;e3e{{\p6T=[ O 5 The present invention relates to a nounting structure for
nmountin [ | ectric device for detecting a liquid consunpti

condi t\mmﬂ\!\mm\ uid container by detecting changes in an ac%“ﬂ%wm\l‘“m“m‘
i npeda nmparti cularly detecting changes in a resonance fr )

nodul e hav'iGﬂ°g the mounting structure 1 ojand the piezo-electric devids®, and
a liquid container having the nodul e and a container body. Description of
the Related art ApypokiGRididlaneko BRomREnt &ffo! B180hNKok@hkggor di ng 15
apparatus will be explalned as an éxanpl e of "a | i qurd container of a
related art. Generally, the ink jet recording apparatus has a pressure
generating neans for pressugi g,s. e gene i.ng chanber, a carriage
nounting an ink jet recordi e gs for injecting

u N ,
pressuri zed i nk psejdlofirbpsIn@éhtdmeh an i nk tank for containing ink to be
fed to the recording head via a flow path and is structured sp as to permt
conti nuows pri ntﬁ?f’g%r?ﬁﬁnF nW‘{eé’ﬁﬂ‘opsr‘gﬁql aIthas’f‘?%ichﬂ%f%i Cguﬁ%rﬁorri dge
attached to mbentHepr @i ngiedepalattsidc N deviesovidy edeteteins® as liogdisl sinply
exchanged by a user, when i is consuned., 25 Canventi qnal | as. an ink
consunpti on COREHEIt IR ﬁ?f?f{l 31 ﬁijcqéﬁlfircfodbt@,lnﬁr:}é‘f aSEecf%jrnq SRHI9%i ng t he
count of inkidrapacongedt echpadahbe arer padt honlwdy dsdetting whaagesinin sucked
at the maintenance step_of the printi head .b e sof tware and

cont ol [1ng. EnETamEnconEarBieit PonPRSHE deRd LR Fendfie a5 e
attachi ng twaneéluhet poslas-cflectric deviteguind 4 dvighidetcetihinertiavihg tihek
cartridge, deteciin he i nt ,me when ink is actually consuned in a
pr edet er m neraog‘ﬁ%%rf&,dt Pthgj%‘%}”beg]P%’SVri ng the ink consunption are known.
However, the nethod for totalizing the injection count of 3 5 ink drops and
sucked i nk amu%M%WMI ling the ink consunption from
cal cul ation inposes a problem tha e pressure inside the ink cartridge
and ink viscosi tAr dfk aeritgddge otoi ba mRENtRE Ehvap onfenietf secesdiid e, the
nmagni t udg pfagsfamr@t Wi €1 ddehpTd Hiddy abart BRamMSEe [630H) 114iB L LaRELhdr N
after openin he | nk cartrldge, qgg,dlfferenc S in the use fre Uﬁ%csy on
the user si Antelarathaeyl | GEBTRR NP othe LNk JGE P IRHUDGPREAF a8 UP

consunpti on 4 r @rezautel ajeneraaiitgt heeanst uBdr cpresaNrining Far t pesssddeere i s

anot her probl em | e h e s rir] i S Lemy and
nount ed agai %?n%%aﬁgt%@%%’g;§%£$§% lffeilse tcigl cgeﬁ, qgg :{eri:alfe‘f%edeig’gﬁﬂe%\%

resi dual quanttih postlé wpepangdfobeinisatiag prebsurdzen irnkeastingrdtepsd, the
met hod Her oMY ro inRIchie RO Bonlhidid® 0k kBKpEORSHTRY k@R Pdcdifing

el ectrodes can detect the actual_ anount” of ink consunption at a, certain
poi nt, so tHR2d VigahIiewPash antels SHYTAPTEAER 2% FOOPSITHIE GPRRLIMAYS
reliability.pitHonegner., ThHek iskotdnk He genektulliy etsacesréd adetecartiieigenk

br obl em ar ?E%?i{j%?' ¥§tet“re% E‘iﬁ?ﬁrﬂ@%‘f@% a??%ﬁ?e%eﬁ%é‘iﬁg"‘él%é%ggéi 15485 and
the ink cartta siipptynerdhzaiged. bfua tusemohen ask alsmetansuaiedof t he
el ectrodes, a n%ghgeﬁ@i&la&:i’%f?? | h S‘iﬂe{gdHSﬁéx%frﬁ;tQBﬂ g%]g%%jblmetho of an

corrosion-resistant i s or y u so thaf a em al'so arises
t hat the mandacagtragdeost msthad fok wabalirdne the igundasédinkdnamsr nor e,

the two el eGlyRAReNH ltHeCrEEWHH By h8SRSGId YREYinK aflbhh€ Rilkeliogalinens of

the ink cartri'dge, so that a probl'em al sQ arises that nmany manufacturing
steps are rSRINEHBRE FHEPelSi AGS PHIREIRANNLAEt bYi fdec saftwaggl ©hd 25

tFwt he][ . ai d@iﬁﬂo&&?ﬁgaﬂ%’thnrll{i Bo?bﬁgﬁﬁ[d]p(ir%ﬁrcér\‘fll.lil‘ﬁlrdiﬂi'oinnﬁnahf_ﬂéﬂﬂt&)ﬁi of

ime of _ink consu on el ecfrodes, .t he es, faqr unting .t he

bl oot roibe N RERR DS B! LS e BE b LT ihd evAL St aatiage.

Tlher efore, f]td)_rt%!él Qﬁk%&lﬁtxlagig%esdéf@étw@gghéhpom Itc_rf.i d:g_axgi ﬁl&éﬁidﬁﬂ@fis ]

pl astics, the . injection noldin r Qcess S cOo cated. Furthernore, the
ol oot rodes R&HIH K SANSEHRY L oR BEPHGE SRFNEA ARPE rab e bR SRRt E Qb

ti ghtness, shd Hak tébnsempdiibhi auetki@mseparate them fromthe ink cartridge.
As a result, a problemalso ar%&;s t hat biiis difficult to exchange or

recycl e the 35 HPBRY$dddeoMeFRRd E8% oFg121m8 JitfelnUECELPR LR OF

af orenes i ongek BreP: eEl secksEar! @fduritcbfedte 8o Bwdte MRENESHL L 1ankyi qui d

cont ai ner and a, npdul e . \ ,
the ink consumption from calculation imposes a problem that the

pressure inside the ink cartridge and ink viscosity are varied



whi ch can correctly detect the residual quantity of liquid and requires no
conplicated sealing structure are proposed. Therefore, an object of the
present invention is to provide a nounting structure for nmounting a

pi ezo-el ectric device having 5 a function for detecting the consunption
condition of a liquid in a liquid contaiper to the liquid container and
facilitate mounting and demounting the plezo electric device fromthe

i quid cont ajaep. ) SHMARY QE,THE | NVENTI QY Nane! V. 11acChEdh ey de 88
aspect of the present invention, a nDuntlng stractlre for untln% a

pi ezo- el ect r temyevaberaised unidétycin the usens oot itbe ebariad bameRI&eri quid
inaliquid t h t it
has a recelv?ﬁghﬁggq%¥%?%%Q%rkmgHég ﬁ%gg%x% e%t?#c eé%égﬂi ehggted
and a nount pnrtlieonsen Sm@mn@taedummeqlﬂegﬂhlqwﬁrqmmsmamed betweembbei bl e
that the gyec [ a 9 nangd 4t % ' of the
pi ezo- eIéitrﬁéﬁdgg?%gﬁ%dgggqgﬁmcgﬁ I%@Qﬁ Qﬁ|q%?%@%%q%ﬁgﬁﬁ#%§?%'

cont ai ner V|Eurhhexwxnheny 1BtansthesopﬁbhiqmoampredtthattWhEnenhelBamg

portion addi n i n

pi ezo- el ect r{:éggew%e s %%#e%#%agé%oﬁgggﬁv l?l oa?gon@\gnlggg%tggﬁ%nt i ng
pl ate. The paezmsleecmmcr@, dewvihed Hizgy abbust rmstxduelj qswentthay dft inasaanot

pi ezo-el ectr d&{@g a13ving a piezo-electric layer held between

el ectrodes 2 a vibrating plate on one side of which the piezo-electric
el enent %0s arr ar@‘e&hea‘nﬂh@r danidy ythermathpdnéaberortawilddng the madnga0fty is
arranged on {hge Q:tfhﬁﬁkst?]&%uﬁxbtieﬁ aé; Rt éIlQ:tﬁ‘o%E caDhektRB ViR %E'tﬁﬁl plate
can cone in contact wt in the liquid container via the cavity.
The cavity f¥reHy Gfe i Cﬁﬁ‘iWBP’GlQie G52 @Wltaﬂ-@ PRt P tHat lt can

pi ezo- el ect résn@tMHe %Mhﬁiahhaﬁtﬁﬁt@f aiﬁcf\@{t”f?%ig”ﬁ e Blaly 1 i TPe
cavity form ng nmember be a nmountin e to be nounted {o the

at
pi ezo-el ect r¥ %‘éﬁﬁicé“klsch%’ég la%ld’lolnfiﬁﬁgFV?/ 59292 T8 Attt fheptak éeﬁﬁh ng an

olpenl ngland é(f)lﬂ)ﬁii\ﬂgtl.y gﬁdlt@@tﬂfs‘%nnteoamubba D@eLrnmg,he@f tie-viewnt a ng

pl ate 35 may rranged s t i nt.ey ganpect The receiving, portion

may be for ne%rgthla ]%tﬁ? q:htaa:e % ﬁj(l%u&%{ % Hgtgfﬁe Sfe—w?%‘é Flg%el Vi ng
portion for rmkb@nrodsst angridjee dinkf cmridgmancomplmqameﬁl orfuttihermore,

pi ezo-el ectrig aqfcx e?re.’La'.”[Bé’f Pe 'E'i\ée{:ﬁgdes-.r he rﬂbﬂ%%@éaﬂ%ﬂi&h ‘isvdo%%ul?@%v:@ave a

pi ezo-el ectric_el ement may have an 1nsul ating portion tor insulating

t he piezo- el%ﬁﬁrh%ghéweﬁ§ﬁ¥°$¥Qﬁn¥Qﬁiﬂﬁa@G|ﬂSoPr@¥Rﬁq4lﬂuq§Q§onﬁalﬁb@t The

pi ezo 526 egirdifie\H16Rd NBiseddi thpnathey haver i dgn&oRer tdonaf oinkol di ng
the nmountin art, between the recejvi n]g? ortlo%and the%‘ple o- el ectrlc

devi ce. The dg6r15 JRHESFhveFUrt /i tRT KO TS 0L iy

cont ai ner. 'ﬁmm‘tminteqpﬁctumalm dtaﬁrﬂemarﬁuhsia‘cabesmrﬂﬂge ahk3cafrmrmégleym th
the col um. s-gﬂ'%hglctg p%b f%) EQS l{:n}n }?r n%'} EQuEFS are
cont ai ner may have a sea ract ure & ecEr N % rce may be
gener at ed b;ra%emdaandlbmcmeammgencau hhﬁgnanuiiaweupneqoce$1eczteatt1tdevu ce. The
mount i ngs St ruct phge By, A0hheDghiy diie alﬁlafal&netﬁaareor . BofiekBERLYd N

portion may be forne 'so as to be inclinéd to the surface 1n the

| i qui d cont dilgePoifupErEine Q& daVdr PRs Wb taiont Pberthﬁsﬁﬂé?ﬁtr@ﬂeﬁheﬂrﬁ balef

invention, FoHMdtihesthe €lBEerbes UM ’ﬂﬂk%a&t@l@gé's@féﬁﬂ'dooéj%hﬁ&i used
to detect the consupption .condition of a liq lic)ilQE iquid cqontainer to

the |iquid donths ABK CREHH igﬁt'e&hﬁres!fﬂrﬁct%}?eo aes‘&ﬁéﬂé@tsefr}]afeﬂh?’h t hat
the mounti nghet cariniicRye8s nadend fiplaspacs | ahel i jatd idnngolding ppcEesan
bet ween é}he | ead re in contact wwth the el ectrode of the piezo-electric
devi ce ¥hd tiffeCPy %‘EFE%I ai ner. The mounting structure may have a |leg for
prOJI Iectl nght he mmﬁf}cﬁ%r i theleeleetirodes t havei mJLﬁafbmwlmrseﬂﬁlr@lrt hﬁr,
sti anot her _aspect of the presen vention is ¢ cterjiz at the
rount i g st FEELEPErea ehn FosR g S L TaRGBASF h SEnERTT d 4 BORELFHEr . The
recei vi ng pmbts@pnﬁm:;e bﬁemrfmngeﬁemlas:amrb@g@r OpeCi edsubtp 4 peoblewi d
cont ai ner. rtherm)re ﬁ‘?e receivin orthc(f be formed SO%fS t.0 be 30
Ui

‘nclined toAtAR FFOTFS GAFY otk fhsf BBRESI REr ToT¥E Fodtf i ng
part beisAeeelEbermmtoszrnM earapflagée |iquid container nmay be nol ded. The

nmount i ng struct re af orenmentioned may e attached enovabl e, st ate.
Further, anot h %Ef&%ﬁ e 91](e) rfe%een‘i1 %F8ﬂe?sp§§b£ﬂ5§ac‘? TART i n
that a m)unteilégtﬁid detruee ﬁconaenmmtétg te Ppildzaielwolvadineterynd a mshdld o

detect the consunption condition of a liquidin a liquid container to the
| i qui d contai ner has



5 a pair of conductive nenbers for supplying a drive signal to the

pi ezo-el ectric device and a resin-nolded part nolded integrally with the
pair of conductive nenbers, and the pair of conductive nmenbers respectively
i nclude distal ends electrically connected 5 to the piezo-electric device,
proxi mal ends electrically connected to ghe circuit board, and internediate
parts for connecting the distal ends and proxinmal ends, and at Ieast a part
of the internediate parts is.e d n _the ool ded part t.Js rabl e
that the paltr'T’E i %r?étoreﬁail}ér% a?tbeedfefédt}ﬁl'lt%‘ea’g“é‘rté{ % e pair
of proxi mal @é@&lﬁée ﬁr@ﬁ@edcaﬂeamnehgsaﬁm@tm adtief fagdspcsﬁed.r omthe same
pl ane on which t ]P r of di taI en?ihare arran ed. It is preferabl e that
each of the pairT éﬁﬂtﬁuct? ?sp??ﬁﬁﬂﬁj BV A§ ¥ &%g¥ida
menbers rradeaqto@tq@t@d@@fudter&dfamwnan anpldoecsastr i a8ei®8 habisg the
pair of distal _ends, are ar an%ed gpthe another sane pl.ane on mhlch t he

pair of proxBrERREHRD 4PE det % WP&WF@FOWQW%&HHO‘?EQ LigHgdt he

el ongat ed nefhess1posid |élﬂﬁ:dtl‘ﬁ€rtﬂ§* tseérm@ua@ecaﬁdam@r edrngRicad ivgaber s
positioned on the, another same 15)% are nof overl 0 with each, ot her

in the per peRaPREIRE 2BF CAeFPHBRL %Blgaﬂee]p‘?%wca Jtor?ef%ﬁt’bth%lllgah‘é

pl ane. It iscprheitiabl e that when the nolded part is to be resin-nol ded,
the pair of distal ends are connected with a connection nmenber and the
connection menmber is renoved after resin 25 rml ding. It is preferable that,
in the qmnectlon menber, to QOSIAR [ ductive menbers to the
die to be used f r.esi n_nol of _t he noplde art OSltI i.ng hole

t hrough which a Y5t ag%%rtg}[rggltg W aggecﬁsgg @be §ef’8$ 8
preferabl e thatntirey posuttwre Hgrhwhmtisgf@piedo-alactnii tieomce@mreetsp@ndi ng
to the vibra I 4 Vil J 1 hat
for resin moighagt che cRoshilfRof el S PR I o 1B BRRAN ot |
fitted to theotbedliguddecontaissr tig_esxlnaatﬁatarpa¢cﬂ 1ofthtame1t|daas a@creceonum@_t | ve
Tenber's }Gonnget bk bl 4 a@geeta.calém@erdéta%ealaaetﬁyéd SRELRBEREI NG tO

apartlal stfucfure of the nalé die so as to position t air o
conductive PerHQHEPsbEoeHE e Bie !l iquidsCared et elt h'lét pgssibketi me

of dreSI nhmloldﬂtattg Bfe tf@:e;mlcllagdpa@tton Mad %sto;aetrﬁtafgt a9f ttlﬂet ﬁib!’ra@in@' st al

endas 1s e alr o | €S eas apa of e

Glstal 5 ondaot el Biche WhTone  BEE SRR BReCoRadr SRR TS

exposed par tliofuideirpailre dfiopiisit abnemiiser orivs tare e:lpemtmgc cont astapsod nt .
is pr fer C r i I £ vice

s forn@d | IS e CHRCPULEN G pORCR R I LG R LROLAEY S

t he bott om dflatrehevihea ant gpeningrard the mﬁaqTerleat,pe@tde@ﬁcew@ presieed

i nvention I%&t@t@%élmﬂgl ﬁotttfén tvtte m@utneuhaﬁn@ Mu NGh&t pyeidu €

af orenenti oned and f E’ é in the concavjty of

t he nount i ngﬂsﬁcr*ﬂ%‘{: v %F‘n’aal’ ?ﬁré‘f&uEF’ &9 FEaHéwW?:‘aeg pRdezoppisstelectric
el grrent hav:éngen&zrm aaoiﬁl;ea:t;rntcezol-ayectﬁ.ﬁ: tleiyérbjtead Pedtweeln el eetrodes and a
vi brati pat n.pne, side .0 ectric elenment is .
arrange 9 dgacé(\}gf:?t?’rd? rﬁlrﬂ:em?ﬁb%rl’e I‘F&ftﬂonﬁ%owﬁﬁ?lﬂreglecgﬁetzﬁ ?ieca??achged on
the ot her s@l&emﬁnttma ariranged pgnd atceyiapdf driweing memisky hativeg lai Gommed

cont ai ner caq aont.act [ [ it 0 It
is preferablet tgn % III%% QM’P Frolt\é1 %rg{ gjgﬁ%%l\éfgti?gﬁ % rg%fé

el ectricall ytltmrvnécaeung cpltatt@ panrcagfe dnstzfamt@qtdsu@h the Inowidi g e uct ure
W th a conduclyg aghesing 994 tﬁtecaettsph THe®atily BLARMPIERLEL mAPY! C€

is seal ed W|t resin so as to prevent from V|n towa he “back of
the 25 {'bpezdl%ﬁéi}thsl‘téa@é\ﬁfb@hl?-\hfttbﬁtﬁﬂé?zoa%%ttréﬁ eﬂm\epteamqmbmnq onis

charact er | 2qfldd bba! rGuinkBAr L HICH e Vi FoUBI, hohibeZons) G5t T C

devi ce used to detect the consufption condition of a |n aliquid

contai ner t@ mﬁenttwupda@erncabﬁénoqt&@dat%at@e hh%%gele%gw.wlce Tk

may additionally have a mounting plate having an opening and the

cavity of the substrate and the opening of the mounting plate
35 may be arranged so as to be interconnected. The receiving portion
may be formed on the top of the mount portion. On the side of

the receiving portion formed so as to project from the mount



30 wires electrically connected to the piezo-electric device and a
projection projected fromthe base to which the piezo-electric device is
nounted and the electrical wires electrically connected to the

pi ezo-el ectric device are forned three-dinensionally by two-col or nolding
resin plating. 35 1t is preferable that g concavity for receiving the

pi ezo-el ectric device is forned on the end of the projection, and on the

bottom of the_gpncavi parts electrical .connect e to,t paj.f . of

el ectrodes oPofﬁtorb‘i e%\é?el%ﬁzﬁ'cel&g%fﬁé acie\e(’lfjgr r%@a&' b)g/’eatmcfué};\tset%%a pglE"F of
the el ectricplesd+eectrtid depied engliard hghidzre eleoteit iclemeas and mbg
menber projected fromthe bhase and,a sealin art for sealing the opening 5
ot the fop oRRVReSE (TR HEAHODE, PARLOhe ahSMLA) 1pd FBE nBtE A Ut Ear f ace
of the seal i eyempait , f1and the Nigquad- bp! ehoabizjuid idoneadhet he T$ralpiegopart is
fornmed at the bott,omecgéc the conc vi.%g, aﬂﬂ the electrjcal vvir%s

el ectrical | ySL8RHELT PHES MY AdAI5EORPEHY NS DIMAYENG PPFEePREPT ¢
device are casldmpuskeymboitiad pert memichs t retedbindeozensavaidthe the
back side of the sealing part . via thrl‘e i nner_surface of the throu%tj-hol e.
Yet a furtheP3EHe ec&frqfh eN¥iE€ent THAVEM o PAE1O0Ra MGt &AVSed SRRt t he

modul e has af ptenny alntot the Iewiickecusediter detieetmduit popsismpinagnhaoadi tion
of aliquidin i quid contai.ner. a 15 ci.rcuit hoard ectrjcall

connect ed t 0%t Sﬁ'rrggﬁlerﬁ:ee&rﬁlgydfew W %% 5% d-%%é‘z ”&%ﬁﬂ’é& or
whi ch i 90pr es§etheanduhe| gbiisionetn theeldguibdiconbadndr ameyy hheepa szaldhectric

devi ce so as lectrically connec pai r. of el ectrodes for n the
circuit boar%‘t’g%cgtqrnee' pg%ru n}éF reFe%?é%(g@fgogtlg tfﬁgrcgi 5‘%3- glee@teﬂe ag%&ldg i ce.

I't is pref eraessludlavibhet prresendiamy Hal the pireotelettasicadevisel aTheg
el astic menmer, yhy sl&ul%%LQegﬂe}& %lﬂéﬂ%&ﬁéi% RO £SSEEAR! WEERa L epgi rcui t

board and the piezo-electric ce and a plurality of conductors extending
i nsi de the ereseivimopertingy mpy bentorgadseasionbeiinedtingd.td thediguider abl e

that thespresgethandnehd ¢oRREStQYntRdfed. pair of conductive rubber nenbers
arranged between th air of "electrodes forned on the circuit board and the

e

pair of el ectro@%tBPBt RECRFERI EP SRPFNET 38PEEE oL fdheRr §57IH HRYSRG 1PBbber

menber for 3» muintdhlgystommantd fgrtiwimaing afp tevitiedlecv e ic ubeicarasders. |t

is preferable t af the_-,C iezo-electric_device isfstr ctured,so _that it has a
sy 3 :

Iz efrent avclor?ﬁugp 22 0- R Jc:t[lrolncol aye T B8t Reeh9d Dair of

pi ezo-el ectric
el ectrodes armhtzaivichr &bi hhe pl mjuwidorovheiseasofaniintbgtak gimmauekets ri c

el ement ,j)s aét{a%ﬁ?‘c%xi%@ﬂ i%Stc}gatgﬁ% {q&ﬂ@%ﬂﬂa@& hi?é %ngﬁgﬁré&gﬁg?%r?aw ty

is arranged on the other "si| _ e vibrating plate, ar ating
pl at e conmes %9¥ @eAdidag Whe HungEipngegtevean the leafiwdreohn fandrack Wwithe 8

cavity. In aie 0b14MEraROVEE TERST PREG0LDRSNTRN ey idie 4HEZORE eCaicd devi ce
b e RSt Tl pgba R W RRY i Casthenedr EJeckESy o e
the piezo-electric device into the liquid container.

25 Further, still another aspect of the present invention is
characterized in that the mounting structure aforementioned is
arranged in the liquid container. The receiving portion may be
arranged so as to be projected into the liquid container.
Furthermore, the receiving portion may be formed so as to be

30 inclined to the liquid surface inside the liguid container. The
mounting part between the mount portion and the liquid container
may be molded. The mounting structure aforementioned may be
attached in a removable state.

Further, another aspect of the present invention is

35 characterized in that a mounting structure for mounting a

piezo-electric device used to detect the consumption condition

of a liquid in a liquid container to the liquid container has



Figs. 1A, 1B and 1C are draw ngs showi ng details of the actuator 106. Fig.
2 is a drawing showi ng the constitution of the actuator 10 Z06 and an
equivalent circuit. Figs . 3A and 3B are draw ngs showing the relationship
between the ink density and the resonance frequency of ink detected by the
actuator 106. Figs . 4A and 4B are drawifgs showi ng the counter

el ectronotive 15 force waveform of the actuator 106. Fig. 5is a

per spective yiew. s i n - El o 1 how ng
Phe bonst | fubiBH P L sbasr S i SRty PhfRhpiie 2ty 1L o0REL eethe 10 T
vi ew showi ngpaent-herectmiodiiexeinte afid 20r ¢sin-moddied. pFitgmoBded iahegxal gded

vi ew show ng the .constitution of the S I Lg. 4. Fi 9A to 9C
show still aﬂb{l’héﬁlee%bldio ﬁ?mg‘fcﬁlﬁ’ee Iﬁn%%%lgs’ Eﬁgkﬂ%PgégaO%Fgadﬁét% ow ng
an exanpl e ohertiberscrespesteitdlgniRbl wideedidtwl podsiled et@fishblynconnédiged 5 is
mounted to tge i,hk cont ai n%{ﬁ é Fi g$ .1iéA, 11B .and 11C arelot er a1

enbodi merts Bf {1 nBHFY EEETLS2 Y 5ar oW I aftESERPTRI0F t he
Cross secti ofoiedtd apenibiy efrduie oanti n@ndt intepned shosvpartsifse 11A

to 30 11C. Figs . 13A . 13B.and. 13 dr aw howi t mbodi ment
of the t hr oUGHUIR Bt NErdEa1 pRT B RRYRL sPaScr il Ao derER Rt no

pl anes of otdertlentiodemrnefisatod garest bs cengbedudde iActh85mddided parks a drawi ng
showi ng an i nk rtridge. hayi.ng t] S A j

recordi ng appar ;[t%uE’ E?%ﬁenféliestﬁa{c}&é% héﬂg h%%\n'lé(r?gsléég %ﬁ% %gret g?%rgéed

cont ai niltg aon theptamealplapeodnd rihedpaf dihkrofingl ehds, ald lHraadged ©mar e
drawi ngs show e f ! (| ﬂ%{b Ei gy s hs, a

dr awi ng shovmgﬁlc_{}q)éa(r%l ?’%&'ejé ré‘egd(?r Fﬁéggp{)%rinaﬁ% Eh@%ﬁfe 5t ﬂl}en‘%lzr?;kﬂ}§e
cartri dge shevir iof Hiigtal 1gmda @re7err@dged.19 is a cross sectional view of

the ink cartri dgg ?Bg%getfgr%igI%h%!ﬂeeaﬂ%?xd&lfec}@gaﬁ‘%%{;l@?d:ﬁ%e Qb OC i s

attached. Fig. Cross sectional view of ano cartridge 180e
t o whi ch t helswitRimedsdy Sepdany nekprgatesh neybers; aget aéhadconduetiye 21 s
a plan ysewrgiQwiRg, aaRbafite TRMRCH140E JSTRRINIRGL Uhe NGa B IBFUALERL] Sdddict ure
of an enbodi nent_ of th((:a1 rgsent i nventi on. FIPZ 22-1 S R_erl-lspecitg ve view
showi ng t he S TeRIEd ARd phf & Er SERBWRIIIF [y WhaEh Ehpehpd
proximal ends are arranged are parallel with each other, and the
elongated members positioned on the same plane and the elongated
members positioned on the another same plane are not overlaid

20 with each other in the perpendicular direction to the same plane
and the another same plane.

It is preferable that when the molded part is to be
resin-molded, the pair of distal ends are connected with a
connection member and the connection member is removed after resin

25 molding.

It is preferable that, in the connection member, to position
the pair of conductive members to the die to be used for resin
molding of the molded part, a positioning hole through which a
part of the die is to be inserted is formed.

30 It is preferable that the positioning hole is formed in a
position corresponding to the vibration part of the piezo-
electric device.

It is preferable that, for resin molding of the molded part,
a female die and a male die to be fitted to the female die are

35 used and a part of the pair of conductive members connected with
the connection member has a contour corresponding to a partial
structure of the male die so as to position the pair of conductive



Figs. 23A, 23B and 23C are enl arged views show ng the pair 15 of bent

el ongated nenbers shown in Fig. 22. Fig. 24 is a perspective view show ng
the state that a nolded part is integrally formed with the pair of bent

el ongated nmenbers shown in Fig. 22 by insertion nolding. Fig. 25 is a cross
sectional view showing the state that a 2 O nolded part is integrally
formed with the pair of bent elongated nenbers shown in Fig. 22 by

i nsertion m)l di nf% and ig he State before a male die and a fenale die
are fit intd" €#59°s a cross sectional vi ew show ng the
state that a erIIﬁteﬁlsppféfde:Sablrﬁ egeal &y tﬂﬁer reEcheWb £ hr é6En paildinl bénthe

Ctare af Ler BOTGPAFE: oo 1 oFbriRe i 61 M PRLEI T GLAeR BIRAs RIS 274

27B and 2701?% g?ﬁwmalshpwmebp%mQeststtartga@m of the ggﬂi eazﬂéaestsalecziSE or
processing the, np n.in Fi 4. Fi gs .. B an

P o L s B5 0 RE v PRCHT pe i elbeddsa tn WP u i Atbr e EReaest oot he
nol ded part hewsfithdbgir 2€ dEsgal %ﬂdssfcﬂmseéﬁrlﬂ@dt\tﬁcwmaﬁopbﬂg: an

i ntegrated nol ded product _.that.the branch arts are cut off at, the cutting
b £ 35 shown 1 H9. DRerepasle " SHAE FoRobRoe i 408 Al Rong & how oo

an integrat q.dl.é'ﬁbi-@e.@ﬁﬂi’@@“ﬂévlzﬂdéais tﬂmn!eaaﬂg Fll:hléaméﬁd@dt Padiit ad fehat p&i’ltﬁ
cutting in Fig. i [ erspective vi.ew show ng
The i tuati F datainShile b irangea bR o SOk CRBLRE L iF SOGaviEd- of an
enbodi neot of tIAe @tes."entfutmhem iagpect Fog. Qxi §>respﬂt S pestentdoni eis

showi ng a m)q1 ruct red %%’tt chi ncg1 a_lln cl uatornotlota m)gntllln
structure of° 5&? nt-"of %‘r nvent i onTand -7 di hﬁ FEIW t h
resin. Figs. a@&&mesBBen%@IadIdttﬁéSmmze el evkngs ckhmmen@mbhédednsmrtlmi on of
an actuat or A a4 ;eg0a¢ FRAt nBhint 0 PLESEM .k 1MKCHHOh1dzb81 o3¢ S4B

and 34C are aw ng owm ng the co |tut|ono a nounting structure of an
enmbodi nent ¢fevilge s @iezPnebecinir eleRent3Baynga p@ﬁppoabectpm%b@mn ve

view of ;& m?f@ildebgrfa%hﬂmgdéf@@ﬁrdgest Qﬁdpé 8 a iR geﬁié&n .onL8nEi gfde 36A
and 368 are draw nﬁs how ng an exanpl e a pressed-and-held connector of

the nodul e SHoWRirR Ehg. pipzo-slgetri @W@?Bsaﬁérﬂﬁ%%'n@nghévﬁ:h\jl%ot her
exanpl e of Fornasgeredbetr mtekzdngoalrmix@rd eévttge iditr-an§s@Wwh itheFdehe35.

Fi gs. 38A and 38 e_draw ngs i the le 2 of a

b G55 ed- and SHEEE L BhRaEPERLIRS pRaCHs AR E et i 1EERAS eppta ey ung
39B are dr awomgs showpmgact Mjrutlhehee\xmnpﬂtemgf paapees$@¢lm1@bawdltgi connect or
of the gpdule s r S ng a
still further egg\,\ﬂi g}erl‘:fegajgigs%ﬂe: gﬁgéf‘cr%ﬁ%g?tlgrg%ﬁ@%h% frlllglé)ﬂshom
in Fig. 35. ozfseibmwrﬁ eﬂtreqjxmrélmr;ﬁ&m$w3®wms qhelistad epnds

invention wolfl the py¥Rhei Olsrttar&th&éemwhta é&tcﬁr@ﬁ% aahkbevendeditrnt s of

the present invention ver, the pres i nventio ecited in the
claims is n&ex Hpﬁf;{:%ooﬁd: e plezo -electric ev1ce 1% sealed With resin 'so
as to prevent liquid from moving toward the back of the

25 plezo-electric device.

A further aspect of the present invention is characterized
in that a mounting structure for mounting a piezo-electric device
used to detect the consumption condition of a liquid in a liquid
container to the liquid container has a base having electrical

30 wires electrically connected to the piezo-electric device and
a projection projected from the base to which the piezo-electric
device is mounted and the electrical wires electrically connected
to the piezo-electric device are formed three-dimensionally by
two-color molding resin plating.

35 It is preferable that a concavity for receiving the
piezo-electric device is formed on the end of the projection,

and on the bottom of the concavity, parts electrically connected



30 the enbodi nents descri bed bel ow and the conbi nati ons of the
characteristics explained in the enbodi nents are not al ways necessary to

t he sol ving neans of the inventions. In the enbodi nents, the present
invention is applied to the art of a nounting structure for nounting a

pi ezo-el ectric device 35 for detecting the consunption condition of ink in
an ink cartridge to the ink cartridge. The enbodinents of tile present

invention w ]| be expl ained 11 caoncr.etely her.eunder referring to the
acoonpanyi ngt AR MG OF FIeRE-atatBRure Bited T HRE s et e st |

pi ezo- el ectrbyg seviesstf ar pdet st ivhg ehecephsanpiires.condition of ink will
be explained (Figs..lAto 4% Thﬁnt iB Fi g .5 _and the subsequent .draw ngs,
5 a mounting st rictti PFFCLELRL FREEL TBSpPL2ICEHEM rHES oy FRRS t BETRRY nk
cartridge, ipsofeqereton itBwbagardnd 4 @@alofg paetaunddld ref fie bgegingand
application exanples to the ink cartridge vgall be explained. .In the

enbodi nent s, @At &P LEr ENE LYRGIMERPEH, AP N SARFRVYYY Jf fREmed on

pi ezo- el ect rile dovi ffve VR schl@n§Oparguraid on trduld@-RbB&opesenid i C

device is not_ limted to an actuator_and jt be an "e|astic wayve

gener ati on nERFRUGLFIG S'eﬁiéQ%PéFEcHsr#Wdeﬁ%ggé.bofﬁé?m&ﬁf RHERPSABELE he

pi epr- el ect rm]fgetexé @@thpim f‘quiir%t@1calaottcr_it:b@1¢néfzs:rﬂiemteblsto Amedpair odf |
configuratio or realizing the mounting structure, terns .of ."no e"
and " modul e SIFRAIES Of % RiRPOBLEE 1A% By 15 Fr L ARt LY Vg oied
equi val ant cframitheobotattonacf udteocodOHr iyt ¢h tis= backdicd oentheobeshing

pi ezo-el ectric td(;]v.i Cey The_act uat.or afgrﬁ%rreq:tchir%neg f’as used to a nethod for
detecting 2P% " Vet Shéﬂﬁ%]% THERE Bt otraT | iﬁﬁ d %]c%' and detecting the

consunpti on condietiafunther dspratdof hha priegent iovehbioreis cRarkctet twdd/, t he
actuator is 0 flar. de LT s LeSQRANC & Jdeaue y the
resi dual vi bﬁ?’ﬁ}?ﬁi t?ﬁgﬁé%gﬂ%é} escgi hg&a(% rlfglggsl l_(%hgnggas ﬁlr?efihgga@%%%% C

i npedance, aHee densumphion mengdtionsuhgt Loaubdridi gi bigwid gontgineri e a

liquid ggnt ak N&hyitFi Goadd éﬁeca&i%ehgy%e@n%@aea/i £Y @het D8 e36LURLON,106.

Fig. 1B is a_cross sectional view Q -B of the actuator 106. Fig. 1Cis a
cross secti FHA1GAeRNGf @ P¥esed-RBAzReLAIRPRESECT PR YHe AfoPESSERG a8 (A)

and (B) showmeubeatiesh e 6urdqsitobobh@ At thé PickdbeldOtH @ dedicé Qo and

(D) respectively show the .periphery ipcluding.the actyator 106, and.its

Squi val ont A5 G BRI TR FRE L P ARsREPHRE e BB SA By and
(F) respectiacitgnishbuatteampethphsair oficeledtnpddseofictheatpiezdoélarndiid s

equi val egt ciLfWd when the ink cartridge contains no ink. 35 The actuator

106 has a substrate Z78 having a circular opening 161 alnost at its center,
a vibrating pl alé 1gerefeanbtel tbatorhe pressedernd-heldeeonngatiorebas @ras t he

surface) of {13489 adkastit? RdfbSO @hitR Ci@Veheide aENENSsdfh1 1y
pi ezo-el ectric |ayer arranged h }l;aré]l;gc of ,the vjbrat,ing

y 130 on the e %I de
plate 176, PP EEFed| BELVEER Gy ePBBt FBBe PIEBOTDI TR G he
pi ezo- el ect rdevilcayand 4GAwalhoy b fedeiictams Wrendéhe dnsade tiher elaxdicl68 5
electrigall ect i .th the.upper. e rode 164, a | ower el ectrode
term na?%?%ﬂeg'f%cr}t (ripcgﬁ?;%%m nrr?te;%tl?ﬁggﬁ?cjrﬁt%l&?é | ower el ectrode 166, and an
auxi liary el ect Itdies prferabhe i tthedr thageckdsedrmead-hebl wopeectbedianade 164

and t he uppel,: t [ I rical S . The
pi ezo- el ect ﬁ{acl I gge%%%tgb@ ?ﬁﬂéb%xg%ee?lggrgc%élg%%%éft%pt%&% P%{\A}:rotf\m

el ectrode 168 acivedasdiomedan phe cizsuih bessdmndathepait of ekegtawdesel v.
The respecti LI r : i - i per

el ectrode 16(%4&{e tgéra\&ﬁtlgﬁg Fgﬁﬁﬁeﬁogg%?%%gh%% ? égﬂ%ﬂ%ge%%?%@tg ?‘}D%P;ngrrent :

15 The ¥Pbr aitiglpyacenngding thenpdin Pl Kenduet e wbberemenbs¥sate 178 so

as to cover the:ceF?L%“%»ﬂgte&%%-le&lfé%VE}{é’p;l_é?oieiécQFr&'@@eWcEfl%_ PeFictAreghe
vi brating plate 176 tacing on the opening 161 and the opening Z61 in the

substrate 17A® thAk Lupprack PIREPERIRANIEC PEIRATAVENS PREZYRIGCTSHC he
substrate 17A&yer RB14NScQRRGSH! Bast A @l cbbRoRbLZOrehesiblat BASHRRL S aces
on the liquid-container side and the cavity 162 is structured Sg as to cone
in contact WY AN 9idguPH Wik theppieiernPlfiCArdc BAemeatats s¢KaRIed PRE

substrate 168 davavyrbhiiid hehBeondindy @Y edinéd ldatik] h§akrohddar opur face
side of the substrate 1/8 even if a liduid ' .
the other side of the vibrating plate, and the vibrating plate

comes in contact with the liquid in the liquid container via the



25 enters inside the cavity 162. The |ower electrode 166 is positioned on
the surface of the vibrating plate 176, that is, on the surface on the
opposite side of the liquid container and attached so that the center of
the circular part which is a main part of the | ower electrode 166 3 0 and
the center of the opening 161 al nost corgcrde w th each other. The area of
the circular part of the lower electrode 166 is set so as to be snmaller
than the area of the opening 161. On the other hand, on the surface side of
the | ower el 88Y+lotre 166, the piezo-electric |ayer 160 is formed so that the

center of the 35 cijcah@roparite tNRfR0heAblchde eRNEIMSfst N@nePpRkbag- 161
al nost coincide with each other. The area of the circul ar Eart of the

pi ezo- el ect r BEEFEES de6iCe Zaydie SBPRATERH b¥ 3 PRLF?E CRAAUEhEVRAMERbEra 3 of
the opening dficiangdd abggectdand fi%eagaﬁéz@ieiétecﬁcr aearepart of the | ower
el ectrode 166. On the other hand, on the surface side of the piezo-electric
| ayer 160, the upper electrode 164 is formed so that the center 5 of the
circular part which is agpg; Bt 0 ok 1 ﬂi;; ¢ of the opening
161 al nost coincide with each other. e area 0 e cr rcular part of the
upper el ectrode F1g8.i dAgelBsandsl€oabe dnawings tiﬂmlﬂlﬁe dgitaads opft hle
openi ng 161 ghd;Afort R@gCircul ar part of the piezo-electric |ayer 160 and

| arger than the area 10 of the circular part of the | ower electrode 166.
Therefore, the Fddn Hdit a srapiagpihorsng| %é‘? Goestayerlas et she AckBetr®d so

as to baohel go¢ egREGh ¥8hYvdIaB tcrigcayftace si de and back side by the main
part of the upper. electro 164 f he of the | ower el ectrode
156, o that | ndigPest 187 dpetis REYLE SheviBh hhed 3t acPRULP PUsFER ned
and driven. dhe 1¢1kr deheitparidsthé ﬁéhbn]amEEOfﬁé@@érrdyC olfaysk dédbctielebypper
el ectrode 16452) tt&e I ¥\€r el ectrode 166 which are the respective main
parts forma ?eaf H&-eEt *elenent of the actuator 106. As nentioned
above, the pi ezarlglse(AWami e]Bam‘erdrakn&anshnwdngtt&etcmrtdertéﬂeeoﬂrbmatim pl ate
176. Anmpnpg t r L r ectrode 164, the circular part
of therrgrgezog rwrgck:l" ?8 IL1 Egug?(?%u gér part of the | ower electrode

| 66, and the opé‘ngng51ﬁ‘1 atpreersaeealm vivy ghemiing the medulee 104rgest . By
use of such a SE“MthG”fs atnhgx%{i&iéﬁ 'v(.%@waéﬁ‘é‘wi)ﬁg e bRER{E NG AP ol & 176
whi ch vi brates_acfual IS ined by the opening 161. The circular part of
t he upper eI‘M‘Jrl@déo%ﬂ oWl Fi@ul ar part of the piezo-electric |ayer 160,
and the ci rcul aripar? i at perspeerivel etewositowity anetRenl énfodimehbeoir ea

t han th r}}e %533‘?8# so that the vibrating plate 176 vi brates nore easily.
30 Furt 8 the circular part of the | ower electrode 166 and the
circul ar part orFlgheB uppen ekplidetiyitgdshbwiig ahe ebemstitwaidny ofobmect ed
to the piez rpi4p0,5 the circular part of the |ower el ectrode
166 is small Qno‘%i %Pé ofie/’?F € cr ‘rcular part of the |ower el ectrode 166

defines the par Figs W ton8Cpskow stliddt anethey emboddngnt of jhemadeke o

pi ezo-electric @&I;eqto lsTeharurmﬁ@ s.erio%ﬁh@o&@ x@mphead £ %ﬁ% tfodPERBE SN the
surface 14 si of the vibrating 176 so as.to electricall

connect &d t a”tewet%feerﬂ%r 0P rxpumy JEIQFW a 2t He"guRTed z}'Pyﬂéﬁ éE'E FSBEaJ_t ;

the ot her hand, the | ower el ectrode term naI 170 is forned on the surface
side of the vibratin a as to tricall nn d to the
| oner el ectrode%i%% gl'll%‘é ES]B ﬁggtarroedg gﬁ? d§f‘r‘?€ ’A‘[trcﬂ,? $?§%e si de
of the piezo-el Bigril2 Layedrating showhat, an rexatnglmcr:ﬁjrtheocfrmeectlm to

evel b f 1 orinsoScoRatilh SBefe ikt P PRI RHECEBHE, AR S, 1R T

30 l1cC.

Figs. 13A, 13B and 13C are drawings showing other embodiments
of the through hole 2c.
Figs. 14A, 14B and 14C are drawings showing the planes of
other embodiments of the through hole 2c.
35 Fig. 15 is a drawing showing an ink cartridge having a mounting
structure and an ink jet recording apparatus.

Fig. 16 is a drawing showing an ink cartridge containing a



10 layer 160 and the thickness of the lower electrode 166. It is difficult
that only the upper electrode 164 forns this |level difference, and even if
it can do, the connection condition between the upper electrode 164 and the
upper el ectrode term nal 168 becones weak, and there is a risk of cutting.
Accordingly, 15 the auxiliary electrode 472 is used as an auxiliary nenber
and the upper electrode 164 and the upper electrode termnal 168 are

connect ed. By .dai this, also the piezo-electric |ayer 160 and al so the
upper el ectréj&glrfggtgr%fs]flrrl?%t Sgeﬁngb as to be supported by the auxiliary

el ectrode 172 andidesired weshand qat ste engtiingd slhowing obhar rechmpids

furthernore, t uppey el ect.,rode 4 and the upper electrode term nal 168
can be conne&i%hgurea{(yc.ar dﬁlee%é&el ectric elenent and the vibration area

of the vibratingrpyatis 1¢6a fRaewigy tdtowingzan dnkcet ceebediny spparthes

br of or bl B { FACEetAERbora ABFLALIES (TG 46t Lt 786 tar b/ Ghi o ned and
formed integral | yigutigalibya cnoep §derianblardew SF6the iindr oedti degiabdy, it
o ner eased 0t RESGR ViR MBH aRap ALt HIEL e FA30 malbrea PoNATeRS L AR the
strength of the BOgsultstikas ecxlobd béctimialasdew ofilgndthervimk ataraxrifgget of
Vi'brati on patPORcharseh tie Bos PG shelnclbai iRy Phid skt i ArepRet
actuatorl@06 ot heigi baristahplam biedishowpay & flraoemanteat icomaantdorureayi zed

o) ezo- el oot r fh T BEFUe RS 0F AT RIBBLAAT sk PRt AF TR, 17 "
the vibrating plBte—276staiperepectiveview shawiky ithe sifatetehali bhepdbtetri c

| ayer 160, iheﬁ‘ﬁeprﬁm%\?g&?pté%ise%gn%i.r conate titanate (PZT), |ead

| ant hanum zirconate titana r a |l eadl ess piezo-electric film
usi ng no | ead arfigss &3Aat2IB Andop3Cmyre @hdergeed ViEys Phoving theepaikibl e to

use zircoeni acerpahtiifhgakbd febSfLMBLA 18 HSg the same material for the
vibrating plate 176 as the material of the substrate 178. For theﬁggger

el ectrode 164, tHhd: éhes RIRSEEPEAEIIBF IV RIS G sEetodbate? AP 168,
and the | owepaet get 19etey 01§ fdmeli/PitatRepdietd f Befdle@bnghted Membraspl e, a

1 o nmetal su as gol d, silver,.copper |atinum al um num or nickle may
be used. Thegg% aﬁbf%&étﬁﬁ&?ﬁ%&lgg ﬁgg%i’%%'ed above can be applied to a
cont ai ner cont aifffing2& i$ quictosFoseewimslleyviev shovipg hbentwake dhak ank
cartr!dgg ofmbiied PALLLE, DRLUSAL TV oA YirhClnd B69F Uil ABARLRLHS OF @
container for containing a cleaning [1quid for cleani ng a recording head.
The act uat orMaYBEEHERAWE AN £3- 22|y ipsertiompakiing apd FhewsdeheFrrhed
Ipfﬁti olry of.%@ﬁ:ﬁé{ Q;Jinﬁéépﬂitéihé}ﬁf_asc‘ieg\@%é am@ta:@/iftix %ﬁ@oCémﬂsl_ dthegQnt act

Wi aliquid c ai .in the liquid 2o.container. VWen a liqgui S

Suf i oi entl'y contdndh i & RESPP (ST ORIaTAEr SlEidathe Fiack diathe

out si de t herrmmideat pattlis ohtedgxplily f&méeéderiohheare paibd ofinbemt ienbaged d of
the liqyiLd [ neL.. U . | qQuij V. e
act uat o modieingy iath o PR RS ho Lo Bt IR AR SPREET i 1y
25 162 or a dftpr & medri dseomd/ § ferhéecdie tarel @itandtai eaadxicthereut si de

t hereof is gene d. e tyat c%-lpf in the
acoustic i rrpedalr%{gL géazu—/-sg(;’dzz)ﬁ/ atlhﬁll gﬁ%%g%ggﬁxﬁﬁgﬁe&g%“ﬁ#%gﬁ Sfé?régggg? he
actuat or 10T anferale dionsedefon prpgassing thamaldedpart ebavaiimedidn t he
liquid contagner or a 30 fixed amount of liquid or nore is consuned.

Furthernore, the actuator 106 can detect also the kind of |iquid contained
in the PPquid cEABaEr RBA, RBR@Nd: BRC Brendy Pii@gst showinadthe Fomsgatsei®®dn by

the actuat ofofMal habe EePlidbAetbr processing the molded part shown in Fig.
24.
Fig. 29 is a perspective view showing an integrated molded
product that the branch parts are cut off at the cutting parts
35 shown in Fig. 21.
Figs. 30A, 30B, 30C and 30D are drawings showing an integrated
molded product that the branch parts are cut off at the cutting



3 5 To detect changes in the acoustic inpedance of a nmedium the inpedance
characteristic or admttance characteristic of the mediumis neasured. At
the tinme of neasurenent of the inpedance 16 characteristic or admttance
characteristic, for exanple, the transmission circuit can be used. The
transm ssion circuit inpresses a fixed voltage to the nedium changes the
frequency, and neasures the current f1 ovi g through the nedium O, the 5
transm ssion circuit supplies a fixed current to the medium changes t he
frequency, amhihSasbiPes ihd igol £hge i npressed to the medium Changes in the
current or volta S S [ t ges in
the acoustic i mgggﬁ H&Q#&fsb@ﬁ%%ﬁ@?%qﬁﬁeﬁ?ﬁ %ﬁg él\&%ﬁ,‘% Bﬁh)@]%rg?ent or
voltage is 1@qm1>altm’zed artaghednte ed neugt ingdstanatsirehafiges émbadigentousti c
i npedance. %teeh}re%logn tn%ng%#od af orenenti oned, the actuator can

det ect changes iNt Re acousti'c I'mpedance of a l'iquid using changes only in
t he resonance frEggentd .isAs genméutdveswmgwﬁms; |anma:6ulees1aomtsmred

i npedance of f 0 t e
resonance fr e%ué%%grg @r b%glg}l‘tﬁ{ (gav#@”ﬂt gg%?{)&o’{e {7%%% ‘S@ ator Bgnd

t hen neasuri g ctoanpeesehteomwon’oiwn/earfd)médmagseol with resiesi dual vi bration
remaining in the ra n t r , e i I e nt
can be used. TheF¥%Qp| é%g e{agéfrﬁéeelagfrégr%r?sag% g{%g%ﬁggf %ﬁ’g’%ﬁ rgﬁﬁg
count er el ectooossitveidnret dy adiwatesi diaknvepbadinent exfaithiengpriesentie

vi brati on, part ot bg. actuator and the magni tude of the counter

el ectronotive force varies with the anplitude of the vibration part of the
actuat or. Ther ef BigS. 342 it Bapd B o firawinas shioiag ithe peritisgutine
actuator i ncrﬁaéﬁéunmﬁ%gef@rd@weﬁmedméh%f dﬂgéf@;enttﬂeeqr&aegl ng

cycle of magnitude of e counter electronotive force varies wth
frequency of theFi®sidfudls GRoPERIWVSS BREFRPFRLYS tiew (?ﬁb?a‘f‘?‘iihl%é’rft an t he

actuator. Themeb@ifent her ftheqyeasantofidiRatybhrati on part of the actuator 30
corresponds to the fre en%a/ e:{]ﬁthe counter el ect rorrotrveforci Hf t he
resonance’ frequeftdF i s> oG etfB FL& FILGFe FEPYiAIa 2P e SEARRIR S afe
between the piresaed-emdpdreldotoniectant wdt cheamddal erestiowm in Eomt a&X. with the
vi bration part bt.ai,n e f bt ai ned
35 by measur emert B CHE At Ey SEF ab s AUEAENa ol USSR RS
part and nedPiffasd-and-deldsenpapretont afeths Bodple tsdpwno inhBigouds er

transformation. #giigs VBbA@ﬂdoﬁ]Bﬁ)faréhﬁ:aQﬁtn Yt Mo g s@ilﬁ%@r@ﬁﬁéﬁ'éﬁm@ie
extensj on instead of

various deformations s efl ection an '

def or matdton BAI Y BHFSSRE- 3&&%%%%@% OF 1 Ao B ARG 88 Fift dar ng ¢ he
resonance frequenxs fs9ATéne;r eDBrae;e bllnawmgefsjrdwmfg & i reoent €@ample of

el ectronotiv | ect t um relna
resonance stgt é? %‘ees%wt;h%e%c?' %Q %u??e%héran&g$ﬁg?%nggn&Qh§

domi nant fr equerR;ggSooﬁQJ?oneﬂﬂOBsaJ:iedéIrﬂWangedshQWﬂerrgeb)sttlﬂré ﬁiJe“$bnarﬁ2felnrpﬂequency
fsis | Udgedof@?;rfeé@%%‘r?d—ﬁéi‘d‘ éo&éé%%@%é‘"ﬂf%@u&@es%m Thante 39,
characteristic of a mediumis maxi numor the inpedance characteristic

t her eof 4°s mi ni mum Wen the resonance frequency fs is used, the frequency

fm may cause a sli ghtpmarap 7 &S QRaIYGH R yTEie to a
dielectric |oss f a nmedi ym or rrechan | oss ther
requires a great™edt*or™Ms thvr?gthBndé’rlh eb[enee’f%]saolﬁlg cé‘efrree‘a\ée’ﬁcylf:b from

t he frequencyefardnrdeorshasenmiadimentshaf thbefasegitenoyerftions grwereally used
i nstead of t resonance freguenc en t.he out ut of. the actuator
106 1 5 nput 00 KR et RERET SR tn I AiRor B b iR eRotp o

| east tBe acohst embodipedasceles20ifd® ey i amdt tips oventbinaatiohheve ithel ittl e
di fference i he .resonance frequency.identifi.ed.b he _nmet ho

Teasur | ng. KT ETeD teRar Rl ST T4 ofi, FINeseaane, Paficatvays

char act eri stnecésmmgoftoante neclsumongethe 6f etuenoywenmiand. t he net hod for
measuring the T e30pANCELIARUEICY i BYCERASULIAALLAS 25 BRYILE o tne

el ectromagneti c Torce cause y ther VBt atron- AP e Vi ron
part of theear,ttméta)mouﬁluengrstm'attoneafroeramolﬁntimg acplmereléoﬁrls dlelvecpart of

161, vnen o TOHEbeTSitg FRP EPhnihytEsh per Rt oD PR aarPeasheaBRer.
e Ty e O e 1 the of ot hand. when no Lhgars .Wsth
SUTH clent 1y corbsi FEHOS RIS PF cilic) BESRERE nbR CRBH, il e re P adir

contact with a liquid remaining in the cavity in the liquid



35 container or in contact with gas or a vacuuminstead of a liquid. The
actuator 106 of tile present invention is provided with the cavity 162, so
that a liquid in the liquid container remains 1% in the vibration area of
t he actuator 106. The reason thereof is indicated bel ow Depending on the
mounting position or nounting angle of the actuator to the liquid
container, a liquid my be adhered to the 5 vibration area of the actuator,

t hough the I| i.n the Lig n unting
position of t cﬁ%ﬁg ok}‘ereﬁﬂgﬁrt Héﬁ? IgJ{}]onlcgec{ S ée%@% ytelﬁg d}[{Wm i'quid
only by exi st[antﬂ@e ofawihgsuf thr st vt,hehevbbs &t ron oafraap;em-le]c&ntctmoﬂmed to

h ib [ f th d b 10 aof
exi st ence. of 801 ST ROPR e APE AL OALLI Ty i dVaVEr L FE PR Eflan t he

mount i ng posi(Fiigs.ofAtdee 48¢t ughen, id Ftihe 5|aqw ﬂhemﬁk&lelannltO@Jkamdlge to the
reciprocatin on of the carr dall uid is
Lhered b t HenORBEaRe it rheeare 4 BevRbing he hir oA B g Sav i e s
3 uf fici Snt I yanoﬂhﬁldmd;_ﬁlﬂgéh?ﬂs qnprbdmmfalewer\?ar'ﬁbie@eﬁs)&cei thheﬁ?cxmtciaw t'yd
esigned so a recise tect, exi stence o i qu even, a.liqu
onmine t hor BLEHOERERT At 4a Lt ERb LTy PHOBIER ot Wit LAk GATErL g Hel
prevented fraem &nbial;méd.ons even if the liquid container rocks and the 20

liquid |evel an. actuator  having g, cavity i sed like t
mal f uncti ons canfrbé:hﬁr C?f? NTEy 13T e AT AR Sh ot %W{EPE H25‘5 eg)exagnp Sse
that t he‘rce | sfnlché d;ezd—eledﬂmcl depiicek .C Gifbvea veat, ‘amlcanfiguma:tmdm vhehki qui d

cont af ner 1 ePRENS LIGMIR LAKLYC 102 0L R AGI YA OF J00 8080928 o

t hr eshol d 25 Ue-or exi stence. o €rée 1Tsn
liquid ar ounbet ke C'aiasyit6¥auad generata.:fm olrneafns"heorcaau t'plem-seﬂeﬁdt@nCt han

{he Lhreshol dauakie, . BReARhHROnckUgE o hAksbDE & e cel ko KL HBE"

there is a liquid aroun e cavity 162 an inthe cavity is
| arger than LhBited &ohgheienbediment§e Af asopiigarainjetor kegalinérgths i nk.

For exanpl e, mwhReid %t%ﬁEH@fé’r t&Phsicr MRAIRG SR bRsas] derwabtupé bhe
liquid container, 1T the |qU|d inthe liquid container is positioned |ower

t han the m)uH?f-“ﬁg position of the actuator, the actuator judges that there
is no ink and ifride linqubd2 ighowhaeta s chxﬁnahaé@grvail@nmoahf&@ﬂedﬁhhgher 35

t han the nount]n 0Si.ti Qn a at or act uat or. es, that there
ek S neneE HaRe g doh ot B, A% BBbHEhEht S S SR AR SRR | 11 e
cavity is drTed arthatdrmaadpedpenrhiwned dsavtedty § meghsdtfrat ddtecging no
ink and , %venatflég@uén;ﬁyé%r ef tRe! REoGAVId m%gaa t aodéﬁyéfa-gageeﬁethe

carriage though the | I'n the cavity Is exh e anount S not
exceed the tFPREWHPELGM| ERNAKGOPhaRT t Re Jcdtigk ofP can LigHdd tIeRtaingFe is 5

no ink. NextpatBPcWREN3t, e adduptonGisplised @o @lctBbl N a@téwmgdthe
Co o0 bl A PSR BeTr L ey RgnaDes, Loeauprcy Bebueen @
counter el ecatobedstyveHamges whlthdacexpkacnagpedance, and detecting the
25 consumption condition of a liquid in a liguid container. Fig.
1A is an enlarged plan view of the actuator 106. Fig. 1B is a
cross sectional view of B-B of the actuator 106. Fig. 1C is a
cross sectional view of C-C of the actuator 106. Furthermore,
Fig. 2, (A) and (B) show equivalent circuits of the actuator 106.
30 Fig. 2, (C) and (D) respectively show the periphery including
the actuator 106 and its equivalent circuit when an ink cartridge
is full of ink and Fig. 2, (E) and (F) respectively show the
periphery including the actuator 106 and its equivalent circuit
when the ink cartridge contains no ink.
35 The actuator 106 has a substrate 178 having a circular opening
161 almost at its center, a vibrating plate 176 arranged on one
side (hereinafter referred to as the surface) of the substrate



10 by referring to Figs. |Ato 2. In the actuator 106, a voltage is

i npressed to the upper electrode 164 and the | ower el ectrode 166

respectively via the upper electrode termnal 168 and the | ower el ectrode

termnal 170. An electric field is generated in the part of the

pi ezo-el ectric layer 160 held by the uppgsy 15 el ectrode 164 and the | ower

el ectrode Z66. The piezo-electric |ayer 160 is deforned by this electric

field. Wen t piezo-electric.layer 160 . s deforned, ibratio rea of

the vibratind B BPeAa 70 FEVBbARGeniEy At S PHTarireree i & afer t he

pihezo gl eCtriaerIa@g@ﬁfdlrﬁﬁhé sudehos @&dggﬁﬁ%}lb@ﬁ@raglﬁgleaE:IeOIUGZ,Oaﬁ&ﬂ?ieﬂS in

t he vibration pa t he at or e I esi vi bration js fre

Vi bration of GIRBCEPRF A6 GRS ST U MR SR RE PRe SRR G i

Therefore, wheRerhe 6gldageoty bedéspr @ﬁSQ@FbQ tlechirede- elemthht l1@ger 160
orm the nce state 25 can

is set toaplse yaveform or a.squa reson

be oosi | v oplel R tr B e Re R Rt o RS P Pbelh F IS C a8 Lk r SoVes! £ age
i npr essi 020681@&@5@6 ugdrmiinBral y oreMideratasly hﬂanuekwtahgomﬂmrﬁh@flombe

act uat or

so t hat al sp def or t he |ezo r|cI er 160.
Therefore, tfFeFtE? gell%ct‘?”i“galna‘?/‘é’frﬁ]@d’yg@ Oéfeigg @&?’@ﬁ‘@?flve
ff)rce ghe CMWEénlaﬂneelhﬁmﬁ ema&gmt&id DB&%\rrlmldStlﬁ@hppélﬁ(bl\éc&rblﬂé umamlal
el ectrode 16 t he e trode 166 upp electro erm.nal 168,
oha.t ho' Towert 68 B PIRELE AN Lo e Pl bn e ferroarel T har a8
identifiea byeéohetkouipper elecircelcye drar thedbbdwet @decteotibaled havei qui d
state in the |IClé:I d.cont ai er can be daﬁ ed. 35 Generall fihe r%ﬁonance
frequency fsd & >(5 }8§388r yafhgnf STF6 h@ff%?ﬁﬂ%{‘ FePRE cl
*(MCact) | ~z)respec€wen;d1acmlar darts ohithe gpdezoMelextciat dayehel 6umtbé
i nertance Ma t L ti p apgl a o] a d,Cact
i ndi cat es co%ngncég'%g¥w§1§ \}?tﬁ)faﬁ%ﬂn partqg@i‘ %&cwg&a&cﬁggsl\%e%?l onal
vi ew of the ®degateleBBcofleneérts enbodi ment when no ink remains in the

cavity. f§g. 2, 4y @ma@hgsB@&t@qm/ai@nfoﬁaeroptaﬁ SHd dul®a¥kbhat kpa part
of the actuator 106 and the“cavity 162 when no ink remains in the cavity.

Mact is a vaPUESBRER rile7(§’ BY ¥ ViUFRYSE e radidPdot 61 heht rtkieddZang

density of t&ame@b@tummbf layiet\ﬁ%rateﬁg@flataq% £ac¥iry & k8B dpRnlingnd
nore in detail |t resse fé/ oIIol#é%grfor Ia as_shown in Fig.

2, (A). Mact 1210 EE?JrIb%Ie %Ig&?r - TBg Ardase n
this case, I\/mhtereisnaafn&ﬂ vefebted ned alsy thevbalkilng dﬂﬁehprsdbmtraﬁﬁe dr7st be

i cknessy andydensidaidl Slibe ete«zﬁ?%eec}d.ggek% SEGnddt LA1BK! Brathon part

by the area pi'ezo-electric |sava
obt ai ned by dignid FPNERENSF Fdidet apd ‘tﬂ?ecﬁﬁ%%lkrié@slarﬁird@wpfﬁyl 9P ash&oupper

E/L fact [ odg %6601118 1h%n\tlal@£@;tﬂtt):ﬁfh pf%&lday Tﬁ'@v%ﬁtﬁfg r@cdélp?@&?@ttﬁ;%{aﬁéek164

ectrode ue. o e iV roduct o 16, L hickness
and density ELJ‘P e ‘%’(ﬁérra*é?eﬁér g‘d@“féB ?“#‘ﬁ'y %\ﬂ lf?rsaEPoﬂr‘f)‘éﬁ’ft By 1iABidr ea of
t he | ower el detkaste th66su:Mad33 iside oflthe shbatnede dy sdevedi g 4 hagpiaduct

of thet |ckn ns f t.he brating plate 176 in the vibration
part by g§§§ Sﬁg {_‘% ﬁ‘y rl\eég 25 of the vibrating plate 176.

However , SI nce I\"ltixet lower l@decalrodd:atﬁsﬁdls roos ittheneli ok rides sudase toyf thed ar ea

of ‘the whol e, XBP&@EAO%OB%ﬁ?éE% trad D eEﬁHﬁ@ sufq%%&@ ﬁ@&g%

al t hough the areas i ez0- elec rrc Tayer rod
164, the | owef Wiedtigudd cmﬂ;alaﬁﬁ amd amtbtr:aeiioﬁsp dried @hetcr:@mxbroeft thg pl ate

176 30 have theoypgnigaudes 8liatioasnatersiRnidongd. 10h8: MHAl-dlE! f g ences

b
bet ween t he areas ar«g m nute. Accord mg his enmbodi nent, In
pi ezo- ePBéct r prd [thestentey of: Blee gppeing(l étarla@étmncaﬁé Wi eavk Ptbﬁéct rode

166, it is pigéenahll 8ftﬁh«’ét ch Peu sy tp%ret@@rthteh@awébeelgcrt%harl@@rfsssg\b' ch

are the main parts thereof 35 are So mnute as to be ignored for the main
parts. Ther e$®r€,tq hetHalaer fheartipsrearét thesopaping kb b Pﬁe"?}ﬂ%ﬁ‘éhebf each

of the uppernghgctéwdend bduridte | OVRE &f hé 088wdpOe1bbErode 166, the
piezo-electric layer 160 is formed so that the center of the

35 circular part thereof and the center of the opening 161 almost
coincide with each other. The area of the circular part of the

plezo-electric layer 160 is set so as to be smaller than the area



21 piezo-electric layer 160, and the vibration area of the vibrating plate
176. The conpliance Cact is conpliance of the part forned by the upper

el ectrode 164, the |l ower electrode 166, the piezo-electric layer 160, and
the vibration area of the vibrating 5 plate 176. Fig. 2, (A, (D, (D, and
(F) indicate equivalent circuits of the ygbration part of the actuator 106
and the cavity 162 and in the equivalent circuits, Cact indicates the

conpl i ance of vi brati par f_the (o] el, to
Cel ectrode2, ;gﬁi\ﬁpﬁnﬁé@o&c}t a{}é :(/)ali%edfl ng%éuc n%ﬁéaagge%% c,tlﬁe \hngg&)a??on
part of the mfeiﬂeelemérlezldoayedelﬁﬁ)ﬁ t he upper el ectrode 164, the | ower

el ectrode 166, adthe vi brating Cact Fornmula 3
“ndi cated bel ow. O pthck Brodsdh he stregiriinrt TY Brogt setacn) o 15
(1/ Cvi b) --- 1k @Wl@oﬁtﬁ% xﬁﬁpémle@écﬁra@@l 134 Esgforﬂ\ed(é\) Wit bReiguliteat ed as
Fig. 2, % corrpllgnce Cact di,cates a volungfor rec |V|£\fg%rred um
by defornsatl 8% hheriFcadanmay ts‘"’%b%?ﬁédat’??%’ Bt thpzgobanchtho £R6r ati on
I|cgart 2Th?C§ZO_tm|dtHéI§t@>e§3dﬁ§ 1rayahmeof@|ddnfnelaadhct?t E&uﬁlefo(t{h@&{.l mmfggﬁﬁess.

ig. 2, i ndi cates. a cross ional view o e ,actuat or a

1 oui 81 5 bubPECE BT YA BREG oo B A IPHEE 19 G0E R 4, 1B S d L S SePFpnery
of the vibrasmanlparthai theeagcssiabdrehith opening ¥all landf offi ghe CbJ_JMula’ﬁX

shown in Fig, 2 )4 ndi.cates a nmaximim va t.he addjti ongl i_nertance
when a1 quiBeEY 1AL IR R Yot LHE i HAT RO i A EP he
peri phery of ofhehei diedular part of the MwaEMCﬂﬂﬁie g 6ful | of liquid. M

is indicat | * 2* * k* k(3%
T San e rormiRne Pk are TR AR g bne lerbisfeRatanist BT
density of thtruethived sandskta hmhe—ldunwectﬁueﬂmlﬁrom ithehehdfadesitdhe
vibration argeg40f,LPe: ARl Yot Phe ]I{Péslﬂ tC' Ecjcﬁe #&ﬂe%@@?& rt’tﬁ 9hgd) The

addi ti onal inertance 1S a value | atl ng he nass o
vi brati on pakFhej®aipppaenofy thﬁciéﬁ@édebgctmeaéﬁﬁons@ftlaatre‘dlmmlézpst| ng

in the nei ghbpedepsl: afaykber ¢ bhat b@réﬂif%rcttlvelf%e%%&'méhaarfd eyent haheM mmax
greatly varies with thé radius a of the vib jon_part and the density p

The wave- nwnBeFCRIFS Ei{f?%s@gdtﬁﬁ S ZOoPLERF R  ka¥en+16Pgcthg VPPeEGr mul a
5, 5 where fatéctrsieal es, aah@sehenChovdeqebsyrodt tIes ViibicH | 8fe pahé When
it is not in conta,lf‘rl W th anlit%:ii and_c_indi cat an atlioust p;d

o opagact ng FErBSEhve it hancly £oih %a () O ElEE, 0 BIGMBMCoEPERE |
the vibrati o@cpaatomﬂoﬁhemmmdd)ﬁbm the pdevptgldder shehement Esg. 2,
(Q) whepolo LAkl ehtid ¢lsAngpILel 196, | Maddify LhaWidchont Bhper and

t he periphery o v ration part e actuat or I quid.
Fig. 2, (B @ﬁdtb%t@@p%r Glessrodet iléhal thre®ivulate recttusfortheO®ifAGN t he

liquid in tr@lém.tjicdlﬁy@ﬁ 26 0@ rtHeSc SAASIAE a B G FIRY Bowek ed eBOrblidlued,
remaining ar Ouélq:l}ehgpgrlungaHGQn aertar%]; éP%hgcépueer‘)tlng 161 is the largest.
By use of such a structure, the vibration area of the vibrating
25 plate 176 which vibrates actually is defined by the opening 161.
The circular part of the upper electrode 164, the circular part
of the piezo-electric layer 160, and the circular part of the
lower electrode 166 are smaller in the area than the opening 161,
so that the vibrating plate 176 vibrates more easily.
30 Furthermore, among the circular part of the lower electrode 166
and the circular part of the upper electrode 164 which are
electrically connected to the piezo-electric layer 160, the
circular part of the lower electrode 166 is smaller. Therefore,
the circular part of the lower electrode 166 defines the part
35 of the piezo-electric layer 160 which generates a piezo-electric
effect.

The upper electrode terminal 168 is formed on the surface



106, though a liquid remains in the cavity 162 of the actuator 106. Formul a
4 is a formula indicating nmaxi muminertance M nax decided fromthe ink
density p, for exanple, when the liquid container is full of liquid. On the
ot her hand, when the liquid 2 o in the liquid container is consuned, and a
liquid remains in the cavity 162, and thg liquid around the vibration area
of the actuator 106 is changed to air or a vacuum it can be indicated as

follows: M =.p.% f&%r 1{3?9{{%%31% e 226 MRSk aer@ié@%ﬁ%ag *ao%e psqof a

rredlumrelatlngto Vi on I ndi cates an area V|bra|on area
of the act uattortlié)ﬁlppékrealecha:qdebi@ilvaa ’ah@aaumlaaryreﬂl@modh h72.ad®m|s of

[ qui 0 1o subtEchEREt it B ReHTF ERECTTOT ¢ RONPAL bl 3t aEReon o

peri phery of thke surlinati aideardf ofthd hmlaramaigorpﬂaﬂ@ i 576 ukb afs |doqubel. On

t he ot her_han he liquid is ¢C u a u re ns_in.the
cavity 1652 gacf\h%cqlfléruicgnggggﬁ%sc[ gﬂ\%i g?‘g?]fo%ﬁcac gfhgﬁé g@?uﬁ?@?r 106 is
changed to akelleotrederaédury fohmedaocditheenadfacees idence the fiddoeeieBoriml a 6.
35 Here, as shown in Fig. .2, .(E), the additiona nce M. ,when the
liquidin th aY?ﬁujréc]O'co%} éﬁ%r?&r %‘2 E‘b%é‘ﬁﬁﬁ‘g’l&eaﬁg F%‘é‘? Gl i85 §PPEhai ni ng
around til e elbcatodmtpaninal 168 thetumtearreleczﬂfoﬁe&, 64 mmsrghnaaela fevell
remains in tg fia\”t 162 Jﬁ{g: the L@It}%té%k}a%s% Bgt t%y %I cav, for
conveni ence SoTaE TH AT nGhi s % o t [ on t&ncE

when t heter ilpjnerylﬁﬁ anldetke btrlanqkmasaaﬂf tde ﬂhweaceltm:ttmodEOBGGS ﬁtll is of
liquid. 5 Fig. n I rt of
t he act uatorghf)%i dt2 %%\é\%\r}?? ‘e'q%Z engt?lfé%rtﬁ&ié J(2364 ﬂgqu\é) te\/\/?1 éﬁl iquid
in the |iquidi€berergsr and @Dﬂﬁ?@unfédlén@laltl hée e tlge reenTiepiiigny @n’admtmgn ar ound
the vibratiogep@édn hel ea%y@éﬁrodé%m EHQLEH?B Gppdleh £ £5R Rerhind e

cavity 162 of the actuat ILn this case, the paraneters

concerni ng t he8 momsw%ﬂ |a(§‘|4 ‘étl‘%fec ke %S@rﬁﬁéﬁ&tﬂif‘gp DFForadnahy /
Ithl ckgeSﬁ t the F&f){ﬂ%'l@]f? elbetrcel 1 npiik rutSeauaEé B aﬂkhJ{1&?flt11@n%@§ érﬂ?t[]ﬁ

i qui d cont aj per e ui Wi ration p 0 e
actuat or 106CARHPREEELEILY &%ledf*?dsaﬂg%?’fu‘ﬁ???f 8?&??&%%%? rRipat ,.}%[Bh%refl qui d
15 cont ai nercozanémqad d Bedating uhrist, heel spavhé piezogaseotriac Lagad meosand

contact Wt haf b9 hERLAILON BA Lol 416 BCRURLIN 0%, JUeh Lhg buout dy or ound

t he actuator itional fnertance in rocess of
nmovi ng fromy thexavkdhbarin e|.3.|eg:tr<2de (1('2)2 gpd Mesgaedsheomanicali gtrengyie) is

assuned ,3s My oﬁ{gelr{@daﬂmf%mbhmsghé dpberheliiad- SrPeeding Qfk t he

l'iquid containing condition in the g contdai ner, so that the additional
i nertance M YRREY |esle€ﬁ§ﬁ§%dt%%|”’tallrelis s%ﬂ%@é&ﬁ@%ys‘%’ée%ys al so changed.
ITherte ore, Ey :cm@t gﬁyélzagelétetmes@ngmeﬁtfamutﬁmd Wﬂbs:atﬁ_hﬁ exest&nceheof g
iquid in the,liquid contai n_he In this case en t=
sT5et an snouabing GIAtE IR ERInG RELAEE Babeld dtntaE Re A &6,
by substit utVItg:atdwndpmits dfdfhet mmmdmmbrgtweqtualﬁor nBhatifer t he

fol | ow i S ] 7 i

liquid glgffe#e) ngﬁﬁr% gm%j gpﬂé)rel S d%ﬁi laé:nlggla%clé%gg%glrﬁb I ng on
the differenxee pnlchee@cﬂmbﬁprmem lntégratﬂalty mhéuablbm i Gheh theeactwrtEomM i s

changed and {he;L %%gaclﬁltferg%gﬂfpcxtfc%d Be ﬁ'aﬁ@l&@%@gﬁfjéu E'EEEEQ%EO dé;t ect ed

identifying the resonance can

Fig. 3A shov‘léh%ﬂ*é%ﬂfﬁﬁ‘aﬂéatf uen(i’ry"iﬁtlréltﬁtll Ténshipcrrasasenthgribratign

amount, i nk,cr¥hctesenanseid raprened. fsua@.fel? vwmratﬂr@n sRabhgtR & tHk tank.
Mer e, |nk wll be exp Ialned as an ex |d The ordi nat eaX|s

i ndi cat é8 t@%@ﬁ&nég f HSqUdRE§aFed, only tfe ' vt ion part of t

actuator 106 vibrates and the parts of the actuator 106 other
than the vibration part do not vibrate. Further, preventing the
parts of the actuator 106 other than the vibration part from
vibration can be realized by increasing the strength of the

35 substrate 178 and inversely making the piezo-electric element
of the actuator 106 thinner and smaller and making the vibrating
plate 176 thinner.



24 and the transverse axis indicates an ink anount. Wen the ink
conposition is fixed, as the residual anount of ink reduces, the resonance
frequency fs increases. Wien ink is sufficiently contained in the ink
container and 5 the periphery of the vibration area of the actuator 106 is
full of ink, the maxi mum additional inerntsance M nmax is the val ue expressed
by Formula 4. On the other hand, when the ink is consuned, and a liquid
remains in the vVity .and _th eripher g i_brati ar t he
actuat or 106 isczgsot‘gft’}"%lj‘lgég%ﬁ)f'gljpnI?,E Ietdpet S5 J?étl%éﬁ% 8i \rflteagtegnclg%m J‘\'?cgr?%s

cal cul at ed fpoeféiaiid tio Gsenl¢dd zhasorsataf tibenatesi YPIThj dkeaddsnthahtit i n
Formula 6 is_the thickness of diumrelating to.vibration, sQ.fhat
when t he t hi EkHERRYF (Rgnath, (BFafTe da drinads Bideoidlattar b, s
reduced, thatsisg ndeleaubsndatae k?MatermtieoSutiie céetriahien] 78heid5ipr ocess
that ink_is gradually consunmed _can,be detected (_Fig . 2 .. Here, t
ki 5 adsunbEeaeiante FR T CarOnin ra gLt o Tbr S REREERUCIS SACHEK | s
assuned as tthaksdne MateBxal For wxanpbeatime pcttealds d96lHes mateabgkbd on
the bottomof _the in artri al_nost, hori zaontal | i t he_ ink.|l evel .
Waen the i nkofsa&%ﬁé‘%ﬁéﬁaéeog‘gid %Rﬁ ﬁhela( HERFE eﬁgﬁ}éﬁ%@e&ée‘l ’h&?‘&hao‘f’e?nk- nmax
or |less froneldetracleudtor 6 uplervatedtxceleoweymimwingéd , asnd rchendover
Formula 6 and, the resonance fr ency fs.i.s. sl ¢hanggd accarding . to

For mil & 1. ThErarse SRRNESRL EE R ondor B MACeRERRT e SERRIE G ¢

t he act gat ormé6l saoh detegecitd ,s& Diwsr t bepperk, pbatsinmt, shuRiwgnor hiiokel When
the vibrati ap rbeeau%f the actuator 106 is nade | arger or |onger and

arranged Ieng'—fl ways, eg'i n Formula 6 is changed according to the position of
i nk | evel due t&herdctomiorniné ehrudhurest as aent hened tbavercablse eaplied ect

al so_the pr 09&%%o?:ftaghQchgtSQFfH%Ptﬂtiﬁgiﬁf %E"efa?'{a’&%%@n%@ bl BBuALLyat or

106 is arranged on the side wall Ink cartri al no )

per pendi cul af® pntink periridacegeinkwrnk tmbeiured 50E gasuHedeaAgCPReingk

| evel regchegpddiRuitvisbbat i ddordlBdhed thhecaetdidtioy 4081eimtnpddighiiansdr

i nertance M ]Feduces as the_jnk _level lowers, so that the Tesonance
frequency 35FRRIINGnRYTEFRFERGENe:0rding to Formula 1. Therefore, so |ong
as the ink | evelrhesasttdtowr t hes retage dh Fiesdi aneter 22as( hbant&d 410)3 of
the cavity 1 h ctuator, 10 sk ow t 2 he .i.nk _consunption
condi t1on HEASTESaREtEAse AR cTothe 1R S8hERLner 88 it SRS cBRIRE en ¢ he
i nk anount, J6¥k,ccmes riesaarteetl mddgheracy fguidf cohsaynéd ain obhpatiqiid t he

i nk tank,when, g neavi %&6&9@1@%@}&3&9@&% é,ioaﬂtéi n Jhﬁé@gt 'yy

shal  ow or the vibration area he actuator 106 is made suffiCi
| arge or | ofPPtPR@eE t 2R | RV tatl 62hend e mitfidpnthereqhirreafikls | of y

reduces and Itikfiidnk dnehe espeaRaad] fBagHameyl fduidfof tee 1hQtad oAt RAEdr Change
slow y can he under st aod. tqc@gbre I n.detai h 18, case t?at Hj‘e grgcess of

sl ow consunpts o BFISRK 288h de e d Vs 2 1OHEES { RELOY FIGuREt RS gas
di fferent i maersngyldoatioeachcatdigrionoehatsho diquind extbietwiilnridie cavaryea of

t he actyat orq ;106 and . t i, by ati. an j j . Wy,
w th i modits o3 3t afid Tosinel Onth, hh che patirrled S AL RS
act uat or 10®utisiidel thpredfr éslgemerathdl e Theeagjaw tiotcl Hadet ectroatekeas e,
when the actugt | iﬁ[&;gﬂ- B 1 i t ink
is smaller tauhgt'r%@tfel n ;éng‘??a'ltiﬁe%%r;ggiteg&re at | hlélét%\é%/glkb&r g?i %ﬁ%o%%t\éﬁéegig?uat or
106 i ncl ude W6t RoPAkt gy gikerelhe téropetuatsaiidilfgcancdetassd whether a

vibration angguid 9f éﬁ‘ﬁfi@ﬁ@ﬁ%ﬁ?r coffa BfedS.invRgR H&fufcp@éinﬁziaﬁlﬂei*e&ﬁ 4 han M
max in Formula 4 is expressed by the additional masSes of 1nk and q]as, t he
fol | OW'?ﬂQJ f FigedaapQuhiofi ddguid or more is consumed. Furthermore, the

actuator 106 can detect also the kind of ligquid contained in the
liquid container.
Next, the principle of liquid level detection by the actuator
will be explained.
35 To detect changes in the acoustic impedance of a medium, the
impedance characteristic or admittance characteristic of the

medium is measured. At the time of measurement of the impedance



M =M air + M ink = p air*t air/S +pink*t ink/S --- Fornmula 8. 25 where
M air indicates inertance of air and M ink indicates inertance of ink.
pair indicates air density and pink indicates ink density. t air indicates
the thickness of air relating to vibration and t ink indicates the

t hi ckness of ink relating to vibration. ng the nedia relating to

vi bration around the 30 vibration area of the actuator 106, as the liquid

reduces and the gas increases, .,when the tuator. 106 i s _arranged a] post
hori zont al | yc&PF%cf%WW Ioévé?j{“l‘ftaéicre FﬁgFgcg%egrslsitﬁ& "t iPﬁke)ﬁaérgbﬁ‘gaslé ¢
Thereby, M vaansedscts s¢éinduttardnt be mesdnanTkee f tegueEmiss ionc ceasest

| oW y. Theref t he i_nk t i ni 5 in_the ink tank t he ink
consunpt i on AMBERESEAR BEAGLTEAEaES thhinP SRS, hARERFTS T S8R Y or il a

of only the hhgundasiersd thhd suthait aflewdagt bRtolidle thig méanems yors sigesmal |
as to be ignored 26 for t he_Iigui density ia su)?gosed. ?/F\[h;%n tHe act uat or
106 is art an§EARSMHYRIOH GIFERAE cRYRRHIFS & tTHESHNRUF RS | Tartdifg AL,

vi bration argpafbed t@eaet iy} Uhd RBatds8heMolehbeUinprlessed tohene in
the draw ng 2n 1garallel W th the %lﬁr]e ion where the nmedium relcgtl ng . to
vibration of MER&WAct USBRISFOELT SHRSNISPEERRaRd (IRe TREGI BRAFREFE BhetMRdi um
relating to vibnatliswicd ciheuacivdiitelfaidesghs the awisitderiagedAsssim ng
the area of &Fe rgﬁi.on \lg/neie t he ne iumr%l.abi&g to vi bratior}%%f t he

actuat or 106-T8P8TF yH FKCaErKYGCYa THhePAFBa- 0T THESPEGPBYAMNEPE 450 the
medi um rigl at magimitzed Wranmiatmbzed d sactindicatek)@hangenl yn gds: asotstde, the
followng forpula is obtained. 1/M = 1/M air + 1/M ink = S air/( p air*t

air) + S inkH‘Be MG | nk) --- Fornmula 9 Formula 9 is applied when no ink
is held in the cteparatefly lfrdnhéhactethbdrafarep@ntiviead| rhe actheltdri can he

it f th L : tion.
The i brati oaeBret Bhahaéddn sHY RARTLE Lyibeadite e LT b DA ERUILEET OF e
dept h of renenhynip dhe mksomrcefiyeguengien Aher astthedonsing ahaaggedimn t he

bott om 5@ t hghe R uRY T Sitledddbe dBPAN 128 155 & LA MeSHRMsGhg W RBLR0d

i nk-max, the process that 1nk slowy reduces cannpt be det ec?ed. From

vi bration chBpgeeterting therXrIBR R GayRPCE PYnERr dhinthEhe NELEABLAR from

t ink-max topike desinduakbtdepsh,and thendrdpairdagt Batnt&e d1dctasmepive S

changed. Wep the act ug or_.is_ar rogn ed..on tt.h% spi de _and Ihghdi aﬁret er of 25

the opening tET FPTSFE PYES T3 HR PHAA UGS PG E 0P ThEPe iR btbassi ng

through the pmeni Mgri example,l thelmiezoeelhatric elsmdntfeaube Yseddet®ot t he

| nk_amoypt 'ef)'ié -éiae%sﬂﬂg %&8&8%-1{0511 eéféﬂér&’ £dye rﬂiéﬁe‘é%ctiln hoyhidy Fi 9-
re n t t, i r

[
3A shows th ationship between the ink anount, ink, and resonance
frequency fsebgctramogiyeyfores bynthamesiduaherihatignkremainiggain ©ig cul ar

vibration areporathith phttadf efetdtatuatde éﬁtﬁ@%&fﬁﬁﬁiﬂ@@f furROsGNeYerd s Of
nmoun

the vibratio art change _strongly between the in t before and
Lfrer tho | i SOuRqmatdVEREST I VEERRS PHTLEhe IO HERGE JoS Y EBFAROR e
actuator is paui caf edheFaesuabos, wisdilefore,3aspradet anpl iwdeaduithedof i nk
remai ns. i.n the ink tank ca e detected.. Fig, 3B shao he relationship

bot weon 2Phe Y e Al Port B e SELSELEE saclacdl MIB At dSfoh Sl

vi brati on pagdsier.t heucthrars Yhekbangimg Eygle 3k magn sholenoifrthe goulB®r as t he

ink density IIGLERGRRY v NP ANMII0E! ] F AN ¢ L AERER Y £ Or b dBhudine
vibration remaining in the vibration part of the actuator.
Therefore, the frequency of the vibration part of the actuator
30 corresponds to the frequency of the counter electromotive force.
Here, the resonance frequency is referred to as a frequency in
a resonance state between the vibration part of the actuator and
a medium in contact with the vibration part.
To obtain the resonance frequency fs, the waveform obtained
35 by measurement of the counter electromotive force when the
vibration part and medium are in a resonance state is subjected

to the Fourier transformation. The vibration of the actuator is



resonance frequency fs reduces. Nanely, the resonance frequency 5 fs varies
with the ink kind. Therefore, when the resonance frequency fs is neasured,
at the time of recharging of ink, whether ink having different density is
m xed in can be ascertained. Nanmely, an ink tank for containing a different
kind of ink can be discrimnated. to Next7 the condition for precisely
detecting the liquid condition when the size and formof the cavity are set
so that a I guid Mg, nvdRusa\ddibrhls 18hst BeRCLEaklr 106 s epnahen
the liquid cont%ll%er qont}}ai ns nél quut?béllmvm fll Ee'ggscr?be |l_n S:eLt ai Fn If the
actuat or l0eextenderednsthed|dfgdedornadion onlyhem org dhsechydnantohass ful |
of liquid, i e i QU it aYY?,eé‘ L Jyel62 is
not full of ??ﬁ%‘%ﬂ %&?%ﬁs.%iréasnc%ﬂ r\ggﬁl nc{fl}? s?}é%g% uncg?gﬂ&%@{ ngéf ance
M The i ner tBrerefigdes the wavefofmiafethanceumsy ebfctinpgotiiveatoxge phen and

t he addi &io inerta . l,he : LS. r.el gt 0 l'i quid
condi ti o%. %e iﬂnl%rZ ioa%ggckﬁ'l? se-ﬁraéﬁahgnﬁc?yr}% ?r%(l\g{%/nm %1%8 tlﬁla? f%seérgaﬁrgcse 8?9?%9

vi bration paits subjepped amt e iFoor bas dd apyg fomatoin and dfheamaetdidomisantt i ng

in the neigh}?ﬁén%} f i hratjon, . :Namel j negp [ se in
t he mass of e Vi %Iyg.t F%’ﬂg %ﬁéér bgléa;%&a)te?%ttn fll%"a ébs%jfegjie%e;, t eérrea%sﬁgnggg

vi brati on offremea®yvifisr asi pndgeat.t . Therefore, when M cav is larger than
M max shown in r e iU, appay, r bj i iquid
remaining in thﬁ%a%%@q}%éﬁﬁrg?g o_rr%, it q%s%%%%e%@g?rle %@%diaﬁngkltg@c% hat
when t hé0l i charasyerdistde iaf f @l | mediym quisd. maxinum sotasthe Mingedan@e 0 not
change, SO tdiHyddteriBsRalis bEGRURIGYnIn S RELY BRE 2CBBAYRSC e RMBLYy {he
mediumrel ating to vibration does not becone smaller than M max, so that,
even if ink % %h@@%d?héhwnéﬁp%tmﬁ%_%%S&Eeﬁ.ll%%_r%ﬁr&%,foﬁfh@e

act uat or 10&@@9{@9&@@&@%}@&3’8 fisi @b e QNdifkh 8811t 188s! bAU Ghe@Rimadner . 35
On the other hand, when cav is smaller than M max shown in Fornula 4,
the medi um dhPEFBAREGAA0OSSHERRFGOE -a FERNSE /r AhdicAPAGeF P EREAt ARdly°i® and
gas or asvactime ite déeive ghedresciineentaedqedncy fistidcom chAsefrdduehzgnges
unlike the condition that the liguid container is full of |iquid,, so.that
the r esonang%o ?’?é‘heugﬁ%)?%f £ antggge %rfﬁg?g?%%ré“, 5 ﬂ%n%ﬁ]&% BF‘qu@sE%%d det ect
the |iquid cohtiheiresonancadregyenay cofhan nghenZhRaveipyt aththe héubtoui d
cont ai ner ¢ 14RS (el J QU L iRt V] 6 f the
sctuator 10600 He AbRar i RenGEn e LRI, SR A LIt Sty
detect the IR @dndPaFbrithes CREFTAF eERedaNcSval ler than M max. The
conditign M maxha MpoanenRderoveldi €hat et 1t 9t 106 i¢2BrBhEEIiTELNe det ect
10 the liquid COI’IdItIg}I}I?I S |nde8ende€3tcﬁc8f t he shape .of the cavity 162. M

cav i ndi cat eSO EF BANTE Yot OG0 H hynthe ofnEok NRASFFIOFR] ¢ hat
of the cavi timgEsianceéhereiarestefristic he afnegaal intedilin max: > kldmdavanddie

condi tion urggg[ i : 0 5 Cj t eqdiquid
condition can rg‘@é&;%?ggggdﬁgéfég}fcéﬂéi 1{1%%%1%?{1% %Felgv%’?%r%ergg} ?ﬁ‘eé&gvﬁ: %/ 162.
For exanpl e Meddmdnf oy MERSuF ablg FHecfeqdnansseit eapeney & byheeasuwindatheavi ty
162 as gs anGdiift#eBl 8c Oforfdifnetd¥! fdré@%aﬁ%egw]}ﬁ Reel Fbd QMANI ViBEALIGH | S
held: 2 0 M, max > p *d/ a2 --- Fornula 10 . en Formula 10 is expanded,
the fol | owi At dAdVitPEAtLiQN drdi REJthe/ actuador.g -~ - Fornula 11 Fornulas Z

O and 11 are helrfle0pkNraiih bReashaPenOfadthi@teavibey 162 HeS pairkCHE afhe WiEN
the formul a of n the cavity is not circular is used and a2

M .max whe 162 25 [ |
in Fornul a MHR™2tE0gsP1RtR dd oF PP HeEWride thersrityt he2 (dahineshbi Phef the
wi dth and | engningf 16he oeed W Wighitheésdepthidiwraef ceatabgedein etk

30 1liguid container, the cavity 162 is full of liquid and the
vibration area is in contact with the liquid in the liquid
container. On the other hand, when no liquid is sufficiently
contained in the liquid container, the vibration area is in
contact with a liquid remaining in the cavity in the liquid

35 container or in contact with gas or a vacuum instead of a liquid.

The actuator 106 of the present invention is provided with

the cavity 162, so that a liquid in the liquid container remains



Therefore, when the cavity 162 of the actuator 106 has the dianeter a of
the opening 161 and the depth d of the cavity 162 3 o which satisfy Fornula
11, even if the liquid container contains no liquid and a liquid remains in
the cavity 162, the actuator 106 can detect the liquid condition free of

mal functi ons. The additional inertance Mg affects the acoustic inpedance
characteristic, so that it may be said that the nethod for 35 neasuring
counter el eC%O'EHE'VﬁiEa%%% g?&@r@é efe! SotRACH WAL OfrpL0Be LYo hc%%@éfdua'

vi bration detects at Teast changes in the acoustic inpedance.

Accordi ng toishisdéndtozt hedow.t he actuator 1U6 generates vibration and then
counter electro Lve.f | he. act I r esk dual
Vibration i s moeotpanFpGR AR b Ethd BebiFiEr Sthinen: Mgl Ba R

vi brati on pamttoftbhecathedtigni8 dfdadgnees avilboaidmayt be adhiegad ddyheét s own

vi brati on. by rive siganal I n,hf the, yibrali.on At f does
not vibrate, vﬁp%l bcr)rétaet%at 85&5?%50%1@?’12, Iqh&)ﬁ]igg Fﬁé ?o%dégtlgf#] ok %f\?mét hin a
certain rangéighhérebytd hreerpiisz dogeecthan thyemodding poenitiandofletbe ned.

Thi s residual yj i o ra o) : tiye, force jn the
pi ezo-el ectr P8¥F§§§?' 1@89’3%31% %gﬁg%e%ﬁhgﬁ%%%fﬁ{lgﬁgéﬁgg frérr%%ﬁ/léje?}ér eto
t he upper el bytexiktehes ahc 1hguidwerthd gibratibori 66eaTheliqyid @édbenedt i on

may be detecigd si,ng, 18 5 RPENQTEON A cEQL &X ATRA Grpk BrRR1 L 8Kk BEL G OT di ng
gra ? ery ngi? %r %@ﬁ

apparatus, using Vi ron o he perip he vi bration part of the
act uat orl §enefaexistynad lofani bhabid+ he reci procating notion of the carriage
by scanni ng of L Eﬂﬂlgf d i g 1Nty tE R k t ank
or the ink condﬁ%lﬁgt rég'i Hﬂﬁgf%%eﬂgﬁel{ltgcjt:%de.l E?gl?%%@4%é§ﬁgﬂ%g%§ﬁg%vﬂg
measuri ng mePfRsition athéheaaciiustoref 1Pdheediguad camrdnesnrenks Haeat? uat or

106 and the gggi ':cpr\siczgﬁilﬁi%t@nﬁheéf \rehar@éf'fhgagtebeaﬁ@tﬂ;@t ﬁqﬁtfbﬁwawg,

vertical position of the ink |evel fo he nounting position |evel of the

t
actuat or 1062PH Bhélewid chf tadhegedc iR Kheqg¥ibERRiPHAXGandde PRTEARCT

frequenay of mibgudgsd duak yilhgatidos shEeicidie1actunt &IneDbnvily atgeidr 25
t he ordinate axi s indjcates

h i th it L Fi .. 4A d .4B,
Coitage of cOURFAPHl-ocTiSHAiOEra YHSThR eV S eniaiEd B8 AT 5 HoEBI A on o
the actuat or d¢Béctanekidtenceandyer 3éqaid sevenli thtasliquigl rBypatihe tksrelual
vi bration of ﬁlpfr%%lt]gf% &Jgsgtgg\ée?g iHEPMM1 &4, Ehgsact%t%?c{:al}ﬁf% QEVW(%; iogm of

an anal og sijc:ma ) generated. Next, the ana sg‘gna
converted tofxomimpkfamncidpne ever eshdid Adanddt pentayry roekguapdythen the

exanpl e$ oshoyigi 14 Fkes1 wAbedNdyfibn dadBatidr M ififa dalBry 8QUIdR01 118
generate four, pulses fromthe fourth Eul se of the "anal og signal to the

ei ght h pul setPthe RBLIIPERIENHICIH P RECESPHRA det ect ed. More in detail,
after vibration mirthee, ast usticem 1A6Fighe cqmt, af casessidty taepeedetss ni ned

f 3 he . i o .hi.gh id
o counted. a5 1A Pt AN RAOR a0 0 Rfi 1P hOT ap B YRR BES B G
count and t heemains in dhetday ityhl @oohttheaathatsrh Goisset asnesbueshbby a

predet en@l negh Ll OGK P4 St%ence of a liquid. Namely, when there is no liquid
around the cavity 162 and the liquid in the cavity is smaller
than the threshold value, the actuator judges that there is no

ink and when there is a liquid around the cavity 162 and the liguid

in the cavity is larger than the threshold value, the actuator

30 Jjudges that there is ink. For example, when the actuator 106 is
mounted on the side wall of the liquid container, if the liquid

in the liquid container is positioned lower than the mounting
position of the actuator, the actuator judges that there is no

ink and if the 1liquid in the liquid container is positioned higher

35 than the mounting position of the actuator, the actuator judges
that there is ink. When the threshold value is set like this,
even when the ink in the cavity is dried and exhausted, the



5 Fig. 4A shows the waveform when the ink |level is positioned above the
mounti ng position | evel of the actuator 106. On the other hand, Fig. 4B
shows the waveform when there is no ink on the nounting position | evel of
the actuator 106. The conparison of Fig. 4Awith Fig. 4H shows that the
time fromthe 4th count 10 to the 8th coupt in Fig. 4A is longer than that
in Fig. 4B. In other words, the tine fronlthe 4th count to the 8t h count
varies with th iste t he dlffere ce.in

e L e e SR E Ol e B P50l IR IR Shcs, B LBkl

4t h count of tbhEhan@\ngvaxgeimrmémans:oskaﬁgmgLh'é nsaasmagaetrﬂo@ht ehe
stabilization_of ration of, the, act 06, St mthe 4 count
Ts st “an eRBhpid HeICARGEY e CHUPBES G AT amAsE SBEnEIHe EPe

case, a signahréshold haldkeh sourtiat Qn&ecﬁtmtazowam Haddet enmeetmmé ike tine
fromthe 4th count to the 8th count is nmeasured by a predeterm ned cl ock
pul se. 20° ThBPeBE} the resonance frequency is obtained. It is preferable

that the clock m&m ltﬁeao;géx@&liommaﬁ@ @furliple tde dereekihgrriedntigaelidi ng a
semnm conduct or s edewc tt ched tp the ink cartrlgg ere i s no

T

need to rreasEiPB itRetl® CORTA ML IR Reh & SSPRENED HEWAP K ount

g?K be rTFaSUb@ﬂweérﬁl al;tngamm%&ih@ndlﬂ&tidtmp%ﬁﬂa:ﬁ Q18 ttabeuétdtﬂr qcotlsnbyt]? t he
count is_neasure ver ccor 0 e rcuit..constitutio or

Getecting t HEORSRHATE,OF e S eEr Tk ongr iP e e Pote

det ect edL0 Fobyexefgrrengwhernride qualot 9. ofini tike i tasaoir uzed aawdlthgepeak

of the anpli varies i to incr ti t he

tine fromt h!etgglr'w cgﬁ’ﬁa E%ttﬁ"ﬁeﬁ@?% ﬁﬂggﬁ%?g? sl%gegrg%?cgl RPWeFeeblee%%gde

resonance fr égéenespardyiviedy obtai tred upDey ebart ndde qﬂamllnyl 0164 ralnd| the

unst abl e and es . . | t he

resi dual vi brg?:é%%ti éﬁré‘(?@kbk#{rgg%‘(t é) 4t gg%%%r%%gﬁﬁggiﬁﬁg%{%ﬁﬁe%ﬁﬁ be

det ect ed. 35tFar paxt | of nthaopego-eimstinientlayehel fBvaeldubbethef upher

vol tage \@ﬁveéj?éé’&f&dec%!&t%d Q'h“eCtlFa@BPtéi’é‘cﬁr%Eieew‘Gth'rﬂe Péf‘dj%tl%ﬁkﬂ@d
period may be counted (. not shown in the draw n Al'so by this

net hod, the +8¥®hahéd f%seqﬂwe@anbbetééﬁeﬁﬁeﬁgﬂlcwﬁfﬂ@h% de‘t”?sﬁq thet er
vi bration of pidgo-adididlot ﬂd?ﬁar aedi o U@Ifosm@m,arthes\zimﬂ@tiurgaré@rofathe

redet er m ned. per.i .od nt . of ng a red d.reference
\F;ol tage from’ J(lgxé i Ralloalqt J(;% ée&g Ei“éjc‘f ersaiih 8!‘\ égg%gﬁ&eéggﬁfed. By
nmeasuri ng th‘eheqmazp ehectexicsiaper 160 inkdafammbd, dﬂtebe:adlngunbhetmme t he
compari $n Ofefdhe 44 ¥hiMy G (4 SAOWSoE Nile LU2.ARBLI Lpgle OF the counter

el ectronotive Torce waveformis erent between a case that the ink
cartridge is fullheotesiduahpikbrationase f¥ra vibsatarncef t¥helgébeahianns no

} nk. Ther e; Op&rt bst&hrmtes agit;ﬁwcdmel mt niat wee xﬁédﬂ‘ﬁﬁ CPHEEEFored, e%éﬁn@ﬁé;/e
orce waveform w t hout, obt ai ni n e resonance frequen e cqnsu i on
Lonart 1 on orvlihda 2@ b B At B e SRS e e ket 160 B ST o
exanpl e, a red ef gudsevehvefam rsat shebveamviiohe ﬁﬁarréﬁoﬁé’iﬂ:eCQﬂﬂter

el ectronntiv rc veform.sh i he pea of, th nt er
el ectr o%t i char$ %r cegas@ e{)%igan%ns cPY%@theE the \@I%Oh t gilfjual?e F‘Sﬁg\%y

vi br at es, anaftdrewvodtaygiimpresisgral |C|§16rmdeldluagh va,bratpoad&eikmameaedhei me,
and the cou t IV e m.Gr e o]

vol t age, th?lg{:taﬁéégglrEg%%%tﬂfu%%ggt aa}t%%;{:hiegée |Sg) glgé‘?rsljkg Q%B é%]g%%gﬁﬁ? er

el ect ronot i Velgzn-ed eqhy &¢ dravedod§0notTheresere haheepérencel sainiggday ehe

act uat or 10616(}1d%%ﬁe££*€és”&%h‘ﬁtb§ | BKectimorRO¥e fSrddie explanabippepf the
"actuator" which7is an exanple of a piezo-electric device and the detection

art of BHe ZleropeRiviAFOres toAgterbad vdpnthe uppRE@leciodrtlddi nee of

the mounti ngl&;éw(é&eé@r&&e 4186 , PLRE &ifipdr keBEL ARtk mliRa @ XPé &) RAE- ¢k g. S
is a perspective view show ng'the constltutlon that the actuator 106 is

formed i nt eghHSL e&@CErﬁ%meémﬂml 8. nidh§ Ee3pDaRGe npATuUeRCcyt Can be

predet er n%ér&%&barbffth@ @&ﬂ{@msneéel&m&w Fefcde¥beted! sbhenddk
cartridge shown in Fig. . The nmodul e 100 is structured so as to detect at

| east changddq rllﬂﬁéda%%%et ii6 theeddfBdd; ¢rrdRingk Sanube tetadt@deby det ect

the congynpti O”Gﬁﬂéﬁéilﬁ” 9k Eagohhﬁé'édfféhutehéycf’é‘tfé r\@:fprjess-gaebj?‘)@)%e 100
of this enbodi nent has nount portion 101 for” nmounting 35 the actuator 106
to the cont aﬁqiéowxngﬁc@mﬂ@m portion 101 is structured so as to nmount a

colum 116 cont %nkng/(tzhe *qplhgggggl/aoa Vi bsaterh by a drive signal on a
substrate 102 having an al nost



32 rectangul ar surface. When the nodule 100 is nounted on the ink
cartridge, the actuator 106 of the nodule 100 is disposed so as not to be
touched from outside, so that the actuator 106 can be protected from
external touch. The edge of the columm 116 on the 5 top side is rounded, so
that it can be easily fit at the time of,snounting into the through hole
formed in the ink cartridge. Wien the outer periphery of the nDunting
structure is forned so as ave, a seal ing structure |like an eI i

rerber 1t can B SBLR GG B PRMAER GRS G HPCRFRRES RECCORE o

this 10 dr avwggsaﬂlbm pRYEt Ay SddiebHE® ﬂ?é:tfah@eSMbSérﬁeﬁtc%clzoanaﬂébﬁéée
colum 116 . However , the shape of the nounting structure is not limted

to it. For e%%ﬂ*ﬁalllé‘nciet Oﬁayh%eVJePWIlPﬁdP?E%'l structure that the side of the

colum 116 is eﬁlﬁndmhsa @roﬁs@@aoﬁaplxq@@dofntﬁw st 166 ogonsisi tution
of the 15 nodul e, , 100 shown in Fig The nodul e 100 inc) udes the nount

portion P01 FRIigEDLeWhen np ﬁin§t ée‘_“L"’lU‘s afdthe r B -ngF ¥br tdr o 2G5 havi ng

a concavity Idpsh&iehievaPEss cihen Mast ehdQAas ibeddrvideshd Qdeuag 104b,
the actuator_ 106, and a film 108. It is preferable that the plate 110 is

formed fromH0% & sheoFavakeritd whenshe hinds T8MaiAf e’ hedavétyst aj nl ess

steel alloy. Inmabe g8l Hmi}aihé btk il BybtivatendO2nbnghodigst id¥ tdne nmount
portion 101, an openi ggd % i,s formed at the, centéer thereof so as to house

the | ead wi rd&ClFLEsSa IENAOF Heh & JAPRIT 1N PRXY Y1 Hhenddredo®hidPeo house
t he act gat orviiGt ibhedrtl 4pdesre &ﬂdeith@l pligtie difk-eskra 1ROt RE FUBIAWing06 is
joined to tgﬁoﬁwiae 110 Vi a th&fllgn 8 and the plate 110 and the actuator
106 are fix h&% nBlaT i’8n 401(A)rherefore, the | ead wires 104a and
104b, the actuamMactl96pzthe lfddElént]rfdﬂ,elaﬂd\aé]tt&:tp'deE 1 10 iy e -at Fammvad
integrally tp the nount portion 101. 30 The lead wires 104a and 104b are

respectively joined to the upper electrode and | ower el ectrode of the
actuat or 106, tEanslfisrcwsej,rMpﬁts"sgma«hlm)ObhaiMdabp@l\edthigcfcﬂea}ymducand

transfeqsa sigppb 19{15}&1%%%615'&? Je%%ﬂ%f’l?% gﬂ@tﬁféz%d 1Y ckhecachnat oo 186 to

the recordi n%' appar at us he actuat o vibrates tenporari‘ly on t he
basis of a dme/¥iBranien Prakdeethedredmit Hee pdggonelestnioydayay 1604b.

After vibrathicrctibgefcidat %1&963&&%@& resiidyal Mh@r;&rddqeta@fi taenerat es
counter eleﬁéqrormtlvefo cejéythe vibyation, ‘%ﬁ; \f:h
detecting tHEXBREE AT %Pt the ‘Hﬁiﬁ’& eirecer Lo i q}ﬂ]?:"e“\?vﬁf)ef orm

t he resonangearftr byueine yarear bﬁs’ﬁmdjpp@rt elédieracinggnpt iMelecandié? oz af

autd 59, Rl da 6804 2Lpeks Gan e et ehader The LhL M08 hands the

act uat or uat or T rqui d It
is prefer abId@ntsgti’O?fnttlil@elfbwqelmellestbyd@d@ﬁollefuhe ambrb‘gmh fpart heyr rthe

fusion. Pr efa‘?cfe%bbi tltlé‘eldvﬁd e‘MeE%x?oé@‘haGG 1%@1@&% faomqebafb&qm%yve
menbers of rel ati vel rigidity so t helo actuator (piezo-electric

devi ce) 106 4¥€ &bﬁﬁ*@&m&}wﬁ@f PRl ahgr ks oag denpagy of the vibrating

plate 176 in the vibration part by the area of the vibration area
25 of thevibrating plate 176. However, since Mact can be calculated
from the thickness, density, and area of the whole vibration part,
it is preferable in this embodiment that although the areas of
the piezo-electric layer 160, the upper electrode 164, the lower
electrode 166, and the vibration area of the vibrating plate 176
30 have the magnitude relations aforementioned, the mutual
differences between the areas are minute. According to this
embodiment, in the piezo-electric layer 160, the upper electrode
164, and the lower electrode 166, it is preferable that the parts
other than the circular parts which are the main parts thereof

35 are so minute as to be ignored for the main parts.
Therefore, in the actuator 106, Mact is the sum of inertance
of each of the upper electrode 164, the lower electrode 166, the



The plate 110 is circular and the opening 114 of the substrate 102 is
formed cylindrically. The actuator 106 and the film 108 are forned
rectangul arly. The |l ead wires 104, the actuator 106, 15 the film 108, end
the plate 110 may be attached to the substrate 102 in a renovable state.
The substrate 102, the lead wres 104, phe actuator 106, the film 108, and
the plate 110 are arranged symmetrically about the central axis of the
nodul e 100. , IS Of 0. 06,

The f11m togb S apest Pl SEREE Ly i EneVRBLAELS s I n T RAB R g ® i o
of the nDduIpl&@@l7WheTheeanqﬂJEheedpem|ngcbmplménthexﬁuhGUxﬂﬂEfdfmeds

f or med Iarg n the areg ra of- t t r 206. At

the positi o ﬁ%hupge{:hg 88?1?8? }(k?herth?garl%(ﬂ%%o éjfeé’“g"l ngg ablt‘sf‘i)e § $ration

part of the pnézca-taireaitﬁﬁc layehrigigrembtlee tiBrasidmeamred.ofAshshdbmat ind-i gs.

1A to 2, theg V|t3§ 162 is formed in the actuator 106 and the through hole
e RNy 7R

112 and tr’h 62 forman ink reservoir respectively. It is preferable
t hat the thicknedg.d, t(he, p(Ia)t,e mo arsl snnlnlmehdaltaneqhmaii@metmcxmfts he 30

t hrough hol e s0.,as .t.0 red ct of reS| | I.nk. exa

it is pref er%lflbltgl thjaﬁrattﬁgnd%%{ ng q?efl@c{:‘ﬁ Lofghoﬁo‘?% ch’ e %‘é'}tyt g%rar? ss
than 1/ 3 of imehdleaquaELenhermhth’h@athrmngcam@betHd2omp11ancamozEItm}st
circul ar sh r ral is o e The
area of the roug (f} Iar‘lllg? %‘?‘gag;ror?héﬁét he é\?éeg o?ggﬁlegope‘% ‘ng of

t he cavildy 1BIecEredp2y i ik Gy idf rehpe@e&eﬂynlndlchEtcmqu]ghnhelefltﬂﬁe may be

La ot e coriiRRon 8L EDME ScHSOpleadRIBLERLL 1508 :S 18D, eble dipdict | T
cont ai ner 1.elgmdwodrkléd tbasLowar ahelcﬁrrﬂdeal66mc&rtd1§hac\ﬂm‘ta¢rlng%1&it§
exhausted, thgr e@&ftarl%e e&{af@é‘@é@%f&‘o%@l@@ L!ﬁ%d%fcal:%@ bél&b‘a”QEd greatly,

so that changes in the ink level det ect %6 IS a perspective
vi ew showi ng anétfaft efib 6l FR%E) ot fW@%HGF@delh thé LASElERLLm®2df * hi s
enbodi ngpt, @ fRGSH)VLOLY ROFhd1@N 3405 is formed on a nount portion 401. In
t he mount portign 401 l'i ndrical, colLum_403 i or ned on.a Substrate
402 having to aRYafyg&t lassqty?aPBgs%Jf i \%A’thA}ocfﬁfH%%% Asated hdiid+ he

receiving parti(@.405 i ncludes a plate el enent 406 erected on the col umm

403 d h
olate el onont  agRColEiahds caBe RRIRLLLY PQ‘%&%‘@ TR 805 L0nd ey "
el ement 406 hys defarmetion ahen presauxs fisnepp ;,e@nt:;p e smnésareabzef gy fit

at the $pme B, ARYBLI PYri N The Ebﬁgygéhéplcecft%ggdbbnsw@ tokicpidddedge.
Fig. 8 is an, expl oded perspective view show ng the constitution of the

modul e 400 SIRERRTRRLER SASANESE -t he sane way as with the nodul e 100 shown in
Fig. 5 the mdﬂh@4gg0 cpc:dnudeatasca tf&mugglﬁml Ivﬁ@vﬂofl:hénﬁbﬁd}g:;r .
receiving p 0 unt ti.on as t.he .substrate . nd t he
o urm 403" S0 Shen, ot Ui pod « PERE SRR 1Y R taniEe dhori LEBAEG he
concavi ty 4I®ntahsenendatior peﬁﬁpm@}j of be idormtiloat paxk] Of ae d¢edtdro t he

concaviyy 4]1%6 g@ef\ﬁgd%ehr%ﬁcgddh“ alsllx%,lrrh%.% E‘i@d M I@S §9§%§L5e£ d 404b,

t he actuat or a fi 8 Pre era Iead res 04b are
forned by cmempmv@ah’eﬁbefstbe pefieiansly Jma}ﬁ-arnp@u dihep g0 higaict He

act uator ( pls%zfelehe%fy eoﬁ@xmea i404d ﬁlﬁwap@ ﬁé‘&'lﬁé’r hhE theadeMidiRsyA04a,

404b. 30 According this enbodi nent, | at e I.S rect angul ar “and an

openi ng 414Offth@d’%bﬁaith@nmad%teoél%ﬁ?t‘lﬁf@ri éoﬁeh? afh‘é&l%? ligged edH wires

404a and 404hyx tBe;aetdiatedr a406o11dis:f i1 m 408, and the plate 410 may be
attached to the substrate 402 in a rermvabl e state. The act uat or 1d6, the

filma4030 and tMe Pt e~33 10 d42sktNd (B2 B X /{BE bpeni*®g) 414 -amd are
arranged symeehiigadly about the central axis extending perpendicularly to

t he surface of the opening 414. Further, the centers of the 35
where a indicates a radius of the vibration part, 0 density

of the medium, and k a wave-number. Formula 4 is held when the
vibration area of the actuator 106 is a circle with a diameter
35 of a. The additional inertance M' is a value indicating that the
mass of the vibration part is apparently increased by the action
of a medium existing in the neighborhood of the vibration part.



actuator 406, the film 408, and the plate 410 are arranged al nost on the
central axis of the opening 4l14. The area of a through hole 412 forned at
the center of the plate 410 is larger than the area of the opening of the
cavity 5 162 of the actuator 106. The cavity 162 of the actuator 106 and
the through hole 412 forman ink reservagiy respectively. It is preferable
that the thickness of the pI ate 410 is smaller than the dianeter of the

throudh hol ety 20d, L0 S 5. 581 513 Plleshioh bl dhareepsof the

t hr ough hol e st circl e synmetri cal
about the cenheabipxasi®t ;Iahﬂt anduties ﬁé&sﬂfaepperl phery of the section of

t he t hrough hol eT41%Van\;a %h ]z_;lp}grfsd S)(ED %Eg&ﬁ)t attl} h?oﬁgmf 4 00 can be

nounted to the bo omo a-contal ne roug% hole 412 is
arranged in the lcmntzm nefiact/c The- dotrmafer 5106 is arranged in the 15

changi ng % ne Jel GHecsr DR st AerBTaBe: anaduRbediio i hef B Bhe b
actuat or 106whdneriti is net dnrcomgedtiwithlien Lintiad amed clindiketesthiacgustic he

point of tinme_of .ink end.can nged FI 9A to 9C show still another
embodi ment ofP ?%% RoRAdet 15 Pﬁr?‘ﬁ%’ q;‘i‘r‘?e gmg\s wi th the nodul e 100 shown

in Fig. 5 a nodulge 300 Dhshews anfegnivadént ai®Cuibalfutks vabmwtnxﬂn parti on

has I oad i rek SEhathRaten Dt ef et BRri 168 W Mgt 2an e 60 o
510. | n1ltohe suheqmai g.s50Rffhriamddy contdigmarbint tb@rltnqmdzsorﬁt:a]:,nea:nan@em ng

214 is for;“igyi "J]%g(ré §f R 9?#%%9% &rt Ner lpad L&%%) 5%@ J%I ?u? 4b and

a concavi t d so as GuseFthe act uat of
and the pl at@fS]EL-'OlUIFi’re actuator 106 is fixed to a receiving portion 505 vi a

the plate 510. Terehor) ifieidaad widenso0daaihio04by difendGlonakesy 106,

30thef|Im508 and fhe 510 are integrally attached t he. nmount

portion 501. 146, Whieg %GPE“B@G%@% Paiguéqirﬁéﬂitﬁéﬂ?r @h@%l“@ﬁrﬁ@bﬁ ®5%i ng a
top inchisnediy et 1 ¢ghld refmal RIA®GrotGnd RheSVDEEEBLch Pavt Qﬁf €fe akfBstosquare

surface with und cor ner The act uat or 6 is arr ed t he concavity
315w ch i o108 TERGERI B i ioha SROH DA ROSCHRERY 208 OF enACEaRhSt ne
vertical diremd omorﬁnm ar adlay fotrmeld &adlmtjasg m&m@&&braaﬁcéwmﬂdx by

36 conductiv r eI ativ hig i_dit t he actuat or

(pi ezo- el ect% clcgg)cﬁfsf @ luéks‘%%%dﬁ;tyegj h&* %@8@6 ahe %@5 £ 1894D. The
end of the rﬁmmaelfamlﬁsfu]{icpfrﬂé(ﬂu&ﬁd tOmet etqrdtest hand, Hhes theubiedidn the

i ncl i nedosurfraedet Negend contTQS?r’i@E 9ECzon¥iffed, hendmdyl §uRPPcha imP YRt e ON the
bottom or side of the container _1, the act uat qr 106 is.inclined agal nst t he

vertical di rotiteh 16« f?é‘dc&li‘tgallﬁg\‘lq ayeunds heivihgiat ipg agea e th
i nclination ayglaecaf 10beiertianbet e angdude HOachanpeiancahad idfasseéd from
the as follows:
M' =p0*t/S --- Formula 6,
25 where t indicates a thickness of a medium relating to vibration
and S indicates an area of the vibration area of the actuator
106. When the vibration area is a circle with a radius of a, S

= *a%,

Therefore, the additional inertance M' follows Formula
4 when a liquid is sufficiently contained in the liquid container

30 and the periphery of the vibration part of the actuator 106 is
full of liquid. On the other hand, when the liquid is consumed,
and a liquid remains in the cavity 162, and the liquid around
the vibration area of the actuator 106 is changed to air or a
vacuum, the additional inertance M' follows Formula 6.

35 Here, as shown in Fig. 2, (E), the additional inertance M'
when the liquid in the liquid container is consumed and there

is no liquid remaining around the vibration part of the actuator



to viewpoint of the detection capacity. The nodule 500 is nmounted on the
bottom or side of the container 1 so that the actuator 106 is arranged in
the container 1. Wen the nodule 500 is nounted on the side of the
container 1, the actuator 106 is attached to the container 1 so that it is
directed 15 toward the top side, bottomyside, or side of the container 1 in
an inclined state. On the other hand, when the nodule 500 is nounted on the

bottom of th ont.ai_ner .1t s preferable that..th ctuator 106 i s
attached to f?é’ cn%lﬁflgﬁn‘ahjﬂuslg {'?fgﬁlqst linshgﬁe rge]ac\{léféf ?8&@9%%@?&&‘3?%% por t
side of the rontiai nedidated 8y 120 cancfdnednsenl éncSisoCces thre daetiai@ishl06 is
mounted on the inclined surface.of the incljned cylindrical end, the

et or ot the il GhE. aPL b TRIad ST M Y e ReTTBABFS Boo
Sh_owndi n Fi gthé vib¥ameby, patie dl;foduéea@am_ ﬁlﬁ‘ mede i hfwll sof thafuidt isI al so f
suited tg nountin an ink container hayving a parrow. nountin ace o
t he moduPe. Fur £ r%gr Z?)tslli‘@wﬁi%‘ﬂ%]r%@fentth%l %£ tpﬁe"%ﬁ;‘%ﬁiil@nrgﬁfﬁii ng
part of the éfkheocataiatsr ¢a6 diel theeastinly| 882 shbernefrreg. an, i(BK weak can

b duced. Fig.. ,10.i.s. ti l, vi f th ' hood of the 3
ot tom of 1 R TR B A= JAGALE I RBAOFE 00 BOMRT] HUHGoC8 1S Afbunt ed

to a tﬂrougﬂl &l }cgm@inlirh;aa];caﬂira]@itmervﬂbraﬂiemnpﬁln& @flﬁﬂeiaﬁzﬂmltﬁgelib&,o ashto
pass through the side,wall of the container.. 1. t pe junction between the
e val | of ATHE BnE i “EnaRRE (e PhBdur biibd o2 GEHe G t98Bor ol (rovi deq
so as tookeep the timidutes385 the(pandetbes concairnéng L hlei med idmt cghdlitiddn i s
preferable that the mpdul e, 10Q _has a colum as,explained.,in Fig. 5 so as to
Seal it by (TEF GV REOSEE SRR, Aesih UBE U ENTORRARS F04N EOFRG rd a7
i nto the corflEmerlifuiidnks isnffheiedniyatertainetbieshienl bpnidacontaimen, he
actuator 10 [ q.fd the I f 1 e gaﬁ&p{nce
frequency o?tl?/éegflégké? lﬁ%fr?_%gﬁggf@t%ég%%\ﬁg?g}:Eégg%ér‘lgfeggﬁvxén? ether the
medi um ar ounk? & Aed whignat ildaupdris At sufhecRNUa epntmmadsin theglianist a
gas, $03bhatcdliineRs ULl dCAsH ins0n afnd BKvEap die g8t &ctedabahfG s he
nodul e 100. | n addition to the nodyle 100, the nodul & 400 shown in Fig. 7,
the nodul e SHDCSRBAIFE VARt VEratdos@ar ofudif aStusiex 4RE- 700BRENE a

mol ded st r uckijud d68Qoihd Cthewalcl-uleo:s N isncehgsmed bAd @hél&daexiodmy 1o be
nounted i n the _contai ner, 1 and theo?xi st.encg of %,nk may, be det gct ec&. By use
of the modul’@SFGE RENT SHEPEETE OF ("TET DL PRALyBg* Shown in Fig. 2,

(C) to M' cav shown in Fig. 2, (E) is assumed as M' var, the medium
20 thickness t is changed depending on the 1liquid containing
condition in the liquid container, so that the additional
inertance M' var is changed and the resonance frequency fs is
also changed. Therefore, by identifying the resonance frequency
fs, theexistenceof liquid in the liquid container can be detected.
25 In this case, when t=d is set as shown in Fig. 2, (E) and M' cav
is expressed using Formula 6, by substituting the depth d of the
cavity for t given in Formula 6, the following is obtained:
M' cav =0*d/S --- Formula 7.
A medium which is a liquid different in the kind is different
30 in the density o depending on the difference in the composition,
so that the additional inertance M' is changed and the resonance
frequency fs is also changed. Therefore, by identifying the
resonance frequency fs, the kind of liquid can be detected.
Fig. 3A shows graphs indicating the relationship between the
35 ink amount, ink, and resonance frequency fs of a vibration part
in an ink tank. Here, ink will be explained as an example of a

liquid. The ordinate axis indicates the resonance frequency £s



fromthe container 1. Therefore, the actuator 106 can be appropriately
attached to or renoved fromthe container 1. By 15 doing this, the actuator
10h can be easily recycled. Fig. 11A shows a cross sectional view of the

i nk contai ner when the nodule 700B is nounted in the container 1. In this
enbodi nent, the nodule 700D is used as e of the nmounting structures. The
nodul e 700B is nounted to the container 1 so that 20 a nount portion 360 is
projected into.the container 1. A through hole.370 is formed in,a mounting
bl ate 350 anthAHAIR AEGUGHERE &0 BAMCTHE bRk BiPHrt Bren feealbhat or
106 are opposbisod it AChs atife, ddithBefesi@uB0l &ndfr 68 ikl Fedliddl,t Bge bot t om

wal | of the nodule 700B and a receiving portion 363 is fornmed. The 25
actuat or 106¥FSORGRCHJEFILENGY D WIEERSERe end of the hole 382. Therefore,

ink is in contagiheM §hktNe svFPiddéma yobahealid MnarRdre nhodsh3ihaf ahlre
receivi n% portion 363 and the throu%%. hol e 370 of the nounting pl ate 350.

The hol 2382t RETPIEEE ¥ AFepbihidiotedreh®h hBetatta @R nbY & 378ubt the
nounting pl age 350, 3hd aaRifum NKdd BERINKAI inees8REs ivelnax TBethecehyhdd
portion 363 and the actuator 106 are fixed by the nounting ng ate 350 and
film nenber. SRTEIREL HNdOTFBh2 of « t MR nbtﬁﬁto%“tﬁ!t iGRI36HPER T R Re 1B BNE%i ner
1, a sealingcShdwrdd)l #nB42 ipsid remaihedn tHeecserly nap séfdiehdperdfBerpy be
formed by a ﬁjgaﬁﬁ)%c material such as synthetic 35 resin or fgrmad,b% an
0-ring. Furt &ibzaldrRi HEdp ot Hheraskiatdy 10hel’ e dtildn %6t 1ke

r egei \éi ng pothé mﬁﬁggﬁ?u J‘%}d&ta_ﬁbugﬁ'OWaE(iﬁs Tm&cPQaﬂécg\ﬂr@gldFofﬁﬁ\ﬂ arr:ad@:he EOOH
and the container_ . own,in Fiag. re fornmed jndependent wi t
each ot her. ?\g?laeerls £ §ﬁ8v%eqwnl:it&gcﬁg?st e r ceJr’i’/il'Lr?grmblgPt gof’lso hehe
nodul e 700B ticleessonposedmedl iam paliatdhgt te vibrhaioes sb. tHate whedutlee 700B
shown in Fi ; e r i Is f I i re h in
Figs. 5to g@%oe%t é %&1 ggl#Aéfaa{;g;?%l@f@gt f]%?r?n gﬁﬁggsqlea\p%qrsié/?rr%Wfi ed.
Further, thereduad 7098 isarthse sekeheaiged 78nis medyEwificiént mihiadhehes to
the topsgr Shde.dfs thge SN b NofadhthGNdfiumlddK BRI bdge-tdpr@hge #nd I nk

dropping fromthe top or si _ e container 1 conmes in_contact with
t he actuat or(Q06, HRECact vdtkors188SWESA il PgnéPKobhidBasserelphintetProdul e

70?B, t Si nc1:86¢i1%alrﬂ1mtarnpf ?ihﬁ&g&@@s?%sﬂ{n@ﬂ%t(@gnk Rt .COft’iflﬁieﬂt&hpﬂe, t h_ed
act uat or Wi no nction due to .in oppi ng. fromthe top. or side
of the cont atr}?ﬁaracfuaii%r Océ;?ﬁi?ﬁratr@ h‘éneﬁﬂ?oHPﬁ%ﬁ‘F Oghﬁ&ﬁ Ik EPﬁFrg‘i‘ﬁ t he
vi brating platmsk/Boaixbregldytwidfh the imbuldvealg phledretB&Anaries consteed i N t he
contain 1 t. lo ' c i i [ i ner 1.
Byt he fosul S SAE DR YerBIChE AR chl FOATE M6y fbas 3R U0t g
plate 350 |ia@uatios, 10he i ene- dseélovky Thangednaacoxdindéoi Roumatad from
liquid in tNgh& UHAKBBEndnce fregubhsy a£d Ul @Nowl$ EarddetedcByrl sy n@yinting
pl ate 350, only the vibration part_of the vibrating plate 176 can be
vi brat ed appgrdla: bt yTheEiH @ iy L8R RE TRobRif hBYieL 4AotikDiLR thiegange,
enbeddi ng ofoR2% ! Rhecheetiatslesl 0Ff dane detadt W16yl G2 1hR48ondafes ictO4b,
5044, ag? 504bd§1r%ﬁv@’ in Figs. 5to 9Cinto the nodule is not required. As a
h .

resul t, e Tl 8Step is sinplified. Further, the nodule 700H can be
exchanged and r @bgnl gtk vibgatidB steawsfatle e usdeori Divalisvinede ofamgen nk

container 3 f e dj uat o ' unt eg 1 e
cont ai ner 1.0% %Otr%reéri %Bgc%ﬁér}}tgc?\g;%%flg?ﬁg %Tbg%ifr%]e#t%%“}%gemngi %é Flg?gér{bl% a
protective rasreediBglte schet pasheiton oft hekckeneald dee Yo siekacanslypt yawm t he

actuator 10 or i r@qg g t yator. 106 axe
not int egraﬁgf%gbggﬁnﬁ'ﬁ tg&"}’ﬁ{e%?g){ﬁe%ﬁve g[n%ﬁgboe?ﬂgﬁgb%ae%%p?gt%&“;t he
act uat 0?0 10&onsymptaos vhdgnky Fear exanphe,. tAehartudgor flebndd arranged r ont

of . the aCtl@f@ﬁe%% %aggrﬁgﬁe_m EQ?t?i&’?‘e hbsef%éégb%nggghg%gggéo The

actuator 106 39 1nclu pi ezo-electric layer

el ectrode 1640 imeleyqbr ¥hentthedink és cansamenmng the) ipkdeyelneaches t he
mounting pl atR 350ratiRs ¥H&S 8k 11 BEabetdr 80kS (1Y 4BSh ?n%ﬁeiﬁ@ﬂ:amcet he
mounting plate 350 and the | ower electrode 166 is formed on the 5 top of
the vibrati Ay FPaces1ysthypakdieyed - lowessy iSO thfekha Besoranics FEepsNDhe t op
of the 4 puerreeleslipdnctdfsas hddigdingoro sherhigde. MfkdeToke, MY g e top
of the piezo-electric layer 160. Therefore, the main part of 'the

pi ezo- el ect @iSc thgy erk 118876 1s 1Fowiblin &-hes re89Bechethe Wyanatermdd (Fad of the
upper el ect0dqcl9 Jp4ndalhey RS, RHd aBtubbEy | MELAR! £ELGDHGAERt The

circul ar



parts, which are the respective main parts of the piezo-electric |layer 160,
the upper electrode 164, and the |ower electrode 166, forma piezo-electric
el enent. The piezo-electric element is formed on the vibrating plate 176.
The piezo-electric element 15 and the vibration part of the vibrating elate
176 are the vibration part where the actywator actually vibrates . The
t hrough hole 370 is forned in the nounting plate 350. Further, the through
hol e 380 ismI;ornerﬂ%i n_the fide vvaldeltof t he contai ner 1. Therefore ink is
in contact WER tHE SANSHEPHHY SiiE 198 via the hol e 380 20 of the
gggt aic neL 1 and ﬂH@ch?V@Uﬂbhdﬁ@h&rﬁ?@ggfﬁt :Bﬁog?(l:)lme:c ﬂél@tﬂ&@ﬁiﬁbeﬂ?{?@rﬁoggo
of the container and.the throu ol e of t ntin at e
forman i nk Pé%e"?’%‘?’f’ gLt \?EB %fmc&l %qflﬁn?ﬁeP%ﬁgD@P g g
Fig. 11B, ﬁ@tluﬁttﬁé ﬂﬁ@tbﬁkpﬁlﬁérﬁ@:h@dcéWlﬂyh@GDrdﬁ egll aetm@meuo@ﬁsl so
t hat the actu(&| U%S 106 is B cted f{] ontact with t e out si de. The
act uat or °106™a%% lﬁi‘)EWf]iYng ?% oi5ghe a?‘ho?t?éfeﬁﬁﬁ'pq?sa?ﬁuﬁc@% 11A
and 11B can bes rﬁ)inaaecgufﬂftlbléhemqtaia;teo@r 1Rhghavineg st beauis that ede shown

in Figs. |Ato 1B. Fi C shows odi.nment havi ng, t he rmlded structure
500 39" ncl uihgPRBE Jar i SoRx SHAPLY ERBberant ekt Red RgPRnCe
structure 608ré&guehdipunsi By Sihelctibratibre p@itdechsndelcklbR1POGahapd he
actuator 106 and a no) ding part 364. The actuator 106 and the nol ding part
364 are int e§PHIFIG med. The ol ding part 364 is formed with a plastic
mat eri al1 osuch adctie inataiesi a.cade Thet ﬁ.‘lhled;jmtg:ep;&r bf3sohasnauheeibi r e
362 i nside. | di rt.364. is for SQ .as._t ha e two lLegs 364a,
364b extende%l flrnﬁ? ggacge%ﬁgg:g gca]sgngh%(t ?Hel p%?% dégge]a‘?{g:the
cont ai ner 40 densiigyi Tedm ghtt:h;pthdccecewdﬁ‘a)hrolhmmm Velgsa‘oiort heeawifdi ng

part 364 ar ey oLgedpep BBNEH £ L dPc 9k 800 3T A3G4 B UBHALRI O t he

container 1 so t act uat or 'S pr Oj ecte nto e container 1 and
t he vibrati o$1lcpyalr>t, with ﬁbeaetiaatxtﬁlamggmmsbremﬁnmm the vhbiatiddm t he

contai ng 1. 5 Jhe HPPeLe &RebEode] 66 54cnd hfxcfalaz%éhééé“ﬁhhfaeihel% and
the | ower el ectrode 166 of the actuator 106 are protecfed from i nk b t he

mol di ng par t iBGEaSHEe ndPde§*8PHEL uMBEBOBNS NAWHIALPLN 106 13T abeangasuire

the seal i ng lscsfwddtrael mthem\éeﬁ{k 1&g ahdit ﬁlﬁkﬁ.@@ma@.@érmntﬁThﬂ-Qnaﬁgnt ai ner
s from, i he cont |ner

1, so that hardly [.e Fur t

structure 60%‘?? SHoe ﬁﬁ]&%éﬁ?etd’ SuPharPT P rﬁhteh% Eg? inc r]'Pﬂgq%?g}t?’\uat or
106 is prot embdmﬂr@am .co'riuacafqmet,ha$mwshejereWtefnthher1hﬂattiantan@ge

vi brat eg,, FARRLELoL O de2s! 8P Phert iR Bhnd D APUANEhAL Nthb)

dr oppi ng fromt e top 15 or SI t he cont al ner t ouches the act uat or
106, t her ebyl® He@ER@at ofS E‘@W&?eﬁaﬁ?}'dﬁtﬁ|aéﬁlt1rfPMhé“5|ﬁ‘§le@ersUrﬂacﬁf\93re 600,

the nol di ng gt t?!@fbil@cﬁﬁitquoﬁﬂmllﬁtﬂsté}ﬁza(iﬁéaal ner 1, so that the
actuator 106 will not mal function by ink drog ing fromthe top or side of

the container 1M'Z¥ Big+ ¥ dpkofie® RirRIdETGed GTBI bANKAE DpefP MRS the
nmounting straicture of this enbodinent. Mre concretely, it is an exanple of
an enl ar, ed view, of t eni,n f the nmounti structyre sho Figs .
A and 91h | AvPRFUbn kBB aPes ORREAT R chratt &l Ul gy eI S6s. n
act uat or 6501ﬁ1£5caﬁncje|dlr ahk Ng (pliat endcanrg #ir2dens BAOarld @einld Endlermeat 73
fixed to the;y bbby, PLaLeyr [diaiHagcacthatHioRnlsd Sof 1680 rboat fify fgeei ving

portion 363 sot at t eplezo ectric 'S opposi
t hrough hol evikratignt Aed W Brkt irdiqatesethe thigkaessbef rm}erelatm to

vibrating plafi-a43 gpan Qﬁor@ a3 ﬁelallx P@iﬂl’ﬁ%dt%”glb§atﬂgnr§§dxﬁhaQ%e The 30

diameter of the plate 71 1s not limted hi s draw ng. The nounting
struct up@ nesihy@tderpasedl off thepaftuaion HémwafPfF gte tdHaudgntradwres Brds shown

in Fig. 11H4180 dfaatirdeabbs OUaiedIOdife Bt uRRLE O1 81k NatPend& laafosthe
container 1. The anplitude and frequency of counter electronotive force 35

gener at ed byhQHEONESLENiaVith LEle | 8k ofetle i i cinsuieaiseselaafest in¥ and

the vibrati ngfcalses!?2 ﬂ{@reepangedvgepemc% %'Io&rh? bAY BROUAsdrAnkRe
container 1. The through holé 2c is fornmed
frequency increases slowly. Therefore, the ink amount remaining
35 in the ink tank or the ink consumption amount can be detected.
The reason that Formula 7 is a formula of only the liquid density

is that a case that the air density is so small as to be ignored



41 position opposite to the actuator 650 and a m nimum fixed anmount of ink
is reserved in the through hole 2c. Therefore, when the vibration
characteristic of the actuator 650 defined by the ink amobunt reserved in
the through hole 2c is nmeasured beforehand, 5 the ink end of the container
1 can be detected surely. Figs. 13A to 12 C show ot her enbodi nents of the
through hole 2c. In Figs. 13A 13H, and "I3C, each drawing on the | eft

i ndi cates a condltlon that there is no ink in the through hole 2c and
each drawi ngT8h tHe e FRBPLE! e§ FUBBA%FYI on that there is io ink K
remaini ng in theyddy enghdiela@ o£C10d Astdia-Hgads ks %»EQlﬂ@ndibﬂa&lyl@o bot h
sides of the through hole 2c are formed as "perpendi cular walls. In Fig.
13A, the si débezldl}bfle‘v*ﬁbr taichgghh e JIibrag ian @XEH PHUS ACEHRtQE rllbe 23N
direction an de r el
part s 2o and BT E R P e e R Ehar e oo R

di f ferent> | evegigmmheze pbsinediat rbateng stavvddrathan %éhﬁ fapéklétaftr | evel
part 2e posifjpened &‘aépwn;t hfd eheléig ibhewh&F O U Rl uaC r@qatenglta 29

extending in the direction of easy e ectlon of ink K, that is, In the

di rection of VEAratien @b dhsorgtuntss iLp 9RiSgls £8NSHAGL ey hBF WHLIBhtMich
shape of thestdy elfqtthét%el%ﬁ Mth@ m%agam rét?ahhe 13GibkheiSARHNMENOT | Nk

ICin the ink reservoir Can reduced herefore, "M cav explained in Figs
1A and 2 caftyREGrales §#a‘PIPJeY ipkeas ﬁ/llrtlta&nd dheraraa eREhR Begiqnnhere

charact ey St ¢ge Hedilf laeqtaltat:@rté@qbehtt&e difl ﬁﬁeefcthatso@rmc@a A yGale
different fromthat when 25 i'nk in a EI’I nt abl e ampunt remains in the

cont ai ner 1.3 herfdfler £het ﬁ%l:t?i’klr@néoﬂﬁ peltictd@i®8drore surely. The
mounting struct l%lf/ﬁ man/@@ 6OPROE: Oin]@-=p§r5:l_19j baermelatan +1 98 &I PIAI ner 1
as shown in Fll%t ~so that the through hole may be fornmed in the 'l of
the cont ai net" 557 424 P4B show plan views of still other

enbodi ment s of themtnha o&ugi"s heqdpd 12d. whsn siovimki nthglsd it Ateo ch4fry tdie pl ane
shape of sth 2C have
negat i ve ef t&ﬁ%]é%%g?ﬁgl]@igbra ﬁgrﬁb@ﬁgﬁggg@g}@ﬁe Cgogﬁg %lﬁ%tggr%u may be
an optional Efapd&ozushaas? a &i ragide? argslmet;ttf@rxgpélcglatalqm angl e. The

through hol e 2crhg t;ﬂsf@étdmotfhehé ea(&'u\é'tﬂg p@f&ﬂ&{te%@roxkbawé/ete thhsr
nounting structure may conposed a part of the wall of the container 1

as shown int 1BE-Epy tol_*k]?se CEQPtthhaF Wlf‘ﬁpgﬁfh 1ﬁ5l‘ e Theyebere orfhed the t he

wal | of the atladbiels drrkhged bh SOPELEoM eBbOsHITRRE 9k ﬁéhidﬁ‘alC@é[Stﬂi dge to
vvhlchtg§: nount gtoéruct re 107 with an act tor i S atgced an nlnk5
d ?Jf) p

jet recording § YiSMaALGE UY '?’} Fyl‘b’f"t‘w FtEﬁ"&&é& yo i nk
j et recordi ngpdacesar @:ausoha\hengiea;eptedal | Fyomof vuhkatxdret&shmrﬂ;&:samf htereed
plates 184 conrespang ggafugm %t %ﬁ% dnffu "t' g%}ﬁ tl%k-ﬂi&% to

plurality of i1nk cartri g ain er ent for exanple

di fferent cdihereespiduadidersh « he 1@@@@5@&1;1@ bbe tlehsalwntthes ghamgadty of

ink cartridggenléfle ééﬁd@iﬂtﬂsnﬂrﬁﬁg@d Wregeht0gihavin & WahpeseMdch are
means for d ctl n at | east acoustl C irpedance are jnstalled. Wen each

mount i g iB? WEBHLER) adfusPatLt sthet XERERLIN hangsnieicdits i dge
180, the reebduatoﬁrpawlr@f thikud thbeopétklrﬁﬁﬁ_'srvéi@e 115t180 Amrhbe it

det ect ed. F:}% % pﬁerlsaoe cti vg Vi er\%shovm ng.an mbodi nent _of an ink
cartridge cdft 8t Ft"@u QAREEFY bee TGP nﬂ(nvt’f‘}?%tpéﬁssc’lmge%%ceﬁsdm t he
back. A conFarnexanplies dhmaix—mlzel mtncﬁdmrm Figk 8hahbensstise rbmatadsmislﬂm by
partitions. Inkf S nd r ective
i nk chanber lsoet‘i‘l Cekegqtnttk ﬁ%‘o%%tbfl %Heag(gs%%sca}lla\?’e i ng&g‘h &g’ gfs%ti and
11, noul i nyibrattonpestlis) thé indrtnkyimiatdmaddt cbt@rlaray Bordtianetaso as to
detect the S ti i gkyc ﬂﬁq [ n

Di vi si on of &ﬁﬁeggg&%%bnrgr tlrtf?% %‘L‘ QE %‘%@ y pafri}telgtaiggc Jl'(s %%%r
limted to 8ibTabtidn pdraf chakge etirangdy beth@@@hthmmndchammts*r@ybefwre

difTerent fonm eREh ofier 0 TBVCDS N Rl paallf Lhe LGN 2

further enb ink cartridge 1 I'S a Ccross sectional
vi ew of an pekitben rdfgshe 8T uadod ESglndI@t@ anFeamathes, cvletheseet i onal
vi ew of S t m< t.r sho Jal7A,

and Fig 35 égggg\géﬁelﬁl%décﬁvg&wog\?v on;lceq'[?lnfs %t ]t%hereo %Rw CEIrx?t br‘tag
structure 766te<stead.t ached to the ink cartridge 180C. The nounting structure

700 has a circulf, bogrd 610. A,5601 RNONEL P BLORagR TRRURAG1R)Y L

actuator 106 are forne



35 610. As shown in Figs. 17B and 17C, the sem conductor storage nmeans 7 is
formed above the circuit board 610 and the actuator 106 is fornmed under the
sem conductor storage nmeans 7 on the sane 43 circuit board 610. A
non-standard O-ring 614 is nounted to the side wall 194b so as to encl ose

t he periphery of the actuator 106. On the side wall 194b, a plurality of
caul king parts 616 for joining the circuit board 610 to an ink container
194 are 5 fo h t ai ner
194 by the caKiS BarPo BRI ERY otk ibTak b0 ol B bR S,
agai nst the tiskayt imoard.618, tlkﬁe shiolynat n oE’ugJ-ariB,ofast rtdaeaa:nlaa@@rsrt% can

cone in contact with i and e S |ns t he i ar rldge
are kept qubﬁ’%‘{‘?é}sg%t’ r{Itf] \ﬁﬁieﬁqéog%éd%?%%}%éad %ncaa esy %’8 &g}aﬁre |n t he
side wal | 194ds@rehdehir expudncynts madmcsesala\laaxredﬁ,l the rksonanod £ngqisdnayct ur e
700 having the circuit ard 610.c ached at et erm ned

posi ti ongandP%o\ﬁWéJceﬁ 8‘H‘ tﬁi](?r rﬁnr}l(a smglza%ﬁ ce&eo\ﬁel'l wﬁgg gg%rfﬁi%nﬁ"ﬁ %r and
at t achi ng of fté@ém:yumm measubed cat thed inato fatediz@fipyef 1ot ewlpsidield ons
respectively, t he senmi.conduct orage neans, 7 and.in_the nei ghborhood
of the seni CHF%IDE v&ngsﬁg%gage%a%n ftyt% TR it S8y PeaPEe ?HE CPThe
term nal s 61Ranelynsterisk siapkalfobetamannihe & ehifferdnttlamds bdr agle qamans 7
and the out Sbéj S%%I}Ie“%ﬁre{gl‘? ink jet recording 2 o apparatus. The

sem conduct of s ans’ 7 may be conposed of a rewitable sem conductor
menory $@ch as MRRQVtthsl roadihéosefPropdecisrlst debert imgartshe? hinphitdhe

actuat or 106,y ‘ﬁt‘%a?‘ Tgnchtehgi?%”&&'fbi‘ld'é bc‘if'%!‘éa@l@ Ale LAE ééi”&a%}c

attachi ng the e semnm conduct or stor ge neans

singl e 25 ataddaiag rsme@dngayn fdrer eqityeds2 pdr t’—h@racuu@éwp]é}fa@ven vﬁte@p at
the time of m@gh%tluréoﬁaglﬂéfyéar&a%stm 11%1@&}1&'1%@ &é@&ﬁ%& e

sinplified. Fur nber of parts _is reduced

manuf act ur i eSSt Ff Ehe acikasar thdbaRp Q%b@%ahew%dmwtaenm@n

act uat of 5 106cKket @stigyt he2CcaRSs WHILl @F ngdm; Oft Ofah n&etébﬁ hend NkigeAet ai ner

194. The sem co dyct or st or.age neans st.ares ink i on s c as the
resi dual andtfift 1&1 Pn&Y %‘ét"gtet%e&hﬁycf"ﬁet clgaatlﬁrn?’f% uﬁaﬁ&l AR K

sem conduct or stTheag@oneane fiespueneg fisnfornfbtricinonomt enartgndd®. The

char act ef i stiig. faLale) &1cs Suchud® AS,Lbe, (IAARKELE UL S 100 E DS, il and i nk

cartridge e sem con tor s ra € neans tor es FREBHEAL £ equency
when t he i nkensbikhaiadditional sUfEl}Tt‘-It?\nma M'nk Bgainestande M nie cohabeéhdr 44

194 is §p! | atheM {dhidkonPieidte e iferthausieds atmnﬂﬁ%, sth%%lhgkch' R the

i nk container 194 i's consuned as.a characteristic par hé T esonance
frequency wid® fRES| ok W¥hivaAPRaE198P3L £ ?PB‘?r‘?WYorlnFﬁ@aWFP( hys tBghaust ed

may be stor eadzﬁdbﬁrbﬁ h&néiitﬁtkeﬁmﬁtmg‘leh tine n@ugmmthdmdtdswthakvilﬂtaﬂl@ﬁor di ng
apparatus first

t he _resopna vvhen cqnt ai ner
e o | et gt i e ah RBRERALE HHOERY nbRE o, Mgl PiyeioR
manuf act ur i rprudf b.yhappakenblu ahlpeorhliag. ttﬁheme@smmaWev:th@cpl@nCpfm&m t he

ink confain ink or the ink is exhausted 1o is stored in
t he serr% con%gﬂ:(%?%lgﬁogr%ﬂe means 7 beforehand, and the data of resonance

frequency is relbemsfaree When %tca‘ééérlehrﬁgréfﬁrﬁmw maxsshiam thdicapyla
variations a;t EH@ rddli B/ Q&%%rﬂqty 8Ps b itnlei & esiidyal i AMRUPEm@inidk iqan be
corrected, hat it can
the cavity 162. Therefore, it is the same condition as that when
the liquid container is full of liquid. In this case, M' does
30 not change, so that the resonance frequency fs neither changes.
Namely, the medium relating to vibration does not become smaller
than M' max, so that, even if ink is consumed, changes cannot
be detected. Therefore, the actuator 106 cannot detect the
liquid condition in the liquid container.
35 On the other hand, when M' cav is smaller than M' max shown
in Formula 4, the medium apparently absorbing is a liguid

remaining in the cavity 162 and gas or a vacuum in the liquid



precisely detected that the residual anount of ink is reduced 15 to the
reference value. Fig. 18 is a cross sectional view of the essential section
of an ink jet recording apparatus with an ink cartridge having a nounting
structure. A carriage 30 noving back and forth in the direction of the

w dth of a recording paper has a sub-tanjg unit 20 33. A recording head 31
is installed on the bottom of the sub-tank unit 33. An ink feed needle 32
is installed e i nk n r S u nk
unit 33. In cf‘?otlré]t%on?%'l négallﬁ éorggg%gﬁgl n:]'l%gg?%k&@fﬁ(e Ltg’gf eedéﬂemt% ghj‘ggl ni ng
with the i nktlftceeljlqte&dl@nahméﬁ IEE(f(lllfLﬁll of hpcpmrda,t (F3o) LhaﬁStlnms:t%lolnedceA
nmounti ng strpcture ttached b & bo be X % g)gnt ai ge{‘| 1% ghe i nk
feed port 2 15 %‘?%’tﬁ%gﬁ ¥R pg R 4 and® 4 af3 t} H AGHRCH LRI ng 4
is liquid-tighduid conmiiatied in tie Jlllthﬂeednnzeamttm 32 interconnect i ng to

t he recording head 31. The valv bod connected. el astically
to the péckl ng j‘%&?ﬁ{'s}ﬂp gta}? E\]/\Wét’td é%iarwetre% V\ﬁ 8°3 l‘?‘%lq r?é@r‘?ed
the val ve botjqbid sepsessed thy ddvd tirilé2feedhaeedlet82186, &ﬁetc@n@lﬂeﬁtonhe i nk
flow path and nk i,n, th ont in f dto the.r ordln d31 vi a
the ink feedy %lt whighy ﬁﬂag%%éldré pérff:l%%l}fh‘% g&e 36%%8vi ng
back and for¢dmd:tt:td:re idi tlea:tt IMJncmtf' JtshemwliHEh tﬁamMremr.dmlge papeithas t he
sub-tanlt u 33 angd the recor e s i.nstalled on the .botfpom of
The subrtant' e Hosa yeRusd NEGerhalbe I3 At Bhstirt L6 BfEb e T
cartri dgé notim ilgyusicr tandisiae isf independentank ulme tshape Af nthentangty
structure vmf a piezo-electric device nounted may be attached to the
sub-tank 33 SO as to judge ink shortage. Since the sub-tank 5 side detects
t he consunpti onMowrdivt iodioftemmasgkt érextandeniofor Lhguicdkinc almoisggbhes
exhaust ed, tdgnd Nl Gifd ra@%g?%a%fb%gsxeaeﬂegdlét Ui ¥R £ 85 € £18m! E§| tion

short age. Furthernore, etectio f he consun‘gfl on co
t

of ink surerineguadity Mgmarrulit GRE ! ARG FRPH icaAndareek el thegrésakay be

attachedst o g hdrOpetctibel y mjéteaatttnéiqqqaad S 113, chﬁtbé)'é'x)ﬁrbbged
nount i ng structure | atta he ink cartridge |1g§talled on t

carriage 30 &5 &R EbLYLO €00t nENG MidY herf Ah &% 2FR e, nk
cartri dge neysdagniims ttalel eddms aaﬂ)ﬂ:ﬁdebpéﬂimﬁdlépr ottt ehef¢i(ttdig.a[iaf:'avﬁ)tj7ler

t han onthe r.a SgC yiew o

cartr1 dge 16087 SRAUFPG AR EREP AL e ReRT 32 Bt hhE BB Bombife o
10 nent i onedisabmia: the nodul e 100 shown in Fig. 5is attached to the side
wal | of ,the con F Ie 500 shown 20 in Figs. 9A to
9C i s agt)ached E\ﬁ Fﬁe SI gawa ;g___ EO}TPﬁt‘ﬂq i'nk contaj ner 194 of tﬂe i nk
cartridge 190N Fremaly 18fig ‘Pn’éparﬁﬂ%’l etpBol Lowing rerditbine ihebhaipgdor 106

is nounted on tbe‘dreceuvyglg_.pom'bmﬁléoﬁl i ncI i ned As a result when t he
nodul e 500 is atFt ach act.uat or

i de
el ned to thoroEppias ypPEad 85 YRap A nts SR b bs The 88ut ot o
106 is also hGrﬂcllsneﬂrd:mlatme When $heffaomwuila ofhiet'i mkxoﬂranathercaiﬂzty 162
Therefo f a t . i:N
cont ai ngg Vi S?%Plgs Pﬁdi{nﬁlglﬂg grrlgdsaS f?tgg%ﬁlg?gh ((F;rl% %]dlg%td'tttggetihgor
recei vi ng pdrhda @reB0sheirakf rtheheehst pierimped dhet Wedtlecaidvilegapbref on 505

flows and drtcﬂ%'sgav?%y“%?tﬁftﬁé’%p@%&ﬂ&fé&f%é e%eei Hiégg\i_ rtion 505, ink in

t he nei ghbor hoo he act uat or rai ne erefore, ink
unnecessary for Thetis&peeehes thaccawityal 67 aD6-hes apEedeer 46 haf By ng

in the receigR@t3y ROGE ithe SPn ARy 168 seletidet Hepriwla Beashy @aRAkyofsl he
actuat 050 10%711%_%?] ls)gtigg}llj%%%nula 11, even if the liquid container contains
no liquid and a liquid remains in the cavity 162, the actuator

106 can detect the liquid condition free of malfunctions.

The additional inertance M' affects the acoustic impedance
characteristic, so that it may be said that the method for
35 measuring counter electromotive force generated in the actuator
106 by the residual vibration detects at least changes in the

acoustic impedance.



In Fig. 19, the nodule 500 is attached to the ink container 46 194 so
that the receiving portion 505 of the nodule 500 is directed toward the
bottom of the ink container 194 . However, the nounting direction of the
nodul e 500 is not limted to the drawing and the nodul e 500 may be attached
to the ink container 194 so that 5 the rggeiving portion 505 is directed
toward the top of the ink container 194. The nounting position of the

he. or awi ng.and SiSE TERGIR S -Br AR RERYGT CTRe ROVIE 200 CRSTERE ink

cont ai ner 19¢ibsatbin hed then tednter ehectdramdiigze £6ré¢ gen2Patsedanctioss
sectional view of, the i.nk rtridge 180e showi ng different enbodi mnent from
that ohown' 1 ACERaEeH d o6y ERE Fenaiah hr R th oo nifel o eVt ot

at}( a]ghe(cji to ﬁbenduob%mysfnéde%siamy et ahéa{]ibh%'ibﬂ pare aeiiglrér)]@rch@@eblof aR
in ee or 87. so.in this case, i,n the sane way as.wth Fig.,19, the
18 coi v g LBerTivES BOBEBEIOh ormdd i80bY 1Y FET T SLiBn HE G FRE 5 wol
grai ned. Thfes@tu(lgale,h tmﬁnelmrl,d@tveﬁt &Qntlot ﬁbler@ilcidtﬁtpaﬁftlgﬁsel\gi abasis Snét ]
etection of ink thou there is no jnk agtua can be reduced. . In this
Coee o o pirat et vharetes teaarh e abi NS Meudfln Sortaar Mkn It

nei ghbor hoodwbthime tektibedapge; th8Feby s pdagsorelactiat layen 1 ide ink
cartridge 18Qe is upted tq the.ink jet recording apparatus in _an inclined
SRR i N g o s I M R T R s e s SRS AT

nei ghborimoodebéct drandtrikef fmdepin thd fYepo-ebtc triilvel aymimnt 6 hgn@asiahs dersof t he

nodul e 500 o botto 5 of t i ont aj per the, di.rection and
nunber theregl?‘E gc(raoeu n%(‘)%T g}%rlzggodn Cftg%F hf;é&ocfeav%tonSggnu(fﬁ%%eggéej%tgﬁ%deofl6 r%’]‘ ction
of the nodul th&ddviaxt elehbrodk l66nt dheel i¢94di omdittibermdyi et deteotdéde
drawing. In i qﬁ&dll[%% ti uctur .60 sthe 30
for detecti n%@%rﬁ% consunpt %gﬁaglghg???olﬁgg?ﬂ%k %ﬁsj a(r?{la;,!ﬁ]ltky thgplr%?hg(g{rg
However, a n@RRRNatgsstRsnqyebyitionphiberaslighery o fddd cibratiqepartat i ng

an el astisC We ehanétaatBEfehBabid HF LEHba¥h s M b the8%es BLEEAE Lg fevige for
receiving a(;f‘gflected wave may be attached to the_ liquid container.
t

Ther ef or e, thenbRYr AIS3BY ARg X AU e SR e 188 (RIcHEd Yo thfe
liquid contatgeiiti®omel theiimd thakooe. tikarihiecondbel om whicred npRsy theon of
the nmountin estir&ctdure to the liquid container is neither limted 47 to
the bottom oic the | i‘qui d container. Next, a nounting structure and a nodul e
havi ng t he nounffiigg.stA wedué® sl a mearu-igigevethal devi dee ofavafotherf

enbodi t : r s\ 1 1 i A A to
e 2%, e Mgl ERSRkIR G EhORcEht P ORI el it SRBEEESS ¢
nmount i ng st rafda ¥ibrat g thebaekurder aR6. a TheatertieabapoBonians of dilifed by
pressgn? a tikn l@b&h I fé?e@ﬂie \Motulﬂftang M{ﬁ&ﬁx ?‘%Vé{b?ﬂ tflhglatcteulgtorh 21({671ti nL 0
a predetermnned, shape. i refera a e in shee o be
ok has "l DT oo bl B el bR i
pressi ng, stidua atslae y 0%0 e
el ectri resj e. S N 80 i i . indj.cates an
el ongatg n?%%é%%%o%gﬁg]rem%ngﬁgé%gﬁdﬁ??} Sheﬁggg\g(?dsﬂl%:lﬁ%d&é%gepaa Jt% of the
nmount i ng 15 igidigetesevahtage pdi counfer|amironokividdicrc@0yeneratar fyd f or
each nmounti t h_.el i 802,
1ee3tis ! ¥ 2GRN o8 a@gkggaqggﬁ 6 gga s t%ﬁngbékeléoagagn g0z,

an internedi ate part 803, a proxinmal, _ nd a projection
di stal ends igdiicetesHelmi rByfthel verfdurd wakbatioBof the acswaterddty a tie

bar (a connggt iseByAEIREF)gL00 éf,r%tm, %é%&@?oﬁﬁléf‘gnt iaﬁaﬁ?fég %g;g‘xala

posi tioning hole 810 is forned. e positioning_hole 810 1s r at the
posi ti ohY cofe¥pdhaTRAGLE argEatehr alVeBh, pdit nséAg oFigiadt LSofoRyRIted

pi ezo- el ect rioC adgYhE€a1 Eafluce orgad sshdmpec 8fd éfgr?éln&%hﬁ@n&ﬁ. a support
part 808 via a branch part _807. In the sugport part_ 808, pilot holes 809
used In the examples shown in Figs. 4A and 4B, by measuring the
time required to generate four pulses from the fourth pulse of
the analog signal to the eighth pulse, the existence of ink can
35 be detected.
More in detail, after vibration of the actuator 106, the count

of crossing a predetermined reference voltage fromthe lowvoltage



25 to transport the plate nmenber 800 by a manufacturing machi ne are forned.
As shown in Fig. 22, the el ongated nenbers 801 are bent al ong the bending
parts shown in Fig. 21. By doing this, the pair of distal ends 802 of the
pair of elongated nenbers 801 are arranged 3 0 in the sane plane. On the

ot her hand, the pair of proximal ends 804 are arranged in another sane

pl ane different fromthe plane where the pair of distal ends 802 are

arranged. The.projections re er n ngd. er ect.e
proj ections gégeat? Ctth(? 2‘99 ]g st%‘c% %%ul?l%'ég A%t glgéggrsel@%%wgﬁgs
showi ng t he eabierigegh p’n@'rtnzee]ﬁ wemgate@bmlemimelr sh80dtlamduas smdwrhd nifkeg.
23C, the sa BI %e ere thg X f di s enéjs 80 arae %%%ad aée
paral | ef it hronade b RErh AR afl kB s e B Cr R eREE 604
are arrangedcléakspovge.in Fig. 23B, the el ongat ed nenber 801 at the part
(the distal end 802 included 0S t ned ne_and .t he
el ongat ed rrenberl%éi)‘l 15¢ShS %Qgtwe(‘f rB‘r‘Sp(?r?Té:lheeﬁﬁkmé(??Y i 5 (RRfF1gned
positioned i abanetties meanei q@ml&rlennmv@maﬂ &he mtﬁamchoet hem thet he
per pendi cul ar direction_to t | ane and_anot her _,sane

i?ﬁwﬁh@‘ 3

Therefore, aPtPRE B3t §iIbé ®IGYGEPLY %%&I?rgoigs%vﬂ}ﬁ RFi g.
21 by bendi nghéinesanttihg ;fwiduag Thiwed. 6o thet adctiardrel 86w trhemtpa@tlben and

t he bendi t f R b
Flgs. 24 1o 95014 dovelbrgdnaP S adatalpe s dram the A FLFRERC o the
el ongat dd netbetlse Bxh sramn nnnFEgg.!lJAZZsbgzomg\s:ertihamnthat dumglw | 4BbeIn

| ai ned. Fi f 1:
expl ol ned. PSLR08 R, Tt 1Bl 48] ORIALILARY BREL, BEh DhuhiSEELLED
femal e di e 8%2th<$hshewistiencei g ink7AByoud €fi bheldiififereance tinet ired etlee 813
I s shown in Ebﬁémgﬂe %& nt Qortdlesldh eLiak! caﬁb‘bgoééﬁécﬁ@dng scc%'fé'mﬁaéécbﬁnéor med

on the nmale di a positioning Rp 815 havi ng a contour
cor respondi n§rem the 2:@hstqu¢1ttur€éf othe hénpb@m WeHPRGY®oMaAns s EBAarsingr med

on the pajr ﬂéa@&f@&%%eyf@@@dbaﬁ%uoﬁw A ondr tRe aPeaatbPNDAY R

part 815 and_the structure of 't e?#)osml oni ng col um 814 form concentric
circles. FurPheFhidteirah thee bRt A8 it o 8xaMRle andokieitdmengay
convexity 815e|c5bdrﬂ;reHE:drcaiﬂ(in§rheo@1®lSJ tmnttm@ Zsseorwe@ﬁjgmwﬂﬁomadmebeth

i nserted |nt80the |t n| ng @QI e g Gann nber 886 Then,
PG RIS SRR

in the statesownl e posi |on|ng co Pt into
t he positiontagtie Baht cs)nﬁtanﬁl mées st tyoni pyedohweringd 8lecks p'uihserted

into the, posi»ﬂé%wgtﬁg el aﬁég,fﬁ({aﬁ abr i %2 eneat eét@‘gﬁfe%e@%ére

positioned to t mal'e die 813, Fur re, _as shown in en the
posi ti oni ng e ehe ¢lack Brlincland é:ld’icé‘ BU3se sequrlericedhiencaoeketfor

posi tioni ng @&M@altmgSéL?séaflcbhaut:eaﬁlsecdiiageSaauéél@trmbﬂedl@a &he isk
positioned to th nal di e.812. ing this ai r_of el ongated 35
menbers 801 G G}S‘Frﬁoé?t?% 9 %& Igﬁa?%é fté’r‘?ap:gmallg’ gt gﬁdg{:kﬁe nal e
di e 813. count and the time up to any count may be measured. In Figs. 4A
25 and 4B, the time from the 4th count to the 8th count is measured.
However, according to the circuit constitution for detecting the
frequency, the time within a different time range may be detected.
For example, when the quality of ink is stabilized and the
peak of the amplitude varies little, to increase the detection
30 speed, the time from the 4th count to the sixth count is detected,
thereby the resonance frequency may be obtained. Or, when the
quality of ink is unstable and the pulse amplitude varies greatly,
to precisely detect the residual vibration, the time from the
4th count to the 12th count may be detected.
35 Further, in another embodiment, the wave-number of the
voltage waveform of counter electromotive force within a

predetermined period may be counted (not shown in the drawing).



Further, as shown in Fig. 25, a contact surface 818 is forned 49 around a
positioning concavity 817 of the female die 812 and a contact surface 819
is also fornmed around a positioning convexity 816 of the male die 813. As
shown in Fig. 26, at |least a part of the distal end 802 of each el ongated
member 801 is held from5 both sides by jyhe contact surface 818 on one side
and the contact surface 819 on the other side. No resinis fed to the
distal end 8 at, the,part held by the contact surfaces 818 and 819, so
Chat the di SAFS St BED TRtPe TR FPANTIE ERBUNGID aD BE s AR Bbosed
and the electri Q\ﬁireﬁmtﬂéﬁéiiﬁaﬁﬂﬁﬂbﬁlﬁraﬂhﬁ{GFQh@,aca:lma&ddiIdh@nﬁhiéﬂfﬁt ep gg ,
removing resin so as to._ensure _the elecgtrical contact at the distal en

s ot Tequi FLEREhd FRIRdHERAEPEA RECRF RaNSesPRs 1ol PPetbe WRERTHe

nol ded part 8#dséind At gesRiteyniiaeaatrerehbe wakhgef fednpraat Bsly Febeyes 801,
the branch parts 807 arje cut_at the 15 cutthg parts shown in Fig. 21 and
as shown3in ??-‘é)%.tof@c"c 1Pl 309 ALEE LSNPSR de FYRRRIIISPBISE0 M He pai r

of el ongat edenerdersx 3Rt apdidihegmhbdedepadted1l i s manuf actured. As shown
in Figs . 29 to 30D, the nolded part 811 has_a square, plate base 821 and a

col urm 822 pr o] ECEENSITORS ¢ H18H SOBPRBISOT (i F1g- a4 ghkdVilthg-g3B §haws

r ef:ei Vi ggzt h@h%)& ?:Zn@.r Qin@l?itf\%d‘ed@@;/ﬂ?@ dognfcgg rzwﬂeddt&rotﬁ\beieadfcsﬁtt_ré‘ @aee%mt h§06
col um , an e alr. o | STa enas an e connhecti ng e
I B T T o S IR S L A AR Sl

S Eown ijn oFi ?Ji_nle Qnd](czncﬁ@@ tRatlehef ifkheabasi@lg82dontadakbsnd@ 24k L N Thenésite Wi t h
the side wa 25 of t.he j

i qui d .cont.ai f d_jn the f .
pc shown | B JTeR08 110 b TIBRCE OF 1 CRETBREES BT A5 P of S on

825 for posivawoxiom t wéthobtdedpparinifgl the t tescnanee t heapuenaye fudrared.
Next, in the.l eqr, l. T, .Sho i.n LFi . 0D, the
connecti on rr%6 er b %%gcodr@égggﬁgﬁﬁﬂg?g?gﬁgll%gn%gs}tlgg“?ggfi Phgggé??é%d?’

el ongat ed ne¥dre §ng@atd il chor ¢xamplegra meferende dideglyis eetdbstwdenends

802 are;gl ectyd Galahy c3ePRE AlRthteWBlet Beorlitatal r6Rds BR% A& @h&% ripcal I'y
h | 830 in Fig. 31, t

separated |like this, as 1 ndicated by nunera , e nounting

structure ofF¥%i 4A3ING AR HEMENRL itEerROIUTAL BT LOMPLINE FRIAR VAYEERT Ut ur e
830 has a paitiowaf i@lOFd?Cttily.e waak et e &Fkue@BpOSEs! @Tbﬁdtfés?abﬁ%%heei @ngat ed
r

menbers 801 3;’&91%rait es%gnaf rr__lLSe axr?ahdeo%qegﬁu' a%ag hpgédét%m%lefi St):ime, a?nd the

counter electromotive force waveform crosses the reference

20 voltage, the actuator 106 judges that there is no ink. When the
counter electromotive force waveform does not cross the reference
voltage, the actuator 106 judges that there is ink.

The above is the explanation of the "actuator" which is an
example of a piezo-electric device and the detection art of the

25 ink consumption condition using it. Next, an embodiment of the
mounting structure of the present invention will be explained.

Fig. 5 is a perspective view showing the constitution that
the actuator 106 is formed integrally as a module 100. The module
100 is mounted at a predetermined location of a container

30 (container body) 1 of the ink cartridge shown in Fig. 10. The
module 100 is structured so as to detect at least changes in the
acoustic impedance in an ink solution, thereby detect the
consumption condition of the liquid in the container 1. The
module 100 of this embodiment has a mount portion 101 for mounting

35 the actuator 106 to the container 1. The mount portion 101 is
structured so as to mount a column 116 containing the actuator

106 vibrated by a drive signal on a substrate 102 having an almost



conductive nmenbers 831 | eas an electrical contact 832 conposed of the
exposed part of the distal end 802 of the el ongated nenber 801. A drive
signal is applied to an actuator 833 via the pair of conductive nmenbers 831
constituting a three-dinmensional 5 circuit. In the concavity 823 of the

nol ded part 811 of the nounting structure 830, the actuator 833
constituting the pi ezo eI ectric device is fit and the pair of electrical
contacts 832 tr I e r.o of

t he actuator r%t%gcgu efl ca %rg t@%ﬁlﬁ%jc 1b§t %’%Ig%p %dé q;tthﬁi gﬁ?
connecti on, aagonildud, theaazﬂtemtme hﬁa@/olfethsaubdu\nhehom hss éliepcbsedjes ad the
act uat or 833adthe el ect tacts 83 |ng ruct.ure 830
are connect efi® tcég@ht%q‘ﬁbﬁd %59"3 %\fﬂrgl Fh ha§2 h? & 58 Pﬁh]e(f({/cgfl }f%e
actuator 833prstevtatedrdy exeernaBiéuand @halaﬂ;eldif tihghtd g0 186 dnotlpe event
aliquid fro ITDVI ck side of, the actuator 833. oi this, a
Todul'e. 840 VP ha BRI ST GEED. Lt (0 BedSERoLhet thrty B85t e

manuf act ur edofoﬁtﬁlrﬁﬂm@gaﬁ‘eﬂ U]Enbﬁr@ujiﬂhomavﬁoﬁnédalmt trel _'M)H’licghtfl@t_ijéﬂ ty.
Therefore, the tua ﬁlgl ezo- el tr| Elgw ce?ﬂgcan e SEBEorIe y the
di stal ends 802 ﬁﬁaﬁe&&p s B PCURE BRI U EF g %@5\ o 33D,
t he actuat ors83% Inaslaazepaeszazrlejngcstmmtexlrenbﬂte a45eaptsitd membey), dtsearsor

part (vibratjon part t|n 8z0- electric

el enent 845 iﬁgfpg)ﬁoar%%t ejtcftf) lgh%#%wél%ﬂ& c% Igccf‘ ”z?fz %;nn%ﬂuas 25

pi ezo- ell@ct r drawaypr t&éSmctmhthmy sthec‘eﬁmthaadé:@ewubmmlo2Thed the

pi ezo- el ectrj, t .ar, nfg%q; I te 846
and a cavity o@hnf%@m%éé& ’71-15% arraérzgg onﬁ\h%l %g%g}%{slg ;lgtlﬁ(!éta

vi brating plhineiigsh toAitt hEoreexamplsf, fihemakiea ﬁblmdvgxqaénbérugwre a
circul ar cav ( ) i ezo-el ectric el ement
845 is arran{gzglttiaé{dt a"?]%te@ea%o%?f&oén%co%ggg%ﬁglsar&tttghtaﬁg cavity 848. The upper
el ectrode 841 i Fidonhett é@ ?bphfhd@ﬁpﬁéﬁweﬁh@f#%éhﬁe?%%@twnaﬁﬁ thee | ower

el ectrode 84godifl£aB0Esh&Fh 1ig 2ihover eheaidnre teomMealudRd tnéhfoumdul e
840 is nmounted on tﬁgasarre circuit board knggjpsho 35 in the draw ng) as

that of the PRHOIS! drasie Rt reHun2 i i atFe 2) recqlying BORLI  when
the proj ecti b h@#inghoyendavifygsl 3. 3DiritherddPeartthd msduledodMas 14 hol es

fornmed in th‘gllc gcltbl Qf?&rlg(ﬁb Qk t Tgtlgr%%%g_lo%maﬁgd tpflngl ro%“' tIpo?l'Jd are

posi tioned, |s St ¢oRnecti s’ of the | e 840
and the ci rCMerGb@é?ﬂé thed Wdenpdetedl b\issisimed frpror roshepsoofmatemiill e 840

mount ed ;@n té\?cff'a%%imﬁ%@%%ﬂe%l‘ S eitlgdiass mﬁwham?ythm% 801§ Or med
in the side wal

uird container and fixed the I'jquid container

so that the lplafrfméftl%@n@uaétta%%rlOésan%udpﬁdojléct—% "iOHPiS Pertiqry 4Py, an

contai ner. Tdiedinguidsiis tfb@mbaqam: dheoBbAtEEItidrdolf S§6NdAaio Wohbe e
vi brating plate, 846 vi éaﬁ/l% 848.. 10 As nenti ggsd above, accordl ng to

this embodi mEHS "HRHES PG e @AY 8s$% 4ol di ng
wi th the paitro (hrbuseridwcacmeatmﬂéﬁs 188l fednst(&,uandghtehplahe dd-0di meresi onal

ci ol o50r ANt @ el Y6, 708! et o e 301988104101 4 Bha e

nount i ng structure 8 achl n e actuat or iquid
cont ai ner atplatsr ddét endritied ap@ﬁﬁt@bleﬁa@rlsef#r&ﬂ@fmthheemomthpwtgwn

di mensi onal ]R.'flec'@H&%fo&@“%ﬁé‘?e&@%%ti@tfh @8 ¢4 RE afé’c%altbﬂui(% '48 the

| i quid container can be détected with high precisi on by t nodul e
havi ng the ddwudién 843 apd the pisdet LAY aig @@ttaﬁbeéamtemamémto e

mount i Ng St rdrind ﬁoggl@@qtﬁer enbodi rent of the present invention wll be
expl ained by referri to Fi 34A to 34C. As shown in Figs. 34A to 34C a
nount i nd%st ruct 4h8 HEEDT Oﬁg“ 20d t1R4® 8RB IESREFE1RALY Al bided BBXhSh which

a control upper electrode and lower electrode of the actuator 106, transfer
a drive signal to the piezo-electric layer, and transfer a signal
of resonance frequency detected by the actuator 106 to the
recording apparatus. The actuator 106 vibrates temporarily on

35 the basis of a drive signal transferred from the lead wires 104a
and 104b. After vibration, the actuator 106 executes residual

vibration and generates counter electromotive force by the



25 elenment and a nenory or a unit 86L (hereinafter referred to as "control
el ement, etc. 861") conposed of a control unit and a nenory which are
integrated for controlling an actuator ( not shown in the draw ng )
constituting a piezo-electric device is nmounted and a projection 863 which
is projected fromthe base 862 and 30 0P3mhich an actuator is nounted. The
control elenent, etc. 861 is, fox exanple, an integrated circuit (1C for a

menory. The pr.ojection 863 has.a cqlumn 867 projected fromthe base 862 and
T T bl o ARPRAIDR ek PRGOS Bine guaiTe e Fh Siheabidt bueh A che
colum 867 .cddhtddieesuttasroivd Forseabaverdiar,t tBe BéSnamceoneayiidneyB866 for
receiving the actuat (F)lr, constituti nugq t he pi %éo-el ect ri'/a.'c devi c&fj i forped. On
the nount i nFXHHSFELRFENGEE, the FPRFMIRTLONFPNGRELPRCL thdugd in 1t % i cal |y
conneﬁt ed g _@cﬁita!i%@%ltlcaﬂ?oé)aegbﬁt@d:.t U'ﬁﬁ@lffiaﬂdllbg_ebcﬁmt thé aﬂlmmeaf,lcﬁb c. 861
are three-di nensi ona Qr e t wo- col or nol di ng resin ating. Mre
concretefy, & SQPrPJfﬁt%Hrlgu% aﬁo]\{%@%Qtrﬁf’a%itﬁat?ﬁ%dt@’rdfﬁggg%al ?Flglspart
868 are formprbferaplbhe FothaRofitmeos ?diymé%ﬁ_@l andl bbha Watkedial

el ectric wires 864 reach the back side o he sealing part 868 fromthe

bott om of t H&S®Rcavity 866 via the inner surface of the through hol e 869

and are further forErdr@@nli Nupesieadp wieekhea oaagk 194ge e tameasey862.
Further, the plurality of electric res 10 el ectrlcgi‘%’ connected to the
h

control el efiEducéive’ gerbgre OEnt-ehablietyY f3tHhdr+9 % M the
base 8620t 0 ddtmataek (bheseodledixia abuicd) teofist BappgitdtbgstBe Adaat ned in
the base 862,, The. electrjc wires 864 and 865 on the back side shown in Fig.
15 34B f unct{dF° é§480nig@?’s wi th which the contact type connector s
installed in a phemlertechl( iiageircaieriandcdrd apénimdaddl pwf viepubstiiatle
cartridge i t 0, the.nki rhcardi I I i and
565 on the Ba% o HomiRb e L AR ER ALY E B 9ok 8, AR RAT Y £ 8 T T pe
connect or s. axeoformede actangubarkt.r utheileadsdirssohdd i nheiagtuatds Gt 34C,

LheCengh ] Tnd E8tn A0 Sada i BLECL I My B2 B0 POtROBARNAE LTS

this exanple I's a one when a ne i as the cont enent,
etc. 861. wWHOR &n@oremevakleftatei sThe sybstizabe dd2vnehe drpd mirepeidnt, etc.

§6I 1 the el e;?ltea be%\&f@ﬁ 18&;%' and f;lhlgq alogGt &he t31|5; }&ﬁaeé ﬁlt&ﬁa&ayalbﬁﬂgﬂdil Isodas

0 e connect ed. ne -CcO r . .no I N resl n I N e calle a

oo ehot ekttt Lea bR 2B i SR gt e e §C TR rtHer aut oy

two tines ofthengextemmofoiliti agbst¥ratepl ¢zl thrapivatolr 10t thefddndrosyol di ng

resin pl ?t' B%d”%ﬁ%ci TRy 1 b arr%ugmélne%%bgiﬁ%@& %%dtx?s'ﬁ%\ﬁtrgi a]%&'s.yof the first
prinary §i ngjl

"
nmol di ng I S execut y resin capable of plating, and next
the whol e i ;ocidmi EBPty etched, and a catalyst which is a core of plating

I's given. Then, th86 R o MRRECOPEh MRl L Db S HO sHBsEENS 1108014 Sformed
cover-nol ded (secondary nol din se,condarée%rem n _and then 35 pl ated.

Narmel 1t ho LPKGCE A HHOR HEh s PRe JTARFA RGO Hit Sf oL b RECHBHOY 0% -
deposi ting pltathagpedieiemneindlchyes NEidldenterabertind pllage exaHaeingol d

only onzg het?x%r Eri %‘Q@Egﬁ ];(Paq:tt rc]J% Eﬁcla rraacriyuaqglrdilgg, a through hole 112 is

formed. As shown in Figs. 1A to 2, the cavity 162 is formed in

the actuator 106 and the through hole 112 and the cavity 162 form

an ink reservoir respectively. It 1is preferable that the

thickness of the plate 110 is smaller than the diameter of the

30 through hole 112 so as to reduce the effect of residual ink. For

example, it is preferable that the depth of the through hole is

equal to or less than 1/3 of the diameter thereof. The through

hole 112 is in an almost circular shape symmetrical about the

central axis of the module 100. The area of the through hole 112

35 is larger than the area of the opening of the cavity 162. The

periphery of the section of the through hole 112 may be tapered

or stepped. The module 100 is mounted to the side, top, or bottom



53 processed surface. As nentioned above, according to the nounting
structure of this enbodinent, the electric wires electrically connected to
the actuator and control elenent are formed three-dinensionally 5 by
two-color nolding resin plating and at the tinme of form ng the base 862 and
tile projection 863 of the nounting strygture 860, the electric wires 864
and 865 can be forned at the sane tine, so that the manufacturing process

can be greatl i mpl.ifi.ed _and | ar.ge nber, of ting.structures 860 can
b eaci 1y fopbinemia irs Lindretrde PR Ro1Re R niiEents thesrd

preci si on of thdeocateths ¢ . winhes BHdiaednSabed antlHakndtbdidghs heushtse 860
is hi _gh, SO L@?at t he rmuntin osition grg i sion of hﬁ}ﬁaCt yat or tf) éhe
mounting st r et ut® BEGUFECRi gHl® ZRGOPARCE i TFAFeHEY Rt i feetRsPont §

i nproved, angs neligndaergrealiey nosst gt pOsindeen ipr edkesiiaR 0kvéd tde wontrol
el ement, etc., 861 to the nounting structure 860 is also high, and the
connect i 6n r%?*f%ﬁﬁqdi'ty bet ween the control elenent, etc. 861 nounted to the

mount i ng struct eriq.860id§|md pbfbep@xﬁjﬁrm&liengl ﬁmwir@ab?ﬁﬁﬂéﬁ@nﬁoﬂmbgg of

I nproved. Next, the._nodule anot her I.nent t he present .

vent on wi P1e BoBAT ol eansy GG AOIGE T enbas i hos TS | s an
expl oded perp@ecidve0y iievicrhediont nbenthout Lok 0l hi Inethodbu®nporaish t he

92 aj(i:tuator 833

nodul e has t act uat.or, 833.shqwn in..Fi.gs. 33A to 33D, .and t

o o mal 1 vAGkr gct kidar 1R HeTie' I W83 outen arfa e daterd Rt iR,

pol yol eflion famh naBhoBB0squdre palnfalcefl viinthf idoin88@oraesiapesusthas, niche t 0
cover the sensor. unit of,the tuator ,833 nd an. openi is fo d . at the
comter of rEenriitepdkeial Af YAePhalSly AAATelt ahEM e BrePETO | Ihe
l'i quid cont atlmercodomest 3nandrt achcaw ity #ha. sdnsthe wontavity Hd 3afoeedr 833
via the openi t.. I 881, '

adhered to t ’ggﬁgﬁelﬁjgg"nﬁﬁg‘% Egagé F?%@??Egﬂ@ég%g Zd%éggo?ﬁ‘fégg?% .Afcg'ui d
tightly, thuBhe ieadaet theoplad3elemeniudll disnchpnlfersk agsP predeseweingtal |y

connect 1@ paifqd s6laeCts B@E‘e%sé?tg £iqr Fedhen Lot ﬁlHi;htPQ@r:Lﬁ SR3eMhaig a
control el erren% (not shown in the 35 draw ng) such as a sem conductor

menory for clfte dAMeg LRethie i 6RTBB399% nounted and a pair of el ectrodes
(not shown in thwagdragi ng) eh tdgladiedatpersHidtitepressedsandihgl dkne

connect or 54 885 i s _hou in e e.882 so . t.hat_the_pressed-and-held
connect or ST SRt oB hatR Tarle FOTHCRBaTN 7483 na TR erta Y 83
and t he caseas884tanthe¢ heduileclid showundiBFF3gar 2, fuheedodyladiddsinmlud®ys doi ng
this, t a t j he Qeands r ct i
connect a8 vi o pmE b Yo 6] LRl ei01gg BhAch B85 TREMAHT 0w an
exanpl e of tRREYHCESSEY- hAS- Hee Pubsitiateot 0Bgmchridie: Ko lpmas4@y-andi-the d
ﬁ0|n gegt or F&%déﬁi&@tp@m@doﬂr@ds his @helf s M &mntBP6s Rhatatk vbidawialyd are

© y sl Iiﬁgie The actuator 106 is joined to a plate 410 and fixed to the

concavity 413. The module 400 additionally has lead wires 404a
25 and 404b, the actuator 106, and a f£ilm 408.

Preferably, the lead wires 404a, 404b are formed by

conductive members of relatively high rigidity so that the
actuator (piezo-electric device) 106 is supported by the lead
wires 404a, 404b.

30 According to this embodiment, the plate 410 is rectangular
and an opening 414 formed in the plate element 406 is rectangular.
The lead wires 404a and 404b, the actuator 106, the film 408,
and the plate 410 may be attached to the substrate 402 in a
removable state. The actuator 106, the film 408, and the plate

35 410 pass the center of the opening 414 and are arranged
symmetrically about the central axis extending perpendicularly
to the surface of the opening 414. Further, the centers of the



to sponge rubber nenbers 887 conparatively soft and the periphery thereof
is covered by a silicone solid rubber nmenber 888 which is sufficiently
strong not to be buckled at the tine of pressing. A cavity 889 is forned in
the silicone solid rubber nenber 888 at the part corresponding to the
sensor part (vibration part) 15 of the ggtuator 833 so as to prevent the

vi bration of the sensor part of the actuator 833 from obstruction. The

cavity 889 d i b r ﬁﬁp e tune
of ol di ng ggﬁ%ﬁgxéfé?%bﬁggsoq%Hggﬂbégg1%%ﬁ@g?@§gégq¥ﬁp?ﬁ%£{ an%ﬁgxgﬂomn in
Fi gs. 36A amzh 38 cehérplumeals of dhebeopssing rddd.886 20 extending in the
conpression diregti re. ar i t i f cavity
889 and the arrgﬁﬁéﬁg%$(3|%eéﬁﬁ%%glg@l%ﬁglég§§mgg ?ﬁéaﬁﬁégﬁﬁf yo%f 5t ass

Wi r esI 886f a{;_:elapmr al1|0elés V\I%ﬂgﬁeﬁthaznétﬂm arBagst .tl??Apandin@_?ﬂ $hev\cwmh'f ert ]
exanpl e r.essed- and: onn a e m t he
constitu?ioﬁnghgihéﬁ%aﬁﬂﬂgpogé%66n§ﬁ§%§g§%g§ﬁ%@ ?ﬁggﬁiﬂgg§%ﬁéfgﬁgﬁ?ggs

Wi res 886 arsheathangen licieadl? alewenseinlowesEveni mhespeheivelwt | ¥ jFositi on
of the actuator. 833.and th ressed- and- he nec 885 i hi f,ted at
The {1 of LIGTSIEEAB TG CHE FOHITISEn Sint 1t HAFEAED B Rylalggl! o

pr essed- and-thel diemabertodr ti88Fhsbogh lal et i3 . andbfonrekadpBeprséti gs.1/37A and
37D, in the I ' £t S i 1, 8 t
betveen ¢ ho O LEPF Shcthe fipRE Lt Prdns Ml iolt 182, dhe GRERIAT |
ensur edl 0 Therlef dise anwabnostheilycdessymetsyig8d abeutrtlangent3sli axiheof
direction i i hi f . i Q§§§: Y,

el ect rodes o%#l%gg%%%ggtéér Tglgggea%ll %t e gz:]?r 0 ersmg%%f %Ple?ﬁ%%&g?]?ﬁ?%e boar d
883 can be dil@cmpydeg tppesetedt sterprd] yThe mpguip k00 ggn kmimogged How stil |

anot her examplee et tbiCoPraRs edntAtnde! 0 PRABE! he 88D-ARE hB1ENLE &xanpl e,
a pair of conductive silicone rubber nenbers 890 containring carbon _are used

i nst ead of PAEAPPEIsimithesoRkainge loonthi AFTBA%YY 106nks pEEMIed iAdifer s 890

are integrateatlinar i Nsdilast t&%:eienldC oReLid peebeABIDET a8 YL reBei¥ReRd he
conducti ve Ilcggre }(lubb_er the cavity 889 is far?: din the

nbers 890,
same way as h ¥hE ?J'P%’sr%g?‘ﬁnggﬁ%rf‘ﬁ Horhhec£BPs &S ap PP and
36B or Fi gsthéteigit GF Bhekicgaat38A0anthedOB: shawrantyadtihetheexamd imeaf t he

pressedl0 ad- b dscQUIBELDT EBYANA LB Eile AR fra i belLndpil o
connect ed usi ngFige. iMstPalq ahoyi $tiddnanptibee rerdodingpirs fhEi pedueA
instead, ®f ganpREtd e Py ENi AN MobRI&M 1Y Eh&wSiin poge sSohigbdudlber
menber 888 IStO%)eélfuéwn in Figs. 9A to 9C includes a mount portion 501 having

a substrate 502 and a column 503. The module 500 additionally

has lead wires 504a and 504b, the actuator 106, a f£ilm 508, and

a plate 510. In the substrate 502 included in the mount portion

25 501, an opening 514 is formed at the center so as to house the
lead wires 504a and 504b and a concavity 513 is formed so as to
house the actuator 106, the film 508, and the plate 510. The
actuator 106 is fixed to a receiving portion 505 via the plate
510. Therefore, the lead wires 504a and 504b, the actuator 106,

30 the film 508, and the plate 510 are integrally attached to the
mount portion 501. In the module 500 of this embodiment, the
column 503 having a top inclined vertically is formed on the
substrate having an almost square surface with round corners.
The actuator 106 is arranged on the concavity 513 which is

35 installed on the top of the column 503 slantwise in the vertical
direction.

Preferably, the lead wires 504a, 504b are formed by



15 Figs . 40A and 40B show a still further exanple of the pressed-and-held
connector 885 and in this exanple, the left and right halves of the
pressed- and- hel d connector 885 shown in Fig. 37A are connected using the
insulating silicone rubber 891 shown in Fig. 38A instead of connecting by
continuously formng the 20 silicone sokigd rubber nenber 888 itself.
According to the pressed-and-held connector 885 having the constitution

shown in Figs. 38A to 40B, the hori ss, f.or_form.ng the vity 889 is
not necessar f/?né&%"rﬁ i"b% '3b6 e,regg(gg{r;gjlc‘ﬁgﬁ%@tjﬁ%gjr%‘l&é'?es%ftﬁ‘%i Stﬁ’e

enbodi nent, 2btitdeomqipiakore B3 rdrd dehitce) ridd tisbeappbB8]) ¢gnthe lead
electrically conn ed yia the pressed-and-held connector 885, so that no
sol dering opBH&Es ot 5% &8% red for connection and the manufacturing nethod

is made easi er. THie eadhoflithenihsdwlie t5308 pEeberitinedv endi tire alceuaxplal deed
above. 3Q The scop f t present .i nventi i.s not |imted to.the range
oscri bod i Nt HEUBLEOHENE Srat oPESORAEBRE dPoEEP Lax ARSREEOF fe el FIF

cont ai ner of mbdelepreseis moavesdi@n the oitdn bk t€itd oft ke icdntadnerige and
can be appligd to the ot kinds of liquid cqntainers. JVar.ious.changes or
ot ovenont sCisrasaEag 1 6 o 551 Fied BRR6Hr Fae VAF b b A T | o
obvihous fromhdaedaadheptl onitnid Riesikrabbs ﬁTa@gaﬂyecmﬁ' lJi:gwt'd abhom?]gln whi ch
such vari ous nges .or _i nprov nt re.a i i.Ss.l.nc i_n t 56
scope of theogt%érﬁ“di Aberis B‘RS% %I’cgﬁelt)‘?’gggs‘%‘?%ea0b§ngh§&e;59’§n§ﬁ on

af or enenvi onetewmcionr dif ngh¢ aldteetivaseapadityent i on, the piezo-electric

devi ce can be appraoprjy r t L gqui

cont ai ner. 57%4@%3%%\%%&%11 %%éﬁ?ﬂglfﬁ r@l?c%qﬁ‘r-’%é fq gbgar‘r%nuerﬁi ng a
pi ezoel ectrikt stethst theedctuntget 466 s evnsngad lonthwedhthdnenfl.a Whepid in

a liquid CO“EI%—% gngélutl% 58 did n%é&h@eﬁo%ﬁéﬂlﬁrsi@@ 8P {iE Yk iRbLUET Wi

[
conprising: a w re adapted to be in contact wth an electrode of said
pi ezo- el ect racturhrrck06 an@tiapbrditegt R Eenbainesr 1 ksl halg 14 iudérediedbet ween

sai d | eag wi¢R,andrpali by s9HEd KA Beie, &r AMAPWH tRE &tUGhide1 ageor di ng
to Caim1, further, conprising a leg for projecting said piezoelectric

devi ce i nt o &hidMALigeAdSEiR-ai ARrthe otherp IARd ngha Fdeuredrde MRS ng a
pi ezoel ect r igowd\ddC 6n UgRdbbetéiglodctha @anrsuApt i o) ieonsligrdeFerabia tHaaui d in

a liquid container to sajd l.iquid contain conprising: a ir of .
conduct  ve nebarsPEPE ity AGCaCHR oo S SrEoii & fPebhebi Hodsi o
devi ce; and diresdied- hovaiat thar inkdlegddpdrit eégdal ¢ thiet bostaa hqrailr imfan
conduct hLye Bheq Weegfei n said pair of conductive nenbers include distal
ends electrically connected to said piezo-electric device, proxinal ends
el ectrical ly cofABEeethe RcAvareEul (6 bikamMPunhad Phitdiendaraieed asustacs

connecting s €ndi shdllireadsy BivlrSaad en@xichel d Bifterabfl the column can
be made smaller than that of themodule 100 shown in Fig. 5. Namely,
the module can be made thin, so that it is also suited to mounting
25 of an ink container having a narrow mounting place of the module.
Furthermore, the diameter of the hole of the module mounting part
of the ink container can be made smaller. Therefore, an ink leak
can be reduced.
Fig. 10 is a cross sectional view of the neighborhood of the
30 bottom of the ink container when the module 100 shown in Fig.
5 is mounted to a through hole la of the container 1. The module
100 is mounted so as to pass through the side wall of the container
1. At the junction between the side wall of the container 1 and
the module 100, an O-ring 365 is provided so as to keep the module
35 100 and the container 1 liquid-tight. It is preferable that the
module 100 has a column as explained in Fig. 5 so as to seal it
by the O-ring 365. When the end of the module 100 is inserted



wherein at |least a part of said internediate parts i s enbedded in said

nol ded part. 4. A nounting structure according to Caim3, wherein said
pair of distal ends are arranged on a sane plane, and wherein said pair of
proxi mal ends are arranged on anot her sane plane which is different from
sai d sane plane on which said pair of diystal ends are arranged. 5. A
nmounti ng structure according to Caim4, wherein each of said pair of
conducti ve nenbers is _formed qé he dLngFan el qn atedlnenber.of a_conductive
material, whetel i aF&ngﬁﬁgeﬁl néngnlﬁh % SO GFPE r Lof Ol e Cgﬂggc%re
arranged angwﬂai d;hén&lwltﬂlto&anﬁs piliaEEh@EhWthh _dl$caliedllb_aidf ehe Fpmderrfmo .e_ngs
are arranged are parallel with each_other nd wherei n rtions of sai

o1 ongat 60 meHEbEERBaPEEO R RIIaPE LA n T AR L0 OF G GFaat e

el ongat ed nepderBrResiwitalctnesahd Redilichrsane tHarebaseiowipagrest ai d

wth each other in a directi.on rpendi cular to said sa | ane and said
anot her Samet éﬁ:@.uato%l%é 1R ﬁgﬁh‘ﬁ)‘ﬂ?’go& RudRr esangBFd%%PSSH“BFW%,

\é\here: n, \é\heébzﬁﬂﬂtﬁomid@gk@aﬁ?]adc&ttﬁetéﬁdxsbngrﬂﬁémbmaim, Sﬂbddpﬁicﬁra of »
istal ends are connecte th.each ot her by .a connegtio rher sai
connecti on nehddle i‘“?g}liﬁﬂ/@j' é:l‘h[ee}“oﬁj\éi‘? n‘iq{glsdﬁoﬁ’é‘ 8 ﬁb‘?mpefgrg‘g Wéd‘g.rpe

mount i Pg st (rjwa BhewAdeOF thag ohacdChaj mxﬁgo&wmf @UOOAiameT(’j(OiE ah@ anmsgdéd)lndsgi d
pai r of conduyctiyve e rs to a.die us or_resin | ng .of sajd nol de
oL, %a posi TEiAtIFenBE L i GG e SoNoR P o s T 0 1 regt A
insertedo__ilse hwumed Onsthel ceontagnet oh amithitie effisfenmdidfi Agkshaydberr e
according to %aitm 7, wherein said positioning hole is fornmed in a position
correspondi n%e StEYi brat i on part of said piezo-electric device. 9. A
nmount i ng struct Byeuse ad dthagnddul@ &0 nngnbibeed abavd eritl cardike aadowwedral e
die to be fi | df e i€ ar f.or Si l.di.n f i | ded
part, and \/\/nferrotglpnﬁgé p%(fr)t 0 n%srgilg' panl%r O%ggﬁdl}%% v%er?ér-%‘ggr gogon%glcftj%%nby
sai d connectdppyrapEibeeliiazttachedt barox aepeyganfireny the gopbained st rBict ure

of said;gal E‘dcﬁirﬁ_; 20185 tRe PREIIOR 366 d-HRiYe @asﬁ?ﬂ}dk‘é&é&%d‘!e”bers to said
mal e die. 10. Anounting structure according to Caim3, wherein, at the

time of resin mBREr nhlADSIONEJ2 RHFEISEEFLONGL TieHs PLatheR dnKoFORER tNGFai 1 of
dicséI al elnds v&drferheﬂn@ h&ﬁdal@a?momfisjinfb?lntéhﬁ%ﬁgyh%tc_:érﬁﬂsﬁjt.n_e& par Ej Ix@ft_rgiaé d pai &
of distal en i S_exposed w t hout g. enbedded in resin,. and said expose
par s of “sai PpsRnEhEy: EhahedRte | AR i "Sret 7% CnbrhotEotaiting
nmount i ng st ratugtaras ¢ ormtiemgpaud eCl (BT 8 mowheeéitie the oonkainer 1 o thedei vi ng
sai d piggo- i i inSs far i i an “/h said
ot of 28 sty SegRibARde 16 FETHCE R SRLE SR EBH By 12T IR

modul e conprlicdiengd? 0 alsifexrmed| e ar peurieliT @lased31d anet kee threvabipts on

condi tion of37a hhauiKe ivibdakhighighr@oBiratReractai@ox MDEMHANSpPbE s W for
rount g o2l R Seee! SRl CoU 68 £ g3l ¢ LA d co el Sal f apunt ng
signal to sahe micenteel7608r and devieesivaind; poredonnmokbdeds paoimed] derhe
oUSOT LY WEaRak G LGRS e OB el SLELR P 1P 1
pi ezo- el ect rIherefb®Pe, ink is in contact with the vibrating plate 176 via
the hole 382 of the receiving portion 363 and the through hole
370 of the mounting plate 350. The hole 382 of the receiving
portion 363 and the through hole 370 of the mounting plate 350
30 forma ink reservoir respectively. The receiving portion 363 and
the actuator 106 are fixed by the mounting plate 350 and film
member. At the connection of the mount portion 360 and the
container 1, a sealing structure 372 is installed. The sealing
structure 372 may be formed by a plasticmaterial such as synthetic
35 resin or formed by an O-ring. Furthermore, a molding part for
sealing the connection of the receiving portion 363 and the

actuator 106 may be provided. The module 700B and the container



device, proximal ends electrically connected to a circuit board, and
internmedi ate parts for connecting said distal ends and said proxi mal ends,
at least a part of said internediate parts being enbedded in said nol ded
part, wherein said piezo-electric device has a piezoelectric el enment having
a piezo-electric layer held by a pair ofygel ectrodes, a vibrating plate on
one side of mhich sai d piezo-electric elenent is arranged, and a cavity
form ng nenb cav r 4° S ai | brating
bl ate, Jand wher R ot 467 o i B 38RG clhesttrlEly et SR i o
|12 sa}iﬂd i qquv_vewnt,aaaes:chowlnausm@I Ccam ttyxelﬂo&emln?q:mlrelanwﬂg@gocﬂml@dai m

: erein air_of elect S are,electrica connected to said pair
of distal en @blgf“? albéF TOURY? A %frau?f"m'eognv}? 5085%6%%‘ nﬁe adhesi ve, and
wherein a peri phEteymoflubai7dOpi stzramele Etigi.cl edbes rick seqhBxke wnbbddfsd n so
as to pr vent said.liquid from moving.towa ack of  said.pjezo-electric
Govi oo BieE i PE dckbren ATOD H BiAP1>5 Mo erni Qe BraBhE oAt ¢
device is sup@mﬂlteﬂtbgmaﬂdn@@itepoﬁs simgilictiiede rRittbes, the mAWIMIINg
structure for unt I"&%l g(ljez Iectrhlc device used to det ect a consunption
condi tion of “&| PRI | PR FYSAESr ner to said Iiquid container,
conprising: el ecrtﬂ |mal adherss agaghedtdp de saJdecbfi thee |gomrarinect edvlten sai d
pi ezo-el ectrjc deyi a. base.jn which.at ast .a
el ectri cal V\]l’l?%sl Y‘s gdvlf& AFse prd; ik SB?PRJ&%F%%Q& %O%loéz%l%ef ectric
devi ce 19 toobethmuonedingaild comefeirt icomthet nglpr ahechedhdtrcaml9d) dtlmse,

wherei n sal dglogtdi 564 pi 23 Ane:Lof Mefobhraed RSl puRhlY, e Lol of

nol di ng resif p m)un Ur'e according to C‘aim
wherein a cohl@@vmqnb‘ @orrtecel 3’6@191-35611@]]99@2@ sheztiiec cdavadreirslf otheed on

an end of saj %%Lpéﬂiregoboﬂllf"ﬁ@t“ﬂgiﬂiﬂbtﬁ% &u0%d q \%0 1, f‘%@gﬁvﬂﬁé’ ,at

| east a part sal'd electrical wres fornms parts
el ectrical | ytemie@ticde 06 themantginerettrodes of said pi ezo el ectric

device. 137. A mMRbirAgng ttolehe!labag snest BaolR i6 Aig 1§A WHES i Py $184 ey
proj ection has a tube gart ro ected fromsaid base and a sealing part for

seal ing an di PRt O §he RENG, PLaky InfkAEenmeUNEEL Gt avi ty
is formed ontke Sivtfnftaﬁ_ﬁeﬁfl @i dhaeattheryg apant, comeriai aoﬂttéchr auah- ek eirpassi ng

t hrough sai dtﬁ(?egl ng%rg?arr i %g 21 dsual ﬁﬁgdpa-bfg ?’Pé’ %181 congaw 1y and

wherein said W re Tl ca connec o sard’
el ectrodes aflats ¢|7§naedd'—helmm'tll®g¢émt©e35é)r bikhhisubdhe Igtefzoﬁa"bdctfrmn sai d

bottom ¢f saig exmlye &ﬁsalgeé& ﬁbﬂel ul%aaﬂ ﬁ?é"c'oﬂgaﬁﬁ‘éf Vi ag fikd nner

surface of sai rough- nodul r1sing %I ezo-electric
devi ce used & 09é’cté‘é‘tt°£ E%sltﬁ‘rﬁtlﬁéﬁ By richa |“@H ing H’]iad:l.ﬂ @>Pm anly dgiied

contai ner; ariiratiiion heatd of egid | eBddatingnpaeted 176 sRind 14 e¢petaMd i C
devi ce; and 2 resseg ?nd hel d connector which is pressed and hel d between

said circuit? ¥aid piezo-electric device so as to electrically
connect a pair @kcekéitg adeshé amvedinans ahwai 1 Wil . bbEx d eabeddipqiof of

electroges qfpsU1dcRE549s HPEhe! FeflfWitEs 104a, 104b, 404a, 404b, 504a,

and 504b shown in Figs. 5 to 9C into the module is not required.
As a result, the molding step is simplified. Further, the module

700B can be exchanged and recycled.
Fig. 11B shows a cross sectional view of an ink container
30 of an embodiment when the actuator 106 is mounted in the container
1. In the ink cartridge of the embodiment shown in Fig. 11B, a
protective member 361 is attached to the container 1 separately
from the actuator 106. Therefore, the protective member 361 and
the actuator 106 are not integrated as a module. The protective
35 member 361 can protect the actuator 106 from touching by user's
hand. A hole 380 formed on the front of the actuator 106 is

arranged in the side wall of the container 1. The actuator 106



19. A nodul e according to Claim18, wherein said pressed-and-held connector
has an insulating elastic nenber which is held and elastically conpressed
between said circuit board and said piezo-electric device, and a plurality
of conductors extending inside said elastic nmenber in a conpression
direction. 20. A nodul e according to Cl?'n1l8, wherein said

pressed- and- hel d connector has a pair of "conductive rubber nenbers arranged
bet ween sai d, pai r, of el ectrode or.re IrCUIt boa d pair
of 6l ect 1 odebiads tfp FarsSeFiat e daTFEd Clnd i SPREH SIS Bbbe nenber
for nutuall ytrc@mﬁe@f eNgctdde Peé | thé v@@@éﬁﬂﬁg yeatehher, LRMes fiourdindA

nodul e accord-]c:_i 38C1%hn1lﬁa:wherel é% pi.ezo-el ectric device_has a

pi ezo- el ect k¥ nt TREVY Hyrat 1% P a@? 6 g Tunsd Bl Bhedkeeh WSair of
el ectrodes, movHtimat pDgeP38vead thRElShshe eqfecwbbaél 1%% €sPf&AReeblCiNd C

el ement is arran% and a caV|§¥Efor er having a caV|t%garranged

on the oPhert@ 8¢ bHte ¥aPratAng R § idiCat %heaﬁaem-ea]écﬁ i VA DRAYiTRy plate

czrrez s|'> nACZnﬁcﬁfirtederh t9l ddpl @i dhien 198kd ki gt Lododni@d Ngid Vide S@bgkrcavi ty.

Ay (y. A A@%@ftﬁeoﬁ]ﬁ 164, & tarmed omphetor &E the piezgrelact A}fj.]@YA?,r
AX( aANrAf NAEI’\?O,?\]S YTAPPéreﬁ"gs;,reA(f:hé\ma‘iﬁl B, oﬂﬂheAbXeﬁS—YelAth%ch}la r31 60 o
(g i 2Pt s £ ko he 8 e Po iR A £ e e S e AR ] ca] b
fﬁ (J'i] ;g%g?] crey ‘aizix%icféfa@? %ftﬁé:é;lﬁ@'l&;frjle@trﬁde g;}ﬁ’liqe i:u.cula]r | cal
! Xsni C G ca cal cal ca cal cal cal eal cal ca] ca] ¢
ah TAVEAIC BRE kSt Wy EFO-CLectE g 1 /00
?-]Ogi]lgg] gg% Xisyiedt 76 ] chkoajea] ehc]za:ta:]a;;] t 64 ¢ ajndatlva loake ad lesdtraeal 663] cal ca
cal cal cal cal el ) galeal ealialeal sahonl Sake! AP ALMASTARAR 1AP00 o4

99#. $. . . .
S]<<} i(S nid ]Z] Tgwedc apctlie dlibaht dhe ajledecaf ea) &apc%}?@qflg]e@a;]ma] ebgreaitca] ca] c
a] ca] cajega E
KKG.LLL1N|§WI’ Crﬁiﬂc wégéi?ﬁ%?ﬁdagpafgg]@?ai;%ﬁ Bg]%}-:g]lzg] cal cai cai cai ca:;i%(] caj
caj ca] ca] ca]R?éltc |3 q,taqaé CEHNFOPORR
]dB;‘\ =7, I b]aLS orined in the]mountln late 350. Further, the throu h hole i ca] cal
v ca calca ca ca calca]ca
oot vt ool sl sl ool spleplas amieslgeabepladhen] sehgaleglisl ol oo
no]9qs]r 1t 7t Si[JIn}kX sai ihn Z]ohkaa’%: orai]um]:he]\ma:]m]mg] p}ae]msa]laa] vid aalec AdTear]3sa) ca][ caj
cajcalcajca c XpXt Xux
}x~xxxx§§<xyyo(\fakﬁé‘ g‘)]ﬁ(z‘;§ %P lrrﬁll"ii’tfa‘hﬁ]% ??c 22%?%@% % Ea] cal
ca] ca] ca] ca] cai]‘ltf%l]f@éFcé?Q:a]fc éa]:@ai}@a]eéfa]lcé]l@a"]lt%]tdﬁ}?@ah I{NELG] B & c TWKST
]<EY;} x]sm fl _41 }th@alnéaﬂ@ﬁigc@hﬁelacawad]&ﬁl 3%1&%%@4% onle ]a] c]a] c]a
cajcalcalca cal ca] cal V$9 sni cal ca]ca
ca] ca] ca] ca]% ‘l‘hj&‘ %fé]‘%?&-]“&?&fc%ﬂ‘??ﬂ] ESE cé]@a]%‘?ﬁ @S]‘:Eé}%’!&]l@é] ca] ca]
ca] ca] cal ca]:ssa%a(:&]aé’é&@éfﬁ yxsie grdiettoed minbaica%lc,alseadlm% ca]aﬁ%}ég@]é% C\a/t\]/
cajcalca]ca calcalca al c calca <
'} xsni d“Z] 1] ] a]l(?a]”crél]%clat]eg‘a{%c% %]’%‘]aa] ca] %f‘ gﬁ%a‘]@ﬂ% ‘ca] ca] ca] caJ ca] ca] ca
]<(L:Ja] cal cg] ;ia] calha] mat]traa:]oma]loa] endl celte "yugtting7/plate 350 shown in the Jcal
Xsni a calca
ca] ca] caj ca]elé(]g]“gﬁ}g %Lga]’ ca ca}‘ ]:%ﬁ %@%%h %g\lﬁi}‘%(lgt%g gg]f] E]%ﬁualt]o%]a] ca] ca

] ca] ca] ca] cd]Oéa]leH].na]fdni] @a]oea]c@*ae}w] (Sal]ocfa] tn] Exjsa)ldateoallBa] ca] ca] ca] ca] ca

ca] ca] ca] ca! 45gh 91%}]79 ggkgg calca
] ca] ca] ca] ca] cafcg] ca% yag]sé]}a] ca ca c%c a g@]&ﬁ%ﬁ@%@%}@] C%QEZ!(} X]SI’]I
d_7]1]11%%] ca]léé}lda]lﬁa%lé%l] Q,Qi]\@é])éa @ai@ Joentaleeq ddlea|0ddeda] ca] ca
] ca] ca] ca] C%k%l:%a]:é%lo%ael%]xﬁaiﬁ@r{ Whes. The molded FeEpSLyTe 600
=Dm} xsni d_Z]]]]ca] ca] ca] ca] ca] ca] ca] ca ca cal ca] ca] ca] ca ca ca] ca] cal ca]
ca] ca] ca] cajes] Ehpcagtanltey] c@% )% &) Ba! @]:knq ~Par$J 36%. The ac uator 106

" | #} #OBO &Gl tnd %8 DE Fhof bl Rk CAIE & EEd SR cgﬁ]s&ﬁlé‘aj C@]&%ﬁéhﬁ@@keal calc
a] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ajcaJcal,.a...... /1001l 11
1J2233U34c 48445 @B Chogmk sttt ) plastdlcc ap Ea]-‘t%\:] caldapeapihieae ajesdpea] cal ca
] ca] %ﬁ@ﬁ%‘hﬁ%ﬁ%ﬁ J@]ﬁ:%@ﬁ]ﬁa&] teigalicel Ll ¢/d 1A Ca’l‘ﬁé‘m%ldlng part
Ll\/LNLbL* NNO&P s aFdimed sg] ea] ea)havec eal €2 cHfidea] afbagxtandgt dren] ca] cal
calJca]ca]ca c 1O
RL]RS] 1I'oTll'UV]gtL%%][ %@‘@fga%gﬁlcg% S@fnﬁkﬁgﬂc?q \%]rl ﬁﬁ]% 11 cg%ca Eléfcé]“ cafca] cajc
a) ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

o<oxppqqqbt m uuuuuuuvYvvwxVxyTyoy
{{p{{{}}~-"~}xsnid_Z]]]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! "~~~



Wi[M Y"'10% 10 h h 10 h h 10 h h!'Y"10% h

h& ()-g#! " Y'109hh& () - g#! "Y' 109hh& () - g#! "Y' 109hh& ()-g# ~

9zX6M 1109 " & ()-5! 1" 1099?& ()-5! 1" 109N ()-5! % “10% & ()-5!1"10%} &
()-5 Ss10% & ()-9' ()*,sT2! 1 10%f& ()-@ 10% & ()- 10 10 10!yl "10% () -
‘I"lO%t&'()-5‘I"10%&'()-5d

EzX6sT2! ! & 109%& ()-'! & 10%! & ()- 'I&"f80/o++&'() &'10% & ()-'!110%DD& () - @
1110% & ()-@oP2!'!"° &" 10%y 0%\/&@&% tl

10! &" 10%&' () 1 }rquifod gp}ly: 9 t@gNtwo legs of the molding part

;?Xﬁf’i;;éé\%ﬁfﬁw@ll e fo 11(3@&?&&&;3}1&%@%( ) The md ko part $6100Bmbhntdd 10%& (
10! yF7" 109%&’ £9 - Hherrongagingr (§ -5a yhatoblee (3etuatorgd@s (s mpviegted) e 11 -
\19%& ()- 5 the container 1 and the v:Lbrlatlon part of the actnator 106 come
10%t & ()-5! " TO% & ()- 51 96 LTOURRE ( 105A& () - 5&F 2 1004 & (T - %w)9*|++|
., WU3MR! 15¢ 1@1@/&0(1)ta5t\»r11t®%m1&lp)t® con /«&1@(1) 1g1 Theltmmr(yl@atmﬁ@)/a & ()-5!
'(')1008/2'/" f()t(y 3&- he Flezoﬁéyc%uyl@ 1QV& (ko3 108 frel) e BlANKaLOPB 6 Sr(d1e3S10%&
108/ 0j 12345%%@3;911 y8610808; pyetRcted" {00 Nk Dy FRe1nodding pazty 26409k ()- 3
LS T0% (& () ah e 1BIE e S5 DRROG Ly 14091 408 o 10 ()~
sealing ‘structure 372 between the molding part 364 and the
10 container 1, so that ink hardly leaks from the container 1.
Further, the molded structure 600 is not projected outward from
the container 1, the actuator 106 is protected from contact with
the outside. When the ink cartridge vibrates, ink is adhered to
the top or side of the container 1 and ink dropping from the top
15 or side of the container 1 touches the actuator 106, thereby the
actuator 106 may malfunction. In the molded structure 600, the
molding part 364 is projected into the container 1, so that the
actuator 106 will not malfunction by ink dropping from the top
or side of the container 1.
20 Fig. 12 shows an enlarged view of the opening of the mounting
structure of this embodiment. More concretely, it is an example
of an enlarged view of the opening of the mounting structure shown
in Figs. 11A and 11B. A through hole 2c is formed in the receiving
portion 363. An actuator 650 has a vibrating plate 72 and a
25 piezo-electric element 73 fixed to the vibrating plate 72. The
actuator 650 is fixed to the receiving portion 363 so that the
piezo-electric element 73 is opposite to the through hole 2¢ via
the vibrating plate 72 and a substrate 71. The vibrating plate
72 can be elastically deformed and is ink-resistant. The
30 diameter of the plate 71 is not limited to this drawing. The
mounting structure may be composed of a part of the wall of the
container 1 as shown in Fig. 11B, so that the through hole may
be formed in the wall of the container 1.
The amplitude and frequency of counter electromotive force
35 generated by the residual vibration of the piezo-electric element
73 and the vibrating plate 72 are changed depending on the ink

amount in the container 1. The through hole 2c is formed in the
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opened outward. In Fig. 13B, different level parts 2e and 2f are
formed on the side of the through hole 2c¢c. The different level
part 2f positioned above is wider than the different level part

[
&}

2e positioned below. In Fig. 13C, the through hole 2c has a slit
2g extending in the direction of easy ejection of ink K, that
is, in the direction of an ink feed port 2 shown in Fig. 18.

20 Depending on each shape of the through hole 2c¢c shown in Figs.
13A to 13C, the amount of ink K in the ink reservoir can be reduced.
Therefore, M' cav explained in Figs. 1A and 2 can be made smaller
than M' max, so that the vibration characteristic of the actuator
650 at the time of ink end can be made different from that when

25 ink K in a printable amount remains in the container 1. Therefore,
the ink end can be detected more surely. The mounting structure
may be composed of a part of the wall of the container 1 as shown
in Fig. 11B, so that the through hole may be formed in the wall
of the container 1.

30 Figs. 14A to 14B show plan views of still other embodiments
of the through hole 2c. As shown in Figs. 14A to 14C, the plane
shape of the through hole 2c can be any shape as long as it does
not have negative effects on the vibration characteristic of the
actuator. It may be an optional shape such as a circle, a

35 rectangle, or a triangle. The through hole 2c is formed in the
receiving portion 363. However, the mounting structure may be

composed of a part of the wall of the container 1 as shown in
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ink cartridges 180. The plurality of ink cartridges 180 contain

different kinds, for example, different colors of ink. On the
10 respective bottoms of the plurality of ink cartridges 180, the

mounting structures 107 having actuators which are means for

detecting at least acoustic impedance are installed. When each

mounting structure 107 with an actuator is attached to each ink

cartridge 180, the residual amount of ink in the ink cartridge
15 180 can be detected.

Fig. 16 is a perspective view showing an embodiment of an
ink cartridge containing a plurality of kinds of ink which is
viewed from the back. A container 8 is divided into three ink
chambexrs 9, 10, and 11 by partitions. Ink feed ports 12, 13, and

20 14 are formed in the respective ink chambers. To the bottoms 8a
of the respective ink chambers 9, 10, and 11, mounting structures
15, 16, and 17 with actuators are attached so as to detect the
consumption condition of ink contained in each ink chamber.
Division of the container 8 into ink chambers by partitions is

25 not limited to 3. The kind of ink contained in each ink chamber
may be different from each other or may be the same.

Figs. 17A to 17C show a further embodiment of the ink cartridge
180. Fig. 17A is a cross sectional view of an ink cartridge 180C,
and Fig. 17B is an enlarged cross sectional view of a side wall

30 194b of the ink cartridge 180C shown in Fig. 17A, and Fig. 17C
is a perspective view from the front thereof. A mounting
structure 700 is attached to the ink cartridge 180C. The mounting
structure 700 has a circuit board 610. A semiconductor storage
means 7 and the actuator 106 are formed on the same circuit board

35 610. As shown in Figs. 17B and 17C, the semiconductor storage
means 7 i1s formed above the circuit board 610 and the actuator

106 is formed under the semiconductor storage means 7 on the same
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0% & () ];10 @ogf*m(e)d. When the circuit board 610 is joined to the ink container

194 by the caulking parts 616 and the non-standard O-ring 614
1s pressed against the circuit board 610, the vibration part of
the actuator 106 can come in contact with ink and the outside
and inside of the ink cartridge are kept liquid-~tight.

10 When a predetermined concavity is formed in the side wall
194b and the caulking parts 616 are fit, the mounting structure
700 having the circuit board 610 can be attached at a predetermined
position and connection of terminals 612 which will be described
later and attaching of the actuator can be carried out at

15 appropriate pmsitions respectively.

In the semiconductor storage means 7 and in the neighborhood
of the semiconductor storagemeans 7, the terminals 612 are formed.
The terminals 612 transfer a signal between the semiconductor
storage means 7 and the outside such as the ink jet recording

20 apparatus. The semiconductor storage means 7 may be composed of
a rewritable semiconductor memory such as EEPROM. Since the
semiconductor storage means 7 and the actuator 106 are formed
on the same circuit board 610, at the time of attaching the
actuator 106 and the semiconductor storage means 7, only a single

25 attaching step may be required. Further, the operation step at
the time of manufacture and recycle of the ink cartridge 180C
can be simplified. Further, the number of parts is reduced, so
that the manufacturing cost of the ink cartridge 180C can be
reduced.

30 The actuator 106 detects the consumption condition of ink
in the ink container 194. The semiconductor storage means 7
stores ink information such as the residual amount of ink detected
by the actuator 106. Namely, the semiconductor storage means 7
stores information concerning the characteristic parameters such

35 as the characteristics of the ink and ink cartridge. The
semiconductor storage means 7 stores the resonance frequency when

the ink container 194 is full of ink, that is, the ink container
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ink container is mounted in the ink jet recording apparatus first.
Further, the resonance frequency when the ink container 194 is
full of ink or the ink is exhausted may be stored during
manufacturing of the ink container 194. The resonance frequency
when the ink container 194 is full of ink or the ink is exhausted
10 is stored in the semiconductor storage means 7 beforehand, and
the data of resonance frequency is read by the ink jet recording
apparatus side, thereby variations at the time of detection of
the residual amount of ink can be corrected, so that it can be
precisely detected that the residual amount of ink is reduced
15 to the reference value.

Fig. 18 is a cross sectional view of the essential section
of an ink jet recording apparatus with an ink cartridge having
a mounting structure. A carriage 30 moving back and forth in the
direction of the width of a recording paper has a sub-tank unit

20 33. Arecordinghead 31 is installed on the bottom of the sub-tank
unit 33. An ink feed needle 32 is installed on the ink cartridge
mounting surface side of the sub-tank unit 33.

In the container 1 for containing ink, an ink feed port 2

joining with the ink feed needle of the recording apparatus is
25 installed. A mounting structure 3 is attached to the bottom of
the container 1.

The ink feed port 2 is provided with a packing 4 and a valve
body 6. The packing 4 is liquid-tightly connected to the ink feed
needle 32 interconnecting to the recording head 31. The valve

30 body 6 is always connected elastically to the packing 4 by a spring
5. When the ink feed needle 32 is inserted, the valve body 6 is
pressed by the ink feed needle 32 so as to open the ink flow path
and ink in the container 1 is fed to the recording head 31 via
the ink feed port 2 and the ink feed needle 32.

35 The carriage 30 moving back and forth in the direction of
the width of a recording paper has the sub-tank unit 33 and the
recording head 31 is installed on the bottom of the sub-tank unit
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structure having a piezo-electric device may be attached to each
of the ink cartridge and sub-tank.

Not only the mounting structure is attached to the ink
cartridge installed on the carriage 30 as mentioned above but
also the ink tank other than the ink cartridge may be installed
on a predetermined printer fixing part other than on the carriage
30.

Fig. 19 is a cross sectional view of the ink cartridge 180d
showing another embodiment of the ink cartridge 180. 1In Fig. 10
mentioned above, the module 100 shown in Fig. 5 is attached to
the side wall of the container 1. InFig. 19, the module 500 shown
in Figs. 9A to 9C is attached to the side wall 194b of the ink
container 194 of the ink cartridge 180d.

The end of the module 500 is inclined and the actuator 106
is mounted on the receiving portion 505 inclined. As a result,
when the module 500 is attached to the side wall 194b, the actuator
106 is inclined to the vertical direction of the ink container
194. The actuator 106 is also inclined to the ink surface in the
ink container 194.

Therefore, even if the ink surface passes the module 500 or
the ink container vibrates and ink is adhered in the neighborhood
of the receiving portion 505, ink in the neighborhood of the
receiving portion 505 flows and drops. By use of such an inclined
receiving portion 505, ink in the neighborhood of the actuator
106 is well drained. Therefore, ink unnecessary for measurement
of the actuator 106 is prevented from staying in the receiving
portion 505 and maldetection of measurement of the actuator 106
can be reduced.

In Fig. 19, the module 500 is attached to the ink container



10 10

10! y" 109& ()-5!"109& ()-5WU3P20! ! "109& ()-5! "109%& ()-5! "109%& ()-5!"10%4
& ()-5!"10%T>T& ()-5! " 10%KK& ()-5~x vwxy| xj\ N f 1098 ()- 10 10

10!} "109& ()-5't "109%& ()-5 "109%& ()-5! "10% & ()-5|;
:}[9\|\V!~‘w100/&'()-!w100/&'()-!!10()/(@@4(;)-!!10%/“/&'()-10%/&'()-SlO%V&'()-z
k- WUB\ N/ 1. " 109%& ()- @] 1" 109& ()-' ! 1" 109& ()-'!!"1090M& ()-"! " 1090ME ()

o1 O Y B TR R O B IR o Basrectea

10% t & () - T, 1694r& €)e byt ilofbr&He 1ilikdOtaliner 194 . However, the mounting

g AR Wr%@ék%"éﬁgﬁ% ¥ 3b0" 1O & 1008 aralifad Wi O
Ayl 1° 100K 1bAUE (905 sy DBE okl HAYAENE) 151 B¥ndlat her DM Bo it

A L
10! " 109%& () -cofsk ihe)! IMV\U%E%OW ﬂﬁﬁﬁp&siﬁxén epdlil7(9€ Ut s )501])08/;& thHe !y "10
nesg ()1 O%dse IVQl_l! IIb;Ig(ygLn&)Elu numbat’ thgygogfd' are not limited to the
drawing and the length of projection of the module 500 into the
ink container 194 is neither limited to the drawing.
10 Fig. 20 is a cross sectional view of the ink cartridge 180e
showing different embodiment from that shown in Fig. 19. InFigqg.
20, unlike Fig. 19, the module 500 is attached to the bottom of
the ink container 194 in the neighborhood of an ink feed port
187. Also in this case, in the same way as with Fig. 19, the
15 receiving portion 505 of the module 500 is inclined, so that ink
is well drained. Therefore, themaldetectionof the actuator 106,
which is a detection of ink though there is no ink actually, can
be reduced.
In this case, it is preferable that the module 500 is attached
20 in the neighborhood of the ink feed port 187. The reason is that
even if the ink cartridge 180e is mounted to the ink jet recording
apparatus in an inclined state, it can be detected appropriately
whether ink remains in the neighborhood of the ink feed port 187
or not. The mounting position of the module 500 on the bottom
25 of the ink container 194 and the direction and number thereof
are not limited to the drawing and the length of projection of
the module 500 into the ink container 194 is neither limited to
the drawing.
In this embodiment, the mounting structure with the actuator
30 fordetectingtheconsumptionconditionof ink ismainly explained.
However, a mounting structure with a piezo-electric device for
generating an elastic wave and a mounting structure with a
piezo-electric device for receiving a reflected wave may be
attached to the ligquid container. Therefore, the number of
35 mounting structures to be attached to the liquid container is
not limited to one. Further, the mounting position of the

mounting structure to the liquid container is neither limited
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QRRR Re[ PE: (I) 2 I]fu%tlnto a predetermined shape. It is preferable that the thin
10 metal sheet to be used has quality of low electric resistance
and suited to soldering and pressing, though the thin metal sheet
may be plated so as to lower the electric resistance and soldered.
Numeral 801 shown in Fig. 21 indicates an elongated member for
forming a conductive member constituting a part of the mounting
15 structure and a2 pair of elongated members 801 are formed for each
mounting structure. Each elongated member 801 has an distal end
802, an intermediate part 803, a proximal end 804, and a projection
805 and the distal ends 802 of the pair of elongated members 801
are connected by a tie bar (a connection member) 806. At the
20 center of the tie bar 806, a positioning hole 810 is formed. The
positioning hole 810 is formed at the position corresponding to
the vibration part (sensor part) of the piezo-electric device. -
Each elongated member 801 is connected to a support part 808 via
a branch part 807. In the support part 808, pilot holes 809 used
25 to transport the plate member 800 by a manufacturing machine are
formed.

As shown in Fig. 22, the elongated members 801 are bent along
the bending parts shown in Fig. 21. By doing this, the pair of
distal ends 802 of the pair of elongated members 801 are arranged

30 in the same plane. On the other hand, the pair of proximal ends
804 are arranged in another same plane different from the plane
where the pair of distal ends 802 are arranged. The projections
805 are erected by bending and the erected projections 805 act
to stick to resin.

35 Figs. 23A to 23C are drawings showing the enlarged pair of
elongated members 801 and as shown in Fig. 23C, the same plane

where the pair of distal ends 802 are arranged are parallel with
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801 shown in Fig. 21 by bending dies, the bending dies do not
interfere with each other and the bending operation can be
10 performed easily.

Next, by referring to Figs. 24 to 28C, a procedure that a
molded part is integrally formed in the elongated members 801
shown in Fig. 22 by insertion molding will be explained.

As shown in Fig. 24, to form a molded part 811 by insertion

15  molding, a female die 812 and a male die 813 £it into it are used.
The female die 812 is shown in Figs. 27A to 27C in detail and
the male die 813 is shown in Figs. 28A to 28C in detail. A
positioning column 814 is formed on the male die 813 and a
positioning R part 815 having a contour corresponding to the

20 structure of the positioning column 814 is formed on the pair
of elongated members 801. The contour of the positioning R part
815 and the structure of the positioning column 814 form
concentric circles. Furthermore, at the end of the male die 813,
a positioning convexity 816 is formed and the positioning

25 convexity 816 can be inserted into the positioning hole 810 of
the connection member 806.

Then, in the state shown in Fig. 25, when the positioning
column 814 is fit into the positioning R part 815 and the
positioning convexity 816 is inserted into the positioning hole

30 810, the pair of elongated members 801 are positioned to themale
die 813. Furthermore, as shown in Fig. 26, when the positioning
convexity 816 of themale die 813 is inserted into the positioning
concavity 817 of the femaledie 812, themale die 813 is positioned
to the female die 812. By doing this, the pair of elongated

35 members 801 are precisely positioned inside the female die 812
and the male die 813.

Further, as shown in Fig. 25, a contact surface 818 is formed
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5 both sides by the contact surface 818 on one side and the contact
surface 819 on the other side. No resin is fed to the distal end
802 at the part held by the contact surfaces 818 and 819, so that
the distal end 802 at the part is not embedded in resin and exposed
and the electrical contact is ensured. Therefore, an additional
10 step of removing resin so as to ensure the electrical contact
at the distal end 802 is not required and the manufacturing process
is simplified.
When the molded part 811 is integrally formed on the pair
of elongated members 801, the branch parts 807 are cut at the
15 cutting parts shown in Fig. 21 and as shown in Figs. 29 to 30D,
an integrated molded product 820 of the pair of elongated members
801 and the molded part 811 is manufactured.
As shown in Figs. 29 to 30D, the molded part 811 has a square
plate base 821 and a column 822 projected from the base 821, and
20 aconcavity 823 for receiving the piezo-electric device is formed
on the end surface of the column 822, and the pair of distal ends
802 and the connecting member 806 for connecting them are arranged
on the bottom of the concavity 823. As shown in Fig. 29, on one
side of the base 821, seats 824 in contact with the side wall
25 of the liquid container are formed in the four corners. As shown
in Fig. 30B, on the other side of the base 821, two projections
825 for positioning the molded part 811 to the circuit board are
formed.
Next, in the integrated molded product 820 shown in Figs.
30 29 to 30D, the connection member 806 connecting the distal ends
802 of the pair of elongated members 801 is cut, bent, or resected,
thereby the distal ends 802 are electrically separated. When the
distal ends 802 are electrically separated like this, as indicated
by numeral 830 in Fig. 31, the mounting structure of this
35 embodiment is manufactured and the mounting structure 830 has
a pair of conductive members 831 composed of the pair of elongated
members 801 separated from each other. Each of the pair of
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In the concavity 823 of the molded part 811 of the mounting
structure 830, the actuator 833 constituting the piezo-electric
device is fit and the pair of electrical contacts 832 of the
mounting structure 830 and the pair of electrodes of the actuator

10 833 are electrically connected. At the time of this connection,
a conductive adhesive may be used. When the electrodes of the
actuator 833 and the electrical contacts 832 of the mounting
structure 830 are connected to each other, as shown in Fig. 32,
the periphery of the actuator 833 is molded by resin 834 and sealed

15 tightly so as to prevent a liquid from moving on the back side
of the actuator 833. By doing this, a module 840 having the
mounting structure 830 and the actuator 833 is manufactured.

The elongated members 801 have a relatively high rigidity.
Therefore, the actuator (piezo-electric device) can be supported

20 by the distal ends 802 of the elongated members 801.

As shown in Figs. 33A to 33D, the actuator 833 has a
piezo-electric element 845 constituting a sensor part (vibration
part) for detecting a liquid and the piezo-electric element 845
has an upper electrode 841, a lower electrode 842, and a

25 piezo-electric layer 843 held by the electrodes 841 and 842. The
piezo-electric element 845 is arranged on one side of a vibrating
plate 846 and a cavity forming member 847 is arranged on the other
side of the vibrating plate 846. At the center of the cavity
forming member 847, a circular cavity (opening) 848 is formed

30 and the piezo-electric element 845 is arranged at the position
corresponding to the cavity 848. The upper electrode 841 is
connected to an upper electrode terminal 849 and the lower
electrode 842 is connected to a lower electrode terminal 850.

The module 840 is mounted on the same circuit board {not shown

35 in the drawing) as that of the memory module (not shown in the
drawing). In this case, when the projections 825 shown in Figs.
30A to 30D are inserted into the holes formed in the circuit board,
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10 As mentioned above, according to this embodiment, the molded
part 811 is integrally formed by resin molding with the pair of
conductive members 831 constituting the three-dimensional
circuit for applying a drive signal to the actuator 833, so that
the mounting structure 830 for attaching the actuator 833 to the

15 liquid container at a predetermin=d position can be manufactured
with high dimensional precision, thus the consumption condition
of the liquid in the liquid container can be detected with high
precision by the module 840 having the actuator 833 and the
mounting structure 830.

20 Next, the mounting structure of another embodiment of the
present invention will be explained by referring to Figs. 34A
to 34cC.

As shown in Figs. 34A to 34C, a mounting structure 860

according to this embodiment has a base 862 on which a control
25 element and a memory or a unit 861 (hereinafter referred to as
"control element, etc. 861") composed of a control unit and a
memory which are integrated for controlling an actuator (not shown
in the drawing) constituting a piezo-electric device is mounted
and a projection 863 which is projected from the base 862 and
30 on which an actuator is mounted. The control element, etc. 861
is, for example, an integrated circuit (IC) for a memory.
The projection 863 has a column 867 projected from the base
862 and a circular and plate sealing part 868 for sealing the
end opening of the column 867. On the surface of the sealing part
35 868, a concavity 866 for receiving the actuator constituting the
plezo-electric device is formed.
On the mounting structure 860, a plurality of electric wires



10 10: 109& ()-ff$"109& ()- “f$"109& ()-! f$"109%& ()-{uV4l!F 10% U
U& ()-/, 10% U& ()- @10% U& ()- 10gg 10gg 10gg's!10%gg& ()- @
109%g& ()-{0i WU3uV4! OF 10% U U& ()-/!0F 10% U U& ()-/!0F 10% U U& ()-/!0OF
10% U U& ()-/!0OF

52

electrically connected to at least one of the actuator and the
control element, etc. 861 are three-dimensionally formed by
two-color molding resin plating. More concretely, a pair of
through holes 869 passing through the sealing part 868 are formed
5 on the bottom of the concavity 866 and the pair of electric wires
864 reach the back side of the sealing part 868 from the bottom
of the concavity 866 via the inner surface of the through hole
869 and are further formed continuously up to the back side of
the base 862. Further, the plurality of electric wires

10 electrically connected to the control element, etc. 861 are
continuously formed from the surface of the base 862 to the back
thereof via a plurality of throuéh holes 870 formed in the base
862.

The electric wires 864 and 865 on the back side shown in Fig.

15  34B function-‘as contacts with which the contact type connectors
installed in a printer carriage come in contact. Namely, when
an ink cartridge is mounted to the printer carriage, the electric
wires 864 and 865 on the back side shown in Fig. 34B are pressed
against the contact type connectors.

20 In the mounting structure 860 shown in Figs. 34A to 34C, the
electric wires 864 and the electric wires 865 are not connected
and this example is a one when a memory is to be used as the control
element, etc. 861. When a control element is to be used as the
control element, etc. 861, the electric wires 864 and the electric

25 wires 865 may be laid so as to be connected.

The two-color molding resin plating method may be called a
two-shot method or a non-catalytic method and patterning is
carried out by two times of injection molding. A typical example
of the two-color molding resin plating method may be roughly

30 explained below. Firstly, the first molding (primary molding)
is executed by resin capable of plating, and next the whole is
chemically etched, and a catalyst which is a core of plating is
given. Then, the part where no plating is to be deposited is
cover-molded (secondary molding) by secondary resin and then

35 plated. Namely, the two-color molding resin plating method is
amethod for depositing platingof a conductivemetallicmaterial,
for example, gold only on the part exposed on the primary molding
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processed surface.

As mentioned above, according to the mounting structure of
this embodiment, the electric wires electrically connected to
the actuator and control element are formed three-dimensionally

5 by two-color molding resin plating and at the time of forming
the base 862 and the projection 863 of the mounting structure
860, the electric wires 864 and 865 can be formed at the same
time, so that the manufacturing process can be greatly simplified
and a large number of mounting structures 860 can be easily formed
10 at the same time. Further, the forming position precision of the
electric wires 864 and 865 in the mounting structure 860 is high,
so that the mounting position precision of the actuator to the
mounting structure 860 is high, and the liquid detection precision
is improved, and more over, the mounting position precision of
the control element, etc. 861 to the mounting structure 860 is
also high, and the connection reliability between the control
element, etc. 861 mounted to the mounting structure 860 and the

[
w

external electrical contact is also improved.
Next, the module of another embodiment of the present
20 invention will be explained by referring to Figs. 35 to 40B.
Fig. 35 is an exploded perspective view showing the module
of this embodiment, and the module has the actuator 833 shown
in Figs. 33A to 33D, and the actuator 833 is thermally welded
to a plate 881 composed of stainless steel with a polyolefin £ilm
25 880. The polyolefin film 880 is shaped so as not to cover the
sensor unit of the actuator 833, and an opening is formed at the
center of the plate 881, thereby it is structured so that the
liquid in the liquid container comes in contact with the sensor
unit of the actuator 833 via the opening at the center of the
30 plate 88l. The plate 881 is adhered to the upper end of a
cylindrical case 882 made of resin liquid tightly, thus the
actuator 833 is housed in the case 882.
To electrically connect a pair of electrodes 884 formed on
a circuit board 883 where a control element (not shown in the
35 drawing) such as a semiconductor memory for controlling the
actuator 833 is mounted and a pair of electrodes (not shown in
the drawing) of the actuator 833, a pressed-and-held connector
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885 is housed in the case 882 so that the pressed-and-held
connector 885 is held between the circuit board 883 and the
actuator 833 and the case 882 and the circuit board 883 are fixed
by adhesion. Bydoingthis, the actuator 833 and the circuit board

5 883 are electrically connected via the pressed-and-held
connector 885.

Figs. 36A and 36B show an example of the pressed-and-held
connector 885 and the pressed-and-held connector 885 is that a
plurality of brass wires 886 plated with gold are held by silicone

10 sponge rubber members 887 comparatively soft and the periphery
thereof is covered by a silicone solid rubber member 888 which
is sufficiently strong not to be buckled at the time of pressing.
A cavity 889 is formed in the silicone solid rubber member 888
at the part corresponding to the sensor part (vibration part)

15 of the actuator 833 so as to prevent the vibration of the sensor
part of the actuator 833 from obstruction. The cavity 889 may
be formed by boring by a press and may be formed at the time of
molding of the silicone solid rubber member 888. In the example
shown in Figs. 36A and 36B, the plurality of brass wires 886

20 extending in the compression direction are arranged in two rows
on both sides of the cavity 889 and the arrangement directions
of the rows of the plurality of brass wires 886 are parallel with
each other.

Figs. 37A and 37B show another example of the pressed-and-held

25 connector 885 and a difference from the constitution shown in
Figs. 36A and 36B is that the plurality of brass wires 886 are
arranged in a transverse row.

Even when the relative position of the actuator 833 and the
pressed-and-held connector 885 is shifted at the time of

30 assembling the module shown in Fig. 35 using the pressed-and-held
connector 885 shown in Figs. 36A and 36B or Figs. 37A and 37B,
in the arrangement direction of the brass wires 886, the contact
between the electrodes of the actuator 833 with the brass wires
886 is ensured. Therefore, when the brass wires 886 are arranged

35 in the direction in which the shift at the time of assembly is
large, the electrodes of the actuator 833 and the electrodes 884

of the circuit board 883 can be electrically connected surely.



UUg ()-1! 10% U U& ()-1! 10% U U& ()-1! 10% U U& ()- 11 bTUWW [ M4! 10% U U
10 UU 10 UU 10 U U 10% U U& ()-1! 10% U U& ()-1!0 10% U

55

Figs. 38A and 38B show still another example of the
pressed-and-held connector 885 and in this example, a pair of
conductive silicone rubber members 890 containing carbon are used
instead of the brass wires and the conductive silicone rubber

5 members 890 are integrated by an insulating silicone rubber member
891. Between the conductive silicone rubber members 890, the
cavity 889 is formed in the same way as with the pressed-and-held
connector 885 shown in Figs. 36A and 36B or Figs. 37A and 37B.

Figs. 397 and 39B show a further example of the pressed-

10 and-~held connector 885 and in this example, the left and right
halves of the pressed-and-held connector 885 shown in Fig. 36A
are connected using the insulating silicone rubber 891 shown in
Fig. 38A instead of connecting by continuously forming the
silicone solid rubber member 888 itself.

15 Figs. 40A and 40B show a still further exzample of the
pressed-and-held connector 885 and in this example, the left and
right halves of the pressed-and-held connector 885 shown in Fig.
37A are connected using the insulating silicone rubber 891 shown
in Fig. 38A instead of connecting by continuously forming the

20 silicone solid rubber member 888 itself.

According to the pressed-and-held connector 885 having the
constitution shown in Figs. 38A to 40B, the boring process for
forming the cavity 889 is not necessary.

As mentioned above, according to the module of this embodiment,

25 the actuator 833 and the circuit board 883 can be electrically
connected via the pressed-and-held connector 885, so that no
soldering operation is required for connection and the
manufacturing method is made easier.

The embodiments of the present invention are explained above.

30 The scope of the present invention is not limited to the range
described in the embodiments aforementioned. For example, the
liquid container of the present invention is not limited to the
ink cartridge and can be applied to the other kinds of liquid
containers. Various changes or improvements can be applied to

35 the embodiments aforementioned. It 1s obvious from the
description in the claims that any configquration to which such

various changes or improvements are applied is included in the
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scope of the present invention.
As clearly described by the explanation aforementioned,
according to the present invention, the piezo-electric device

can be appropriately mounted or demounted from the liquid

5 container.
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WHAT IS CLAIMED IS:
1. A mounting structure for mounting a piezo-

electric device used to detect a consumption condition of
a liquid in a ligquid container to said liquid container as
an integral structure, comprising:

a lead wire adapted to be in contact with an
electrode of said piezo-electric device; and

a molding portion for molding a junction between said
lead wire and said liquid container.

2. A mounting structure according to Claim 1,
further comprising a leg for projecting said piezo-
electric device into said liquid container.

3. A mounting structure for mounting a piezo-
electric device used to detect a consumption condition of
a liquid in a ligquid container to said liquid container,
comprising:

a pair of conductive members for supplying a drive
signal to said piezo-electric device; and

a resin-molded part molded integrally with said pair
of conductive members,

wherein said pair of conductive members include
distal ends electrically connected to said piezo-electric
device, proximal ends electrically connected to a circuit
board, and intermediate parts for connecting said distal
ends and said proximal ends, and

wherein at least a part of said intermediate parts is
embedded in said molded part.

4. A mounting structure according to Claim 3,
wherein said pair of distal ends are arranged on a same
plane, and

wherein said pair of proximal ends are arranged on
another same plane which is different from said same plane
on which said pair of distal ends are arranged.

5. A mounting structure according to Claim 4,
wherein each of said pair of conductive members is formed
by bending an elongated member of a conductive material,

wherein said same plane on which said pair of distal
ends are arranged and said another same plane on which
said pair of proximal ends are arranged are parallel with
each other, and

wherein portions of said elongated members positioned
on said same plane and portions of said elongated members
positioned on said another same plane are not overlaid
with each other in a direction perpendicular to said same
plane and said another same plane.
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members to a die used Tor resin molding of said molded
part, a positioning hole, through which a part of said die
is to be inserted, is formed in said connection member.

8. A mounting structure according to Claim 7,
wherein said positioning hole 1s formed in a position
corresponding to a vibration part of said piezo-electric
device.

9. A mounting structure according to Claim 6,
wherein a female die and a male die to be fit to said
female die are used for resin molding of said molded part,
and

wherein a part of said pair of conductive members
connected by said connection member has a contour
corresponding to a partial structure of said male die so
as to position said pair of conductive members to said
male die.

10. A mounting structure according to Claim 3,
wherein, at the time of resin molding of said molded part,
at least a part of said pair of distal ends is held by a
pair of dies, thereby at least a part of said pair of
distal ends is exposed without being embedded in resin,
and said exposed part of said pair of distal ends forms an
electric contact point.

11. A mounting structure according to Claim 3,
wherein a concavity for receiving said piezo-electric
device is formed in said molded part, and

wherein said pair of distal ends are arranged on a
bottom of said concavity.

12. A module comprising:

a pilezo-electric device used to detect a consumption
condition of a liquid in a liquid container; and

a mounting structure for mounting said piezo-electric
device to said liquid container, said mounting structure
including a pair of conductive members for supplying a
drive signal to said piezo-electric device, and a resin-
molded part molded integrally with said pair of conductive
members,

wherein said pair of conductive members include
distal ends electrically connected to said piezo-electric



device, proximal ends electrically connected to a circuit
board, and intermediate parts for connecting said distal
ends and said proximal ends, at least a part of said
intermediate parts being embedded in said molded part,

wherein said piezo-electric device has a piezo-
electric element having a piezo-electric layer held by a
pair of electrodes, a vibrating plate on one side of which
salid piezo-electric element is arranged, and a cavity
forming member having a cavity arranged on the other side
of said vibrating plate, and

wherein said vibrating plate comes in contact with
said liquid in said liguid container via said cavity.

13. A module according to Claim 12, wherein said
pair of electrodes are electrically connected to said pair
of distal ends of said mounting structure with a
conductive adhesive, and

wherein a periphery of said piezo-electric device 1is
sealed with resin so as to prevent said liquid from moving
toward a back of said piezo-electric device.

14. A module according to Claim 12, wherein said
piezo-electric device 1is supported by said pair of
conductive members.

15. A mounting structure for mounting a piezo-
electric device used to detect a consumption condition of
a liquid in a liquid container to said liquid container,
comprising:

electrical wires adapted to be electrically
connected to said piezo-electric device;

a base in which at least a portion of said electrical
wires is disposed; and

a projection to which said piezo-electric device is
to be mounted, said projection being projected from said
base,

wherein said electrical wires are formed three-
dimensionally by two-color molding resin plating.

l6. A mounting structure according to Claim 15,
wherein a concavity for receiving said piezo-electric
device is formed on an end of said projection, and

wherein, on a bottom of said concavity, at least a
part of said electrical wires forms parts which are to be
electrically connected to a pair of electrodes of said
piezo-electric device.

17. A mounting structure according to Claim 16,
wherein said projection has a tube part projected from
said base and a sealing part for sealing an opening at a
top of said tube part,
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wherein said concavity is formed on a surface of said
sealing part,

wherein a through-hole passing through said sealing
part is formed at said bottom of said concavity, and

wherein said electrical wires electrically connected
to said pair of electrodes of said piezo-electric device
are continuously formed from said bottom of said concavity
to a back side of said sealing part via an inner surface
of said through-hole.

18. A module comprising:

a piezo-electric device used to detect a consumption
condition of a liquid in a liquid container;

a circuit board electrically connected to said piezo-
electric device; and

a pressed-and-held connector which 1is pressed and
held between said circuit board and said piezo-electric
device so as to electrically connect a pair of electrodes
formed on said circuit board and a pair of electrodes of
said piezo-electric device.

19. A module according to Claim 18, wherein said
pressed-and-held connector has an insulating elastic
member which is held and elastically compressed between
said circuit board and said piezo-electric device, and a
plurality of conductors extending inside said elastic
member in a compression direction.

20. A module according to Claim 18, wherein said
pressed-and-held connector has a pair of conductive rubber
members arranged between said pair of electrodes formed on
said circuit board and said pair of electrodes of said
plezo-electric device and an insulating rubber member for
mutually connecting said pair of conductive rubber
members.

21. A module according to Claim 18, wherein said
piezo-electric device has a piezo-electric element having
a piezo-electric layer held between a pair of electrodes,
a vibrating plate on one side of which said piezo-electric
element 1is arranged, and a cavity forming member having a
cavity arranged on the other side of said vibrating plate,
and

wherein said vibrating plate comes in contact with
said liquid in said liquid container via said cavity.



