:@?& @b&e&oﬂtfbmmhbe
consunption related information read out fromthe sem conductor nenory

devi ce 7, sqqhe agi speayenicenducpraysenomy defekee (whighl \issmeuntacoom tbe

resi dual q sto V, h 0 h e
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information read out fromthe sem conductor nenDr%?deV|ce 7 (S14) ... Next,

the exi stERENTSA -t & FH § i the hémei b thent arRer count s tagde 8agBtBn the
det ect ed éduﬁ%‘sd fé’”@lé%&h‘r%@l Stk%v&@véxSlGEh?Sltflrﬁ@edﬂQl?gk tHeat &§fférent

det ect ed no-ink correspondi ng neans IS per an exanpl e
of the ndnitekvedr s poneli ogumeansl $$183n, bEhdeﬁagdeﬂﬂﬂUQﬁﬂIn§tE@ the

storing the printing.data by the printin dat ri rocess unit 1412
(52 )2 Ay eGP e HATh P Roor 1S G REREY pr i nt i g
operation cont kgl Wkdmd?db WHed) tl@é‘dl?akSt@E}aPit ndisccagtaB18 R@rd NKhet at us
by the indicating process unit 1404 (S28) are included. In this case, ink

i s suppl éfeetadtion R the ¢melitederaf idieapeadatigs smalchths Jp@ﬁsmaméd by
e o Beldpnae, hen' B SLLU 9% PHRYUNGS DS Hld FELROPET (LiEeRO-T N

i ndi cating r eover car & can bé exc
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user does not have to exchange the ink cartrldge the process is feed back

to the | cqgungs tothe twelfth counts can be detected to detect the residual
vibration accurately.

Furthermore, as other embodiments, the wave number of the
voltage waveform of the counter electromotive force during the
predetermined period can be counted. More gpecifically, after
the actuator 106 oscillates, the digital signal is set to be high
during the predetermined period, and the number of the times when
the analog signal is get across the predetermined reference
voltage 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.

Furthermore, it can be known by comparing Fig. 5(A) with
Fig. 5(B), the amplitude of the waveform of the counter
electromotive force is different when the ink is filled in the
ink cartridge and when the ink is not existed in the ink cartridge.
Therefore, the ink consumption status in the ink cartridge can
be detected by measuring the amplitude of the waveform of the

counter electromotive force without calculating the resonant



consunption information read out process wthout through the cartridge
exchangi ng judging step (S32). In case of the ink 61 ~'1 ~ APR 2003
suppl ementing step (S22), the informati on of how nuch quantlt %P&r?ﬁqal S
suppl emented to the recordi ng apparatu$? s stored in the sem co t
menory device 7 after the supplenment of ink. After the performng of the

printing in ep n tio i S26) ,
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is end. Fig. 11 shows a circuit configuration of the measuring circuit unit
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transi st 33 i3 Hehe PHPnbfpﬁr&hemﬁgStthéﬂaZl@nEhéftfﬁetbﬁaguﬂﬁénép@f t he
input trigger signal and provides to the actuator 106. In Fig. 11, the

vol t age Bét meErused faW Prantinendthredeerease ot Chst praatpRg spped can

transist g E%éygﬁtgﬁowQggtﬁtl?r%g?ea%ﬁ?tégselqg wéﬁﬁgkefc Eelnf{hc‘i% duaLor 106

is char ge y and oscrilTates hernoreé ac uat or gener ates
a count ensetbettrygpwt ming chot s endynttdrd onmeshd uzd ruvd dya anahmofrihbet age k¢ or 106

[Goel{ Ukt syt aed ol of Lhe oseliat 90 Gl the agiuel on 108, The
act uat or mb@@ureoutart toet e MWlidyi R8ad is printing, the residual
vibration cannot be accurately measured because ink inside of the
ink container rolls by the movement of the ink container.
Therefore, it is preferable to measure the residual vibration when
the recording head is not printing. Furthermore, when the
recording head is not printing, the motor that drives the carriage
is not moving, and the residual vibration thus can be measured
with avoiding the noise generated during the driving of the

recording head and the motor of carriage.



unit 860 through the high pass filter 824. The connections between the base
B and the emtter E of the NPN type transistor 810 and the PNP type
transi stor 812 are PN junction. Therefore, the current subst A@?Iémgoes
not flow at emitter E when the potenti 4B difference between the and
the emtter Eis 0.6 V or lower than 0.6V, and the current that |s greatly
anplified flo tter_.,E when. pot di fference excee

Because each ol TS INAN 1 yB® { FERLIUThr TR hAG™: FETPIS (JRAE LFSNaTSrSr 812
has a 0. Goéuafattaad band eimbhaswMeht@ge rddardi?ly hepal tikanskspeinBifigand
the PNP type transistor, 812 has a bias voltage of about sumof 1.2 V. If

t he el ectificd Ystsrserithienlt igFingfe siehniggafuraspuihfgchengieg @ﬁeéhﬁoﬁ%ﬁee
force of t h t f d d,.

transi stéﬂs}qé%c yﬁéopégez%t%m%%\&e]?e (E)]‘Fe, %%%Qg% P%gﬁ o?t?rgngl stors aoes
not supprsagsdiiag-esi dual pawer ahipplyof jube lbefoeé athel 841 tehitnbe dfifatkést or s
do not have dead band, the voltage of the actuator 106 is controlled by the
transi st GO¥er GUQP1¥r~t¢PR3§®0§hﬁbtB@eaf5®ﬁ§ﬁ§h€WG§F@éQSjQﬁﬁthﬁh@OE%Hnter
el ect r omy capt b r transistor is
used for H?éq%fP%{rft?&e trar%ss‘:"f:%"gjt{)aral OaﬁgjdIl I%/lpféytértgé\%s?stor 812,
however, a fi elFdgef 6CY shawsmslmrexaﬁ@'me aanwbechstetdeltrMQa@cf oheapblpel ar
transi st or, IE usi E £ #ﬁ ef fect transist.o field effeb
transi ot SAVEs EPPhRAEAtaPEEReSHOSTS 1 uh Wi PGPS RENPEFDSS: PEREPERD: DY s

ar r anged griedeit@rmihedl e @ pudfsd.NeIt tNpPS fi%ﬂeﬁfﬁﬁétclbéﬁspﬁléé is
arranged at thhﬁP05|t|on of the base B of the NPN type transistor 810, and
sour ce oPriesNfioppd ure|apusitfeduninghdiba drourtlargaes & the %bghtlilon of
the emt of t It ehheld
ef f ect ttrcg)ﬁlléﬁ%sst orglggugrﬂghge ac{lﬁlﬁéeg%géﬁ]?lg%m\ﬁ%er%bh@éﬁﬁgt% Eeﬂ'}étgr ansi st or
812 is arvangjedwilheaghte, diovdrecP; ttypamakicctecékptanttabai sinples tahe anged

at the position of the base B f t he transi tor 812, and source of
The Pt ) BEoRGNReT G Cf SOn s wELL Mer WHEd O STRLAR0S L Pron RO RS
emtter EnefcibexkRND4¢/Re hrnBss v Eéﬁé@&ﬁﬂgf@méche t9Rt esmefcdhe
P-type field effect transistor and the e fi effect transistor are
connect ebeera@hsurﬁérby a:rmzrtme”@@@lecesmbertmfe Raokppullisel.d EhedeeseRaimsi st or
and the el ansi S1 f C ch f the
term nal %“%}Qﬁ% c %ao %%@6“) m|oerae era gh%o con%gg etgq 0 E“%ghs%%&g%g of

the P-type thel dightactotihassi stlee enckiN-pynse fird fepdlbPethds anspet Dod whi ch
are connected each other, and another ternm nal of the actuator 106 is

pr ef er abWBiEH eanﬁlae%art%h%etfp%mr%Péet%cwa‘rfeé%mnaf ANER P8 N
pass fil LeecB824mbR3vR £aPAEI T %@é’ﬁaagﬂea HIRSESLOK Rib%e pherauhpYl, 0t he
activating voltage generating unit is output to the anplifying unit 860
t hr ough ehbighgh gaseguenicyesugy asTié MHgh pass filter 824 renoves the | ow

frequency conp nt ut act-u r hi gh
frequency corrpggﬁntg F’%O%}%e outogﬁégg’%a%ﬁ%naﬁfug%%r rjle%%]fdc}qﬁgégé rrpﬁS t#yl ng
uni t 860cohurbheinit epobhehidlglepasssid Iiqui82brmsanpt figh statdBRZsda rol e

to restrain the output of the anplifying unit 860 to fall w_.thin a range
fromo VERE SOREF}RAT tlhEYr‘%ef"e?%th%%g & ekeroe thotaéﬁt-‘?éllcaémﬁeééﬂ?%rus%

ref erencepuolaQ88eNgha! LAY ‘é%ttx%Jl@ RaS AnfieSiet! Ye S HIHHARILT 820

connected together in series and
based on the detected result. The recording apparatus control

unit 2000 comprises a liquid consumption status detecting unit
1200 and a control circuit unit 1500. The liquid consumption
status detecting unit 1200 provides the activating voltage to the
actuator 106 mounted on the container 1 and detects the liquid
consumption status from the change of the acoustic impedance
detected by the actuator 106 as a result of activation. The

control circuit unit 1500 controls a recording apparatus based



a capacitor 822 which is connected to the resistor 820 in parallel . The
reference voltage generating unit 816 generates a stable direct current

el ectric potential ranges from2 Vto 3 V as a reference el ectmjépﬁmmial
and provides to the high pass filter 824 the anplifying unit 860, and the
conparator 836. Therefore, the voltage of the waveform of the signal output
fromthe hi ass filter 824 and the anplifyiin I 0_vi t und
the ref er%%%gqeglcz% ??%e%o]fee%ﬁ%? %Es %1 %en%%?¥aT%}éy§{fr%Pf§ yPHEgéﬁi E%g@%has
an oper atliofiedd adphshmst i S34sedtu @ desé St Diig83Ri and2882. The oper ati onal
anplifier 834 and the resistor 818 and 832 are constructed to be a

non-i nverting M idansTradhicdrcadsl PRLEsIaR0| hpaita SyHaoattidutyd9ls abRe

i nput si i i i,ng | L £ vi i j np nt er
ol bt r ot P Fora bBeTRtualondbr: 2N, ERHLEGL e b T LoReERT
unit 850 umitt hd ool eentewvlisnal redotding Epraonsd opedatiicer c83d ridir andgh t he

hi gh pass filter 824. The m nus term nal of_ the operational anplifier 834
ot T e ariA03 DRRG R (£ HIaoF BOE B RATILE S @ hAS IS GR Hhe TR PHEPU

anpl i fi en,83dnEhnqugh 4 heoRegatd ¥én f eedebackidesietay 83Qcant ol t hepe
connectedto the reference electric potential through the resistor 832. The
oper at i onalcaamind i app8BaAt aspbpérasiohechatmplc ouritterl 2 ctonhoelisether ce
signal, which.i.s out fromthe actuator 106, based on.the.reference

ol Sctri o i Gt er o B AT B B P LR s CRNBPEY PABCEARTePT

el ect r omHHevechei-ee whopalsdos SBWCGS: SHRlcAG Mavehal i BHoOWEurt Hedhag. The
conparator 836 inputs the vol ta%e of the counter electronotive force signal

out put f PoiNEhEaEAPEIPYPRE UNNE EebH0hn@ PRENEANEIPRIA B} @R IGanE st BRLEal

out put fr he_ref.ernen . gen i unit: . 81 d gen e

count er 191?65 1aﬁ Aﬁﬂ%%@g@%@%ﬁ?éﬁﬁt ﬁ%/lgé#éc}rgsceﬁglltlgna 4ﬁ§(/i %g gégﬁg??gp

wav ef or mebyhautquutd prgekls ghursitghal 0 wagpr 1 heingldaages bbrihg ppmodssy unit

el ectromptive force slgnal i S higher.than the reference electric &ote tial
ghae

and out pdfititng?B FoRF 3 t R NP Gl b4t FESORRT_F 18N & YBAGE ve

force signral cbﬁtE@m@édtﬂ?f'%riehﬁeééf:éﬂﬁgcépﬁéﬁ&ﬁlﬁé RatatdlconBeeausaithe
out put of the operational anplifier 834 vibrates around the reference

el ectriclf®2ential as center, and the voltage at the minus term nal of the

conpar ator 836.5is. equiyal Lheugelshense Blactiddy nalentl aloythes

t
conpar at or 836 conpares %Lﬁg ?/%59?age of e count'er electronoti orce
si gnal winitdeeof afler énkejetl eetbrdipgtappardtas. r X eaencef ahed Huhpuisnt he
counter el ecgrom)ti ve force si%nal having a digital waveform Th

conpar at §F 8386 BEERHELNENRPHRARE AT PR e idt G4 5T P8 P698é3§flgﬂa|

havi ng atiedbldls 1RV efromet eebBedt 85MLPRhr8¢4s EbAtrd2 8RQWS 28061 I CHbE
configuration of the detecting circuit unit 1100. The detecting circuit
unit 1108xaawple ditdiet funsdtricm ofukine soMmtaal cirenitd Wwxist Epee havghag

unitloog %igit cir Jll\ﬁ\ ni.t i ncl wd 8H3h '8 gég dgl8,a
counter Z?U%??& gﬁ’, @gﬁdo%t%éj ?\I%‘pg?aa’txga %ggtln 5%6 © fp'ggasgﬁme t?ﬁa% t he
counter @ke racording appanatuyal FRreterndrd he photkopulise fuackhputofo the
counter 920 after the counter 912 countls t he maxi num val ue (1l &1, 11]}11%.
the recording apparatus control unit 2000 may be stored in t
recording mediumas a program and supplied to the outside computer.
By supplying a part of the function of the recording apparatus
control unit 2000 as a program stored in the recording medium to
the computer connected to the recording apparatus, the operation
of the recording apparatus can be always controlled by the latest
function by easily storing the program, which performs the latest
function, in the recording medium of the computer when a part of

the function of the recording apparatus control unit 2000 1is

improved in the future.



When the trigger signal is input to the clock input pin CLK of the flip
flop 910 fromthe termnal 842, the flip flop 910 outputs a signal which
controls the counter 912 to start the nmeasuring the pul se nunb?s‘gﬁ= bipg
counter electronotive force signal outﬁﬂ? fromthe nmeasuring CIFCMR uni t
800 to the counter 912. Furthernore, if the counter 912 counts eight
nunbers of the e co e I f.ar sigpal : nt er
912 clears the ?##%ﬁ??%%Egio%t#&%ﬁghgkhgh&%ﬁghggFégglgﬁfThgge 5¥%£§%ﬁg¥flip
flop 91 0 sppatrstpsovbdimglt haid @O gt e saetcbduntm ehablie ficemeEtmiain ENP
of the counter 912 when the tri r signal 6,6 1 J APR 2003 is.input_ to
Che 1 1 REPCPeRL8905ERASEHgs TSI nECTHET HEGh oS LT RhenskRE ARt

pul ses of c&figuEOHMEMKI R E8NMHE ¥BchPHE RgS it at $s €RRLRM BY d1tqaunt er
912. The counter 912 counts the clock only when the signal” I nput the count
enabl e t ecommani&NPios High. adhe poogtan. 9Ih st sasmuntiyng tidei nuutde
nunber of the counter,electraonotive force signal_when the trigger si.gnal is
nput to TRESPE I BURFOHOBI B drite RO TBIN i TP Y01 T B e TSRt | ng
ei ght nunbersasfl pl&as Hagausadhrsitiialughpw ell@dehe « inu@ialitd on
term nal ENP becones Low. The counter 912 outputs the signal, which is Hi gh
fromthe $5%¢t hthal secrsding aPPRREHS &N fatwaYhePotfpunsprheQiatesthe

i nput pin£§hﬁg.5§¢ flip flop 918. The flip flop 918 inputs the signal,
which is Hg t?om the fourth pul se to the eighth pul se output fromthe
counter 912, frTime theuidpedngpamp il omsdattmsudest ectcl ng kiniavi 2Q0 actrhiegiescy of

16 MHz, ich is input fromthe_ term nal 846, froma clock,inpyt pin CLK
Then, t het#¢i ‘EBCFF‘Bnglé%yr?&#]d?ﬁrz%%F? hEhE; §FF&IStieHﬁl?t qq?oﬁ'}?‘ﬁggi FlButthﬁ n D
with the cbockiapytsfsam élﬁ'@n?é QK & RouRitd Chipalgnest PUESy ER@mpie,
synchroni zed signal . The counter 920 inputs the sane clock pulse wth the
cl ock pul ke lagut dt conmempt i pnfdte: s Gehavitagof veitudZd\P béslsmpRBUiom t he
clock input_pin CLK.. Therefare, the cqounter 920 operates w th .synchroni zi ng
W O the TR Ot L eflaen MR so0Re B e et Y S e
of 16 MHizswdln@le pHeSeoWhbe FdlRududigpdradfed by ohé mdsidun] Qidfrdtiedd bifp
flop 910 is High fromthe fourth pulse to,the eighth Eulse. By counting the

pul se nunt 26FupReT1H0 (AT D AetFAtEY FHECHE Mty LA§0t HE ¥ JUPUABHESEr s of
pul ses ardige IR e JOWHIWPWIRE b dlefei Rl PH R 1B1li%e 162R HRE cBRRBYHRE, The
flip flop 920 outputs the counted value to the [iduid existence judging
unit 1000L bfhé nporttieny 32@ icowritear ed ebtfronetiiive domoet meiasu@edf byh&hel i p
flop 918 becones Hi gh, in_ other ds, before the operating of the counter
920 becad®&THet Bt C%tht‘tlfél%u%(\@ t pin/Qof the flip flop 918 and the
out put of the aH e iR ofi thig tCamiites 09l haar anNANPiQRERALEdoatayBe 6
~ ~'~ ~ APR 2003 NAND gate 914 and input to the clear input pin CLR of the
count er FneRatimg unit §3R wulch Jemperted the astikBtingckoptirge &Risted

Wi & ey UFN, P SCob0LE N PilCa 0,1 08: CAYR! GloyGhias] 1 9ADE ke

force is counted. However, Dby using the output of the counter 912 an

addi ng ambromiian Agi ¢ e tdowttedhgndigssui il ated bynt lye e iMatd ngnvpl tebe

ei ghth count byt al.so the time until the desired count can.be unt gd.

Ther ef o SERHE LR p Rt hEv el b re AT c A5 npeRrEar o be BB R SRk effiey
Fig. 13 swmtorletiaid ech@it nhds COtd | el lataod ofesD@ubl Uy daexkst eshe
judging unit 1000 shown in Fig. 12. The liquid existence judging unit 1000
j udges t REEH ARy AAndi BhedarRuaker| 146 d ‘EsitaiIRrc 1A bR ed 6RUPRETcount
val ue of dine.dyupharsaf ddie. 6, M, ;6 oclk spulge M ch s segndupkagutigy
fourth pulse to the eighth pul'se of the counter electronotive force signa
out put byittmiidoumisr Q0. fTheherquirdnefiosmentdg wdgilug wwiyndDOOL habea
maxi mum val ue. resistor, 1011 m nimum val ue resistor 1012, a nparing
it TOLI RIS “HRY AREPGEF e 10 T8 OGRS ATRIZ BT e e bt

val ue is b r M dbHecRXHRUM M tel F &8d84Dr whdh, caﬁcferggmrmgﬂ @l vpeof
the count value is stored in the m ninmum val ue resistor 1012. The conparing

unit 1014 hagmarsy RE ebamavefern eft phe I9Unt ehe lfginanotd e dicr cgnrido0o
toaBt i_nal d s 1 | V, the count value fromthe
naxinun13% éﬁfkgﬁéﬁggp%%f%mgﬁlg%%kggg%ﬁ?%gf 56?T the count value is |ess
than the maxi num val ue, the conparing unit 1014 outputs H gh signal to the
AND gate 1018 . On the other hand, if the count value is the nmaxi num val ue
or over, the conparing unit 1014 outputs Low signal to the AND gate 1018.
When the count value is the maxi num val ue or over, the frequency of the
wave formof the counter electronotive force is |ower than the m ni num

val ue. Because the waveform of the counter electronotive force is not
measured normally, there is possibility that the liquid container is not
nount ed on the



6 8 1 ~ APR 2003 recordi ng apparatus or not nounted on the recording
apparatus reliably. The comparing unit 1016 inputs the count val ue output
framthe digital circuit unit 900 to an A term nal and |nput ?[ﬁ’é{,ﬂz mum
val ue of the count value fromthe mini fifm val ue resistor 1012

termnal . If the count val ue |s Iarger than the mni rrumval ue, the

conparing unit uts H| nal AND gate 1 nd a term nal
Co5h o the i deaarting FelulbRLs ThodBE S ra R watlE Db er
the conpaydmg whidh TSkt A Sndnwéxs'ogm%et pulke AMDraat @;%%8 andplite

t erm nal 1022 . When the count value is m nimum val ue or un quid in
the |iquiky cté*fﬁaie@@ﬁir@ngsca@pu\% 4pag %@Otwmrm%sﬁ@é?tt |téﬁ‘eoPetfHé’d

act uat or 0 ts t
016 out (e AL o PR IHRiRPERIEL A dad i ARG 1PBf IR JAGKREL

val ue and:Heareg:arstidm blﬁelnqmmbasmﬁtmq thleenﬂh@egabﬁ tiH udutepadankiedh
si gnal I.n this _case, _because the, fre%gen% of the waveform of the counter
Xi

el ect r ongty V& GLEALRL FRESUT hAMIhO nrRaIRKES RGP MRt 1 £86i d
cont ai nerg il & sted-ali d R PWHd 2 id @R @fighhe el 9 h98h from

Furt hernore, because the frequency of the waveform of the countér

el ect rorrmha/efcfnurtﬂe ¢csmnsghm tfhmreicm’@thm oounnips vahuehei Wavsfbnmvmft hb.e
l'i quid |n th cont |ner i s in._nor ich th iquid
cont af et St SRR oS FRRoto o FHCaBiar Sede CARE UL qnaL

exi sts atodde rﬁw@heeﬁdrlée a@lsmlblwmglmalgtlwcpf tHedagi val i AQbit hhat is,
if the terminal 1020 is High, liquid_.in the liquid container 1 is in normal

status i POFERRERENS BUIBEE 1t Bhaduleq of tdig aﬁﬁﬁeﬁﬁﬁﬁﬂéedﬁq%pwéeer di ng
apparatu t et he
act uat or $Mlholg&fi }desq%glgggé&s&érgbﬁn?ga%geﬁé 0‘9%%%1% Clg_%vlgﬂse% g’%é’%%‘ﬁ{ Bﬁe out puts
H gh si grm:lunttdzate]esct:tmmtcmmtfmad:eledumnget&n&mpurrmothlwlmmrtlweaband nor e

than the mni,mum val.ue, the AND _gate_ 1018 _outpu Mbr eover
Hon o o mmet DR Uil Al ST ni o rOPHT EhRs FoReE h RapahsotprEhe

term nal QAR Y schots .| i B cburt 1A ﬂHé:l%h%eIBo? the pu¥de %ﬁotﬁen&%eﬁr 1

is in abnormal status, and because the term nal 1022 °is Hi gh, it can
j udged tmlqehéawqel%lw@mt@lrwepezlpé ridie mm@@r@ﬁgttme rf@@mtém wgunts

appar at ug 0 o Ln ig shows
t he nanu%gc{:urglélgé %%‘%&%t;g)gﬁke%%t At Jher : 3 Ep%%gaﬁl g}sFtl Sé%ﬁé\t ors
106, fourthsurbens: |ﬁ1»tehe:<11m off ties Eﬂgpck Jph],sa,r earﬁ@rtrmd asmeneahody .
The act uat 6 wn i .. 15 s nuf act ur ed uttln t he pI urallty
of act uatC %’é@ e\iér:%é’h“‘”i Fed9 ﬁﬁ"ﬁn H&d903§t§h8%1t}%ﬁ PFE o440t ath@ach
of the a@l‘é@l@?u@k%@ | ietbe eREh-icit RRupiezaehent Freglee®nts Qfeliheseach

of the plurali of the actuator 106, which is formed in one bod y as shown
in Fig. mk%ﬁélec@mhaa?atsumpwmi@,adtqmmr,lwgmk rPlFlfge af chhghe

manuf act yr t i e t or. I f.or n at
each of gct%g!ﬁlt 10%9&%yta%orfn§n§%% p gFF\ty;glggltlﬁle 19 uat or%h%o |ﬁg%cr11e
body, a pbqirsatlelntcp ptidgthgaimit 100 ocudges rrﬁtmfe&dtgueexd:eeéf dcitquied ¥ nathé he
sane tinme, and al so.the handl.in durl t he transgortatl on becones easy

The act uSCBE31HEHaLEE8HPR o é’u&t RGNS BY dihe #2813 b%%c‘b’r%te
178, an ehast igponane 66RphLakLI PHedPULEENE! rOL8T0E §CEKE CcOhEPBN cilidui
termnal form ng nenber or an upper electrode termnal 168, and a term nal
form ng Wedseld S5O0 .a | ower eI ectrode term nal 170. The piezoel ectric el enent

174 includes a_piez e tr i te G 160,
an upper el ect Fqg’ gl %2’ Cl lacyl owerur?eﬁg JEI?O 58&83 %'Fh %%I %rgtatlnnlgt ;a)%/f@e 176
i s fornmeduaputize thep gsmrgflat@e refsulhe thase tiatee i/ §o airtk t:he tioaverighedt r ode

166 is forned ontheto%isurface f t he V|brat|n | at e 6. The
pi ezoel eCOREEINSFerl 16618 ForMER, otite LHR0s @ | RT3 r ode

166, andapha-upner ehRcldiods, 10doherber medien tfl@oé OPL§UT (66 i t Nene

pi ezoel ectric |ayer Therefore, the main portion of the piezoelectric
| ayer 16©r|es1e1t@rrne@eldylgunmkclﬂ\r@l tdee MesE eI Ebimd @l’rQﬁeﬂShe @‘h@zbeWemkl c
rtion of the u r_electrod

| b
O PR 9605 BE T RB Rt ha Prdte b Lt IR pEoRE S UR 1 P Bl ia08s Ty

bottom si@e. there is few ink remained in the liquid container 1 and stop



A plurality of the piezoelectric elenment 174, four nunbers in the case of
Fig. 14, is forned on the vibrating plate 176. The | ower el ectrode 166 is
formed on the top surface of the vibrating plate 176. The pi iC
| ayer 160 is forned on the top surfaceazf t he | ower electrodiggggfﬁghd t he
upper electrode 164 is formed on the top surface of the piezoelectric layer
160. The J#PR@Ist&BG] ade &5EPhpebn 168 and Hedrawe %%%@M&%ﬁ%téﬁﬁhnéé 170
are formed on the end portion of the upper el ectrode 4 and the | ower

el ect r odé ne®@rofivd afteur pninbéng . of The awtamstdimglOépparatsed cpeeaaieny by
cutting each of the actuator 106 parately.. Fig. 15 shows a cross-section
of a par B TOIUET d400r PIORCTROMI IO TG 18 g  FRPERRANG B 9788 i s
formed optdent ASEL Dhg e H3SLal St ot Bhaiheh chasay yrddedHerRitezped ectric
el ement 174 . The through hole 178a is sealed by the vibrating plate 176 .
The vi br &hiengrphaiagigeerationmentiyol hnitafldlital thRi thk Bprl etent tng

i nsul at i racieristi ch_a .4 n i iU I a I
possi bl e LES AR aaPEF vk &1 T cBRrS e SR E AT A MR 118, &F
formed oprtiheivicbHatiangtphdhg pr6ckesfanetwi i b2 tibesédironothdadtrddBion The

| ower el ectrode 166 is fornmed on the surface of the vibrating plate 176 so

as to beCéx{tBfdESNEEF Hhérdite 1di%0ction, left direction in Fig. 16, fromthe
region of the thro . %ﬁ&, a¢lyiede LS; fﬁ?&fﬁhthe
surface of the glgeiz&g%&e)%??% aycee;QEiglélEng%%ltgl le efgsgﬁaecsilt%t e opposite
di r ect i onoofrespendawer tel ehéradeudittr M thatsdetghtsdihecéxbatenc&igf 16,

fromthe_ reqgi,an,of the fhrpough hole 178a ._Each_ of the .upper_el ectrode
t er mi nal ligglgnﬂnt%el ‘fl‘glcé%}"ttra&d%eﬁ érm heI TAFECREE i et Y f ace

of the eagBrefaSaBPhErEOE FEYicd£ELF 048 bi/2ha i ey PYeE Sl atdtec (i,
respectively. The lower electrode terminal 170 with the |ower el ectrode 166
el ectri cByYl Yheasieaher ubpb? - e|The dagplear ALl i36sfenrRtanel e (i IMXipper

el ectrod e i hro 1 = AP ﬁggn; y
el ectrodga%% ?(!g gfg%i %gégédéﬁén%ﬁgg%%ggggno%h%h%%zl(z)eg ec %i@%ﬁe nt é%d t he
out si de obnhhketadt uabor the6. réberdpner eppatavde.t er tAinalhehibwnd tties | ower

el ectrode termnal 170 has a heiﬁht h%gher t han %he q§%ght of. the
pi ezoel e¢PRFEAELBHeRECGRFEN IS Et hE04uh?F oFCRRRCHRR g Ot€ tTRFUIYeth s and

the piezgahedt the d@&toFhde detWehhbha HEWE 8GIdIEhRGHTRhBGh Rt {02
actuator 106 shown in Fig. 14. First, a through hole 940a is formed on a
green shepegidionppipdiioractugteonelffedn dheetl Onoidycanpaéssrod | ddtg
processi ng,.. .green e c 78 ter t

bur ni ng grgg(l:-grggl.ggT guérgeg% %ﬁg%{ggﬁggﬁ%s&?gr%%%}%@%ht eﬁealsrpseugc]ﬁeras
cerani ¢ materdcah.bdhespeakgieod Siheatec Wiy bpparatesd o &hepsakéncer of
the green sheet 940. The %Ieen sheet 941 becones the vibratin |aje 176
after thEPBUIH T DPOPESET BUGH e SRR O GG e 6y 1 9 al
such as zhpgeatul), OMdReovdPER0 @£ ANENETI ¥BsbaVl pe43ui EAB1D @388IRGITI C

| ayer 160, and a conductive [ ayer 944 is formed on the surface of the green
sheet 94indégathnfakiopndy tansl metidetsicveabeprihat ngndTratesnddiet iivek | ayer
942 beco t A r ectrode, 16 e,co0 ctJ I .19 nmes
the upperoaralprofh TEa aR SR ke BOPATASH Blests Nokee MR AREC:
940, thepgoeenssheet 941, the conductive |ayer 942, the piezoelectric |ayer

160, and the conductive |ayer 944 are dried and burned. The spacer nber
947 and 948 ar €1Pr BFided Noh IPRFYrETh SRBEFCHAETES rHi 4§ ngoRRE® éiéﬁ%’of
the uppeprehechgodget-8t TbRahni681 298 tdesd Guam el RGHO! didtalon €k to be
hi gher t%gn theépiggoelectrig el ement. The spacegﬁﬁénbgg;gﬁg and(548 i's

f or med byheriendnsgnchaprpanstuat erBukheistrondingeédhespreent Y40 rarE Bl or by
| am nat i t.he. green sheet on t reen sheet 941.. . this sp r nber
047 and 598 X VRE a0 SR T S P g b B Ao e S e aks PR A% nal
168 and mbeebore; eheqirndei igopaialt ibf0conirteh 18ia Nodd ecdretalohitalt be
reduced. Moreover, because the thickness of the upper electrode term nal
168 and Bhe PHietlRP REPERRS ti MAva te7bbeaitPe Rickicerg process after

finishing of the certain printing process as other example of the

low ink level corresponding process. By this prohibiting of the



7 2 1 ~ APR 2003 the upper electrode termnal 168 and the | ower el ectrode
termnal 170 can be accurately printed to be a stable height. If a
connection part 944', which is connected with the conductive Lg{,ﬁ; Q(fhél and
the spacer nmenber 947 and 948 are forné8 at the sane tinme whe 3
conductive layer 942 is forned, the upper electrode termnal 168 and the

| ower el ect.rode termnal 170 can_be.easi o) d and firoly fixed,
ool 1y, SiHadnd SRdte L S31a08,58% Lhat SERRCo R pE AP NG i Eess

170 are fwicreds grihemndrregeenesfoft Beneendestiyetiopyed 942 mnHal hRay
conductive |ayer 944. During the formng of the upper electrode term nal

768 and OHePraREing| REPFeTR- t MIHIRNCTL76S ERe e afeprebdeitdng hRE 168
and t he . er gL nal QN e ikt he
pi ezoel e?%ﬁﬁggéfﬁg%s% eg]tcr ?Lgaﬁx%@f%ggg gggskgﬁgqp(&r%t %é olgﬁyrl{:gn"EJ

enbodi nepiroafessheftak twder sredgéngfof bepnes grrtgd hvantewvenmt Ehg p80ALngs a
cross sectional view of the hottom pa{lt gf the_ink cartri dge of the present
enbodi neREOCefife tionlec AEPPPEGe OBf CPReNPI EWRNKt CEnBBATHRRE hHE PENPBEEh hol e

lc on the botfomef36e LApplchBacea! akBeest uthichs68NE8hesolBKendhenko! tom
part of the through hole"I'c 1s cloSed by the actuator 650 and fornms an ink
stori ng papplefieptil® (Bpprashatssa lde2ai ted sumslemsatt | ankof in héhact imkor

650 and the thr.ough hole |c shown ip Fig.. 18 (A.. Fig. 18 (C). sho a plan
Vrew o CREHIFTR GUGetRbRRET R PrLGR o 2 R erERLng peg 95 (BpE Prhe
act uat or pe39thag aperbtabnngapl Bkecdrt anded Wieneatechteerapeinygt, 7Bhahi ch
is fixed to the vibrating plate 72. The actuator 650 is fixed to the bottom
face of CRELEIACS F&XChERNGiCW HFACaSfe Wiidz 0 L1t £ eheie 732 ekR1¢gee to
the thro I he yhhratjing 2 t b 72.
The vi br St BA BLECe TPEaR BE ofAeF carl o Rerarasy Bng | O et Ride
Anpl i t udevapndatiegqléycy Thithmmeierdisleeoroaests @ésdaraoe cganénaecthdy t he
residual vibration of the pi.ezoelectric elenment 73 and?the Vi r_ati$§ gl ate
72 changB& IRCE RS PRET Hk QiR hroulking Lheppsopes Thie PEoRtANTed4® The
through Bebeihg beob8ESBEH PN NS BESEEOPHMNEiht Snd Rt | Qrachuakofnés0,
and the m ni mum constant anmount of ink is secured in the through hole lc .
Ther ef or datghkefepgeusheffimbshiny off ithie prdngdmndbe ineFhapyigetieatdatay
previ ous [ t er | st f i N a or
50, whi CLoTe eraT i B AR e b R o b E Lo TS e

| c. Fig.pt¥nshogsdatddrs ehbaitewhioh ideenhroodghehpkeokdingrameatatods Fi g.
19 (A , (B) , .and (C) , the left hand_ side of the figure shows the status
t hat Fhe?%treé' ﬁg‘% rf%t%@‘?trf‘?rheo hFBGgHr’I}f_o'Ieélq'c, _%dtl_?hg FF&ﬁtlnﬁarﬂ)g]stFl&% of
the figupeisnhows 48€aStaldIs ddabri tike Krihd @IS bBEERE tHE Qathhohe | C.
In the enbodi nent of f:lg. 18, the sidé face of the through hole Ic is

f ormed asanhbevaveided.wall ( In Fig. 19 (A , the side face Id of the

t hrough hole I g4is nted in verti jrectio it i ng
to the outsi deglint%%.a cﬁcﬁlf(llﬁufeaéal%@eggjgg %%Ft ?%ﬁgﬁeggﬁgszl goagggﬁg%prrgd on
t he si detbaeeppdvidediths ohgheaareing apddreashe pped rodr dmnbw 2i0000,. wWAleh,i s
provi ded ove the stepped _portion le, is wider than the ste d portion
e FROL 455 Tate i JGgR LngPaTrErRAS RaPBIBoFgIORE TERLRARS 1D t he
di recti opei et fhed Narld a@abbd ¥t Hrchbaraesd 1 dwahk §evéDQ:c§i*rFee§Iﬁérﬂi‘iﬁ§’ a

i nk supply port 2. According to the shape of the through hole Ic shown in
Fig. 19 pApcesses qa0) be panf auredt.i t Fosfexamplei afitle ink surplieRepaing can
be reduc r o th . I X
expl ai neggf)ﬁ-erglgg&é?{ Sln%&@iogfsc%,e F%E%ﬂl%gét ggﬁhgﬁg?a t ?%g%?%%xﬁffhigﬂf@

act uat orpébfoginst bRet pABcOES| hithd N Aiehi 15d adprsrL@tobec@ttend] yurel € fr @t
with the vibratiaqon characteristic when enough uantitg/ of ink K for

pri nt i ng@PESravtiete i%P PRENdSATaFRErPEINaHITt FHECR nk TG RWL can be
reliablysdeteelndiide Qg%)ggaﬁﬂev&)rﬁ:l%laﬁhiwm(pf:a}lhf‘a\ﬂi B&Iore d®fYn of

the actuator. The actuator 660 has packing 76 on the outside of the base
pl ate, whheh canspérfioes the hew umtlorledst, amradrpantingPirtess dien

nmounting_plate 72. Caul king .haoles, 77 are_faorned on 74. ' ~ ~ APR 2003 the
out ski rtgp‘g?‘ ?ekl%% pa%?%ea?%re’%%l(imﬁﬁjea;’@tv&a%lg g%ﬁei 3 F Ve PP T C%Zhn Cﬁ? ner 1
through thg g&asidi tige hDhSopgropd 14 € gt khthihg operation by the shortage




Fig. 21 (A) and 21 (B) is a slant view of the further other enbodi nent of
the actuator. In this enbodinent, the actuator 670 conprises a concave part
form ng base plate 80 and a piezoelectric elenent 82. The con%gv lggh[h 81
is formed on the one side of the face &° the concave part for r& Se

pl ate 80 by the technique such as etching, and piezoelectric element 82 is
nmount ed on.the,other_si.de of the face of the conca ar{ for.m.ng S

pl at e 80.5]fl'hel§%<dttorﬁuprotr SO ot tﬁglecoﬁgg\yg p ¥ g%ﬁﬁ%ﬁer% s 4 K al\%%t()aﬁati ng
regi on widdiredphenddngayeopess {orpiagebasteptat BeB8Perfbtkdf afeert hte
vibrating region of the actuator 670 is determ ned by the periphery of the
concave pRIFINBING Qfr ther ibredetpemaseda@dprnbyby Hak ahovange hrrfhetuéter e
with the t ! i Fi . 1. ahi : ase
bl ate 178 e SRt akPECES 1At Homd e RRa el he ol MY BB LoASF, o
manuf act wi nheprotassodul 08g tTiee Mprddatarmirgedimuarikt ioay tofi ddé ceanced

reduced, and the cost for nanufacturi an ink.cartridge also can be
r educed. ll'“ﬁé_e&c’fﬁ %P%?Bpﬁagréa§ﬁz%am?éa“c‘§’h 1§e£§ﬁﬁe 'ﬁ'}ﬁ BTERE 08 ough

hol e | c phowidad, ahdhecenihdl 380 LheBynk hi st &hefding 0cEs S hhe jeRncave
part 81 can operates as the cavity. The actuator 106 shown in Fig. 1 can be
formed t ot umhideddak i agtouatwoub®é hol e | ¢ as actuator 670 shown in Fig.

21. Fig. 22 sh a_slant vi 0 he confi at i that. forns th t uat or
105 1 none- body s 4 HAUHE I hHIRGIIESIE0R GhetRoRtrer 1t SRR EHR  he
pr edet er penask-Piasd hppAratushtomondaiinet ooodf. amnithe paekenddnbodiempdul e
100 is constituted to detect the ink consunption status in the container 1

by det ectilffatadtemiionshd tfandded, ae6udieE prpelgndEest ophEhenkipradi d.
The nodul t.he n L as i qui Loer KkNg
menber 10%@%%%05&1 ng‘k?%% ggﬁt{}g?gkgﬁggegé tlﬁgbéo%%lgi %grgbibg‘%'hggp?{g%%jd
cont ai nerormbhet d hijf erebe pddl as ia he yhnecs iwin e honmguah scla thd Lnduidal
part 1164hat cont ﬁi ns tr}:i act pat or 10%.vvhi ch h 't ~ APR 2003 75 osci.LI at es
by the diSATRFSEHRY % CRPEHIPEIPN -t nERDIUGRA I HRF S Feit und

subst ant iggd ¥hbeat BAGE RN 7 BRedUgRstAe: TRt &y mﬂ'asgé:g@&b&%ti@g §fithat
the actuator 106 of the nodule 100 can not be contact from outside when the
nmodul e 13302 AR .edsh §30C | readdaref i wigkch tprovtdeat bhe 196l tagepshat
protecte QM. 0 Lde The t i f f

DoV nar SRR Tt s RISREL £q e | GBoR GIE BrldiTa R dbell 1B%Rs 224 e
easi |y fintodmwhichealel mouwhted 15 thoy MeEdiuid tbhatadkeealt r rdgpectigel23
shows an ?{%)I Qdedﬁéi ew of .the npdule 100 shown in . Fig. .22 to shqow the
structuré& R EAJAGRECYAG. UBRE RDRALIR: U S&t& SRt VRS ht AL Rér

nount i ng MR <40h BROELE rA &L H1R A HRRZ BlRe! Bh gnaeVyeRePREBHI N
menber 105 which has a plate 110 and a concave part 113. Furthernore, the
nodul e 160 khs acteatowpr08m4d 0ot 20dbl0eEtirawthroBeagnd iadf FLACLOB .
Preferably,. .t p ' I j.q)y, whi i | f.fi . 10 be
rust sackid SParR Sethte Pl ind AR IRLE W Rt bR e} ctilipls Link D R
central parigeof ofheeggyhi rdY | €Ak pasiintdd aicdthermaseredetrck02sihah. ar e

i ncluded in the |iquid_ container ngunting nenber 101 so_that 'the
cyl i ndri CATERGHMOrEy &h¢ tlHEWEs 8XASGFPC nggﬁngoHPéitnlpﬁ@ PBgﬂeﬁj FBe104a

and 104b.exlihe £RRCR¥C1RANI L1 {Re f DIGRIG Bbrithe (f8P #a R brotnkh8ach
cylindrical part 116 and the base nmount 102 so that the cylindrical part
Z16 and tofe Wwsecownntvab2ecah tbat gionnties gdasdtreamatgs’e tferee | #iqo8l and
t he pl at I C t IS, 1ec t he 0] ough_t he
film 108%1%-'# t:t h%eoﬁll?atg%glﬁgg%gglt %éggg?gaﬁlglgtl é)tza'r e@felaciagl oezyf}{e #?qai d
cont ai nemplmwitiitygo frevdiera thitks i dheigfterdcon tthe deffle werne ph¥a iad 4D0dhg t he

actuator 106, the film 108 and the plate 110 are nounted on the quu;’ad

cont ai netNfodAeiig RErBEASins 44T6RE1FBIYD E4RHPHPSERE PERAGHMPBL 10832 and
104b traq%fq%ridacgﬁgﬁhgeiéh%@étﬁgam 8208 SELHCmbAYEInE Y SOMPI NG LB the
upper el ectrode and the | ower electrode 166 of the actuator 106, and al so
t ransf er acfreiagiogneéndfe desensart $treminsyepet daahsy thisecarf igubatios to

recordin aratus...The_actuator 106 oscill at enpor al J 6 i~ ~.APR
2003 basdd PRE CRe NI EBEREALRE T aReT ey PRA AT Enber e 1hadidng
104b. Theashuptdonl 0&rddiat efedas tupl lyniad t eradhe Dscisaméi oasantdhe
generates a counter electronotive force by the residual vibration. By
detecting the vibrating period of the waveform of the counter el ectronotive
force, the resonant frequency corresponding to the consunption status of
the liquid in the liquid container can be detected. The film 108 bonds the
actuator 106 and the plate 110 to seal the actuator 106. The film 108 is
preferably fornmed by such as pol yol efin and bonded to the actuator 106 and
the plate 110 by heat sealing. By bonding the actuator 106 and the plate

A A~ I Y. Y. Y o Y b1



the ink around the actuator 106 is exhausted, the resonant frequency of the
actuator 106 greatly changes . The change of the ink |evel can thus be
detected. Fig. 24 shows the slant view of the other enbodi mants,g)k Rhﬁm
nmodul e. The piezoel ectric device nount PRg menber 405 is formed on F e

| i quid container nounting nenber 101 in the nodul e 400 of the present
enbodi nent . T |.i ndri.c r I j | cal a .S
f ormed orQl:totnhf-e!L écg% ou r‘# %ﬁ%%ﬁﬂrﬁﬁ%ggggg 33%%51%%%%%3({%%%,2 Ot% E’egga"é}és of
whi ch ardn aurfled, ithd hexglaidwh srord Biwieiciowil 1 nge nebeted01.

Furthernore, the piezoel ectric_apparatus nounting nenber 405 includes a
board shaped elT&@feRUtDOS skEneh ¢5 e afFURtAhd cPiifdgresd IgRERIE082 and
a concav rt.. 4 T. t r. Y r r‘ﬂ%y r 13
provided%gﬁﬁfhg~éﬁgel?g%gﬁggg%ﬁé1%82%%ﬁ%ﬁé%gggﬁﬁgﬁgﬁ%ni%%. éﬁigg %%% of

t he boar thosindpedy @oaneniond@d ithechatheted .i nNFpreerbwpie nedhanfteqgsenthat
the board shaped el enent is easy tqQ fit into_hole fornmed qQn the jnk

cartri dg@ ABRLABHAEI g (HedSE EHERECAE T SYRE AT e L OFFG. CBR S RBus an
expl oded gyiewW19f, 4he tHAYL €. 40005 @q%aungﬁ@egéadbrm% the st enshyes of
the nodul"e 400. 'As the nodule 100 shown in Frg. 22, the nodul e 400 Tncl udes
a |i qui dodonheaifmaguenayr pnemehizudel@f the cowpitezvell ectronotdvieckone@nt i ng
menber 5.APR 2003 78 405. The li quid, contai ner npunti nmenber 401 has
t he baseT??&unltl aﬁan?ﬂﬂpggz?i‘n&?;ﬁ&gﬁ S AT it htetbrpdlgezcoaé} e?:‘tlc? T

devi ce mpuethegd GRELELqdd§ hésel headch Paaped ehedkidh 466 aadhthevedbncave
part 413. The actuator 106 is connected to the &I]_ate 410 and fixed to_the

concave Pértherountiagiper el Ao fHeie acteadon +e5x044 68 P45 CRasrt or
106, and.g ft'ﬂé“of@c%cegfﬁ@i%ﬂaip t@ﬁepasésegégﬁg%%%%% A4 Pr A Andd0 | s

rect angul ar shape, an e opening 414 provi t he board 'shaped el enent
406 i s fpemeddicalégt angulhaer psieapeusiye dedad-miinesl 404airand 404b, the

actuator 106, the film 408, and the plate.41Q .can attached to d
renoved from t h&*Fas ehobie %‘b@?u%é@%liﬁ eﬁﬁ%%&ﬁ}f@?"z 615t ﬂ‘é“'ﬁm‘%&
and the phatfodAPih§ p¥dAnusd oTYERBldd Ut bR dLERRCInb 011 HEi g d@hsBXi S
whi ch is extended to perpendicular direction to the plan of opening 414 and

al so pasanghketidhe & atewt wheve Wprdilaypif devedripdrimier thachtbpnthe
centers c t 1 i 0 «t he.pl Q. J. r ed
subst ant ?g fﬂgeé?% tlég tg{eent'?gij%%?sﬂ%\f{%ﬁeggggﬁ?ng 4{5 ¢ %eﬁt]lh d&ﬁigﬁl%‘fg 412
provi dedpesstbetbentigh ohet hetphtde, 440eidet ectrbon stedul hathdige airmeorof t he

through hole 412 is larger than the area of the opening of the cavity 162
of the ac?ﬂlglléé'}féé’.mﬁh teLveE'y tPe2 NGr I‘Fé‘léitctﬁ?zfttg}s'l'% and the through

hole 412 toget hgr cher Frddth St iaid, - tHoeqthbekness o¢f tike mlatrs 410
is preferably smaller than dianeter of the through hole 412. For exanple,
t he t hi cRaessngf thireughasbows0 thyd ssehiange ifathendeatgatd @t reruldisanet er of

the through holg 412 . Jh Lt t u l.e 412.1§. tantially
true circle anégsyrmet F%%&[—]g@‘;ggégc[& op{"%e%c}een Fa éélbga%?'gpgé %ﬂﬁl e
400. Thecshapelotinthelgo0osswiecheontlod ddweupest phes yuadd tier tduateaghinwl e

112 can be tapered,shape Qr stepped shape., The du) e 400 be nount ed on
the bott SPBRERAE BNk B net TSCELEn RHGRS L Hal Thr Uo I FEF b 96 2HS i ohbed
I nsi d_e ofuthgceontai-egkek.. Begadseathe §ﬁfs!éab@'t_e%0§h'e5 n@drﬁﬂg@d dﬁ‘&ikd__ﬁ t he
container 1 such that the actuator 106 extends in the vertical direction,

the settihgudd chetainengl ofthatl i ApRezobbe7diquid is fully filled in
the liquid container 1, only the actuator 106A is used for
detection. If liquid is consumed and the liquid level passes
through the actuator 106A, the actuator 106A detects the no-liquid
status. Responding to this, the control unit 1400 switches the
liquid detection position to middle stage of the liquid container
1. That is, the liquid consumption is detected by using only the
actuator 106B., Similarly, if the actuator 106B detects the



the ink end can be easily changed by changi ng the hei ght of the nounting
position of the actuator 106 in the container 1 by changing the height of

t he. base nmount 402. Fig. 26 shows the further other enbodinenqépfphg@
nmodul e. As the modul e 100 shown in Fig.522, the nodul e 500 of |6. 03
includes a liquid container nounting nenber 501 which has a base nount 502
and a cyljndyi p 3. rt t : e ;500 S | ead
wre 504é¢§n%1§€£%,gg%5§§foﬁF ég§%g$§ %?5€§?gg%§halglé?%H%%gséT § 5%§hing
514 is f onemtt Dilg t hes tenderoof thBelbaset negbhabb2, 1e8Cch is included in the
i quid container nounting nenber 501, so that the base nount 502 can
contain the | eRFSPFEIBDAL HRE BRASNTRELOSHILNE pARFaB38 the AELREF 168 t he

cylindri i j part., 5 c i

ot uat or GURrCron T PAREbHRn Al apnd Bl A PR TR R IRe 1 1o
t he pi ezodbextnatc Igerd ¢t operbitegabdnbee BDbe | odighhd fereparee b BE the
Therefore, the Jead wre 504a and 50%?, the actuator 106, the film 508, and
the pl at ERAP T ASUTRRLETHARE 194G CFTEHTES nef MREERPF Ry TROTFEATSGE Yas
one body.o Tl Gy ltiohBEi §8bcP8EEQ 503 t HheoheR ol agR: 0F1 46 Chart Besk-aatedd.n
vertical direction, is forned on the base nount which has a square shaped
pl an and Asheaedgesubt, wiheh deterdbintdedratrssictiosisorndne desrgasmgéiieon

t he concave part 513 ich is.provided on the top surface of the

cylindri %\gfr%é?*}%p%%ffmh%?ei%réﬁqtéh?%do?%r3%}?rll6al direction. The top end of
the nmodul e 500 115 thleapteden 8 rRthHdiE rtgitat Be rhdbes ofoddt edt 6p idchrekant ed
surface. Therefore, if the nodule 500 is nounted on the bottom or the side
of the cOMYATRY, £he RETRETrFaPraqteasrEmtLOq FarnBevery i RUTOeF riek titod Sof
the contaifiale by ddfe Tt tRFRNI! HoPlobbe, LR SRRl ol Nor MallhE8 R0 nkS
substantially between 30 degree and 60 degree wth considering the

det ect i npgrtfiovmaidéie Fhbuabduldeesifot haveurnd bé¢ amsattantbot thom examphéesi de

of the caontainer S hat the actuator 106 can arranged i nside the 8
0 1' 5 AP L ABFRRARIARES To SRR SR BV S0 S SR 037 CRETSMEE of
the cont aidi@hel delcheaget b&t he 1D6qh 6d s ed ahet RarsaRtiannghoknsybBvkhat
the actuator 106 faces the upside, downside, or side of the container 1

wi th sl aftdmdee Wil tamel yowep bl Sd 0 ¢ st uFr Elowhng hetler t enbedinpats.
container 1, t ct 06, | e I u at ai ner
1 such that  t he 5t ubt o106  PLEREFT 6EHRE BrbReifel B Y (EREpE ARk
cont ai neragpbanmdtustantirnd.urkitg2027 shmws ia Ki®ss-seche diagjuivd esntadnad t he

bottom of, the cantaj.ner 1 ,when the_ npdule 100 shown in Fi 22 .is.mount ed
o the CHREMLAT: P ifhe SndBuTEuT0Bt | G b e TE e 0B APFor:auds that

t he nodulthel QQ RARELLALSS nld QUgANntHEe Stuveddtd tHhe aealanneb whidhe
Oring 365 is provided on the _connection face of between the side wall of
the cont &ifctharaaf the hbdui@ ipotbesdinude: woatraimemddute 180°uAdnShe
cont ai ner, : ] i fera t.q, | cylLi.ndri.cgl _part
as expl aimr'?‘\(JeddTL %%Egvgg P£§t%%8f h;}p% ﬁggr?og%?% l%ogggg%ggg}t,g%a é& a@y&%ﬁghegri ng.
By i nsertumg Lheot oprieadenforidiagappheadd dirsirdéntiigy cOritas mecldaning in

the container .1 _contacts with the actuyator. 106 thyough the_through hole 112
of the plate 1£3° é\gtsﬁébtse§5‘ﬁaﬁrt‘qflrlgq%€ﬁ@yt P gﬁéér e3PHuEP G#BRBti on

of the acaher:1@6ckstig fHaienbodepends ereaheidemtthe 4gie’ aBBHebaNERe Of
the vibrating section of the actuator 106 is liquid or gas, the ink

consunpt ildeusidafgemcie headel 200 &y dziMgnoHeherpyirel 489 Dirthehet garéngnot
only the I mounted on the container 1 and detect the

exi stencg}lc%s}iina,]&%uttca%%' t he nodul e 400 shown in Fig. 24, nodul e 500
shown in Fig. 2%he aornthelmeducaiZ00A1andsT008E sthanretofd iing 28ppandtasnol d
structure 600 can be nounted on, the container 1 ancl?%etlect t he exi stegce of

the ink. 98 TOIgPAY t ARRE SPRUNITHEL Is & PPATof hRRe 1R 1EBRIL FRPPTRER
mount i ng ;apduber L0083 P4t SR @4 NRIncko1ThG iRN 866D 18RRI ATeNly Ugesy &
nodul e 700B as an exanple of a nmounting structure . The nodul e 700B is
mount ed dmntheronesi ner ligutd tdischarginguickuvedezai A6 0nouft i hydwidber
360 protrude. intaq the insjde of_ t A .8 s 1.~ APR_200 hr.ou L e 370
ot br med TR A 1 AG B ERE € R0T ARG et hr ddg noredao Fhsatte’ e
vi br at i ngsgatdlomndft th&2act wheol 13064 &lusthergvng, ceauhoeée B820i sofintsged on
the bottomwall of the nodule 700B, and a piezoel ectric device nounting
menber 363 is formed. The actuator 106 is arranged to close the one of the
face of the hole 382 . Therefore, ink contacts with the vibrating plate 176
t hrough the hole 382 of the piezoelectric device nounting nenber 363 and

t he through hole 370 of the nounting plate 350. The hole 382 of the

pi ezoel ectric device nmounting nenber 363 and the through hole 370 of the
nmounting plate 350 together forns an ink storing part. The piezoelectric

o ~ SN o - e e A N o



The nodul e 700B shown in Fig. 28 does not need to enbed the lead wire into
the 'nodul e as shown in Fig. 22 to Fig. 26 . Therefore, the form ng process
becones sinple. A so, the exchange of the nodule 700B beconeg mgﬁgiﬁdae SO
that the recycling of the nodul e 700H afso becones possible. "There Ts
possibility that the actuator 106 mal functions by the contact of the ink

et uat or 156 0RRe | T 09 Bheerst el SF T Efrtedg TRL CrAEA IO L2

of the cemaurgtibivhgnahBecynkegbehIa€ldeyi ursitakaaso2Howavenl abegausket he
i quid container nmounting nenber 360 of the nodule 700B protrudes into the

i nsi de ofdVUgRE itonehilmer cansyRt Hek hased A s hgoedmbpet ofal RkiFEOroroBYt€Re i nk
dr opped i f i per ~ APR
2003 Fur tHer ot IR S o LAS S e AR Y 1 CPOLM S odhrerolnie

only part4af tdomtwidirsatiheg qilesrel nby/ @ rand ridiewmninu 4 3ey e sé@ SbO0clas eiwglont act

with ink inside of the container 1 in the enbqdinent of Fiqg.. 28 (A) . The
enbeddi n§ GRS 1 RS o‘???%t?%;aymﬁ@n?éﬂé‘}dld’ﬂﬂs%&%“h Ehripan,
and 504 ghewetiimgFighi 24 10 Fi gureBeliibe el he HD U & heappes; sapecesspry for

t he enbodi ment shown in Fig. 28(A). Therefore, the formng process becones
si npl e. All94, inkéudeshanyequfidt henaenphion 408tbecoprsepbisgblirisol@h@t the

recycling,of .the_actuat 106_al so_beco ossible. Fig. _28(B), shows.the
rovs sedpish BPrEre R RheoRiuPRE, obneht oEhe | ThoSOREAREr SX08 ThE Lpead
contai nen3do fhat alLebluig edEpPehe3fiqisd ibtetrSInd ko HEALABH based

| separately with the actuator 106 in the ink cartridge of the enbodi nent

shown i nORi §he2dnis) congamptgion stREusr sled@ataf ahtfdre FtuatePt el @ct uat or
106i s not one a . _anget p N 1. C
protect the ac?§g¥érE?%GBEggggéogeggoﬁgac%P @g%%egﬁggg?gééﬁgléﬁg% ﬁﬁ?ch IS
provi de wnlihbef egplafiaed. of Théel apiihtdirs drg snarceumyeser o §hecaimtes wal |

Phe. uppof el BUTPEHLo1 0 T Ghst T Sao™ RS RRECYEBP G FHELHS Aee 170,
and the ﬁwﬁt&ﬁgSDJaﬁae S8Pputdhecyi birad i N Al £l e dotbdimp o1 sed cﬁ(l;hﬁtfhecy

mounting plate 350, and the |ower electrode 166 is fornmed on t vi brating
pl ate 176altndapiagoebnétri d4bPayer 1B® i d ifdrirkd amatertiopn f atwaiithe

| ower el , d g . 3 face
of the prazsar st iy au st RO FE bR Pl e 43 HRHCRELHR #:8h

pi ezoel etheilted @y G sesl bar tiee dyurstawvdliuehofigt héel ivph hd phirddterapifing he

pi ezoel ectric | ayer 160 _b he main portion of the upper el ectrode 164 and
the | oneFOBREEYr ddeOt66 Fﬁ‘%&&hetraﬁ%nd 58t tin a{rﬁ% EPP(‘:‘E‘F‘&F1 I?é(rt‘ir]d’r?ehWﬁ chis
a main peﬁékaeieﬁ.eaﬁfheoflﬁstng%%ae&lwﬂ d @ rd 6th s UPRRInialAad rode

164, and the | ower el ectrode 6, forns a piezoelectric elenent. The
pi ezoel egrpipdettigemoizsle oppeaing ©hethebhmachgl 0 &t end7erevieaty bihe i ng

region o .pLe ctiric.el ~~ .fhe wihrating
pl ate 17élégﬁéﬁbt§€§sﬁ? Fllé{k\clllgrgltqunr};goé%% iO(?%,n%c?r? \Rg’i @ngjﬁggéébga‘f%ér

actuary drbpaiésy Bytapplghngotiee 376 vengpraigreel, orhidie i®urdd nglawdde 350.
Furthernmore,. a hole 380 is forned on {he side wall of %he cont ai_ner .,

1
Ther ef or B h% RIGIMERS IRIFREIRD v itor BePAg PP At e THBrehPBRgH 1% d ¥ 380
of the cgntahhehidgahitier hthteughsHlRind O Ak Ao dP Wi t A8 BlRaRRY The
hol e 380 of the container |and the through hole 370 of the nounting plate
350 t ogeihkr dropnbyi thestioiisiyginsarape iy ewveand beebnyest ke &dreudticruide is
protecte he. pr ot i .t he at 06 c e protected
forn1the98§¥g|Hglgéntggéheg%ggnggégég %f% 17§ﬁéﬁom££?%'Figéﬁ¥pcéﬁ' égﬁsed
i nst ead obnshepuvunt gugnpliiayecddBuilattihg entedirsnt calewl duedithe ZthK A)
and (B) . Fig. 28(C shows an_enbodi nent that conprises a nold structure
600 whi cROTREPREESNt B2 REt bkt Drom déie PRIPRE Bﬁeégﬁtéﬂe%%ﬂr%ﬂtf,r%{n «
structurge8801380 %ﬁdtﬁé PPN A 4de M@H@&lﬂé&&%ﬁ@perﬂﬁd@' d
structure 600 has the actuator 106 'and a nold nenber 364. e actuator 106
and t he anfdutanisr tBedcaleuiaredd nknconsubptyon Theamntol ty renble 13@u1iidk
f or med bg a glagtic terial such gs silic nnéﬁgbn. %Ennlg ”9”9551364
i ncl udes“3"FETR-wPe Y5 FPETFRsTER. “TH renbet® 364" Fored so
that thecapntdl aeaiepy 36de hesqi V@ dgrndd iidefdidrton ke laailuatiolg 16t The
end of the two legs of the nold nenber 364 are fornmed in a shape of
hem sphere to liquid tightly fix the nold nenber 364 with container 1. The
mol d menber 364 is nmounted on the container 1 such that the actuator 106
protrudes into the inside of the container 1, and the vibrating section of
the actuator 106 contacts with ink inside the container 1. The upper
el ectrode 164, the piezoelectric |layer 160, and the | ower el ectrode 166 of
the actuator 106 are protected fromink by the nold nenber 364. Because the
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1. Fig. 29 shows an enbodi nent of ink cartridge and ink jet recording
appar atus which uses the actuator 106 shown in Fig. 1. A plurality of ink
cartridges 180 is nmounted on the ink jet recordi ng apparatus m@iyﬂpﬁamaa
plurality of ink introducing nenbers 183 and a hol der 184 each
corresponding to the each of ink cartridge |80, respectively. Each of the

plurality. i.nk rard 1 cont ai iffe t. Ly f_ . faor
exanpl e, :H?Etf% elrser#%(?ollag%%g%yi ﬁg.e %%Sggfugé %% él%%,hevél%ﬁc%e lenggrg%elsésast
acousti c unpedenge, i s nounted on the each of bottomof the plurality of
ink cartridge 180. The residual quantity of ink in the ink cartridge 180
can be det ect edFWsthRIMTeg Ehe dBkudhotheod ighidhecomiatRe¥ridgé B86° Fig.
30 shows ' e _h . r t i ' r ndl

appar at us ot Ekq K AE8-ba8s B8 SRS nEha' 600 RO Lighe PREIEAE 1300 1 o,
182, a hdylethd 8dleanhwadupl at 84186, BerafdoEz| ehel 2iqui88confupbttiahi ty
of nozzle 190, which jet out ink, is forned on the nozzle plate 188. The

i nk i nt r GHATMNH Yrerbkr U Bl B skt af 453 uppl GUhetes 18ReankafopsrkmpPtion

I ntr O_dUC'cﬂHaﬂ{‘i HfFunddie 1554 Tt FRURAIA A PIEL oL@ TaSyRR 'b?lsm_@l'lrtiFQytilﬁ% Rk
cartridge 180. The 1nk introducing inlet 183 introducés ink from the ink
cartri dgeldisfing Thand i€ ddret piudge 188@ hadhiah disr driveodbyi el nleanids and
an ink supply. port .187. The air.introducjing inlet 185 8 ‘1 ~ APR_2003
i nt roducecg‘p’a‘%/]rrpgr r ]‘:tﬁé13 i b¥uEBFyq‘ﬁ%1P'él :élot)f“?e}ﬁea SEReH %é’dﬁ’&'q?g?ﬁéﬁber
182. The ddik tSHieR! YTREIi A8id SRRLIMRE iickKghant eyl ¢W duit 40§ i d nkeb 183
of the ink introducing nenber 182. By introducing air fromthe ink

i nt r oduciifputeshifere 1BZA g Helmekok o lie | Rigape 183634 t kareughchher pdganisg

accel er at nal y. i r t I aptE] t e i

i nt roduci%é%%%%fg%e%%ﬁdgﬁg 1%%%:@%%%&%5&?2%& irlllglc’ag'u(|%|c‘%lt3ir}e'd ?‘réo%nt he

i nk cart rexdge 180 ft hheudghitirgitime rifr athecpngpneabey tI82 ttiond kb ileadhpl at e
186. Fig. .31 shows other enhodi pent aof the in rtridge 180 _shown in Fig.

3. The SARRITC 00 15 HOUHARE P (Hee BOTERM § S ecT040S WAPSN 1o for mod i o
be slanted in ve/dialrdi regd | PRgquel thesuftorGant rduetae: 18PAgnewnakAnghe

Fig. 31(A). A wave preventing wall 192 is provided on the position where
has the pradefldbRi padcnépghes theom rhaumnt oy facshef 1iAvidndigehangingk
cont ai ner, o] C t he .act r. 106 jnsi he | jsner
104 of STt rd et 168 BabdfeRs: Wi Rrata b b ot 2Bk
i nk cont aiorunb 3l sfbeds doveettialy whieddlon cofirecrsakthageadtul akedan be
i nproved. A gap, which is filled with ink, is_fornegﬁgitﬁ%gen t he act uat or

P, s, .
106 and {MReYWaPd SPEvEARMAE GRPFUTDEIONTAEAEHALY BB Re wave 1452
prevent | B bnléke afithd ity a€slobr108e Nl $RAGG Rl GlabibBeuaRaCe

does not hold ink by capillary force. Wien the ink container I9471s rolled,
i nk wave li0®0generated i nside the ink container 194 by the rolling, and

th [ i Ri i f ti by .d '
e bubbre SN hORech e R VB J0PIRL iBel Lo by FLgebigacaes o
preventi §gdsdng 494+t nokowavBeal dguddt 8enachpaion dléncavybeaprevanind so

that the mal function of the actuator 106 can be prevented. The actuator 106

of the i MBiCatfPPdg@nishiEe shifdning mentaal o Bitiea Fom ARECSFBOVBPE of

E)Eet ﬁgpg:iéh%xfx?@&p&i@nis%'ét%%”%f‘ii‘%% S5t a ied 3G AT Q5w LS. camdsuppupt ed
of the liquid existence judging unit 1000 is the information which
is obtained by actually measuring the level of liquid surface at
the mounting position of the actuator 106. On the other hand,
the outputs of the liquid consumption quantity calculating unit
1452 and the cleaning control unit 1442 are ink consumption
quantity which is estimated by calculated from the number of ink
drop counted by the liquid discharging counter 1450 and driving

time of the pump 1434. This calculated value may cause an error



or bottomface of the ink container 194 if the actuator 106 is nounted
nearby the ink supply port 187. The actuator 106 is 8 6 1 5 APR 2003

pr ef erably nmounted on the center of the width direction of the1i5nKP 2003
contai ner 194. Because ink is supplied3% the outside through the |%k
supply port 187, ink and actuator 106 reliably contacts until the tim ng of
t he ink end hy, prowviding t actuat or - 106 nearby_the jin I ort
187. Ther}g oa}%?etoﬁetg%tcuaatn eqs‘lﬁgetc i Péch a%lpflélettlgl& gffﬁles%xll ﬁ?n%jije-(;ﬁ%ﬁl«% i nk
near end.erd therdmt £,y epaapilel, nghé thasjemiod thebpreesbye tihesidkK tseppl y
port 187, the setting position of the actuator 106 to the connection point
on the cal™ aGe8ré¥iche i Pk &bt av heropeby¥nmd r énkamtaiigrd i By tHE m8@RM ng
of the i i i-d er . i t J cause
The. rol 1 AT ey BT BTl e b Geon SR Ak st B i T T e e Suppl y
needl e i sinfostcantpardegnt duTheme fdee coupie nd iefuitdhe conlksunprittismestatdst he
carriage. If there is even a small gap, the tip of the ink supply needle
Wil be HRAXTEESERHLENEO L8 F&EF&Fé%sg%ﬁ Jé(é( BPRPRYPI P B2 el'$65t hat
the ink wdlchec!iaked- bhRel ENhd hbatkifd o¥f dHOb] £48idt Benkikpk i8h
printer usually has a special structure that can accurately positioning the
i nk cont ausert duyr cadcuhbetivgmninyg 1462tdnd thk ceamEing coohrohetiy Lk4ge.
Therefore,. t.h ositi.oning of t ctuat or . 106 _becones reliahl.e .

arr angt nd o ERB Y B8R0 £ fiec ARAHEE 51 5 XRnPE S Er Rt dlguia

act uat or dxfistaaicde judghag rahtiabl vopesi ti onag-dneswsig | nochde agguator
106at the center of the width direction of the ink container 194. It is

because tIRNSFYIRGIRP istatits Saveshinghamithd 010k cosrestieEheoPRE2REERY an
axis, thegenter is i gntgr Id qf; 1 Legeti o kg the
nounting of the i% u%g%ggingﬁgon:§%etﬁgfdeﬁghgﬁgwhg%ggﬂg&sBFUr?HgﬂEoFger
enbodi nrertalegfultateingak uodtt ri4dge RO EagcuddtiAy stioss iamkcr osssueption of
an ink cartridge 180C,. and Fig. 32 (B) sh ross .section _which_enl arges
The. i do SHAHE oAb ABEL AR Hhe niri FeRB0E Shoe TEra.s3arkE SRFEUto(g
shows perfsRecithee 1Vigawd einstBAcE! Pidg ohgtiei i ol |By1869r@t:ttihg tRk
cartridge 180C. The sem conductor nenory device 7 and 1 ~ APR 2003 the
act uat or PEOBMatER of R adni AThet Ba RIS QN L sipsiant sl boithe pevinRNeartri dge
180C. As. i i.0.; C) seqi.c C y k 71is
f or med oﬁ§?ﬁ%ﬂﬁ%g§§kgﬁé%zgng%ggg%réﬁi%gggérgBGQggEa%gétﬁgfgétag?%éﬁ%86 IS
formed orfridmre thewequsitdernicainhbes edbeedduot ohemeabuy whycheid aottaglgane
circuit board 610. A different-type Oring 614 is nounted on the side wall
194b sycﬁsﬁﬁ%t the different-type O-ring 614 surrounds the actuator 106. A
plurality of cayl king BaEcla€s@ i1od ogged-08 tthe sidleimal kt394B t cedel e
the circuit board 610 with the ink container 194. By coupling the circuit
board 610CHItHNIhEOBAK ieont e @ iTd4ing pRgrekéonaePREHgl parit 8£66anthe
pushing t ' rsﬁﬂat A ' ' ' 6 ;

vi brati ntgl%%e$u?ﬁelo t t:te:L tpu%ac{do%]agslo Aicéa(rjll {%@ﬁ,t ;ﬂcr%&s uévé ?ﬁpﬁ@e %’g%lhéat%&%ﬂ% sane
time, theroesisteuaftt helpnktkharprimgeng deaealstedfingmpeoteisdeunt tt held pk

cartridge. ermnals 612 are forned_on_the sem conductor nenor vi.ce 7
ond ar oot Sl f R TaS ey tadahee SACRIRS POLATaFeaaOTTRhLFar  t he
signal beiweBB +880881MhE0ASHEEHF uSRIPY IR CRnf 1@¥1d yuadtksh 862t heei-fKriet

recordi ng apparatus. The sem conductor nmenory device 7 can be constituted
by the sé&kiec PFGEStETTHERS VL Qbhiidhk d@vele FaRe IR g PERCEFPROM  Because

t he sem conductQr [[r%%o i CE. qag . act 106 .ar r he
same circuit b%%rcg O,E}(lteh ¥%§€ﬁ‘tzcr;n p%%%le%g Cl?g%tq{noél H#SE% ga%glg%gg%%rre
duri ng nulwet hegdt deiebnygcaniiticatero mensryppdehe okl scleanth e ACtehat onk186 on
the ink cartyidge 180C. Mbreover, the working_process during the

manuf act GHFNGCER 1H0 ARE ESAPFRGYRS TBPE Y DhET ERTIIRE 61a ABN nkhe
cartri dg@ﬂ%@_@n@aaf@%a%lim hiFked. t Rurihes (R Gud i TRRULast HE| £8-£Q8d , of
the ink cartridge 180C can be reduced because the nunbers of the parts can
be reducdte Theantngatent 10b wdttedd 42tpreoh ki totdnpleanisgaeperahsde t he
i nk contajner 194. The. sem ¢ [ nory device 7.stor the Lnformation
of ink sUC C&’sciggingugf]quéﬁg?f58%%}fn ét g@tnécﬁlgbynﬁﬁegéag?ﬂa Brr?%‘g(.:g'la'hat
is, the se® aonbuetof dmemy Wrdeve&Aing88r reduce the absorbing quantity



1 5 APR 2003 7 stores the information related to the characteristic
paraneter such as the characteristic of ink and the ink cartridge used for
t he.- actuator 106 when detecting the ink consunption status .1ﬁpg

sem conduct or nenory device 7 previousl®p stores the resonant fr Eﬁeﬂ@@ of
when ink inside the ink container 194 is full, that is, when ink is filled
in the i G iner 194 sufficiently,-or en i inthe ink_cantai.ner 194
2 end, ik Y SRRl the koSl o drnd g e it SR ERED AR
charact erdstd q arianelleive 1Therirespradi g @quere)s Whebmbhgakakelpsidegehe
ink container 194 is full status_or end status can be stored when the ink
cont ai nerdfQUp @it dakohstHesPrReq draneEbedhnagdabh? furinptheneleppdngt i ne.

Mor eover, 4 h e t gue he .1 RSk E i c i 194
s ful | Sh GReo AL 10BN REERR I pEOBLERCLRE e TRTERROEE
i Nk cont apwratlih WBeaaude tik lreednbeseonels Lbe dat ehki dakotakbeidgesi dual

quantity qQf ink can be corrected_by storing the resonant frequency when the
ink insi d'& RESAHRIRGhCA fbe $9211 SAPAMPL PharipMaimeshd rdt e thet head

semi conducidy ABRMMHe daWAGA nG REEYbRUSLY 1 aRd, M aadi RueUERENEhEatagRS okhe
resonant frequency at the inK jet recording apparatus side, It can be

accur at eliynkiletagsed tthat thhe alesirdurd gpanatignofcamkal soddry eagedded.t he
referencg,v l.ue. F%g. %ﬁ Sh§$6 further other.enbodi nent .of the igﬁ

cartridg SRR G £11% PUBPCE LIS Po6C T SAHDUAL R &iF EREVSEGe RAF
194b of the bRlscs®IR Pevet94fithd urigk 4Gar Ehhdee ASR-sh 4 Dokl 8nk33
(A . It is preferable to use the pIuralltg of the actuators 106 which is
formed i A<3ifd Bedyeaposemy PHOFEES - 14Basedidreddipresidual apaatdgat ofs
106. The . i t [ r ; j I dh,with
i nterval lP{r]l4J %fgrﬂtl'l{éc'%ﬁ[q&ﬁ?e% |%%fn%gqérglé%é{o%qﬁ%eegﬁﬁﬁﬁﬁ %%&ﬁggtég% gqus 106
on the sileay wiakk 184blwddrradmmding npvecessaltadibecpeoiprined rmsi dhal
quantity of, ink can be detected step,by step. . The ipk cartridge 180E, shown
Mo H o 5 et e e es L Gh CRRto 166 brieie 10 Fet TpiEhe (st a s Wt Fon on
t he sidejwall 194b of 1 '~ APR 2003 the ink container 194. The change of
the residual quantity of ink inside the ink container 194 can be detected
conti nuously byighedathanet enosberwanbadiwensmf itheyseepedingi arRarakus The

| engt h of ct r i referahl.y |ogpger .th he | f..0f t.he hei ght
of the sicé’é?r&\%éﬂall ‘T‘S’Z’g 2I%g)gFi g.&é‘é(g?, li“Jt’*ry?e aé(:t uatIE)nr a’g%%s haeg%toﬁié?qeélntgt hgfrom
t he subssaffiicandncticanmeleriyofeehde t70 1 Ehrolnt éQroreftheo] i e dsesiet avhér 194b.

The ink cartridge 180F shown in Fig. 33(C) nounts_a plurality of actuators
106 on tHe sf@E iell? AP he3PRRYEEHPaI FIRRE 194 a8 ithe 2006 cBREridge 18
D shown jint o tiod 3 dring NCcbMKr SR t £l daf 1 L80GHYr t hefq £ONPT i §€85et he
wave preventing wall 192, which is long in vertical direction, along the
si de wal kconddugath opy be eeaen Helespreer dindhappaeratds st radapisu2fo4 hat

t he wave _preventi |1 di_kec h Lural it f ors
106. It F@ogfe?érgg?gﬁ%t)lﬁﬁ%{§§§%ﬁﬁnﬁﬁa %;gg%%f%e%gg ﬁa?%?sxagérgﬁégﬁéis
formed i nootikee kadhyi Esnd&hoydr mercry. déd¢itaer7 tdirbehpl idbrmyt ddbnasiomings 106
. A gap which is fjilled with ink is fornmed petween the actuatqr 106 and the
wave preFOREERG vt ¥CUdd unithy eb¥ht  afFe Sfabt bRt weem e IHACE 1pREY % ng

wal | 192aé@€n¥%\%e%0td&taclrne@%§1ha§h@ SBAEEga¥abibAdt nkke clﬁlf?rébdﬂ%ﬁ%é‘oéh@o! d

ink by capillary force. \Wen t'he ink container 194 is ro , InK wave is
gener at egdefaspaducheri nkmevnidgiviiere 1endoyhe Harfrolnstign ahdrihereongrol
possi bi |

- hat 2._ac or fu i y tegt or_an_air
bubbl e cé:%‘e:fa‘lgy bRgcariagoluRe B m%%ig%§gpr%€i dfénigﬂ?‘ﬂgg%avées @
preventi ppawakkel92tiicnkbfwarne prewedcttt kembactivatar., 106 can be prevented so
that the mal function of the actuator 106 _can be prevented. The wave

preventing wal FR€921 4A4ddpr el ¥ ¢ he hi NasubBPe §ehEREPEd BYSt 2 Fold i ng

of ink _tQeﬁl'ﬂE%Ethttot}eméﬁE%'_gt@évﬁ@é-7 Fi gne3deghouaahitt bheheRbPETaSMRQdI Mment
of the ink cartridge 180. G shown 1n Fig.” 34 (A has a

e I1nk cartridge 180
plurality b$ gaemotriyomhiahlca? b2, rewcht bénvhich aesx EBREOMdovilnarabritrom t he
top face 194c, of the i%g ﬁontaimer 194, . Because. each 2f l.ower .g 1 Q:APR
2003 end 3f CHAE Watt oI 0en  RaIAT 1219 TR PR ot YEFoPALE Odr CEREUT i
contai nen4d94 hase a iRfigidetenslLngd igapst 4 hes kit iy Lnak 1 Heoiddc oy ai ner
194 communi cates with each other. The ink cartridge 180G has a plurality of
cont ai ni ng chanbers 213 divided by the each of plurality of partition walls
212 . The bottom part of the plurality of the containing chanbers 213
communi cates with each other. In each of the plurality of the containing
chanber 213, the actuator 106 is nmounted 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. 14 for these plurality of

e A N~ —— e e AN " .= e 4 '



1 ~ APR 2003 213 is beginning to be consuned so that the ink [evel of the
second cont ai ni ng chanber 213 begin to decrease. At this tine, ink is

fil.led in the containing chanber 213 which is third or nore tfgwﬁiw by
counted fromthe ink supply port 187. B this way, ink is consu 12 m t he
cont ai ni ng chanber 213 which is nbst near to the ink supply port 187 to the

cont ai ni ng chamber .213 which is far from,the i nk, suppl ort 187 | rder.
As' shown HHovb: TEba ORI L2 07T U968 s ST ahiBh  Bn I 4316 ate PYodc

of the i ool 1y tE}MawtbBcbpteie ahdf St gaeb e I LpBwIdH Ra16Raaber
213, the actuator 106 can detect the decrease of the ink quantltﬁ.step by
1

Zt ep. Furjtf}ffé?rrﬁﬂfteiomec\a@%@} he vellatedotot fihec sttt pn chinbbe 2iguid
o ' 1 \ o
chanber - SRR e §EFHR 1 BS e R Ceh R d6ie B PRG st ertll GdREbRL "t ne

decrease afitf hgoieNk GHaNEbAYr&Y agiidl by odesr ese€The taelkingta.orl Relhtequency
of the ink quantity detection can be increased as the ink end is draw ng

near. Thenfgemsdrian dgeolddie SesvisanduEter SemeBY ey isite TpahErrrednthel |
212 whic t : rd f ; f.ac C t i it ai 194.
Because ﬂ&%ﬁ%%%fy?ﬁglg r%?ﬁ%ﬁfm%%gl 1§n%§§%‘ﬁie' bgfutfom ace e?)’f Q?Ee i nk
cont ai nerinffM-rzenierra Erredeirsy maeed reyiaceiriclud tbotindm par# 4of riehdsi nkhe
contai ner 194 communi cates wth_ each other. The ink cartridge 180H has two
Cont ai ni (G HHIRIGD ZPLALRRI SV R G4 Yo d B9 { HR® pSp 1 EPBATHAPE BEBOT¥he
bot t om pafelyi®fe MN& PR MW Chathersorddhdst angh 2 18pogommuni cates wi th each
ot her. The volune of the containing chanber 213a of the ink supply port 187
side is | arger Nexin the semigenducthy Beoneny rdeigl ek ahterl 12 bgbenhl ahnegd

| ocated i.n a.ipner part, of the ink.cartridage 180H.far fr t he ink ply
port 167 h TRELHET he. 1S S CPIIROE ASMeEY ZasBiee o ereasty EHEI L,
t han t he deadsfun@ft itdier¥dhieg Bifdieatciost ahichRg € khanbeeddahellietaetiahor
106 is nounted on the top face 194c of the containing chamber 213B.

Fur t her nofe the duifdeid PrnsymRiien gtatws using Aphe 2805UgF68veE ffor E8Bchi ng
the air bubhlgotigh £818f8qt Qniebeniatl ofarid dgge d 80 Hedurd AG-RRMEACHYN | ng
of the ink cartridge 180H, 1s fornmed on the containing chanber 213b. In
Fig. 34(Betedtedddresudidion sbamed af 4ndrooldeexireirienh Ubwar dterongt he
side wall 194bh.of the i.nk contai 194 .. Because the_buffer 214 catches
The alr GBS enforCoei 60 nel Lohi AHTE cRiber 32300 ARE” nhT ERRE: on
of the aghfalr@iati®m bybdatieed NnByanusivg enchavherrtaritdy ng osheiakte buhél e
can be prevented. Furthernore, by providing actuator 106 on the top face
194c of ERBiCOREMAT NemRYedey sl 7i-nkTRER, beh S npPREUIpt éBRsTRRAT B¢
correcti I q t] L.Che ug ed 0 ct) he

i nk end ggltfitolr}%taﬁg%goLrjr%]e%%g%o%gﬁrrgﬁ%n 0 |%1E tV\,iét hrg%%gr%ﬁgfeé Lg%ﬁlg{r:]léél nk
consunpt icomtgiodt msiigf 24006 .cont ai ni ng chanber 213a cal cul ated fromthe dot
counter. Furth rnore, by q%iusting t he volqu gf thezgontailg)ngicha er
213b by changi 8 t R Jrﬂ’ici\ngtt oF OPRE™PHESFy af S of ?(Fie Jﬁérqli-r?l on wart 2 , the
I Nk quanisieiny culficit teanmeRog9NEePee af L 8re dhec tiel Pe tddarfaddvug EoretHecan
be changed. The ink cartridge 1801 shown in Fig. 34 (C) fills a porous
menber 2TOURY ifRe 3AGhtZaMTHE T IRhtdie 2435 Pt dmeEatt riHye 28®® $Rown
in Fig. he . p : j Ll hnsLd o] i-nj

chanber %%§%§Pﬁgﬁ§tﬁg S%g%?aggngEgﬁéﬁb%§?gﬁékggeho?btﬁg%gg?§u§£§% g?
216b. Thenpoj etsrawmmbding Hppeoratast whent bhhe Hel acitdidtisorob8emedhiea bfway a

possi bility, that the tuat or 106 nmlfunctions by the entering of the air
ubb! o i A5 TS el L Ren HE- CARNBETS TR RaReTHE S Tk TL AP REF SFar T down
or when thastaptdion nglchaithelnfddhatmves Dacklangdsf addevmdh wih cehei age
. If the_porous nmenmber 216 is provided on the containing chanber 213b, the
porous neRBELAABNEAPREY ds ailhet bl HrEd Epntadtsn hd DIMORE SRR thifeSaBe uat or
106 . Furthergpr ggng r i nk, r

menber Ziéacgﬁgpf%%gﬁﬁﬂgiga%%g%%@ togn%a%?‘ﬁ%‘%ﬁ%% darglﬁéjé% gg%l igggﬁt{%e i nk
end st at getasecokdeéxgsapsbattuaswhixth tilts scaised bheatdmshimpgioh tdkate& on
the actuator 106 when the ink container shakes. The porous nenber 216 is

pr ef er abf-8Lorggtion igpreagoaut of 1N PEBA SPRIE FoRETPAY NG EhGRbEr 213
havi ng azspBtheste¥81L8Ry &bpi PEF IB!&n o PreMItdbR® sasheateksl8hsen she top
face 194c of the containing chanber 213b, ink can be consunmed to the end by
correcting the ink quantity which is neasured fromthe detection of the ink
end until the conplete consunption of ink. Furthernore, The ink quantity
whi ch can be consuned after the detection of the ink near end can be
changed by adjusting the volume of the containing chanber 213b by changi ng
the length and interval of the partition wall 212. Fig. 34 (D) shows an ink
cartridge 180J, the porous nenber 216 of which is constituted by two kinds
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94 face 194c of the containing chanber 213b, ink can be consuned to the end
by correcting the ink quantity which is neasured fromthe detection of the
ink near end until the conpl ete consunption of ink. Furthernore,. The ink
quantity which can be consumed after tRe detection of the ink h@aﬁPﬂeﬂmcan
be changed by adjusting the volunme of the containing chanber 213b by

changi ng e ePgtR X i.nt .Qf i Jds 2 oulel @ 5 ows a
Cross sectﬁ]eor‘#oo a tﬁ% (:I{'gt‘érlt%lrl?eL f&?g&l%vﬁ%?gcr{tv%ﬁsl u\ﬁ%hgre%o 1e'lrIé &nb g‘dltﬁtgent of
the ink cmidatgiiciit oy devag 734 K&y exahiisl oridus heegbasudpbion t he
ink cartridge 180K shown in Fig i s desjgned such that the area of t he

cross sed§'@tssh 1@@@%1%?&?}1&]&%5 Blre t WL GO neH 1t ROUpGESuSh

menber 2 o e I t t he
ot tom { S0s EpROPEE AR DR PR RERSCDs B nAR, Ay S0 sRBube L1
por ous nerﬂ)e:re@:tﬁlaﬂearréaseﬂugr murgpttmm heethtedt infotmat henbeil dnbeace

of the ink cont r 194, rtr|d OK_shown in Fi 35(A a rib
ohi ehCi s St Y vt o1 B8 SRTE uRY: nERenEORORr oPfaruen et behateds t e
| ower parltnﬂarntatteicapr&psm@rnbﬁjul?alfz:ctrpcatﬁwﬁel t bgn hied erdi 2gB1 ¢rupédt he

| ower part of the porous nmenber 216. Because the hole dianmeter of the |ower
part of the porfhes mﬁmn@mqmdﬂmr)bﬂﬁ\hlec%o?mh@ssflémth?—‘hkst@r@oth@ct ed

ond el d e L puehobaty, ot STERLE 218, B ayceah b ovep par

the drai lﬁﬁ@@ltqfty raialaﬁatartctﬁgwenactt uatsar bh@@dl BPr e¥iesnuabdrt BE gHrRNAkby of
change of the acoustic inmpedance during the detection of the ink existence

i ncr easeSOU&RPYtde LAgUardFschArwng raE eict habor Wl afétiedeT the non
i nk stat i: A9 at or
106 mount el on ERe  on T ee ot e T Car T fage ToOR by F o Pra etk

can be prtémm@ﬁ the txtcvemitrikxgcaptsmtdgnel @80Lhehewnuan0ﬁ §0635 Thprahdrei g. 35
(© , to.conpress_.to areg of , tge Cros ectio nthelA.
hor i 20t 4 SRaRESSFEPhaS! Eaer=hale et ChReihS SHasTRRDLP 56205 Bt 2002
95 graduald yhteostaeuglbeﬁé_r@rhrt@ atfr@xb%_teomlt;aqa 0bvihephskiagnt i vegh 194,
the area of the cross section on the horizontal plane of the containing
chanber §hedteunryinepPosisdonof the %rrtc%t%n fren fee BAAUGA FRREVEBPLIAR | nk

cont ai ner, 4. us
ronber 206 O Cen By TR Pomheesaon G B ek ATy e
| ower pammiaf 186e.' 7Poteussnendsxd Zfibﬁl.ueBecsaaserleldelhou\he peamicafdudieopor ous
menber 216B which i.s far fromthe actuator 106 absorbs ink, the drainage of
i nk ar oul§™PHe S&Vd&Sr’ -106 i nproves, and the quantity of change of the

acoustic i ”Ded&t@>(i%o€1'kérrl NEhé %r%ﬁr@%tﬂd?ﬂr@latéa 1 o 18X 151 SN G & Cll HISeRASRS -
Therefore, the error, of which the actuator 106 det ects the non ink status

as the i ﬁ@teﬁtgpnspmsawn%latlatﬁﬂwtdfomnkﬂfwh HeS @ LRg feadstedunt ed
on the t f e Kk i Ry, T ng of <i.n c

pr event e%{%’gﬁﬁ-ﬁ‘ié% 1{tth])WtsllI%t ?etg{ﬁa %g: ment th%é%bﬁgcartl!rnl he %%ﬁe?

act uat or em@&dlﬂmu nkheadetecdtgmﬁmmrmstnﬁ gnf&ﬁ*n(aA)ldmabeaotertshe
partition wall 222 provided that it extends down omthe_to face
b Lhe | ARTBMTBELGHD DS0 R HE LSk SherbeFACEOR BT of R EBR ShR F ELFhee

the | onwegnend-cishhier {bk Shrardddtd wal |t Fe22gandcthenbdnoradese: of i d he
ink cartridge 220A, ink can flows into the ink supply port 230 through the
bot t om f A8&OEMatAeT-nk Thar getagt ippoAhaxacs e toar tllrtfip i qn Jdpf pxe

fornmed sy on m
bottom fage @sh&rm?t &gar gr ip%{ge ggg%cgﬁbkhgghmre |é]€fss%%%?§ggfgr&t% 2%}8gsi de
of the fiststrtpanti bEonthal 111222 coBfmmpstadxherelmas: aipr edeher mMetest sjpace

bet ween the upper .end of the second ion wall 224 dth face of
the ink CRPEPC g&é”lfﬁéﬁ idtk c’a}ﬁeflb ﬁ) t &R - supplafs“epor‘t&a "2658 A ough

the top Eageaete&hetlleklmfrﬁwg@n %%Q/ér thd bb&%uﬁ@'ﬂh@nﬂé‘@h‘é@é‘@@ft?@@a s
formed on the inner part of the first partition wall 222, seen fromthe ink
suppl y p@hﬁragt’gerb)%ttlh!eeﬁtt@atpérw theodehapltegzvzhemthménéﬁ harconrsiamed

o 25 AR S AP eB5aCRTRRRER omere S KR PO 530 by

the second partition wall 224. The volunme of the first containing chanber
225a is larger than the volunme of the second containing chanber 225b. A
capillary passage 227 is fornmed by providing a space, which can generate
the capillary phenonenon, between the first partition wall 222 and the
second partition wall 224 . Therefore, the ink in the first containing
chanber 225a is collected to the capillary passage 227 by the capillary
force of the capillary passage 227. Therefore, the capillary passage 227
can prevent that the a|r or a|r bubble enters |nto the second contalnlng
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prevent ink to flow backward fromthe second containing chanber 225b to the
first ctontaining chanber 225a. A check valve 228 is provided on the top
face of the ink cartridge 220A. The | eaking of ink outside of16hgpk
cartridge 220A caused by the rolling oP8the ink cartridge 220A can be
prevented by the check val ve 228. Furthernore, the evaporation of ink from
the ink cartri 220 n revent.ed (b royi di a 28 on
the top f%%gﬁgﬁgﬁﬁéﬁfﬁi%ﬁg?f§¥%b§e%% Agfl¥h§nExkngp%£5?§k8§§§6?¥d%é$§§0A is
consuned,t i grgatdwel [ SSHE anduitsd ey thes i ko asf rtgea220dc exceeds t he
pressure of the check valve 228, the check valve 228 opens and i ntroduces
air into the i MeechprfprugeioncitoriihCPRETOhetKr Mty ainisgl ¢4 Feadsout

Nt ain ' Y . . .
36(0) and o5 shogacn HAREARCLRELLIE SRR O e e Sy 935
check valmemaiZBdsthdwee T nahidgt h&Q ilR)idhasnaumpt venzZ32a e dletieatlimdesnit ange

232a forned b¥ rubber. An .airhole 233, which connunLcaéﬁf air between

i nsi de ard ‘GufsFaEt Bt HaK eartF i Biyel 226 L AIHPEY P DA A otk 06
cartri dgg.z2 SHChhENaLcdbe; 8 rdind & 433 fACS it it dilange 438t fh6nm
airhole 233 is opened and closed by the flange 232a. The check val ve 228
opens t héhel sryel Q3Rduchwar dembeyi deviaet r1 dgel L20hehalettdns immyasigeal
pressure in_the ink rtrid 220 exceeds the pressure.of the check valve
D06 by ¢ fetaeapencie ROl FRE s L SRR bR PERSE LS a e g ofribe et o,
outsi de the iddnahpticgeid2@Pthindd,odieedannts: t Bénshleead! iHiige 2RY. The
check val ve 228 shown in Fig. 36 (D) has a valve 232 formed by rubber and a
spring 2gonsumptiemefdiiqidi el pregsegectdnanhkhegetis dgaasoaneyiieeds

t he pressuyr ; ck I 2 -ﬁéﬁ, he
spring 2%& J?%Q%%‘%gg&g%g tﬁ\eéaloé/uates’stlz'dgtacitgr}??%tallc)éﬁte]he mE;l?g’?lte?}lj %ﬁgh%%gg%% t hen
cl oses t efntmhtsaint ddee i nejadvey € hpressur Bng peoisde ildreof ke actuadge 220.t o be

stable. The ink cartrjd 220B_sho in Fig. 36 has a porqus nemher 242
T the f PRSEDGORERFH Hgharberna et ehsteleivial Lo serbonasd oS phemi di ng
the checleval¥eod2@nai-adie dide 1A AR tAZA A% SNAMR | dbiid EpBfon The
porous nmenber 242 holds the ink inside the ink cartridge 220B and al so

pr event s OPRRiNgdhelt eaie Pogesicddesrdt Bbat e somsuagpt ixpoBidliangdt he
rolling [ o [ enhodi ':ﬁﬂﬁt' e 06 is
mount ed g%oéggsﬁgﬁéégéé%g%g%d%;gﬁg%;?ﬁgbe, ?%qﬁﬁ%b t %ﬁghkagggﬁéﬁgaé’is a
separ at e iboshyn biet ndwe tdart thgel el Bfuirle duaif aicleei g &verlicag € hehasurineany
expl ai ned ahove . However, the actuator 106 can be nmounted on the ink tank

whi ch i sPREGAEER 8F he ARty s d@6rdi ng apparatus together with a

carriage and fgpaRde Eﬁgei@@én%%%s L EL830 A8 PB8 ?Qﬁychsl:fﬁé_&efi@ifc the

actuator 106 can be nounted on e ink tank of the of f -carriage type .

The of finfarmpagentimpehemenigrndurtpsepapayddide hinid labe gxpilagaeshd

suppl i esipk r.riag : Mor e : u r_ of

t he presghg éfqéﬁﬁﬁéﬁf %%%P%gyggh%€£§ gﬁf%%ggfﬁggbgg¥r§%%% @éggéog)ti%uted
so that wareousdkhgdbheafl funttan suth aentashepeavé floe NMednasd arentrodyeand
possi bl e_to be exchanged. ﬁ%&houq? t he _present inventign has beeﬂ descri bed
by way oﬁjeiéﬂﬁ?%} 1&7bban fehtact %tqgh&Gﬁq B@duﬁd%9§?b HC?Eé?nﬁﬁ y-thanges
and subsfitihdL0S JTBY-REnGRAE R LibRSEuEKidd atprdvidier bEvwhéBoyh , daparting
fromthe spirit and the sCope of the present invention which is defined
only by ghtegppendecharacheriFhéc| inay dadeesuapansa. st aifis deeectigifidret hod
and |iquj Lner of .the pr nt_inventi an t Lhe residual
quantitythgﬁﬁégkaga§§ﬁ¥éE%I@egﬁgt%T%ouggkngg1§eéﬁﬂ%%§§c%%% iéggb sé%ling
st ruct ur det uttibardieieact dei st Hoiich feansitnptd, ont Stsahus eesecid daaletitdd of

the present invention_does not to be influenced by the unstabl e nmeasuring
signal gbREr ANAPGR Phe WS SERBECHPNI FOATGRNGTRY -  HEFPYAFd The
consunpt ?9@5%5@%&%05&'&\&1%@%@61%8 they Lisali ghe nsidmt 1 O SHaAtdts detactd on
nmet hod of the present invention can reduce the tinme for detecting the

i quid consanpatonnstiat ite sefdcondusPRI20EBOMMAZEVIISECIAI NEe II8:esentA

met hod of detecting a _consunptign_st at f liquid, which,is | 7..qui d
detectinﬁmggéﬁgangofﬁ¥l?%ﬁﬁ cgﬁ? iHég%hggfhf%?Qﬁﬁe%%iE%Qﬁg%gﬁgék%ﬁmd at
a predet gharaedep98LL O bEhLt Ton SAICE deliesti, avvétwiget HOZREG 0had the
v~"brating plate having a first face and a second face | ocated on back szde
of the :first face, a piezoelectric elenent fornmed on the first face of the
vibrating plate, in that outer portion of the vabratir~g plate is fixed and
i nner portion fornms a vibrating f~.eld such that the v~.brat~.ng x~.eld is
xn contact with the liquid, said nmethod conprising foll ow ng steps:
measuring a residual vibration o~ said detection device; and



detecting the consunption status of the 7.1 quid contained an the |liquid
container on the basis of a result of the nmeasurenent of the residual
vibration. 2. the detection nethod according to claim1, furthes ri sing
a step of activating said detection device to cause a vibratign.Aégnﬁﬂ%
detection nethod according to claim1l) wherein said residual vibration

TeAsUr eMeN{ ol PROAPIPHEI M of itk PRo0k: FRASHE bAG AptEoaHERtHIAl rbbE hEakdual

vi brati on. tection net according to claim1, erel n sal

resi dual apgarattiwm ceaswodnmenhist g0 bnpansesaaidyepisd @sudehgcaion
resonance frequency ,of the_|iquid suryoundi t he detection device. 5. The
det ect i orf Ak %c%tolrcdijrfbf.?’ﬁ“ 2 %‘F’erﬂf%u:’s i CCREASUFENENL step rs
operated after mRdet egmerf%@aﬁdwe pechad hascebapsgd feRarhbecacktyation
st Ep. 10 0 '1 ~ APR 2003 6. The detecti on nethod according to claim 2,

wher ei n sigifpnusdsiore fomt eschpof $hepéiqued adneainaesyl Brg neasusked ard

det ecti orét%%veié:e isevg;jal tines, 5 .. Ihe det el(;t o) me(t:ho accordi ng E claim
1, whereim<Said mdas gmeﬁ?m%f:SB ES%H sBsMa €t e(ge%?’ Feasuri ngvfaflma Egri od

i n bet weesper iFiedaiiRyiNided el draiiildly cehtpeakss0fl bhe esameqduakcyi bEathen. 8

. The detection nethod according to claim1, wherein said neasurenent step
conpr i seslexeitdprorhasasteiringtacnijekorna ik a0t be il ey eniabagapsst Pén

wi thin at@{eegﬁé%ﬁhgsg c§f H;gnﬁ%yceilring. For example, there is case that
the detection characteristic information is different according
to the shape and thickness of the liquid container 1. Because
each of the liquid containers 1 includes the semiconductor memory
device 7 in the present embodiment, the detection characteristic
information characteristic for each of the liquid container 1 can
be stored in the semiconductor memory device 7. Therefore, the
influence of the unevenness of manufacturing on the detection can
be reduced, and the accuracy of detection can be improved. In
this way, the present embodiment is advantageous for the
difference of the detection characteristic for each of the liquid
container 1.

Fig. 10 shows a flow chart of the operation process of the
recording apparatus control unit 2006. First, it is judged
whether the ink cartridge is mounted on the recording apparatus
(810). It is detected that the ink cartridge, which is new or
used halfway, is mounted. This process is performed by using the
element such as the switch, not shown in the figure, comprised
in the ink jet recording apparatus. If the ink cartridge is
mounted on the recording apparatus, the consumption related
information including the detection characteristic information
is read out from the semiconductor memory device 7 (S12). The
indicating process unit 1404, the printing operation control unit
1406, the ink supplementing process unit 1408, the cartridge

exchanging process unit 1410, the printing data storing process



9. The detection nmethod according to claim1, wherein said nmeasurenent step
conprises a step of neasuring a counterel ectronotive voltage generated by
the detection device in accordance with the residual vibrati %@ rﬁﬁ$. 10.
The detection method according to clai ®93, further conprisingpg Sé
measuring previously a first frequency value of the residual vibration of

the detection Vice the liquid contaisner .i.s.fuyll iquid, _said
f requency"lr?l(s)t rlcej‘glair'de‘-"d'l\%(;{gﬂ}:&a rcglfeearnceﬁﬁj@e X g(fl?elnélfl\yallég;z r?cegagllh]re’l ﬁ&cé)r?el@gnd
frequencyapisd e @ tdunt@si dualityi roatd omsef the debeeunpt idevi gelwked

liquid in the liquid container is consuned;, conparing sald reference
f r equency: W F&al o ¥Bd6Hd § regdemty frand e agnhgonAEcEorTIeRRT AT 8 uUs of

the liquigd c i hn the LLgui i i it r |t of
sai d conpari AgTaraate1ty e, Th g I RaAGIH CNSE el ImEBRE L Dy
tv cl ai m& rekddeial Sagdidesi dhel 1 idbi dtdcort direqu éntyomedssi rementpstiep
conprisezﬁghste ,of measuyr~.ng a pIuraIitévff resonance frequency npdes of
the resi atRP AR PTG PECHE LIt FEAM FAR BN GONAYRHECH LT HHSNRERod
accor di ng t @1 &iigpthy WASKehNs3RLYs BRI GHBAL 1 h1GPBHA1SC BBk ERS o@f
measuring a first and"a second resonance frequency nodes, and recogni zi ng
sai d two ressighsnc el fqweiiie nmyd nedess asha sovehentpaef ethe h8ad~1B0qui d
cont ai ner conprj.sing:. _a housin ontaining therein |iquid; | iquid supply
opent ng 1 or ned 11 sdtbasrrg ol iah e el e S tine i ddd HekRetE
housi ng ane 1egued EdndumpbishidthiilaAlieiRgVEng st thidtdr 1aeepasdd aserend
face | ocated on back side o~ the first face, a piezoelectric elenent forned

on the fidefeqtdan ofchyactoristhg piafermphippat redcer PHrti Browf £he

vt ARSIl WAORL PP | ofRer MDAl SOLi e chaL !

vi br at i ol igfuitthérvicheal iqgifli ebdtainer 1 is judged base on the detected
liquid consumption status (S16). If theno-ink status isdetected,
the no-ink corresponding means (S18) is performed. As an example
of the no-ink corresponding means (S18), the steps such as a step
of storing the printing data by the printing data storing process
unit 1412 (S24), a step of stopping the printing operation by the
printing operation control unit 1406 (S26), and a step of
indicating a no-ink status by the indicating process unit 1404
(828) are included. In this case, ink is supplemented to the ink
jet recording apparatus, which is performed by user to exchange
the ink cartridge according to the direction of the no-ink
indicating step (S28).

Moreover, an ink cartridge can be exchanged automatically
by the cartridge exchanging process unit 1410 (S20), and ink can
be supplemented automatically by the ink supplementing process
unit 1408 (S22) ag a no-ink corresponding means step (S18). 1In
this case, ink is automatically supplemented to the ink jet
recording apparatus, and because user does not have to exchange
the ink cartridge, the process is feed back to the ligquid
consumption information read out process without through the

cartridge exchanging judging step (S32). 1In case of the ink



14. The liquid container according to claim 13, wherein said detection

device is activated to generate a vibration. 15. The |liquid container

according to claim 13, wherein said detection signal represe?$a¥ﬂ?5@ﬁquency
[

val ue of

contai ner according to cla~. m 13, wherein said detection signal

r cy_of, the JJjquid,sur | h cl~.on LG 17.
PRI St Do S8 wrEstiaiden e Eb herBoaf it ey, .
vi brates ¢t ilrfasts eagpplesimaiced tegueseyrande. appi@dtus $sABBoZ2ea3i48.
The liquid container according to claim 13, whereln said_detection signal

a resona
The 7. xq

the residual vibration of the®detection device. 16. id

r epr esenttd® SEFURBIBIEQY Fendtre dedlicgyd géferatbe ByPparaeast eét ibk-
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det ecti on device; and

device 7 (S830). Then, because the information that there is
no-ink in the ink cartridge is conveyed to user by the no-ink
indicating step (S28), if user exchanges the ink cartridge (S32,
Y) according to the direction of the no-ink indicating step (S28),
the process feeds back to the liquid consumption status detecting
step (S14). On the other hand, if user does not exchange the ink
cartridge, the indication, which indicates user to exchange the
ink cartridge, is indicated by the display or speaker, and then
the operation process of the recording apparatus control unit 2006
is end.

Fig. 11 shows a circuit configuration of the measuring
circuit unit 800. The measuring circuit unit 800 has a activating
voltage generating unit 850, a reference voltage generating unit
816, ahighpass filter 824, aamplifyingunit 860, and a comparator
836. The activating voltage generating unit 850 includes two
bipolar transistors of a NPN type transistor 810 and a PNP type
transistor 812. A base B of the NPN type transistor 810 and a
base B of the PNP type transistor 812 are connected with each other
in parallel complementary. An emitter E of the NPN type
transistor 810 and an emitter E of the PNP type transistor 812
are also connectedwith each other inparallel complementary. The
NPN type transistor 810 and the PNP type transistor 812 are the
transistors that activate the actuator 106. One of the terminal
of the actuator 106 is connected to the emitter E of which the
NPN type transistor 810 and the PNP type transistor 812 is

connected each other, and the another terminal of the actuator
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a detection circuit segnent receiving a signal from said neasurenent
circuit segnent and outputting a signal indicative of the consunption
status of the liquid contained in the liquid container on th 6) 'Rs [fﬂ§ t he
output signal of said nmeasurenent circfft segnent. 21. The dglt e??i 0?1
control circuit according to claim 20, wherein said neasurenent circuit
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circuit according to claim 20,
to the actuator 106. Therefore, the actuator 106 is charged
rapidly and oscillates. Furthermore, the actuator 106 generates
a counter electromotive force by the residual vibration of the
actuator 106 itself that is remained after the oscillation of the
actuator 106. The counter electromotive force generated by the
residual vibration of the actuator 106 is output to the amplifying
unit 860 through the high pass filter 824.

The connections between the base B and the emitter E of the

NPN type transistor 810 and the PNP type transistor 812 are PN
junction. Therefore, the current substantially does not flow at
emitter E when the potential difference between the base B and
the emitter E is 0.6 V or lower than 0.6V, and the current that
is greatly amplified flows at emitter E when the potential
difference exceeds 0.6 V. Because each of the NPN type transistor
810 and the PNP type transistor 812 has a 0.6 V of dead band or
bias voltage, the NPN type transistor 810 and the PNP type
transistor 812 has a bias voltage of about sumof 1.2 V. If the
electric potential of the terminal including counter
electromotive force of the actuator 106 is within the range of
the dead band, the transistors do not operate. Therefore, the
operation of transistors does not suppress the residual vibration
of the actuator 106. If the transistors do not have dead band,

the voltage of the actuator 106 is controlled by the transistors



wherein said neasurenent circuit segnent conprises an anplifier, said
anplifier conprises a P-channel field effect transistor and a N channel
field effect transistor which conplenentarily connecting with '
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field effect transistor, and€?3 source of said P—chaﬂ?g*\gR 2003

transi stor and a source of said N-channel transistor connect with each
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the NPN type transistor 810, and source of the N-type field effect
transistor is arranged at the position of the emitter E of the
NPN type transistor 810. Furthermore, a P-type field effect
transistor is arranged at the position where the PNP type
transistor 812 is arranged. The gate of the P-type field effect
transistor is arranged at the position of the base B of the PNP
type transistor 812, and source of the P-type field effect
transistor is arranged at the position of the emitter E of the
PNP type transistor 812. Furthermore, the gates of the P-type
field effect transistor and the N-type field effect transistor
are connected each other, and the sources of the P-type field
effect transistor and the N-type field effect transistor are
connected each other. One of the terminal of the actuator 106
is preferable to connected to the sources of the P-type field
effect transistor and N-type field effect transistor which are
connected each other, and another terminal of the actuator 106
is preferable to connected to the power source Vcc or ground GND.

The high pass filter 824 has a capacitor 826 and a resistor
818. The output of the activating voltage generating unit 850
is output to the amplifying unit 860 through the high pass filter
824. The high pass filter 824 removes the 1low frequency
components in the output of the actuator 106 and outputs the high
frequency components in the output of the actuator 106 to the

amplifying unit 860. Furthermore, the high pass filter 824 has
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nunber of vibrations of the residual vibration has occurred. 31. The
detection control circuit according to claim 20, wherein said detection
circuit segment outputs a signal representing whether the |iquid container
connects with sai d measurenent circuit.6432. The detection contfdlARR ﬂ&@it
according to claim 20, wherein said neasurenent circuit segnment further
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The amplifying unit 860 has an operational amplifier 834
and a resistor 830 and 832. The operational amplifier 834 and
the resistor 818 and 832 are constructed to be a non-inverting
amplifier which amplifies an input signal and outputs the input
signal without inverting. The amplifying unit 860 inputs the
counter electromotive force signal output from the activating
voltage generating unit 850 to the plus terminal of the
operational amplifier 834 through the high pass filter 824. The
minus terminal of the operational amplifier 834 of the amplifying
unit 860 is connected to the output of the operational amplifier
834 through the negative feed back resistor 830 and further
connected to the reference electric potential through the
resistor 832. The operational amplifier 834 amplifies the faint
counter electromotive force signal, which is output from the
actuator 106, based on the reference electric potential as center.
The waveformof this amplified counter electromotive force signal
is shown as analog waveform shown in Fig. 5.

The comparator 836 inputs the voltage of the counter
electromotive force signal output from the amplifying unit 860
and the reference electric potential output from the reference

voltage generating unit 816 and generates the counter



by using a detection device having a piezoelectric elenent attached on a
desired position of the ink cartridge, the program conprising steps of:
measuring a residual vibration of the detection device; and detecting the
consunption status of the ink containe®3n the ink cartridge 10h APRe20031Si S
of a result of the nmeasurenent of the residual vibration. 36. The recording

medi um accprding to.claim35, further caonprisi .St f tivati th
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step of neasuring a frequency of the residual vibration. 38. The recording
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predeteHEfE%L%ingotential. Because the output of the operational
amplifier 834 vibrates around the reference electric potential
as center, and the voltage at the minus terminal of the comparator
836 is equivalent to the reference electric potential, the
comparator 836 compares the voltage of the counter electromotive
force signal with the reference electric potential as reference
and outputs the counter electromotive force signal having a
digital waveform. The comparator 836 outputs the generated
counter electromotive force signal having a digital waveform to
the terminal 844.

Fig. 12 shows a circuit configuration of the detecting
circuit unit 1100. The detecting circuit unit 1100 has a digital
circuit unit 900 and a liquid existence judging unit 1000. The
digital circuit unit 900 includes a flip flop 910 and 918, a counter
912 and 920, and an NAND gate 914 and 916. It is assumed that
the counter 920 maintains maximum value even if the clock pulse
is input to the counter 920 after the counter 912 counts the maximum
value (1111,1111).

When the trigger signal is input to the clock input pin CLK
of the flip flop 910 from the terminal 842, the flip flop 910
outputs a signal which controls the counter 912 to start the
measuring the pulse number of the counter electromotive force
signal output from the measuring circuit unit 800 to the counter
912. Furthermore, if the counter 912 counts eight numbers of the
pulse of the counter electromotive force signal, the counter 912
clears the flip flop 910 through the NAND gate 916. Therefore,
the flip flop 910 starts providing the High signal to the count

enable terminal ENP of the counter 912 when the trigger signal



period has el apsed fromthe activation step. 40. The recording nmedi um
according to claim36, wherein said neasurenent step is operated after the

vi brations of the detection device several tinmes. 41. The rgqordin
according to claima36, wherein said ne&8urement step conpri desARBR

ne

di um
of

measuring tinme period in between a predetermned plurality of peaks of the

r esi dual

Vibration. 42. .The cordi dium according tq ¢
sai d measur érr’rlBHk s et:)}"ecg-riﬁP i éggpagdjsq]gﬁl o#?‘r@gs%lf?\ﬁlgéln%%btg}e Ildlﬁ 9§e§g§no
resi dual wHei @heo8ight bl 8epretiairy Foned elri BRepebadt i43 foReer e£onding
nediun1aqcording to clalm35, wherein said neasurenent step conprises

step of mEaSAER
device i P
nediun1ag%%§§|ng to cla

gdabx it G_Ie@n §Asti vENQ oFQdyee et Soadus thRec etk
fhdanas. W

urthef conprrsing s measurin

previ ousiTheacbuhskrf pequebayt ¥ atdentoind thea gsildahunidarabifophef cblirter
detecti on _device when the ink cartridge contains full of ink, said
fr equencplieStregatdes £978e sfierédc¥heretienty199rtesiaBadutEngRRUEEBNd

frequency nar yes G Jd181 el ualasvi bt 1 98 te bHEsEGh R PUHERVESENVIRS
in the ink cartridge 1s consuned, Z o=~ 9 ~ APR 2003

eight numbers of pulses because the signal input to the count
enable terminal ENP becomes Low. The counter 912 outputs the
signal, which is High from the fourth pulse to the eighth pulse,
form the output pin QC to the input pin D of the flip flop 918.

The flip flop 918 inputs the signal, which is High from the
fourth pulse to the eighth pulse output from the counter 912, from
the input pin D, and inputs a clock having a frequency of 16 MHz,
which is input from the terminal 846, from a clock input pin CLK.
Then, the flip flop 918 synchronizes the signal input from the
input pin D with the clock input from the clock input pin CLK and
outputs the synchronized signal. The counter 920 inputs the same
clock pulse with the clock pulse input to the flip flop 918 having
frequency of 16 MHz from the clock input pin CLK. Therefore, the
counter 920 operates with synchronizing with the flip flop 918
so that the counter 920 can counts the pulse number of 16 MHz clock
pulse while the output of the output pin /Q of the flip flop 910
is High from the fourth pulse to the eighth pulse. By counting
the pulse number of the 16 MHz clock pulse, the time during the
four numbers of pulses arise from the fourth pulse to the eighth
pulse can be measured. The flip flop 920 outputs the counted value
to the liquid existence judging unit 1000. The counter 920 is
cleared before the output pin Q of the flip flop 918 becomes High,
in other words, before the operating of the counter 920 because
the output of the output pin /Q of the flip flop 918 and the ocutput
of the output pin QB of the counter 912 are NAND operated at the
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conparing said reference frequency with said second frequency; and judgi ng
the consunption status of the ink contained in the ink cartridge in
accordance with a result of said conparing step . ;
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@ 0% & ( rhelws$tOtda& {)ud and larger than the minimum value, the AND gate
1018 outputs High signal. In this case, because the frequency
of the waveform of the counter electromotive force is less than
the maximum value, liquid in the liquid container 1 existed at
the mounting position of the actuator 106. Furthermore, because
the frequency of the waveform of the counter electromotive force
is higher than the minimum value, it is known that liquid in the
liquid container 1 is in normal status in which the liquid
container 1 is reliably mounted on the recording apparatus and
liquid exists at the level of the mounting position of the actuator
106. That is, if the terminal 1020 is High, liquid in the liquid
container 1 is in normal status in which the liquid container 1
is reliably mounted on the recording apparatus, and liquid exists
at the level of the mounting position of the actuator 106.

If the comparing unit 1014 outputs Low signal and the
outputs High signal, that is, the count value is the maximum value
or over and more than the minimum value, the AND gate 1018 outputs
Low signal. Moreover, High signal is input to the terminal 1022.

Inthis case, because the terminal 1020 is Low, liquid in the liquid
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on the recording apparatus or not reliably mounted on the

recording apparatus.

Fig. 14 shows the manufacturing method of the actuator 106.
A plurality of the actuators 106, four numbers in the case of the
Fig. 14, are formed as one body. The actuator 106 shown in Fig.
15 is manufactured by cutting the plurality of actuator 106, which
is formed in one body as shown in Fig. 14, at each of the actuator
106. If the each of the piezoelectric elements of the each of
the plurality of the actuator 106, which is formed in one body
as shown in Fig. 14, are circular shape, the actuator 106 shown
in Fig. 1 can be manufactured by cutting the actuator 106, which
is formed as one body, at each of actuator 106. By forming a
plurality of the actuator 106 in one body, a plurality of actuator
106 can be manufactured effectively at the same time, and also
the handling during the transportation becomes easy.

The actuator 106 has a thin plate or a vibrating plate 176,
a base plate 178, an elastic wave generating device or
piezoelectric element 174, a terminal forming member or an upper
electrode terminal 168, and a terminal forming member or a lower
electrode terminal 170. The piezoelectric element 174 includes
a piezoelectric vibrating plate or a piezoelectric layer 160, an
upper electrode 164, and a lower electrode 166. The vibrating
plate 176 is formed on the top surface of the base plate 178, and
the lower electrode 166 is formed on the top surface of the
vibrating plate 176. The piezoelectric layer 160 is formed on
the top surface of the lower electrode 166, and the upper electrode
164 is formed on the top surface of the piezoelectric layer 160.
Therefore, the main portion of the piezoelectric layer 160 is
formed by sandwiching the main portion of the piezoelectric layer

160 by the main portion of the upper electrode 164 and the main
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10: A plurality of the piezoelectric element 174, four numbers

in the case of Fig. 14, is formed on the vibrating plate 176. The
lower electrode 166 is formed on the top surface of the vibrating
plate 176. The piezoelectric layer 160 is formed on the top
surface of the lower electrode 166, and the upper electrode 164
is formed on the top surface of the piezoelectric layer 160. The
upper electrode terminal 168 and the lower electrode terminal 170
are formed on the end portion of the upper electrode 164 and the
lower electrode 166. The four numbers of the actuator 106 are
used separately by cutting each of the actuator 106 separately.

Fig. 15 shows a cross-section of a part of the actuator 106
shown in Fig. 15. The through hole 178a is formed on the face
of the base plate 178 which faces with the piezoelectric element
174. The through hole 178a is sealed by the vibrating plate 176.
The vibrating plate 176 is formed by the material which has
electric insulating characteristic such as alumina and zirconium
oxide and also possible to be deformed elastically. The
piezoelectric element 174 is formed on the vibrating plate 176
to face with the through hole 178a. The lower electrode 166 is
formed on the surface of the vibrating plate 176 so as to be
extended to the one direction, left direction in Fig. 16, from
the region of the through hole 178a. The upper electrode 164
is formed on the surface of the piezoelectric layer 160 so as to
be extended to the opposite direction of the lower electrode 166,
which is right direction in Fig. 16, from the region of the through
hole 178a. Each of the upper electrode terminal 168 and the lower
electrode terminal 170 is formed on the surface of the each of
supplementary electrode 172 and the lower electrode 166,
respectively. The lower electrode terminal 170 with the lower
electrode 166 electrically, and the upper electrode terminal 168

contacts with the upper electrode 164 electrically through the
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Lt 10%& s(lze-et 940 by perforating the green sheet 940 by a press or laser
processing. The green sheet 940 becomes the base plate 178 after
the burning process. The green sheet 940 is formed by the material
such as ceramic material. Then, a green sheet 941 is laminated
on the surface of the green sheet 940. The green sheet 941 becomes
the vibrating plate 176 after the burning process. The green
sheet 941 is formed by the material such as zirconiumoxide. Then,
a conductive layer 942, the piezoelectric layer 160, and a
conductive layer 944 is formed on the surface of the green sheet
941 sequentially by the method such as printing. The conductive
layer 942 becomes the lower electrode 166, and the conductive
layer 944 becomes the upper electrode 164 after the burning
process. Next, the green sheet 940, the green sheet 941, the
conductive layer 942, the piezoelectric layer 160, and the
conductive layer 944 are dried and burned. The spacer member 947
and 948 are provided on the green sheet 941 to raising the height
of the upper electrode terminal 168 and the lower electrode
terminal 170 to be higher than the piezoelectric element. The
spacer member 947 and 948 is formed by printing the 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
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,
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electrode terminal 168 and the lower electrode terminal 170 can
be easily formed and firmly fixed. Finally, the upper electrode
terminal 168 and the lower electrode terminal 170 are formed on
the end region of the conductive layer 942 and the conductive layer
944. During the forming of the upper electrode terminal 168 and
the lower electrode terminal 170, the upper electrode terminal
168 and the lower electrode terminal 170 are formed to be connected
with the piezoelectric layer 160 electrically.

Fig. 18 shows further other embodiment of the ink cartridge
of the present invention. Fig. 18(A) is a cross sectional view
of the bottom part of the ink cartridge of the present embodiment.
The ink cartridge of the present embodiment has a through hole
1c on the bottom face la of the container 1, which containsg ink.
The bottom part of the through hole 1lc is closed by the actuator
650 and forms an ink storing part.

Fig. 18 (B) shows a detailed cross section of the actuator
650 and the through hole 1c shown in Fig. 18 (A). Fig. 18(C) shows
a plan view of the actuator 650 and the through hole 1c shown in
Fig. 18(B). The actuator 650 has a vibrating plate 72 and a
piezoelectric element 73 which is fixed to the vibrating plate
72. The actuator 650 is fixed to the bottom face of the container
1 such that the piezoelectric element 73 can face to the through
hole 1c through the vibrating plate 72 and the base plate 72. The
vibrating plate 72 can be elastically deformed and is ink
resistant.

Amplitude and frequency of the counter electromotive forxce
generated by the residual vibration of the piezoelectric element

73 and the vibrating plate 72 changes with the ink quantity in
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, 10%&' ()of i@k is secured in the through hole 1c. Therefore, the status
of the end of ink end can be reliably detected by previously
measuring the characteristic of the vibration of the actuator 650,
which is determined by the ink quantity secured in the through
hole 1c.

Fig. 19 shows other embodiment of the through hole lc. 1In
each of Fig. 19(A), (B), and (C), the left hand side of the figure
shows the status that there is no ink K in the through hole 1lc,
and the right hand side of the figure shows the status that ink
K is remained in the through hole 1c. In the embodiment of Fig.
18, the side face of the through hole 1c is formed as the vertical
wall. In Fig. 19(A), the side face 1d of the through hole 1c¢ is
slanted in vertical direction and opens with expanding to the
outside. In Fig. 19(B), a stepped portion le and 1f are formed
on the side face of the through hole lc. The stepped portion 1f,
which is provided above the stepped portion le, is wider than the
stepped portion le. 1In Fig. 19(C), the through hole 1lc has a
groove l1g that extends to the direction in which ink is easily
discharged, that is, the direction to a ink supply port 2.

According to the shape of the through hole 1c shown in Fig.
19(A) to 19(C), the quantity of ink K in the ink storing part can
be reduced. Therefore, because the M'cav can be smaller than the
M'max explained in Fig. 1 and Fig. 2, the vibration characteristic
of the actuator 650 at the time of the ink end status can be greatly
different with the vibration characteristic when enough quantity
of ink K for printing is remained in the container 1, and thus
the ink end status can be reliably detected.

Fig. 20 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 1lc of a mounting plate 72. Caulking holes 77 are formed on
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comprises a concave part forming base plate 80 and a piezoelectric
element 82. The concave part 81 is formed on the one side of the
face of the concave part forming base plate 80 by the technique
such as etching, and piezoelectric element 82 is mounted on the
other side of the face of the concave part forming base plate 80.
The bottom portion of the concave part 81 operates as a vibrating
region within the concave part forming base plate 80. Therefore,
the vibrating region of the actuator 670 is determined by the
periphery of the concave part 81. Furthermore, the actuator 670
has the similar structure with the structure of the actuator 106
shown in Fig. 1, in which the base plate 178 and the vibrating
plate 176 is formed as one body. Therefore, the manufacturing
process during the manufacturing an ink cartridge can be reduced,
and the cost for manufacturing an ink cartridge also can be reduced.
The actuator 670 has a size which can be embedded into the through
hole 1c provided on the container 1. By this embedding process,
the concave part 81 can operates as the cavity. The actuator 106
shown in Fig. 1 can be formed to be embedded into through hole
lc as actuator 670 shown in Fig. 21.

Fig. 22 shows a slant view of the configuration that forms
the actuator 106 in one body as a mounting module 100. The module
100 is mounted on the predetermined position of the container 1
of an ink cartridge. The module 100 is constituted to detect the
ink consumption status in the container 1 by detecting at least
the change of acoustic impedance of the ink ligquid. The module
100 of the present embodiment has a liquid container mounting
member 101 for mounting the actuator 106 to the container 1. The
liquid container mounting member 101 has a structure which mounts

a cylindrical part 116 that contains the actuator 106 which
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of which is substantially rectangular. Because the module 100
is constructed so that the actuator 106 of the module 100 can not
be contact from outside when the module 100 is mounted on the ink
cartridge, the actuator 106 can be protected fromoutside contact.
The top side of the edge of the cylindrical part 116 is chamfered
so that the cylindrical part 116 can be easily fit into the hole
which is formed in the ink cartridge.

Fig. 23 shows an exploded view of the module 100 shown in
Fig. 22 to show the structure of the module 100. The module 100
includes a liquid container mounting member 101 made from a resin
and a piezoelectric device mounting member 105 which has a plate
110 and a concave part 113. Furthermore, the module 100 has a
lead wire 104a and 104b, actuator 106, anda £ilm108. Preferably,
the plate 110 is made from a material which is difficult to be
rust such as stainless or stainless alloy. The opening 114 is
formed on the central part of the cylindrical part 116 and the
base mount 102 which are included in the liquid container mounting
member 101 so that the cylindrical part 116 and the base mount
102 can contain the lead wire 104a and 104b. The concave part
113 is formed on the central part of the cylindrical part 116 and
the base mount 102 so that the cylindrical part 116 and the base
mount 102 can contain the actuator 106, the £film 108, and the plate
110. The actuator 106 is connected to the plate 110 through the
film 108, and the plate 110 and the actuator 106 are fixed to the
liquid container mounting member 101. Therefore, the lead wire
104a and 104b, the actuator 106, the film 108 and the plate 110
are mounted on the liquid container mounting member 101 as one
body. Each of the lead wire 104a and 104b transfer a driving
signal 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



10i & dt aBxY: T! | s&3109%& () - F109%& ()-1"GLO% ()- 10%& ()-!ss "10%: & ()-

"109%& ()- tg, @BxY: T!'!)100& ()-L3(

LO%&: ()-L$" 10%: () -2! | LL#10% () - LL#LO%! () - YIO%&' () - &aB7: T! Iy §0hy:

109 ()-! QLF5"109%& ()- Lf5"109%& ()- R 2003

L, 2" 109& ()-Ls-"10%& ()- 9+" 10%&' () nN T' ! 10LY&" 10% & () - m@ 10% & () -
10% & () - #8& 10% & ( Q%.& N2t

101 " 1OC(V§ f?fegﬁ)‘%%}e’() vl %1‘9&6‘(1) e @?&r?? £788% &R¢) 193455 \ 1943 -t o
~*+, dE: / Ta 4@\ 1bQ\>9.10%&e( Jaddd8 & (hezGrilPAEd ) re18UI& W ) a PEe 0%k () -

" 10% & ()-,-0> c$rs4
osc111atlon and generates a counter electromotive force by the

residual vibration. By detecting the vibrating period of the
waveform of the counter electromotive force, the resonant
frequency corresponding to the consumption status of the liquid
in the liquid container can be detected. The f£ilm 108 bonds the
actuator 106 and the plate 110 to seal the actuator 106. The film
108 is preferably formed by such as polyolefin and bonded to the
actuator 106 and the plate 110 by heat sealing. By bonding the
actuator 106 and the plate 110 with the £ilm 108 face with face,
the unevenness of the bonding on location decreases, and thus the
portion other than the vibrating plate does not wvibrate.
Therefore, the change of the resonant frequency before and after
bonding the actuator 106 to plate 110 is small.

The plate 110 is circular shape, and the opening 114 of the
base mount 102 is formed in cylindrical shape. The actuator 106
and the film 108 are formed in rectangular shape. The lead wire
104, the actuator 106, the film 108, and the plate 110 can be
attached to and removed from the base mount 102. Each of the base
mount 102, the lead wire 104, the actuator 106, the £ilm 108, and
the plate 110 is arranged symmetric with respect to the central
axis of the module 100. Furthermore, each of the centers of the
base mount 102, the actuator 106, the film 108, and the plate 110
is arranged substantially on the central axis of the module 100.

The opening 114 of the base mount 102 is formed such that
the area of the opening 114 is larger than the area of the vibrating
region of the actuator 106. The through hole 112 is formed on
the center of the plate 110 where the vibrating section of the
actuator 106 faces. As shown in Fig. 1 and Fig. 2, the cavity
162 is formed on the actuator 106, and both of the through holes
112 and the cavity 162 forms ink storing part. The thickness of
the plate 110 is preferably smaller than diameter of the through
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through hole 112 is substantially true circle and symmetric with
respect to the central axis of the module 100. Furthermore, the
area of the through hole 112 is larger than the area of opening
of the cavity 162 of the actuator 106. The periphery of the shape
of the cross-section of the through hole 112 can be tapered shape
of stepped shape. The module 100 is mounted on the side, top,
or bottom of the container 1 such that the through hole 112 faces
to the inside of the containef 1. When the ink is consumed, and
the ink around the actuator 106 is exhausted, the resonant
frequency of the actuator 106 greatly changes. The change of the
ink level can thus be detected.

Fig. 24 shows the slant view of the other embodiments of
the module. The piezoelectric device mounting member 405 is
formed on the liquid container mounting member 101 in the module
400 of the present embodiment. The cylindrical part 403, which
has a cylindrical shape, is formed on the base mount 102, which
has a square shaped plan, the edges of which are rounded, in the
ligquid container mounting member 401. Furthermore, the
piezoelectric apparatus mounting member 405 includes a board
shaped element 405, which is set up on the cylindrical part 403,
and a concave part 413. The actuator 106 is arranged on the
concave part 413 provided on the side face of the board shaped
element 406. The top end of the board shaped element 406 is
chamfered in predetermined angle so that the board shaped element
is easy to fit into hole formed on the ink cartridge when mounting
the actuator 106 to ink cartridge.

Fig. 25 shows an exploded view of the module 400 shown in
Fig. 24 to show the structure of the module 400. As the module
100 shown in Fig. 22, the module 400 includes a liquid container

mounting member 401 and a piezoelectric device mounting member
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10% & () 4888.aadKEhe cylindrical part 403, and the piezoelectric device
mounting member 405 has the board shaped element 406 and the
concave part 413. The actuator 106 is connected to the plate 410
and fixed to the concave part 413. The module 400 has a lead wire
404a and 404b, actuator 106, and a film 408.

According to the present embodiment, the plate 410 is
rectangular shape, and the opening 414 provided on the board
shaped element 406 is formed in rectangular shape. The lead wire
404a and 404b, the actuator 106, the film 408, and the plate 410
can be attached to and removed from the base mount 402. Each of
the actuator 106, the film 408, and the plate 410 is arranged
symmetric with respect to the central axis which is extended to
perpendicular direction to the plan of opening 414 and also pass
through the center of opening 414. Furthermore, each of the
centers of the actuator 106, the film 408, and the plate 410 is
arranged substantially on the central axis of the opening 414.

The through hole 412 provided on the center of the plate
410 is formed such that the area of the through hole 412 is larger
than the area of the opening of the cavity 162 of the actuator
106. The cavity 162 of the actuator 106 and the through hole 412
together forms ink storing part. The thickness of the plate 410
is preferably smaller than diameter of the through hole 412. For
example, the thickness of the plate 410 is smaller than one third
of the diameter of the through hole 412. The shape of the through
hole 412 is substantially true circle and symmetric with respect
to the central axis of the module 400. The shape of the
cross-section of the periphery of the through hole 112 can be
tapered shape or stepped shape. The module 400 can be mounted
on the bottom of the container 1 such that the through hole 412
is arranged inside of the container 1. Because the actuator 106
is arranged inside the container 1 such that the actuator 106

extends in the vertical direction, the setting of the timing of
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mounting position of the actuator 106 in the container 1 by
changing the height of the base mount 402.

Fig. 26 shows the further other embodiment of the module.
As the module 100 shown in Fig. 22, the module 500 of Fig. 26
includes a liquid container mounting member 501 which has a base
mount 502 and a cylindrical part 503. Furthermore, the module
500 further has a lead wire 504a and 504b, actuator 106, a film
508, and a plate 510. The opening 514 is formed on the center
of the base mount 502, which is included in the liguid 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
106 is fixed to the piezoelectric device mounting member 505
through the plate 510. Therefore, the lead wire 504a and 504Db,
the actuator 106, the film 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
direction, is formed on the base mount which has a square shaped
plan and the edges of which are rounded. The actuator 106 is
arranged on the concave part 513 which is provided on the top
surface of the cylindrical part 503 that is slanted in vertical
direction.

The top end of the module 500 is slanted, and the actuator
106 is mounted on this slanted surface. Therefore, if the module
500 is mounted on the bottom or the side of the container 1, the
actuator 106 slants in the vertical direction of the container
1. The slanting angle of the top end of the module 500 is
substantially 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. When the module 500 is mounted on the side of the
container 1, the actuator 106 is mounted on the container 1 such
that the actuator 106 faces the upside, downside, or side of the
container 1 with slanting. When the module 500 is mounted on the
bottom of the container 1, the actuator 106 is preferable to be
mounted on the container 1 such that the actuator 106 faces to
the ink supply port side of the container 1 with slanting.

Fig. 27 shows a cross-sectional view around the bottom of
the container 1 when the module 100 shown in Fig. 22 is mounted
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
is preferable to include the cylindrical part as explained in Fig.
22 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
residual vibration of the actuator 106 is different depends on
whether the circumference of the vibrating section of the actuator
106 is liquid or gas, the ink consumption status can be detected
using the module 100. Furthermore, not only the module 100 can
be mounted on the container 1 and detect the existence of ink,
but also the module 400 shown in Fig. 24, module 500 shown in Fig.
26, or the module 700A and 700B shown in Fig. 28, and a mold
structure 600 can be mounted on the container 1 and detect the
existence of the ink.

Fig. 28 (A) shows the cross section of the ink container
when mounting module 700B on the container 1. The present
embodiment uses a module 700B as an example of a mounting structure.
The module 700B is mounted on the container 1 such that the liquid

container mounting member 360 protrude into the inside of the A
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through hole 370 is formed in the mounting plate 350, and the
through hole 370 faces to the vibrating section of the actuator
106. Furthermore, a hole 382 is formed on the bottom wall of the
module 700B, and a piezoelectric device mounting member 363 is
formed. The actuator 106 is arranged to close the one of the face
of the hole 382. Therefore, ink contacts with the vibratingplate
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 2370 of the mounting plate 350 together forms an
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
the container 1. The sealing structure 372 can be formed by the
plasticmaterial such as synthetic regsinor O-ring. InFig. 28(a),
the module 700B and the container 1 is separate body, however,
the piezoelectric device mounting member can be constituted by
a part of the container 1 as shown in Fig. 28(B).

The module 700B shown in Fig. 28 does not need to embed the
lead wire into the module as shown in Fig. 22 to Fig. 26. Therefore,
the forming process becomes simple. Also, the exchange of the
module 700B becomes possible so that the recycling of the module
700B also becomes possible.

There is possibility that the actuator 106 malfunctions by
the contact of the ink which is dropped from a top face or a side
face of the container 1 with the actuator 106, the ink of which
is attached to the top face or the side face of the container 1
when the ink cartridge is shaken. However, because the 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.
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plate 350 are contact with ink inside of the container 1 in the
embodiment of Fig. 28(A). The embedding of the electrode of the
lead wire 104a, 104b, 404a, 404b, 504a, and 504 shown in Fig. 22
to Fig. 26 into the module becomes unnecessary for the embodiment
shown in Fig. 28(A). Therefore, the forming process becomes
simple. Also, the exchange of the actuator 106 becomes possible
so that the recycling of the actuator 106 also becomes possible.
Fig. 28 (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.
28 (B) . Therefore, the protecting member 361 and the actuator
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. The actuator
106 includes the piezoelectric layer 160, the upper electrode 164,
the lower electrode 166, the vibrating plate 176, and the mounting
plate 350. The vibrating plate 176is formed on the mounting plate
350, and the lower electrode 166 is formed on the vibrating plate
176. The piezoelectric layer 160 is formed on the top face of
the lower electrode 166, and the upper electrode 164 is formed
on the top face of the piezoelectric layer 160. Therefore, the
main portion of the piezoelectric layer 160 is formed by
sandwiching the main portion of the piezoelectric layer 160 by
the main portion of the upper electrode 164 and the lower electrode
166 from top and bottom. The circular portion, which is a main
portion of each of the piezoelectric layer 160, the upper
electrode 164, and the lower electrode 166, forms a piezoelectric
element. The piezoelectric element is formed on the vibrating

plate 176. The vibrating region of the piezoelectric element and
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109&' () - the vibrating plate 176 constitutes the vibrating section, on
which the actuator 106 actuary vibrates. A through hole 370 is
provided on the mounting plate 350. Furthermore, a hole 380 is
formed on the side wall of the container 1. 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,
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. 1 can be used instead of the
mounting plate 350 in the embodiment shown in Fig. 28(A) and (B).

Fig. 28(C) shows an embodiment that comprises a mold
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
and a mold member 364. The actuator 106 and the mold member 364
are formed in one body. The mold member 364 is formed by a plastic
material such as silicon resin. The mold member 364 includes a
lead wire 362 in its inside. The mold member 364 is formed so
that the mold member 364 has two legs extended from the actuator
106. The end of the two legs of the mold member 364 are formed
in a shape of hemisphere to liquid tightly fix the mold member
364 with container 1. The mold member 364 is mounted on the
container 1 such that the actuator 106 protrudes into the inside
of the container 1, and the vibrating section of the actuator 106
contacts with ink inside the container 1. The upper electrode
164, the piezoelectric layer 160, and the lower electrode 166 of
the actuator 106 are protected from ink by the mold member 364.
Because the mold structure 600 shown in Fig. 28(C) does not

need the sealing structure 372 between the mold member 364 and
the container 1, the leaking of ink from the container 1 can be

reduced. Moreover, because the mold structure 600 has a form that
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container 1, the mold structure 600 can protect the actuator 106
from the outside contact. There is possibility that the actuator
106 malfunctions by the contact of the ink which is dropped from
a top face or a side face of the container 1 with the actuator
106, the ink of which is attached to the top face or the side face
of the container 1 when the ink cartridge is shaken. Because the
mold member 364 of the mold structure 600 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.

Fig. 29 shows an embodiment of ink cartridge and ink jet
recording apparatus which uses the actuator 106 shown in Fig. 1.
A plurality of ink cartridges 180 is mounted on the ink jet
recording apparatus which has a plurality of ink introducing
members 182 and a holder 184 each corresponding to the each of
ink cartridge 180, respectively. Each of the plurality of ink
cartridges 180 contains different types of ink, for example,
different color of ink. The actuator 106, which detects at least
acoustic impedance, is mounted on the each of bottom of the
plurality of ink cartridge 180. The residual quantity of ink in
the ink cartridge 180 can be detected by mounting the actuator
106 on the ink cartridge 180.

Fig. 30 shows a detail around the head member of the ink
jet recording apparatus. The ink jet recording apparatus has an
ink introducing member 182, a holder 184, a head plate 186, and
anozzle plate 188. A plurality of nozzle 190, which jet out ink,
is formed on the nozzle plate 188. The ink introducing member
182 has an air supply hole 181 and an ink introducing inlet 183.
The air supply hole 181 supplies air to the ink cartridge 180.
The ink introducing inlet 183 introduces ink from the ink

cartridge 180. The ink cartridge 180 has an air introducing inlet

185 and an ink supply port 187. The air introducing inlet 185
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introduces air from the air supply hole 181 of the ink introducing
member 182. The ink supply port 187 supplies ink to the ink
introducing inlet 183 of the ink introducing member 182. By
introducing air from the ink introducing member 182 to the ink
cartridge 180, the ink cartridge 180 accelerates the supply of
ink from the ink cartridge 180 to the ink introducing member 182.
The holder 184 communicates ink supplied from the ink cartridge
180 through the ink introducing member 182 to the head plate 186.

Fig. 31 shows other embodiment of the ink cartridge 180
shown in Fig. 30. The actuator 106 is mounted on the bottom face
194a, which is formed to be slanted in vertical direction, of the
ink cartridge 180A shown in the Fig. 31(A). A wave preventing
wall 192 is provided on the position where has the predetermined
height from the bottom face of the inside the ink container 194
and also faces to the actuator 106 inside the ink container 194
of the ink cartridge 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
the wave preventing wall 192 and the actuator 106 has a space such
that the space does not hold ink by capillary force. When the
ink container 194 is rolled, ink wave is generated inside the ink
container 194 by the rolling, and there is possibility that the
actuator 106 malfunctions by detecting gas or an air bubble caused
by the shock of the ink wave. By providing the wave preventing
wall 192, ink wave around the actuator 106 can be prevented so
that the malfunction of the actuator 106 can be prevented.

The actuator 106 of the ink cartridge 180B shown in Fig.
31 is mounted on the side wall of the supply port of the ink
container 194. The actuator 106 can be mounted on the side wall
or bottom face of the ink container 194 if the actuator 106 is

mounted nearby the ink supply port 187. The actuator 106 is
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preferably mounted on the center of the width direction of the
ink container 194. Because ink is supplied to the outside through
the ink supply port 187, ink and actuator 106 reliably contacts
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
supply port 187, the setting position of the actuator 106 to the
connection point on the carriage on the ink container becomes
reliable during the mounting of the ink container on the cartridge
holder of the carriage. It is because the reliability of coupling
between the ink supply port with the ink supply needle is most
important during the coupling of the ink container and the
carriage. If there is even a small gap, the tip of the ink supply
needle will be hurt or a sealing structure such as O-ring will
be damaged so that the ink will be leaked. To prevent this kind
of problems, the ink jet printer usually has a special structure
that can accurately positioning the ink container during the
mounting of the ink container on the carriage. Therefore, the
positioning of the actuator 106 becomes reliable by arranging the
actuator nearby the ink supply port. Furthermore, the actuator
106 can be further reliably positioned by mounting the actuator
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
width direction, during the mounting of the ink container on the
holder.

Fig. 32 shows further other embodiment of the ink cartridge
180. Fig. 32(A) shows a cross section of an ink cartridge 180C,
and Fig. 32 (B) shows a cross section which enlarges the side wall
194b of an ink cartridge 180C shown in Fig. 32(A). Fig. 32(C)
shows perspective view from the front of the side wall 194b of

the ink cartridge 180C. The semiconductor memory device 7 and
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side of the semiconductor memory device 7 on the same circuit board
610. A different-type O-ring 614 is mounted on the side wall 194b
such that the different-type O-ring 614 surrounds the actuator
106. A plurality of caulking part 616 is formed on the 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
to the circuit board 610, the vibrating region of the actuator
106 can contacts with ink, and at the same time, the inside of
the ink cartridge is sealed from outside of the ink cartridge.
A terminals 612 are formed on the semiconductor memory
device 7 and around the semiconductor memory device 7. The
terminal 612 transfer the signal between the semiconductor memory
device 7 and outside the ink jet recording apparatus. The
semiconductor memory device 7 can be constituted by the
semiconductor memory which can be rewritten such as EEPROM.
Because the semiconductor memory device 7 and the actuator 106
are formed on the same circuit board 610, the mounting process
can be finished at one time during mounting the semiconductor
memory device 7 and the actuator 106 on the ink cartridge 180C.
Moreover, the working process during the manufacturing of the ink
cartridge 180C and the recycling of the ink cartridge 180C can
be simplified. Furthermore, the manufacturing cost of the ink
cartridge 180C can be reduced because the numbers of the parts
can be reduced.
The actuator 106 detects the ink consumption status inside
the ink container 194. The semiconductor memory device 7 stores
the information of ink such as residual quantity of ink detected

by the actuator 106. That is, the semiconductor memory device
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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
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.
Moreover, the resonant frequency when the ink inside the ink
container 194 is full status or end status can be stored during
the manufacturing of the ink container 194. Because the
unevenness of the detection of the residual quantity of ink can
be corrected 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. 33 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. 33(A). It ispreferable touse theplurality of the actuators
106 which is formed in one body as shown in Fig. 14 for these
plurality of actuators 106. The plurality of actuators 106 is
arranged on the sidewall 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. 33 (B) mounts a actuator

606 which is long in vertical direction on the side wall 194b of
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of the actuator 606 is preferably longer than the half of the height

of the side wall 194b. 1In Fig. 33(B), the actuator 606 has the

length from the substantially from the top end to the bottom end

of the side wall 194Db.

The ink cartridge 180F shown in Fig. 33(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. 33 (7). The
ink cartridge 180F further comprises the wave preventingwall 192,
which is long in vertical direction, along the side wall 194b with
predetermined space with the side wall 194b such that the wave
preventing wall 192 faces directly to the plurality of actuators
106. It is preferable to use the plurality of the actuators 106
which is formed in one body as shown in Fig. 14 for these plurality
of actuators 106. A gapwhichis 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.
When the ink container 194 is rolled, ink wave is generated inside
the ink container 194 by the rolling, and there is possibility
that the actuator 106 malfunctions by detecting gas or an air
bubble caused by the shock of the ink wave. By providing the wave
preventing wall 192, ink wave around the actuator 106 can be
prevented so that the malfunction of the actuator 106 can be
prevented. The wave preventing wall 192 also prevents the air
bubble generated by the rolling of ink to enter to the actuator
106.

Fig. 34 shows further other embodiment of the ink cartridge
180. The ink cartridge 180G shown in Fig. 34 (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
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10 containexr 194 has a predetermined gap, the bottom part of the ink
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. 1In each of the plurality of the containing chamber 213,
the actuator 106 is mounted 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. 14 for
these plurality of actuators 106. The actuator 106 is arranged
on substantially center of the top face 194c of the containing
chamber 213 of the ink container 194. The volume of the containing
chamber 213 is arranged such that the volume of the containing
chamber 213 of the ink supply port 187 is the largest, and the
volume of the containing chamber 213 gradually decreases as the
distance from the ink supply port 187 increases to the inner part
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 the distance from the ink supply port 187
increases to the inner part of the ink cartridge 180G. Because
ink is drained from the ink supply port 187, and air enters from
the air introducing inlet 185, ink is consumed from the containing
chamber 213 of the ink supply port 187 side to the containing
chamber 213 of the inner part of the ink cartridge 180G. For
example, the ink in the containing chamber 213 which is most near
to the ink supply port 187 is consumed, and during the ink level
of the containing chamber 213 which is most near to the ink supply
port 187 decreases, the other containing chamber 213 are filled
with ink. When the ink in the containing chamber 213 which is
most near to the ink supply port 187 is consumed totally, air enters
to the containing chamber 213 which is second by counted from the

ink supply port 187, then the ink in the second containing chamber
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213 is beginning to be consumed so that the ink level of the second
containing chamber 213 begin to decrease. At this time, ink is
filled in the containing chamber 213 which is third or more than
third by counted from the ink supply port 187. In this way, ink
is consumed from the containing chamber 213 which is most near
to the ink supply port 187 to the containing chamber 213 which
is far from the ink supply port 187 in order.

As shown above, because the actuator 106 is arranged on the
top face 194c of the ink container 194 with interval for each of
the containing chamber 213, the actuator 106 can detect the
decrease of the ink quantity step by step. Furthermore, because
the volume of the containing chamber 213 decreases from the ink
supply port 187 to the inner part of the containing chamber 213
gradually, the time interval when the actuator 106 detects the
decrease of the ink quantity gradually decreases. Therefore, the
frequency of the ink quantity detection can be increased as the
ink end is drawing near.

The ink cartridge 180H shown in Fig. 34 (B) has one partition
wall 212 which extends downward from the top face 194c of the ink
container 194. Because lower end of the partition walls 212 and
the bottom face of the ink container 194 have a predetermined space,
the bottom part of the ink container 194 communicates with each
other. The ink cartridge 180H has two containing chambers 213a
and 213b divided by the partition wall 212. The bottom part of
the containing chambers 213a and 213b communicates with each other.
The volume of the containing chamber 213a of the ink supply port
187 side is larger than the volume of the containing chamber 213b
which is located in a inner part of the ink cartridge 180H far
fromthe 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
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cartridge 180H during manufacturing of the ink cartridge 180H,
is formed on the containing chamber 213b. In Fig. 34 (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 correcting the
ink quantity, which is measured from the detection of the ink end
until the complete consumption of ink, with the corresponding ink
consumption status of the containing chamber 213a calculated from
the dot counter. Furthermore, by adjusting the volume of the
containing chamber 213b by changing the length or the interval
of the partition wall 212, the ink quantity which can be consumed
after the detection of the ink end can be changed.

The ink cartridge 1801 shown in Fig. 34(C) fills a porous
member 216 in the containing chamber 213b of the ink cartridge
180H shown in Fig. 34 (B). The porous member 216 is filled inside
the containing chamber 213b from the top face to the bottom face
of the porous member 216b. The porous member 216 contacts with
the actuator 106. There is a possibility that the actuator 106
malfunctions by the entering of the air bubble inside the
containing chamber 213b when the ink container fall down or when
the containing chamber 213b moves back and 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 membexr
216 holds ink, the porous member 216 can prevent the actuator 106
tomalfunction 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

6" 10‘Va&' 4m' 10‘Va& ( *nin*oX**-Q uS17! " 10%z& () - 3!"10%
)é%( % 31{0%21% (Zh g'xk 0
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to be provided in the containing chamber 213 having a smallest
volume. Furthermore, by providing actuator 106 on the top face
194c of the containing chamber 213b, ink can be consumed to the
end by correcting 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
detection of 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.

Fig. 34 (D) shows an ink cartridge 180J, the porous member

216 of which is constituted by two kinds of porous members 216A
and 216B having a different hole diameter with each other. The
porous member 216A is located on the upper side of the porous member
216B. The hole diameter of the porous member 216A which is located
on the upper side of the containing chamber 213b is larger than
the hole diameter of the porous member 216B which is located on
the lower side of the containing chamber 213B. The porous member
216A can be formed by the member which has a lower affinity for
liquid than the affinity for liquid of the member which forms the
porous member 216B. Because the capillary force of the porous
member 216B, which has small hole diameter, is larger than the
capillary force of the porous member 216A, which has large hole
diameter, the ink in the containing chamber 213b is collected to
the porous member 216B located on the lower side of the containing
chamber 213B and held by the porous member 216B. Therefore, once
the air reaches to the actuator 106, and the actuator 106 detects
the non-ink status, ink does not reaches to the actuator 106 again
so that the actuator 106 does not malfunction to detect the ink
exist status. Furthermore, because the porous member 216B which
is far fromthe 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
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the end by correcting the ink quantity which is measured from the
detection of the ink near end until the complete consumption of
ink. Furthermore, The ink guantity which can be consumed after
the detection of 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.

Fig. 35 shows a cross section of an ink cartridge 180K which
is further other embodiment of the ink cartridge 180I shown in
Fig. 34(C). The porous member 216 in the ink cartridge 180K shown
in Fig. 35 is designed such that the area of the cross section
on the horizontal plane of the lower part of the porous member
216 is compressed to be decreases gradually to the direction to
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. Ink
cartridge 180K shown in Fig. 35(A) has a rib which is provided
on the side wall of the ink container 194 to compress the lower
part of the porous member 216 to reduce the hole diameter of the
lower part of the porous member 216. Because the hole diameter
of the lower part of the porous member 216 reduced by the
compression, ink is collected and held by the lower part of the
porous member 216. Because the lower part of the porous member
216 which is far from the actuator 106 absorbs ink, the drainage
of ink around the actuator 106 improves, and the quantity of change
of the acoustic impedance during the detection of the ink
existence increases. Therefore, the error, of which the actuator
106 detects the non ink status as the ink exist status by the
attaching of ink on the actuator 106 mounted on the top face of
the ink cartridge 180K by rolling of ink, can be prevented
In the ink cartridge 180L shown in Fig. 35(B) and Fig. 35(C),

to compress to decrease the area of the cross section on the

horizontal plane of the lower part of the porous member 216
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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
compression, ink ig 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
of the acoustic impedance during the detection of the ink
existence increases. Therefore, the error, of which the actuator
106 detects the non ink status as the ink exist status by the
attaching of ink on the actuator 106 mounted on the top face of
the ink cartridge 180L by rolling of ink, can be prevented

Fig. 36 shows other embodiment of the ink cartridge using
the actuator 106. The ink cartridge 220A shown in Fig. 36 (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
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
face of the ink cartridge 220A on the more ink supply port 230
side of the first partition wall 222. Because there is a
predetermined space between the upper end of the second partition
wall 224 and the top face of the ink cartridge 220A, ink can flows
into the ink supply port 230 through the top face of the ink
cartridge 220A.

A first containing chamber 225a is formed on the inner part
of the first partition wall 222, seen from the ink supply port
230, by the first partition wall 222. On the other hand, a second

containing chamber 225b is formed on the front side of the second
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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
partition wall 222 and the second partition wall 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
that the air or air bubble enters into the second containing
chamber 225b. Furthermore, the ink level in the second containing
chamber 225b can decrease steadily and gradually. Because the
first containing chamber 225a is formed at more inner part of the
second containing chamber 225b, seen from the ink supply port 230,
the ink in the second containing chamber 225b is consumed after
the ink in the first containing chamber 225a is consumed.

The actuator 106 is mounted on the side wall of the ink
cartridge 220A of the ink supply port 230 side, that is, the side
wall of the second containing chamber 225b of the ink supply port
230 side. The actuator 106 detects the ink consumption status
inside the second containing chamber 225b. The residual quantity
of ink at the timing closed to the ink near end can be detected
stably by mounting the actuator 106 on the side wall of the second
containing chamber 225b. Furthermore, by changing the height of
the mounting position of the actuator 106 on the side wall of the
second containing chamber 225b, the timing to determine which ink
residual quantity as an ink end can be freely set. Because ink
is sullied from the first containing chamber 225a to the second
containing chamber 225b by the capillary passage 227, the actuator
106 does not influenced by the rolling of ink caused by the rolling
of the ink cartridge 220A, and actuator 106 can thus reliably
measure the ink residual quantity. Furthermore, because the

capillary passage 227 holds ink, the capillary passage 227 can
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prevent ink to flow backward gf)rbm the second containing chamber
225b to the first containing chamber 225a.

A check valve 228 is provided on the top face of the ink
cartridge 220A. The leaking of ink outside of the ink cartridge
220A caused by the rolling of the ink cartridge 220A can be
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
inside the ink cartridge 220A exceeds the pressure of the check
valve 228, the check valve 228 opens and introduces air into the
ink cartridge 220A. Then the check valve 228 closes to maintain
the pressure inside the ink cartridge 220A to be stable.

Fig. 36(C) and (D) shows a detailed cross-section of the
check valve 228. The check valve 228 shown in Fig. 36(C) has a
valve 232 which includes flange 232a formed by rubber. An airhole
233, which communicates air between inside and outside of the ink
cartridge 220, is provided on the ink cartridge 220 such that the
airhole 233 faces to the flange 232a. The airhole 233 is opened
and closed by the flange 232a. The check valve 228 opens the
flange 232a inward the ink cartridge 220 when the negative
pressure in the ink cartridge 220 exceeds the pressure of the check
valve 228 by the decrease of ink inside the ink cartridge 2204,
and thus the air outside the ink cartridge 220 is introduced into
the ink cartridge 220. The check valve 228 shown in Fig. 36 (D)
has a valve 232 formed by rubber and a spring 235. If the negative
pressure inside the ink cartridge 220 exceeds the pressure of the
check valve 228, the valve 232 presses and opens the spring 235
to introduce the outside air into the ink cartridge 220 and then
closes to maintain the negative pressure inside the ink cartridge
220 to be stable.

The ink cartridge 220B shown in Fig. 36 (B) has a porous

member 242 in the first containing chamber 225a instead of
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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
cartridge or a carriage, in which the ink cartridge is a separate
body with the carriage and mounted on the carriage, has been
explained above. However, the actuator 106 can be mounted on the
ink tank which is mounted on the ink jet recording apparatus
together with a carriage and formed together with a carriage as
one body. Furthermore, the actuator 106 can be mounted on the
ink tank of the off-carriage type. The off-carriage type ink tank
is a separate body with a carriage and supplies ink to carriage
through such as tube. Moreover, the actuator of the present
embodiment can be mounted on the ink cartridge 180 constituted
so that a recording head and an ink container are formed as one
body and possible to be exchanged.

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.

The liquid consumption status detecting method and liquid
container of the present invention can detect the residual
quantity of liquid accurately and also do not need the complicated
sealing structure. Furthermore, the liquid consumption status
detection method of the present invention does not to be
influenced by the unstable measuring signal generated at the early
stage of the measuring of the liquid consumption status.
Furthermore, the liquid consumption status detection method of
the present invention can reduce the time for detecting the liquid

consumption status.
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1. A method of detecting a consumption status of liquid, which is a
liquid detecting method for a liquid container having a detection device formed
at a predetermined position therein, said detection device formmed of a
vibrating plate having a first face and a second face located on back side of
the first face, a piezoelectric element formed on the first face of the
vibrating plate, in that outer portion of the vibrating plate is fixed and inner
portion forms a vibrating field such that the vibrating f£field is in contact
with the liquid, said method comprising following steps:

measuring a residual vibration of said detection device;
and

detecting the consumption status of the liquid contained
in the ligquid container on the basis of a result of the measurement

of the residual vibration.

2. The detection method according to claim 1, further
comprising a step of activating said detection device to cause

a vibration.

3. The detection method according to ¢laim 1, wherein said
residual vibration measurement step comprises a step of measuring

a frequency of the residual vibration.

4. The detection method according to ¢laim 1, wherein said
residual vibration measurement step comprises a step of measuring

a resonance frequency of the liquid surrounding the detection

device.

S The detection method according to ¢laim 2, wherein said

measurement step 1s operated after a predetermined time period

has elapsed from the activation step.
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device several times.

7. The detection method according to claim 1, wherein said
measurement step comprises a step of measuring time period in
between a predetermined plurality of peaks of the residual

vibration.

8. The detection method according to claim 1, wherein said
measurement step comprises a step of measuring number of peaks

of the residual vibration within a predetermined time period.

9. The detection method according to claim 1, wherein said
measurement step comprises a step of measuring a
counterelectromotive voltage generated by the detection device

in accordance with the residual vibration thereof.

10. The detection method according to claim 3, further
comprising steps of:

measuring previously a first frequency wvalue of the
residual vibration of the detection device when the liquid
container is full of liquid, said frequency is regarded as a
reference frequency value;

measuring a second frequency value of the residual
vibration of the detection device when liquid in the liquid
container is consumed;

comparing said reference frequency with said second
frequency; and

judging the consumption status of the liquid contained in
the 1liquid container in accordance with a result of said comparing

step.
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11. Thedetectionmethod according to ¢laim3, wherein said
residual vibration frequency measurement step comprises a step
of measuring a plurality of resonance frequency modes of the

regidual vibration of the detecticn device.

12. The detection method according to claim 11, wherein
said measurement step comprises steps of measuraing a first and
a second resonance frequency modes, and recognizing said two

resonance frequency modes as a single pattern.

13. A liquid container comprising:

a housing containing therein liquid;

a liquid supply opening formed in said housing; and

a detection device formed at the housing and formed of a vibrating plate
having a first face and a second face located on back side of the first face,
a piezoelectric element formed on the first face of the vibrating plate, in
that outer portion of the vibrating plate is fixed and inner portion forms a
vibrating field, said detection device can output a detection signal on the
basis of a residual vibration of the vibrating field.

14. The liquid container according to claim 13, wherein

said detection device is activated to generate a vibration.

15. The liquid container according to claim 13, wherein
said detection signal represents a frequency value of the residual

vibration of the detection device.

16. The liqgquid container according to claim 13, wherein
said detection signal represents a resonance frequency of the

liguid surrounding the detection devace.

17. The liguid container according to claiw 13, wherein
caid detecticondevice vibrates at least one resonance fregquency

mode .
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18. The liquid container according to claim 13, wherein
said detection signal represents a counterelectromotive voltage
generated by said detection device in accordance with the residual

vibration thereof.

19. The liquid container according to claim 13, wherein

the liquid container is an ink cartridge for an ink jet printer.

20. A detection control circuit for detecting a
consumption status of liquid contained in a liquid container by
a detection device having a piezoelectric element, the circuit
comprising:

a measurement circuit segment for measuring a residual
vibration of the detection device; and

a detection circuit segment receiving a signal from said
measurement circuit segment and outputting a signal indicative
of the consumption status of the liquid contained in the liquid
container on the basis of the output signal of said measurement

circuit segment.

21. The detection control circuit according to claim 20,
wherein said measurement circuit segment measures a frequency of

the residual vibration of the detection device.

22. The detection control circuit according to claim 20,
wherein said measurement circuit segment measures at least one
resonance frequency of the liquid surrounding the detection

device.

23. The detection control circuit according to claim 20,

wherein said measurement circuit segment measures a
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in accordance with the residual vibration thereof.

24. The detection control circuit according to claim 20,
wherein said measurement circuit segment comprises anamplifier, said
amplifier comprises a PNP type transistor and a NPN type transistor
which complementarily connecting with said PNP type transistor, and
emitter of said PNP type transistor and an emitter of said NPN type
transistor connect with each other.

25. The detection control circuit according to claim 24,
wherein a drive voltage generated between a point connecting between
the emitter of said NPN type transistor and said PNP type transistor
and the ground is applied to the detection device.

26. The detection control circuit according to claim 20,
wherein said measurement circuit segment comprises an amplifier,
said amplifier comprises a P-channel field effect transistor and
a N-channel field effect transistor which complementarily
connecting with said P-channel field effect transistor, and a
source of said P-channel transistor and a source of said N-channel

transistor connect with each other.

27. The detection control circuit according to claim 26,
wherein a drive voltage generated between a point connecting
between the sources of said N-channel FET and said P-channel FET

and the ground is applied to the detection device.

28. The detection control circuit according to claim 20,
wherein said detection circuit segment comprises a counter for
counting number of the vibration of the residual vibration within
a predetermined time period, and said detection circuit segment
judges the liquid consumption status in accordance with the

counted value.
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counting number of clocks within a time period where the residual
vibration vibrates a predetermined number of times, said clock
has a cycle shorter than the vibration cycle of the residual

vibration.

30. The detection control circuit according to claim 28
or 29, wherein said detection circuit starts counting the number
of vibration of the residual vibration after a predetermined

number of vibrations of the residual vibration has occurred.

31. The detection control circuit according to claim 20,
wherein said detection circuit segment outputs a signal
representing whether the liquid container connects with said

measurement circuit.

32. The detection control circuit according to claim 20,
wherein said measurement circuit segment further comprises a
plurality of amplifiers connecting with a respective one of a
plurality of the detection devices to supply a drive voltage, and
said detection circuit segment receives a plurality of signals
from said measurement circuit segment corresponding to the
respective detection device and outputting a plurality of signals
indicative of the consumption status of the liquid contained in
the liquid container on the basis of each of the output signals

of said measurement circuit segment.

33. The detection control circuit according to claim 20,
further comprising a control circuit segment for controlling an
operation to consume the liquid contained in the liquid container
in accordance with the output signal of said detection circuit

segment.
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35. A computer-readable recording medium storing thereon
a program for a control circuit installed in an ink jet printer
to detect a consumption status of ink contained in an ink cartridge
by using a detection device having a piezoelectric element
attached on a desired position of the ink cartridge, the program
comprising steps of:

measuring a residual vibration of the detection device; and

detecting the consumption status of the ink contained in
the ink cartridge on the basis of a result of the measurement of

the residual vibration.

36. The recording medium according to claim 35, further
comprising a step of activating the detection device to cause a

vibration.

37. The recording medium according to claim 35, wherein
said residual vibration measurement step comprises a step of

measuring a frequency of the residual vibration.

38. The recording medium according to claim 35, wherein
said residual vibration measurement step comprises a step of
measuring a resonance frequency of ink surrounding the detection

device.
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39. The recording medium according to claim 36, wherein
said measurement step is operated after a predetermined time

period has elapsed from the activation step.

40. The recording medium according to claim 36, wherein
said measurement step is operated after the vibrations of the

detection device several times.

41. The recording medium according to claim 36, wherein
said measurement step comprises a step of measuring time period
in between a predetermined plurality of peaks of the residual

vibration.

42. The recording medium according to claim 35, wherein
said measurement step comprises a step of measuring number of
peaks of the residual vibration within a predetermined time

period.

43. The recording medium according to claim 35, wherein
said measurement step comprises a step of measuring a
counterelectromotive voltage generated by the detection device

in accordance with the residual vibration thereof.

44. The recording medium according to claim 37, further
compriging steps of:

measuring previously a first frequency wvalue of the
residual vibration of the detection device when the ink cartridge
contains full of ink, said frequency is regarded as a reference
frequency value;

measuring a second frequency value of the residual

vibration of the detection device when ink in the ink cartridge

is consumed;
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comparing said reference frequency with said second
frequency; and
judging the consumption status of the ink contained in the

ink cartridge in accordance with a result of said comparing step.



