e3eXXI B6TTAd# MOUNTI NG STRUCTURE, MODULE, AND LI QUID CONTAINER _ 5 The

present |nvent|ﬂMMMﬁUWMﬂmmm& a nounting structure for nounting a 7 JAN 2003
pi ezo-el ectric tecting a Ilqgld consunption conditionz n é
| i qui d contai ner by+datecti ng changes in &n acoustic inpedance and
particularly detecting changes in a resonance frequency, a nodul e having
the nounting strudlDUNEIRG SARUCATREBI, e MODULEGt AN daWJWld CONTAINERjuUI d
cont ai ner having the nodul e and a contai ner body. Description of the

Rel ated art An ink cartridge to be nDunted inan ink jet recording 15
apparatus will be explalned BSC KGR GU [HE & ANTIONonNt ai ner of a
related art. Cenerally i nk t. recordlng appar atus has a pressure
generati ng neans i ressure generating chanber, a carriage
nmounting an ink ae peesent ngveaadoni rél atory e apanhngsngostruqunre for

pressurized ink as_ink_draps, k tan for Qnt |n| n be
fed to the re%o lﬁ‘& h%ac?%?zg'ggfafgw(gat gogt rche%[e 4%so asl q(ljltlgermt
conti nuous preorsumptidhecdndd ttiankin a lgqme.dad:dnytsttrrexcbwc‘mteas;mg(cmamgedge

attached to the . re ng. a i : e S t a e.sinply
exchanged by s t?é‘eg 9\5& tn& &5‘%%9%‘5%satP?eg?‘Eggg‘g%@ht‘%%ngﬁtﬁ?/? étéérg%e% %33
consunpti on comtesonaneehbdeqferay i pkmedute iligeing tinet mount omg teitraictaireg t he
count of .nk j.ect rdi n ucked
at the. Pt s Be HUegE B lhr L RAURES) (b RSB ot Bl nAfRHS e
controlling tm@ulﬁkaodnsu@mtmetrr bmiEaI culation and a nethod 30 for
attaching two electrodes for direct liquid | evel detection to the ink
cartridge, detecti ng the p0| nt of t| e vvhen ink is actually consuned in a
predet erm ned ane® g—2xe i nk consunption are known.

However, the net hﬁdlmr ctaet@tagé ngotbe ithﬁ‘éédioﬂnC%lrhntldkf 2 idesibany and
sucked |nk anount by the software and controlli n& the ink ‘consunpti.on from

cal cul at t®n |"'¥P@§§é§u§ Wb PEnsX P inadeap i SXPEPLARsPHS LHEVLAICHAiPelge

and ink visces hredatedatd Genekal1JANEOARk2ieM FBcbheing apparatosi@st ,
for exanple, the_magnitude of %en&erature nd hum dlurr?-{l-ln the use room the
gt &

el apsed ti ne %af PEFSRYERI F§7FH TGP R T RYTE RHce? iIRFRE Gse
frequency on deneraséng shdebend aacaxnieeg ingvhﬂntmgaanomk getam:seddbng\lveed t he

5 ink consume{]ltﬁ)lrhgg%rg gggﬁy}@ge gB?hﬁ{% é@éuﬁ%’l lnf‘&rrbﬁove d

there i s anot sane car EIS re
once and2 %ur@tnddaaganh te‘trﬂe fiagt &pnteynb@m n'tnlt stwr é’?etfeén‘é@ tls% neeprding

actual resi dyglaqabehl £Yowbat RkarkANs Mt R t8eR ¥ adl to Pe?m®B éJiﬁ:l‘?nhB@é
hand, the nethaqd for controlll?g_tthe gm nt of time of ink consunpti.on

the el ectrod®EiPLAnget 40 £RE tAYAF RBERRLILY ﬁqﬁ%‘%’r?ﬁ?nﬁfl%r? tr&dSSrtal n

poi nt, so thatththédnto the recording apparatus in a removable state so as

to be simply exchanged by a user when ink is consumed.

25 Conventionally, as an ink consumption control method of an
ink cartridge, a method for totalizing the count of ink drops
injected by the recording head and the ink amount sucked at the
maintenance step of the printing head by the software and
controlling the ink consumption from calculation and a method

30 for attaching two electrodes for direct liquid level detection
to the ink cartridge, detecting the point of time when ink is
actually consumed in a predetermined amount, thereby controlling
the ink consumption are known.

However, the method for totalizing the injection count of

35 ink drops and sucked ink amount by the software and controlling
the ink consumption from calculation imposes a problem that the

pressure inside the ink cartridge and ink viscosity are varied
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__control the residual quantity of ink with high reliability. However, ink
shoul d be conductive so as to detect the ink |evel, 15 accordingly Hﬂf KN3®3
of ink to be used is limted. Further, a problen1ar|ses that the i d
tight structure between the el ectrodes and the ink cartridge is

conplicated. Furthernore, as a material of the electrodes, a noble netal

V\ﬂ' chis Condlltl)tifﬁh vellaendlslaai géﬂl\Ylm[nf@ﬁj onfamfsies{tampne; s wreli magnimdesedf so
that-a 20 problemalso ari t.he nuf act urin nin

Cor 1 hdge | > SGRERIALERe Tt ABI o1 % FES S5 Lot FRRCL ARG hohddtesd
respectivel y gderdingf €nénink esat ,Ofanﬁh@lﬂﬂdte@@lébr idgme uséOfItehjﬂbn&y

probl em al so ari ses_that actur.ing.ste are re u
i ncreasi ng i Pt kBeHERE §¢ Era%/'}‘%gedglnerik@llg% ?‘%qiuiLF He4 eéggﬁié‘ﬂ??rbﬁgﬁ
above, inst hemrmdm@ufnpn@@nff@hlwug:dlmml Bhdothéi aet@dl | cdnampEuBRAti on

by the el ectrode t he_hol es for unting.the.electrodes tq th nk
Cg.l’tl’l dge shcﬁﬂ’iﬁ’ﬁ rf GPRER 15 PR rg) Fa gBro ii. ‘5? %eé‘ Féftfal so

arises that wertridgeciy tremdged Io&xcléB&h@d mbuﬁteatagain th@e Itaftaaibedl Cﬂ50hdl ng
process 30 is, conp | I cat ed. ng Q% mor e, ge eI odes ? 24 g@rtl cu

seal i ng structuf& §B°8§et'§ck BLIHEAGtEE ﬁ?ﬁé %la[“ﬁé Yiqt ek foppp uIt
tﬁ separ at edt]:]tcaf_mefepoatthml Rk cartridge. As ahreggl tI a prgbl em al SCk) ari ses
that it iffigult, to,.exc re e el ect.ro or 4 nl
cartri dgi8 I'n orégrtlﬁ% 5‘3’1 ﬁ?ﬂ‘g }b‘? é‘%ﬁ‘??oﬁ%ﬁ% E%?é’zodéll e8fric
device to be tmmbédmlocansumprtﬂomw thaezlamaodesocn eiete%t?tﬂé\lﬁcﬁﬂﬁlS
whi ch can corfachly gt aptcbfe hasigual. quankily, ofoliduid, and.rqguitgs no
conplicated sealing Structure are proposed an object “of e
present invemontmolsthe peeiddal aqmrtmmgo%tm}ctw@ flmghmmﬂuahglaty

pi ezo- el ect Iie AGukce; faKhBm § e EUAGKLLIV %6 Qék%cgé@acﬁ h)eC ORI YRk On

condi ti on of g Ina lrquid contal ner contail ner and
gn

facilital® mi¢eordgnaghy dhaddmd a§ vk 10 é’@ouéﬁécﬁ |Jcmb‘é3\ﬁdce Fyghethed

l'iquid contaieblehl aSVbMER¥hEE T |1|\i\4§|‘ﬂﬁl N gheMityuctaeer Beidebd 2he
aspect of the present invention, a mountjng structure for nounti
onlﬂf-’f‘ih&’f%‘BFea

pi ezo-el ectr iedegtyrdes (and the ink cargl 18 orRMR S
liquid in a lascuindtepid Roiethd elédsrerédéw; d rmlbawm whichdsaindtuczédei n
that it hasare elv%%n)g 15 artlonto electrlcd

n: h e EC nzq ?Ka a 'S
mounted and &"folA? r??% FEHE SFATHERE 8 ?ﬁ% iYd ¥SaisRe
possi bl e2a halprohéemeaésm ragripest nrlsmthatsheannalpﬂiaqtgxramg tdostvidff adm ngnk

portion of t gqlse i C fﬂgﬁ" cgm% s in
the Iiquid cg%:trg;r%% eVI aﬁ{l#eéaoé@wm nlgu I sd&ﬁ g%%oésis%% e tﬁal{t\%ge
recei ving poRPPakedagrreehively RediLinyentilnrasiane davhagnkraapairag, and

the pi.ezo- el get 'Elhé?t @e#tésléxﬁ af’_[@é)né?ﬂsé@ e ﬁ\@ﬁflmarﬂﬁf_a&@h?rhﬁg Mepst Bee
nmounting plate. that it

Q - eetr|C evl ce tructure
B L e A e LAY e ¥ S
el ectrodss 25 arghwheryr abimenpicie] ebovee Hn dﬂ:eafnewhbahfcbhe:qm&mmhgct ric

el enment is arranged, apd.a f or m ng .nenber ., hav. ity is
arranged on %hg pgilﬁa:rogidtdﬂ'eo? tlﬁ% ?ﬁrbsrtgqutﬁﬁnpr?%g:g %L?fqﬁ?é; gﬁ?ﬁ ?’ﬂéeﬁl ate
can cone in fontnmht\mgltnéﬁeléc‘qmdesi ot tiee hhk]tsuatttm’mdgals’rmul‘d}aetfbemedw ty.
The cavity f str ' he pi - ctric
el emrent and \g/f’bmrh%?f%%g?l&f:ggé fﬂ) il"lgf aﬁg&%g%&f#’%ﬁ #lﬁﬁwﬁéﬁ
menber nmay btha cagwmtidgg is maéetoaf péaﬁmms edtmoimm:qdncufzmobdimq pirocdesi ce.
It may it nmounting plate having an opening and the cavity
of the ?S)gst!rLgte a?idlrla%edgpem ng of the nounting plate 35 may be arranged
so as to be int &Edhesnorssd, 'Itﬂ’@ r etervredesoheren ampabbicetaedsealing t op
of the mount s’@ﬁﬁét{% sshast 5 18P QquifR igRERE¥E NS PLRAL Q7 [99TRE 8@ AS O

project fromthe nou
to separate them from the ink cartridge. As a result, a problem

also arises that it is difficult to exchange or recycle the
35 electrodes or ink cartridge.
In order to solve the aforementioned problems, a piezo-

electric device to be mounted to a liquid container and a module



2 7 JAN 2003 4 portion, the piezo-electric device may be nounted.

Thepi ezo-el ectric device may have a piezo-electric elenment and may haveA azﬂ
insulating portion for insulating the piezo-electric el enent fromthé JAN 0
liquid of the liquid container. The piezas 5 electric device may
additionally have a nolding portion for nolding the nounting part between
the receivin QR &dkd € '@lt‘?l‘ét b€ i 86¥1 Caanti@yBEM i RPIH BAR- MY
have. a col ung"’}?ﬁhtlbng |ntoc{)cﬁgpijé é’c cont alg?l'er %ueanmu%’t porlt on nmay have
a substrate iNRBGLES| POf oPMRLLGH §ﬁé11;m UFHCUCTiVE el RECei hgopReed 10 of the
mount portion to o E}]@ unt er
el ectronotive fo?ggfﬁg?/ e%é)eﬁlgﬁ%%ﬂ; by r SI ‘:egi% §ﬁ€%%{h?)£]&$:€néa:ﬁr}r?ﬁ,gl§?n t he
pi ezo- el ect riacmgent g sThaCturensonmavgtdngr pdegonajecidia Henace panang a
circuit bar ¥ dto
the 11 qui 8 18 EORFEABdh ReROELAG LIFkoRRIDE 1B SRt LR OF 4 Loph 8

anot her aspecltn of ltiguigr egemlmeﬁ/ém itdve, laqmdncpngasmemmnﬂ gaadd igsiat i ng
a pi ezo-el ecﬁx{du%tgﬁé'a% &‘éﬁ‘&:r}ﬂng;eérf‘{qlsléﬂ? > SRYTR A LR RO 1‘15u§d
liquid in a ['1Tqui ontainer to the ITquid container as an integra

structure isc@nyadngracterized in that the nounting structure has a nol di ng
portion for nolding the junction between the lead wire in contact with the

el ectrode of the piezo-electric device and the liquid - container. The
mount i ngl8tructure may have aﬂ&w&g#@eamu&@%i ezo-el ectric device
into the |iquid genésy n%cco%élﬁﬁrﬁ&%rn aSpett analmeipraseget ivferdti®npr gsent

invention is characterlzed in that the_ npunti, ng structure aforenmentjoned is

arranged in CRMNLLRE; SFRUSTHEENEPY MPHBLLIRE & PiRGOPBIBF R GEFVRECdTethERd so
as to be pr OJd%tttaed HHY @oﬁélﬁnﬂﬂl@lgl cebggmttl@mmz 1E@t1he1m@aaqgtihe:c{m@&nérngd
portion may as _tp be ned t surface.inside
Phe | quia’ con tierau iR eoREErRTGS PaPFSBECELRSH RETAb IR DEDR IS L5 he
liquid cost aipmmtmaytdoehﬁmh dae. pidre-plentthg divitet 18 moahded medta onadt may
be attached i b th I o] ct. . of nt

invention i spgg%lﬂgpgl%?'é% ?nfeh%lgﬁ %‘EL{{ i ua?l %\QE{ Jlf}ﬁe%teurlegf%ér Q’%E%Eiﬁg a
pi ezo- el ect r ithagethee resedving deerision H@&:mmnﬂnm @addithieovibragihgqui d

inaliquid ga@ttabﬂeéf 4G Bgekbg&i&t&q@ éb@%e'@é}ées i% Zo&%@%& anpair
of conductiv nmbers for Sup ‘%ﬁm‘F J'rlve signal to the piezo-electric

devi ce and aldgid- iB| §B8 ﬂ)étﬁ't‘l Nfegri@ HheniAering-palk éf also
conducti ye mpieeible Mt HﬁeFl@delﬁ)ﬁ.n@%tfbiﬁﬂdn\/adﬂﬁﬂil@ﬁéllrﬁﬁﬁgcé me@h¥ ihgcl ude
di stal ends el ec trically connected 5 %8 t he pi eé g eCt‘i‘T"ltC devi ce $XI mal
ends el oct | PARES MBHIAEE PR IPACT FREIR SEaFASCERIC drvdrietn RO
for connecting tthe ﬂeeéaizlmglqmm@npwdm whe mndntm@dpbaté.easmeapmezb-of
he It er modic3be RAL by e SIRPAL AL bR DY 068, N3 has Lipd SDESEEEARL S

a € pair

that the pair o re arran e to on the sane ane an
of proxi mal @ﬂémeateh@mrem@e@lenomb@qféﬂcsdmepl aﬁéddbeifveeeémelm@ﬁpdﬁe sane

pl ane O”ﬁé("“' algt Qevﬂéfa(tﬁf rd%%i:é' oﬁ"t%*e A QAL RHeen tLBe 'ﬁléz%-gﬁ%f:’éfi‘@' €

that each of the pair of uctive nenbers is forned bendi ng el ongat ed
menber s madeeé?manédﬁdﬁ%ﬁi—’@%‘ledlfsaﬁﬁtaefaﬁglltyafr%"tlﬁ’é @@W@rphaﬁénarﬁ wRrRRdt he

pair of dist @bv@ﬂﬁslsaégraﬁéé@%dtl@él%th@ S e £ 88 A LREENEg 1 aMd, Chnd he
pair of proximal ‘ends are arran are paral lel wth _each of her, .and the

el ongat ed metB&r ARG MDReATS ?’h§°§‘§ N PP Sn i itthe tRE ohipitieh Rehber s
posi tioned onihghed amitadnesavta phencael €y nomhev@dlaayd f3rRing txﬁenmhm@y her
in the per pep di cul Sr d| ecti ol\?déﬁtbhe sane ge aneg t he ano& é SpuE
ol ane. THO| s DFrdFUPEHRCE AR & HCae eBaF L1 LAt VEBERET ded,
the pair of glatelamncormed totenedldy.wWiTle a:axmuyeofbrmmgrmrdneferamdythe
connect i on m<’=31nnt1)c§'\11rntl:|.Sngr gfot eq:oabé %\rouk %!:lntoz%hgoj!ﬁjezg electric device. It
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



It is preferable that, in the connection nmenber, to position - the pair of
conductive menbers to the die to be used for resin nol di ng of the m?I 03
part, a positioning hole through which a part of the die is to be i ertedﬂ
is formed. 30 It is preferable that the pésitioning hole is fornmed |n a
position corresponding to the vibration part of the piezoelectric device.

It is preferaieildigt, ther giksobelBteh ity devibe mlyedepandunted.cmairgedi e
and a male die to be fitted to the fenmale die are_35 used and a part of t he

pair of condRt§AAs HERbELS IBHTENRY WAVena tHE200RAEELE &R Shsmsat

cont our Co”wcﬁrﬂ&ﬁs‘alﬁtﬁ’.ﬁétp@i’tﬁér{ Lﬂ‘dﬂlrﬁls%ﬁat'iﬁ nehe ﬁi@chDeP&:ttch
position the pair of conductive 7 JAN 2003 rrenbers to the nmal e die.

It is prefer eaialfren the iiﬁ%l%foﬁ ddit mudﬂngoéFaﬂﬁérml% B&Z0- at

|l east a part &fedthidcPdrick ﬂlbf;rt ahdﬁﬂﬂéna Heflrdya anm1ng3fpdiltq%n trder eby
at | east a part_ of the pai r of " distal s .is exposed withqut bein

enbedded in HE4EG h %H’I?Utnr?énéxB%’é%&PeﬁH?Fno?hec ﬁ@cﬁéV%n%fP%‘téP&I arthd&ef or ns

an el ectric goiHALle1RetRic Bbvise Prefiey gt Htfrtd oBORMERY iHawel &f dA®@nvi Ng
the piezo-electric device is forned in the nolded g rt and the pair of

distal ends ardtdn9dgEa Bhe (HeuBet ORI e TohdRHRYy POES1AR S13Y hayEr t her

aspect of the BﬁBEﬁf\été &h@@br@nlyqocrhaaa@mf tEe@ddluninhat TH € i Feahg paltas a
nounting_stru e af orenenti.oned and ilq%ﬁjezo el.ectric device enhedded in

the conca?i t)P%It HROWRL S 4OB T G CPREAAPEL P JRVE; @ 08 has
a pi ezo- el ectgtimciugegent chanteag al@rtermotiieet foeckayely e hgdndrated pgir of

I d d I I
ol erent 15 areatgial B RIS PR 4D Bl et o o SERtCeaIrey i ¢
arranged on twaindtingr struetwfe tlay additiomyllyl abee anditdeid bgaird. i Mhehe
i quid container ﬁ%gg'ﬁ:éd[ﬁﬁ%?\%%%g%ecf&le{ihgo E W&Lé%a‘i‘ﬁ%ﬁ ) %h{eﬁgqgi&' ty.

20 It is prefera ectric eV|ce as a palr o ctrodes
el ectri cabl y ssurfiecet én tbetlveqlpaﬂ icoptagneral ends of the nmounting structure

with a conductive,adhes] ¥8c8PR8idd o Q‘ﬁ&tﬁ@ﬁ%)épeét bra ﬁ;.zélséﬁtefﬁ&ér{itl%‘iv' ce
is sealed with resin so as to prevent liquid from noving toward. the back of

the 25 pi ezo-%MEEPEARI FEAUEILR FOF (MBI tadFe (P2 1R S5idendeYiRRAEREN i s
characterizedd middeaic aheddBhblfpeidnCédHEi fionh BEURE |lriggualdp|1@12(2r qll@_{@tla' C

d dt t.ect th t dit f d
Cont 2l ner 1o CRESTEE Ko CUNT Al Hon S80S 16, SadPnd PEPBLEH THOG0 Fs

electricably cﬂmmect’eedizéd; inhhagi Erenebrcing stidetiue }msiaanqirchmgqmmuon
pr o] ect ed ”%'Brt IIISlBEr? é 2 ‘é‘{%ﬁfﬁ&ﬂ%e"dﬁ‘eﬁ% %IISCJE%A& AP G5 é gipand

the electric W I €S ri‘cal' 'y connected I'ézo-el e I‘IC evice
are formed t fhee- Qile@rsvd@naiﬂ ytis pmzwkﬁcmud@rmu annqbl ﬁbﬁngllq%dl t is

preferable t Q%tntfélﬁgi‘ca‘ih@m&ﬁitfxﬁj@tfﬁé‘&hf&ﬁa?'% g! Fbg e“c%:.h?
formed on the _end of the projectign, and on the battom of ;the concavify,

parts el ectrit®s Pye2BneERt elc d?"?"?ARP%O@‘e t]&‘?\uI"I'é1 Fantadrelt ect r odes of
t he pi ezps el ect r Fereieast C& AN Eﬁbﬁﬁéf)}’as?éedb?@ﬂ tﬁeppfés@ﬁt t hrerepitdenr isal

s, 1T 1 geeberablecd et e Bokestion s o e peiber, oLl oEte
the tube nenetranged imeheobiqyid yonsalinenedThs rece1v1ng 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 liquid 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



the surface of the sealing part, and a through-hole passing through the
sealing part is forned at the bottom of tHe concavity, and the el e%tfixﬁtl
wires electrically connected to the pair of el ectrodes of the JAN 2003
pi ezo-electric device are continuously f&nmed 10 fromthe bottom of the
concavity to the back side of the sealing part via the inner surface of the

t hrough- hol e.5 ¥gtraf dbhBgEt Bedaehbels tive BEESBMnd BV@MvVOBibAal to the -
characterized ._ in_that the nodul e has a piezo-electric_device used. to

detect the cIHEXPELERtELREVISE 1d 8 FeHi-Talded paumalesddiatsaralay 15

circuit board; hecheiGald ¥reohfitiade Redter i 8AQ-BhE PaliCofl ¥GneBctapd a
pressed- and- hel d connector which is pressed and_hel d between the circuit

board and t hdeghers-igsRagbivedpincduse ¢Sty endeqliecirigad bnsospechedpai r

of el ectrgdesd opfed (e dle1ebieitt LRALE, angrditignalal En@é &liReihedgs1pf the
pi ezo-electric 20 device. It is preferable that the pressed-and-held

connect or hasomerked| 40i feeldICud tndRBER  WRNEh inderprdiak® BRRES| EaFly -

conpressed beioMpeBtthg did §¥staPenns Mtptbeiniezads) ealri€ 1@3&&069?399 a
plurality of conductors extending inside the elastic 25 nepber in The
conpr essi on @ &dei sAternediaty PRELELIE eMRRAGee 15 EB8BORA RAYF -connect or

has a pair of comgutd iptereabee tRbDahe paiangedikebnesnds erear-agfed
el ectrodes fornmed on the_circui Ggoard, and t he g@% of . el ectrodes of the

pi ezo- el &Rt r @ §BG i R42AR 3 St PHYE QG BEPX ERASRT] ATRANGEC §n

connecting thk@ogakt Sime Qi IMEfevbberfimides samk pBafs efrefalilcd that the
pi ezo-el ectri c .devi cg. s structured_so thaé it has a piezo-electric el enent
having a pi eP63E| 8t ECaL A9 EFE BEFIRET 2 pair of electrodes and a
vibrating pl ate Db iegnprefeealsfe whatleddieopitdropaliecf condhetbrd mesbers
arranged, and _3%5 a cavity,form ng nber Vi farned_ cavity .is.arranged
on the ot her i grglﬁgt hg FB?&W n%f%rl’%af%e?dqg"ﬁgﬂ%ﬁg \I/n%gfaa?)ifnga ﬁoéfigcgéxﬁ%s in
contact bt hmaheriabuiand thehsameqplane o alhdeh the patr of disyAll 2008 8
cavity. |n anyeoh thfsaboyss Ml 1:00ehe 2ROl Bl e difiGiHRicH” QRECERELCogievi Co

may be supported by a”pair of conductive nenb vhi ch are connécted to the
pi ezo- el ect r PECHEDRE NS BFE EEIBHESERI YA PRE T gHEibREINGSthrys anpgatheB and

1C are draw pasngheuh hentielai posi@fichka @t tHatimelfPan&iatid €hé £183ndbaveNg
showi ng the constitution of the acfuator .10 106 and an equi val ent iéiﬁu't'

Figs . 3A anBBRELF PAHAINGEE SRo A PIHS e ST EORIATD RS OV RE
density and thHehresonabher firegne perpehdiokl detdicteed iby to thetdwneaplaneor
106. Figs . 4Ada£ﬂj 4Bore dravmengzaghovm ng the counter electronotive 15
force wavef offif of *T HE At T’ €186 %1 g. 5 is a perspective view showi ng
t he nodul e 100. 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



Fig. 6 is an expl oded view showi ng the constitution of the nodule 100 shown
in Fig. 5. Fig. 7 is a perspective view show ng anot her enbodi nent qf fﬁq
the nodule. Fig. 8 is an expl oded view showi ng the constitution of 2I7e 2003
nodul e shown in Fig. 7. Figs 9A to 9C shgw still another enbodi ment of the
nodule. Fig. 10 is a drawing showi ng an exanple of the cross section 25

when t he nod W | 5|s nmounted to the ink contai ner 1..
Figs: 11A, 1% gglﬁg arer&}lh(:'I gjllerrbodl ments of the nodule. Fig. 12 is a

draw ng show ng &h wapuﬂf@mblehEhatosis Hecttioe of resimpemidigigoft hhe
t t t : tg F
redr avi ngs TERUEE SN A 1Eb 05 o bade' O The Brir B Rseipd ndSRSREGTE
14B and 14C &wyeadpahai ngsdmwuh@rehy gt deestod pettieef diisoppitmS d@stahe
h h hgl
through hole 2@. 3p.Fl edlél{:(l’?o@ti g%gfé%@gbégﬁ)&i sl %f&ﬁﬁf@ﬁé %ggggpgéﬁéng a

nmounting Structure a ng apparatus rawi ng
showi ng an i m:lar(tamf mrmgpammfadmshﬁgl &nds 2f rsARN 280101 g thatcm'typofmyrl nds

of Ik Flgs. 17 LIB BpdrdfG Al ecflof 980RNGY B9, Gl (EIAIPLES phethe

ink cartridge 18 'S a draw ng show n
appar atus 5 muezedelectm: idelviceris |f@gele§hmﬂthenm4;1@ed pFL‘A: and 2@ pEiLg 19

5 o0 "1 92, 5S¢ Huaky VLA ofed e bReR A RIBAR ko Wb ckodds sl e SO0

shown in Figs. to 9C1s atta is a cross sectional ew of
anot her 1tk cartdi delllgodurbheni @h?lilelﬁ?é ne8ul Ehes0preRenh | Hengsion oisto 9C

is attached. cha@aEt@riZdd | $n2 thhan tHeEMSIAW Nhd Bl dotnteAlesth@bture
manuf acturing a nounting structure of an enbodi nent of the present

i nvention. Flegorepentienek ang,ddiq \Eée\?Peﬁ/l§ﬁB¥\H1ng‘ﬁé:este§tb@d@ﬁ§t 1ph&he) ate

.. member Sh@%cbﬂlﬁygof2ihé3mbﬁﬂ{:1ndfl gerucddfve,23hPNthe? 3 ek ged
views showi ng the palr of bent el ongated rrenbers shown gn Flg Il22 Fig

24 is a perspEULFGaF %W@ﬁ%ﬂﬂﬁcqlﬂé’% PG RAYLRY ARIGERFAPETTLC ﬁY‘éﬁral ly

formed wigh heedpeyra ¢aiiedbf elengaids apdbersilatamnimg platg.odny side

I nsertion m)lo .Qvﬁich the piezo-electric element is arranged, and a cavity
forming member having a formed cavity is arranged on the other
side of the vibrating plate, and the liquid in the liquid container
comes in contact with the vibrating plate via the cavity.

20 It is preferable that the piezo-electric device has a pair
of electrodes electrically connected to the pair of distal ends
of the mounting structure with a conductive adhesive and the
periphery of the piezo-electric device is sealed with resin so
as to prevent liquid from moving toward the back of the

25 piezo-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



Fig. 25 is a cross sectional view showing the state that a 20 nol ded part
isintegrally formed with the pair of bent elongated nenbers shown iW%fﬁ}
22 by insertion nolding and shows the state before a nale die and ;f g
die are fit into each other. Fig. 26 is & cross sectional view show ng the
state that a nolded part is integrally formed with the pair of bent

el ongat ed 25a ngi}?%i:gll %1%&‘?@ 3§t aéﬂeszf""cf 1d 1 oL c%”é’ré?ﬁ%e&he

state after die i Nt 0 éach "ot her
27A, 27B andb¥7E&talleasit aa pag: Qrfomhageléretmas'li Mmﬂeson of a fenale d| e used

f rocessing t I h 24 A, nd
232) gre dra:M ggs?ghggm gjggff%g"g%lo%sgwﬁ?%%l %¥°%{ dfe useagg%rm ]ggc’gsm ng
t he nol ded parbjshbed finomFile ba@de ahdg s€81irgy @apememalnmc_;\/tWO@bnmngg an
t t . d a he h ar . a cuitin
part s 35 Shodt CHeRPEE 5h Ui subl ughBlso R LEnERh &) i flecigcth '

showi ng an i ribegsatrédcapbdetiher sdating heertt hearst ancthigarghs-haie passbhf at

the cutting \% §R7thﬂg%ﬁ% % <Y 'J{-_ Ehe- hd Atomoftle c%}lch %1@}’() a

per spective Wi'g oW n i on an actuator is attac
mounting str @@duthecﬂl@tm&dwmﬂ eiECtthecglkjsmnnemtedt torthes paily. 082 i s

@ per spect | Ve uLeuoSBOW N0nd JTRUN. &1 SLENES UE6ThY: A LGB A AN AGkHALAT 1O
Fooar TSR B i

am)untlng structure of an é presen |nve 1 On "an m)dlng
it with tesifxrom ghe b@mommthsa@mthtartéuajbamkrﬂ;@%hﬁvﬂhﬁgsehbmg

constitution agiac t By sent 10 invention.
Fi gs. 34A, 3EBfr§ndl§4£ﬁ§r%{nﬁavsmﬂgégggogfw ng th e°I‘:‘ ﬁs?{)tfutl on of a nounting

structure of an ¥ebadivahercispesd qff ERepreraveAnveption ipjcharastesiged

expl oded per speghhv¥etiyé awdRi1eAnER4 8 fo-21 cetRedi gBR cOfuddie tBr 8§€@ét
i nvention. ~5 Figs. 36A and 36B, are ‘drawi ngs show ng_an exanpl e

pr essed- and- FELICRRFHIRE N GPRERBIORH AR & LhgWH iih B §laax] qqn&gxlngyA and
37B are :ctrawcagcamawbagran@lléetr@wnw ec@ﬁn@c@écesﬁﬁdtﬁad'ﬂl@zd émaeeﬁi@r of

t he nodul e shown in FI S. %_81?%1 38H d}B S shovm

hnat hor exansiiisen i hressaloandriit SorsEbh, “hith HE riaareds

Fig. 35. Fi gaela%eiamiarﬁﬁBeacquﬂna\Abamsd sindwi neg p&e‘zopteﬂ]ectemmdvécefs@
pressed-and-hgl d, @&%938513?{/ cIIcP) p%*19""8 {ét%d%ﬁ & nﬁé‘g é‘“d

40B are draw ngs s OWI n er “exanp resse
connect or of Cﬂ-ﬁ@uh’éd@Q@% Aodnthe Halg Oéﬁl%mE@@Rprl@lP@eszElﬁFEFERRED
EMBODI MENJS device.

It is preferable that the pressed-and-held connector has an
insulating elastic member which is held and elastically
compressed between the circuit board and the piezZo-electric
device and a plurality of conductors extending inside the elastic

25 member in the compression direction.

It is preferable that the pressed-and-held connector has a
pair of conductive rubber members arranged between the pair of
electrodes formed on the circuit board and the pair of electrodes
of the piezo-electric device and an insulating rubber member for

30 mutually connecting the pair of conductive rubber members.

It is preferable that the piezo-electric device is structured
so that it has a piezo-electric element having a piezo-electric
layer held between a pair of electrodes and a vibrating plate
on one side of which the piezo-electric element is arranged, and

35 a cavity forming member having a formed cavity is arranged on
the other side of the vibrating plate, and the vibrating plate

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



The present invention will be explained hereunder with reference to the
enbodi nents of the present invention. However, the present inventizg
recited in the clains is not limted to 30 the enbodi ments descri béd H& 8K
and the conbinations of the characteristigs explained in the enbodi nents
are not always necessary to the solving neans of the inventions. In the
enbodi nent s Cé@@ﬂpresent invention is applied to the art of a nounting
strueture for ting a piezo-electric device 35 for detecting the
consunpt i on condltlkntﬁﬁY|Qﬁ<ﬁh¢eﬁbQWﬂrm@aﬁ@PBG@eembp@¥m§ﬁhﬁa<ﬁQQIﬁhﬁg@- The
enbodi ments qf; 4 1Er§é\?:me h9¥% bﬁg p¥ttdd l?)? ﬁga%ﬁ” Bf%ond%c%:l.\]/é‘%e?r@)%%sll
concretely hereun by refertin he acco nyi ng draw ngs . In the
drawi ngs, fi rtigh aﬁﬁecgaseqteﬁttqnthg piieze-elextRic dgahicee for detecting
the consugption condition of ink will be explained (Figs. 1A to 4B). Then,
in Fig. 5 and the subsequent drawings, S a nDuntlng structure for nDunting
t he piezo-electric devi cedtElarlhopflR L " R

variati ons of th%lgBU“&AngéﬁtéH&tﬁéearé“QerPPAé§3§H&ﬁ %Hﬂaeﬁst %ft Reel Nk
cartridge wll xpl ai he e enbodi nents , "dctuator” is

i ndi cated as asituatampl86to of the piezo-electric device. However, the

configuration of F&Qe Pijgzo d‘ila%(ih(g's%diﬁ‘ﬁgc@hé %dﬁ%ﬁ:l‘tb'ﬂt&ﬁ%f ‘Ehérlac?&lta%éﬁ:or
and it may be an "élastic wave géneration nmeans” or a "piezo-electric .

el ement " 10 Thel ‘o @penant 8awivalfntpicdxgvétect ric device are not linted to

t he embodi ments. rAgsg 3004Md ggraa.cté @Pail Digd BRbYZAGEhbhes Lk IBERt bk tween

structure, terns "modul e n nodul e strycture" are ysed A to 2
show details %13 s v éﬁg Ep?c‘fﬁst‘m@lnc&ngﬁﬁ‘ﬁ’&%’?‘af %&n%h?i‘éﬁe&%eda%?

enbodi ment oftHehacpuetorel®@iri c device. The actuator aforenentioned is
used to a nethod_for tectj 20, at .l east changes in the oustic. .
pedance and deFtt 48 THRLLgrE SHavBHE BT et S B TPt AvE i o
cont ai nelL5 PHKUmEUWavéyormtufzhh@uabmnaterus@@ to a method for detecting the
resonance freque i i .her at | east
changes in the aggﬁstl C sPer:r’\p %anggéZlJc %b‘;dia% gs?‘lor‘?é‘gghg %5’@%‘%@%@ I'on
condition of a | Fgai cb iis an| emﬂqﬁ%i)m@wwhowmg theAchasiatehion gefd tpean
view of the qﬁkmggoioéqgnwﬁigm_%g isga cross sectional view of B-B of the
act uat or Z06. Flg i.S a cross sectlonal view of C-C of the actuator 106.
Furt hernore, Fig¥ig; 7( AP aneeripeciyif ¥dErvEPRNT arethes erbedkinentt @ét or
106. 30 26 9. the msmuﬁad (D) respectively show the perlphery i ncl udi ng the
actuator 106 and ltS ui val ent. cireui.t mh n_an i cart is f

fkand Fio. o TiT b B eRudd aky" Shden s FRBRE BFFIRR 08 rherhe
act uat or 106n@ddletshemmuuama@m @i.rcuit when the ink cartridge contains no
K o2 e, et uBlar H0RoN3E iy B! EndiRel UG el 651 Ble GRERIEY 161
al rost at its center, a Vi |ng arrange on one sideée
(hereinafter reflélgedot@sadrhwlsgﬁlmpgoante:@nwﬁs@f &the crosg sEANieD03 12
176 S0 ags L 0 heaind SaPRETbOGnLad 1AFRY £501 £hBEhELE dAYRE 1hR0Hanged on
the surface side of the vibrating plate™| 75, an upper electrode 164 and a

| oner el ectrdde 166 hol ding the piezo-electric layer 169 on both sides, an

upper el ectrode f@ggn nah, 1688 andl eetrdaldnecoanesd intth ¥ b the ndBRSE .
el ectrode 164, a Mﬁr el ectrode terminal 170 el ectri ally connecti wth

the | ower el ect r%’cﬂa 6615 AnHTraARInG ShOvARg 3B SFPFBAE AF FNFhFEPST §e§?°|lgﬂged

bet ween t he v@pehe daiingderf lbife athritiaquppelicelesishetle iarrmdaal 1168tand
electrlcqtly&58nnects the two. The piezo-electric |ayer 10 160, the upper

el ect r od¥ and the | ower el ectrode 166 have a circular part as an
essential secti dnigsspsr} ildslahd The aresgeatings showihqothektanoidinkats

piezo-electrig | A¥ef 48 e 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 amounting
structure and an ink jet recording apparatus.

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



, _ upper electrode 164, and the | ower electrode 166 forma piezo-electric
elenment. 1s The vibrating plate 176 is fornmed on the surface of the
substrate 178 so as to cover the opening 161. A cavity 162 is fornedthyJAtNh@UJ
part of the vibrating plate 176 facing on9t he opening 161 and the opening
161 in the substrate 178. The surface (hereinafter referred to as the back)
of the substrglerdii&yrf2@ihbe eppasgite side of the piezo-electric el enent
faces on the Tiquid container side_and the cavit% 162 is structured_so as

I

to come in contadtiSfi-t h7A: |1 Guiddd The A AERWARIDI ShAWilgeCtReh S %REESt o

t he substrat epd #8hd 1iGid at-kghliby Bgp.as to prevent a liquid [ eak on the
surface side of the substrate 178 even if a liquid 25 enters inside the

cavity 162. The IFd@er 18|k or dnawims shewhngian dnkdleh Hererdine fRPaR e

vi bratingspl ageided td Rl ifk ertRigeushags oR fties .opnasikbelscde of the
|l iquid container and attached so that .the_center of the circul ar part which

is a min part of iGhel? ol 6¥eRs e 19881 36 erh@ Lt Hee ddvt ERTBF 149 180&ni ng

161 al nost coidGiienithe pegh1&tI®s shbhe anerigd. the tol beukiar apeadn&d. t he
| ower el ectrode 166 is set so as to be smaller than the area of the opening

161. On the ot heFRand? Hh & FECSHr el Wiade VaEY1 P ANGREET el RELGTIE L6, t he
pi etzoi ﬁ' ect ][ i mdd@?:fﬁrwﬂﬁﬁ}[ itﬁefn]?:fq[ﬁﬁ@ SO0 TSII@WntlﬁﬁF@ 8t eJt'A @é_ng_Q(sj%ﬁ_‘a;[drl?@uLaL
par ereof and_the center o e _openjn al nost _coi nci de_wi .eac
Drher  THE ar oa B0t . LF AGHAE VS EHOYLAtha BlACEgabEL T By ARG s set
ISO as tohbe mIoh hﬁtihbaertx:]daftum‘ee@f arﬂeﬁbdd’d&lé}ﬁﬁafﬁ.ﬂu@fprblbenﬁpﬁma%igﬁl O«';md
arger than the area of .the circular part of the |ower ectro :

the ot her hand. 8192 6 ReErsr vt Shouite PR AT Rig e P ddacene
upper el ect r owsmbEd4 shewhoinerligo 2lhdts beetcenter 5 of the circular part
which is a main t e t t nj .
coincide with ea(gﬁ[}%f h%ﬁ' %%aa ggga?% %q%e%éllrg%%%&;ﬁ”%ér%t Eggw%ﬁé tﬂ%%gf“‘&r

el ectrodes164f penst edongsted mygkwrsl sbpwnhém Fie @2eas of the opening 161
and of the circukay, PAf isOf pbBEpBberfs ¢hekidcwihgyale L60: 1% GRf1deBan
the area 10 of the ci rchar par? of the I ower el éctrode 166. Therefore, the
mai n part of R¥E pF dpbegradiy iformgderitiebhe Padarqic PERE @Longased eybens| d
respectivel y dhoom iRersyl f 2L ypiidRert idNdnéBEIng) de by the main part of the
upper el ectrode 164 a%pg the main part of the, |l ower el ectrode 166, .sq that
the piezol5 el ectt¥t 1ayer 2165°RQ P VG| SPAENG fBE ShAtQIriidna The
ci rcul ar2par treldkedt peertpiiezintet @edlliyc fdayed wiGh, tidealip et behedliondatdas,

and the | owe r j C re. Eve i t

pi ezo-el ectr ?ngﬁ%?g%eér?ﬂ%o"f%?ﬂyéc?%% o#%%%ﬁ%igﬁ%%%ﬂ %garga}g%{/se?h% (I%'[et@t%

pi ezo- el ect r beferenanmale @ iandcenttemalei die taxre Villr intageptateties
Among -the circul ﬁiipaéé i at BEAPRI1SlopehT 9§éwl_-§fbwitn|§etﬁér£rt‘:'é@é Bt 201

t he piezoelectric Layer 160, the circular_part of the’l ower electrode 166,
- and the op8RiLAGIIPEL dRelnfragradiyt IRk iihY He1Ppar afebrRt gdangatgd yse

of such zs st mefbEES .sHRG ¥h Briat.i 20 b3r BRsft ihemy 1y bRE shHowel ehe stééewhi ch
vi brates act uglgl% |as efiped by the o 161. The . ci rculég (gart of the
6 I

nin
upper el ectr8 R & Adar stgfﬁfdf%@rrﬁ &24- dPERL 7R &Y -160, and
the circular parrigd. gha,| Dyeanal 200 aedaddfl nysesisamineehe rediy ia@dohhan

t he opening 161, so_that. the vibratin |late, 176 vibrates re easil.y. 30
Fur t hor mor o, SarbAgHeng e BErd SaPFOSrRL S £ Bhdo 4R p i ahesn T e
circul ar parf4of the upper electrode L64 which are electrically connected
to the pjgezo-elegirjc y Lreul ar pa f I I .el ode
106 10 ST er. Hits-cpaRt den i 28 pte G ingB Piaing ghe SRR ITHE b
defines the péra ng8eoflicheserl €oa- precessing aher mdbdedvpach georen diefig.

pi ezo-el ectrihg effect. The upper electrode termnal 168 is formed on the

surface
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



T 7 JAN 2003 14 side of the vibrating plate 176 so as to be electrically
connected to the upper electrode 164 via the auxiliary electrode 172. On
the other hand, the |lower electrode terminal 170 is formed on the sul7add 2003
side of the vibrating plate 176 so as to b& 5 electrically connected to the
| ower el ectrode 166. The upper electrode 164 is forned on the surface side
of the piezo-ebeesrsicowrayier FiG0, 250 that, in the mddl e of connection to
the upper electrode termnal 168, the upper. electro | 64 st have, a | evel
difference equal it9tRé S3rf BFIFRQC?W%&ﬁggssel&?w%%%&eeﬁbtg%@ﬁnr i%a{:oar} ayer
160 and the thcekaess f dthrachedeto el evtunedeglebrudtutes of fahi embbditent only
t he upper el ecl_;frgﬁe 164 f%rms ta}és | evel difference, and even if it can do,
t he connecti oRtcbRQiRADIFPt HEFRELP t he upper el ectrode 164 and the upper
el ectrode 3 er m nafidl682baesorepergract iard viibar showing ra stodaflecstucpured
Accordingly, 15 the auxiliary electrode 172 is used as_an_auxiljar nmber
and t he. Upper PYIEIA-DHETHESHIP T a3 BP e T3 PEGOCFRFarfan PRBO ReT
connect ed. Byoflothg pilésentalinoehbiopi @rbrellddng dtlwyeh A&imand al so t he

upper el ectrode 164 are ru re 0 as,t e _supported by the .auxil.iary
el ectrode 172 an(]JF63cﬁ=§s'i r%#’rreggghi g&ﬁ s‘—‘lr}%ng%lﬁ yautsl c%?“ﬁ‘é’ngtsé}oﬁ”éﬂ’gan €

furthernore, thestppericl edi ravdecttétandoffhanupmdodenent rofiether presentl 68
can be coerﬁec&f"gegéj%feA.y. The piezo-electric elenment and the vibration area

of the - "vibrating ate 176 facing the piezo-electric elenent are the
vi bration parts dfigshe3ébi BdBoand B4AC anddabwings sidwingFuhe kenst 2Bution s

preferable th t j ncl i : : i and

formed int egrgfE Iaylncﬁluﬁar&ble %/&d\ﬂ?eﬁﬁlét eag%’tﬂ%&tﬁ (J)‘f?1 Q%g%tffish%ggﬁgédﬁ? %iﬂég}r‘a y, it
can be handl ed ed%id.y 35Fist arrexplodegh@ershectivengiew off @hmodubetehfitan 178
i's increased, o6 MMt fORKENSE &GS | Siventii®nl. MProved. Namely, when the

strength of the 30 substrate 178 1s increased, only the vibration part of

the actudtor 106 Rigsrat3éd g (368 RHe sIHAWINGES ShAWngr aoemde ©farf t he

vi bration parpré&esdiiand-Dedlecofmiéddtef ol ideenbhilet fiowparins ral.t Bs,
actuator 106 ot her. tha rati on_part m Vi brati on can be rea{zed

the vi fr
by increasing t hé 98reddt PRt 3tb]ﬁea§‘3 AEALHI%h EDOFFB I AL TR FXEMP LReRT fy t he
pi ezo- el ect r i predsspaindshel ecamtetsticyr dlfdG&hiehmndel e asicovenailn @igands ki ng
the vibrating pl at.e 17 ' 2 . i he
pi ezo-el ectric | %i} P 1%8‘£ Q;n? ht"lEgsB Sfrgf%lrj%vgﬁg’stzggg‘g%é? ?%&i% {Ta?r%:ogzrﬁlft@ee)?ﬁélneat e
(PZT), |éad |ahthphessedrashdted & foaneceoy PILZThe nordude ehavesiqy Fig. 35.
pi ezo-el ectric figimsuss g £ h@ﬁda@fax%ﬁiﬂggvgﬁcﬁﬁ{g gf ;%@iﬂ%&%gié Je'8,

it is 5 preferable”t o use zirconia or alunina. I's p \bl e t0 use the
sane mat eri al2 fR¥essgd-angrheld Femactor; @fashenpodate rshawroin Fdgsudtrat e

178. For the Upp@figgLelCﬁAr a6l 4884 rd deak DV sRORLAG Q(ghill@&uﬁﬁ}ﬁeru@mﬁ le
el ectrode termnal |1 68, . and _ﬁ%ﬁgl ower el ectrode term.nal_ 170,, a con(f{ ctive

material, for®efaRPPesed F-REldl CRURFCERE 861 he HIVEE SESBEpM Figarirum
al um numgsor nickel may be used. The actuator 106 structured as nentioned
above can be applied 0.a.-cont ajne ont.al.ning acl i gui r exanple, it
can be nounted to an : o ] “‘ bt -"'- ink jet
recordi ng 15 app&het pgresent doneatmnen fuwirllcdre aexplayired | kargungidr quith f or
cl eaning a I 6G9 i T Gt r in: Ei . 1A i
mounted at a pré%lee?gre%&gggel%%gtlo%%% ?%gﬁlei ui r{ct?)ﬁ g%%jfmé'o.%ﬁ%%’%’ﬁe
cavity | 62 cdihes presepht deveniiidn gadidedd isobhei elaline itshaoki yimited to

30 the embodiments described below and the combinations of the

7

characteristics explained in the embodiments are not always
necessary to the solving means of the inventions.
In the embodiments, the present invention is applied to the
art of a mounting structure for mounting a piezo-electric device
35 for detecting the consumption conditionof ink in an ink cartridge
to the ink cartridge.
The embodiments of the present invention will be explained



20 container. Wen a liquid is sufficiently contained in the liquid
container, the cavity 162 and the outside thereof are full of quuid27qu2w3
the other hand, when the liquid of the |liquid container is consumed and the
liquid | evel |owers below the actuator nuoiinting | ocation, a condition that
no liquid exists in the cavity 25 162 or a liquid remains only in the
cavity 162 angbritret@NyShér OiHddrdBy HeTeafingSt @ e her &t snpallya ndCd el 9gs1 06
detects at least a difference in ¥he acoustic i npedance caused by this
change in t helRSREIALAYANITndA&HF 1YY APeRAT S BF L PR BARZ AR R BARATVECea
liquid is suffdeigeRbbyif@rhdl Akbunbriibe &bkt 08t AinkewiPl v SpidPred
anmount of liquid or nore"is consuned. Furthernore, the actuator 106 can

detect al so thBLI§ndRokC 4R dTRIM dPnBaIt P PRE ThYFUHPSCINERLNSFavW I, t he
princi pl egof é'nﬁﬂﬂnfiih?Vg{rﬁ’@&ﬁ‘é ifeR Muitihpehdappszdidledteiexpbaidedo 3 5
To detect changes in fhe acoustic inpedance of a nmedium the_ inpedance
charact eri st i@ dMka@Rr ¥ A% dRaraxrlodes: Yiews vegdakdanamy ShesRuitdady At
the tinme of nePasiRFR)t 288 bPSLidREda eRampZed FANROABK1BaehRAI @G &Fil1gt i C
or admttance characteristic, for exanple, thetransm ssion circuit can be
used. The tratRmR4edReE rcuit inpresses a fixed voltage to the nmedium
changes the frequanee cabddiRast £ant Rectanddoat 1§ lig\ieatbAradigh digpredi um
O, the 5 tran ssion circuit supplies a fixed cyrrent to the nmedium
changes e PEaIERIPEONEIEAEELE eV ilRe JIRENEE /| THE ESRERTVEATIAD A dHNEm
Changes in t heiedg-fedRbt@licVadRge iBEASUr Ethined B8 & arsidaaDroAng| 1€ hialy

i ndi cate changes in"tge acoustic inpedance. Chagges in tne.frquﬁ%ﬁ%;fman
whi ch the curfent®or %ﬁ?ﬁﬁew?%elﬂeﬁkﬁﬁ Ped"B5i i 2edPafF4%” es -
changes in theElasoust.i (ThepetpboentSapartdeebyetooel edter inetieodce are not

af or ement i oneghy {1 ACLUA Aiiflenes JeLECH EHROGERA LI BE - 35QUSHRG o

i npedance of “a I'iqui d Uusing éhanges onl'y Tn the’resonance requenc?. Ks a
met hod udbng eharigey $trddures b Pifc nadgudednerd dhodulé grirgctaret et i me
of using a ng} | for detecting the resonance frequency by vibrating the

vi bration part of the actuator and_then neasuring counter el ectronotive
force caused by FRESrebR difal?2 $hey L remBAnfhCIH YHEN) BLEERER Farh, for
exanpl e, the RieEAe! B8 (heckli@NBNEmE8R 1 REn U8 bhelPfe il dlicr#e-iel Rstildes

el enent is an_elenent for generati.n ounterﬂ;lectronn ive fo&igagy,the
Fesi dual vi bV G SRERAF nR BE TIENHENG 0TSt PERR it @ BECPRE ERT (RRGETIRG t he
magni t udeoof dthdezettnichhngee! ent tlvemdcaus tiar depedahnes ahd hdétwectaimpl ithede of
the vibratio .t he . r. (heref, t he l.i,t ude ,of. the 25
vi bration pa??ﬂg%&Fﬁéoécfﬁggéggﬁﬁcf@%sgsﬁlgﬁgdde ec?igﬁgﬁlgbﬁ%gﬁgggfgf.
Further, the Raxirigudgriyecltheodchuapit ddeusdd thea oethodrfat deteohibng wdef or ce
varies wth t # I Q3 i Rysadd enByJH i

vi bration paf?ﬁgkaﬁﬁg actﬁg%ﬁph%%%§§eforE?M%ﬁgﬁﬁ?ggﬁgﬁ53“%?%?H§§§%E§Q ion
part of the &% J&Bst SBARERT edhdhs 2FBUEHEC f HIRAAMREE  oRNE hdekeiting the

el ectronps i vednghuaptibR’ €ond it dres@nantiqdiedrneacyidsid fcpfta8det? #5492
frequency in _a resonance state_between the vibration part of . the actuator
and a medi umiPn ISoARBRLHIE? PRV BFYUtSorFNSarETUFEOBt M n FRE: rE dfaRce
frequency fs drdgswawet domaDhiizwned BSBhyf rErsdeeuBbr of06 hergguUMIeris a

o oot oM e QLS OB LS L DL 90 PR PRS TRELUT I sponance
actuator is Fig.72 JAN)2408 (B} slowoegaivalkernty cyvacudus odetlns aetuatisr 406h as
cell eot 99, BB S0 Q1 45161 pRepBELORED) 0 bk bR S0FeS) b ATsA0
t he wavef or mtie adtenaimuni @6 aedetts equivekentocéecwiewhen 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



5 the piezo-electric elenent and nediumare in a resonance state is
subjected to the Fourier transformati on and the nost dom nant frequezgy 0
conponent is identified, thereby the resonance frequency fs is judged. JllWeZ 03
frequency fmis a frequency when the adml2 ance 10 characteristic of a

medi umis maxi mum or the inpedance characteristic thereof is mninmum Wen

the resonance;fg et@BCyYo feovex wnedopéitnd nNeqayeacyidsprmectaisel ayst ight
error for the ._ resonance frequency fs due tq a dielectric |oss of a

medi um or a nRERRHISHRPN HHesSWHEAGRF1de gfnkhe v 1brpting hlede B/ &y 8RIVRRSE| of

15 tine to depiy& iR 1E9MQRCRDIeIURNG1dEs do v d ey fheguersyefapthache
measured, so that the frequency fmis generally used 1nstead of the

resonance freqa¥®icyl6Then, Reidn sidesout Pt uppet nelgstyassr trsginali gt to

the transm ssipleG ey, cbRfelCiniptihl 0 Cappdietdctdbaeast , thie aeeust i c
i npedance. 20 The experinment proves that there is little difference in the

resonance freglRHePdedEatmingl AP edeckEiRdlly o dngnyithetheptigsce

characteristig) &t d@dbsiMBla 86MHdEANGeyCEPEAGIRId 3 Gui el e8fadithged
measuring the frequency:fm and the nethod faor neasuring the resonance

frequency fs lB?tW%EF%/ NEPERee L5 taags £64 @ndctho RREREIT eIt rdE teidedd oy

the residual yédaahi QedtritBe1yidondec®n s twol the grddtddlectThe Ndyliration
area of the actuator 106 is the p 1 t he Vbbritln | at e
R b :

rt 76
Conet | utitng LHe 6 ERbeZIRSFERE oA B bFERI LoVt SloRreRTs 196 MRS <
sufficiently gopiatules: ipattheas8Oahi gpbdntial asaetion heespadtiwel§2 i Thieul |

of liquid and the vibration area is in ntact with the liquid jp t

7 qui - cont ai FEAPER Ve LOTHER RARES Thaoh G PPaCries & A AATEFehthy the
cont ai ned i n Wy i glectcnid al 6y, ande thdr dbwen alemtrsden IEnt fictmwat h a
liquid remaining in.the cavi in the liquid 35 container or in contact
with gas or PV r%ﬁcrgigf"ga%i%?ena%'l iquid. The actuator 106 of the present

i nventionsi s proTheedribrabindgepbate t1761613 SHarnmddatora Yliqqueutfiacet lod [thgui d
container re ggqi 55 a4 L8vhP {he LA 981 ar aa-9f1te @ctjdat or
106. The reasr%%l t rgrt%oplg'sbs? nd| t:tgt eqvbgl OW. ogepéngi ng on tﬁe %m%nt?{\gl

posi ti on or rERIMadNY hglrargrok kbe ydbyatord Pdathe 16 gﬁﬁwq:%tt&iemnlag

:!QU!S lrray lbel@ﬂthﬁd&ld;ﬁ@_é i53[gV!1tUlatirQntl'.1@é e@uﬁtﬁd\% actglat ?the é&mta_@ thef
I qul eve I.Nn e I qul on lner 1's 0 r an e mountin pasitiron O
the act uat or . (NG IRKESE T eER e dCe EFS BRI RITHCO othE PRETHEGR Y thyn

exi st enceoof thd igppodits sheevobriie quicym@leatkiquellemetier fabdso drhehe

vi bration ar of. the actuator. .di st urbs cl et.ection | Q of existence
of a liquid. m&s&g?%%n%s&d?h%nﬁﬁ%& ggﬁéﬁﬁﬁﬁsl ek g8 e ng
posi tion of tdmeneatn gapbact withheliqujdi.d Bonvabratringppkated@étis gttadhed
reciprocating. O CRfy | : 32P6qk ld W rWayes ldgui d is
adhered to thecm\}itﬂgr g'}l?%%i%?eeaﬁt t%g%ggt uat%r&gyS m s] ug eggt‘ﬁ??@ga ﬁléf& is
sufficiently kask anntbe isunfsee Féde Pt dbearHbptraterefbryennhim d igsivat y

desi gned;§0 asmtledsPrasigel vhaledRGiyetegtence of a liquid even if a liquid
remains there inversely is_positively installed, the actuator can be

prevent ed from n&PEUIRMEORICETEPS 11650 dS| RRfATHCOG QP ridie SYCkacsRE £he 20
Iilq]thi d level v ﬁ:inWlﬂl‘atwl'ﬂ@,t tumaerihdw,awhngaasﬁﬁfééey thtmggpbgKEetshae,

mal functi ons can. be prevented. .-Further, as.shown j.n Fig. E), ase
That there t SanetEgtid HoRtaill | wpif ¢ eatrBRnED SRt 40R Gentet iof foe

| i qui d cont aigiarcul erepast iwhidhe isaai hyid G2af dfhehecluaedreldfticiesdb6as a
threshol d_25 v e of exis ce of a |iqui | ¥, when. t.here, is.n

[ au d - af Bund ke SopEst Bed it abenthy 1 dhnol e O L 8aRRitar e ha

t he t hreshol dheabhnea dathéhectimxtulray pagesof e fbwer eleataddeklafdisvsen
there is a |iguj o .t Lauj dqin t i S

| arger than t%eé%]ﬁr%ebs%gﬁq%i?/%f S‘g,ght%eel g%?%? oéﬁgogéﬁgggelgqfhgﬁ‘ ?ﬁero tet%feg i nk.
For exanpl e, hanen tome @t umtmface0E ide nolinthd dawehe ededbrodé| 166, t libe

| i quid container. | P TVI o R By IN | I OH ' ' Lti.gn | ower
t han t he nour#tll%r%tg) %égé\%ﬁén 0 e%hel%gc{lga%grg%déghgég%%g%l}é Jscueg‘%% £ at%ﬂ?here
i's no inksandirculhe panpuittheraof hend it deobar adharhe opposngi nledlhicgher 35

t han the nounti.ng. L £,0,0 ct t ; Jayd t her e
is ink. V\henr(%oﬁggtlﬁg:"g ﬂ(ﬂ %a\g/gléjg%llg' sg?é%&eea '[B%I gﬁégslg?uvﬁgngfgﬁ% Jlkgtlgh%n t he
cavity is dripd¢zandlextiisiedertlfd is set so as to be smaller than the area



2 7 JAN 2003 19 actuator judges that there is no ink and even if ink is
adheredto the cavity again due to rocking of the carriage though the [nk in
the cavity is exhausted, the anpunt does not exceed the threshold val de/ANSB3
that the actuator can judge that there i93% no ink. Next, the operation and
principle for detecting the liquid condition in the quuid contai ner from

Lhe resonance,f ra@uspey; Pt weem 1MRAEHRIAR chBedDEAIIN AIELLEE Jde

actuator 106 measurenent of the counter electronotive force wll
expl ained 10 Cb%; the diomietigelecHiefte 16&-to 2. In the actuator 106, a voI t age

s impressed L0 hechaRRNeS! Red 088 4 58pdatbe dNBE HlcPELLAYSIRRric

respectively via the upper ctrode term nal | oner el ectrode
term nal 170.13%er(lé8y rike fippey ¢%€C§'erriéﬂﬁat1é@ Jr'-’n ftormesm leratt Rbe center

pi ezo-el egtrige Iﬁ)ée&lﬁéﬁ%eggr@xﬂﬁ YORCMmatn & tth@g@o% Rle LM depuer

el ectrode 166. The piezo- ctrlc ayer 160 1s orne |s electric

field. Wen to t@ﬁe@%@@ﬂﬁﬂ@lw CQB@%@ G’éftbrm Otthél’w Gihgt abeR Sfea of
the vibratingpl %ﬁ‘%cﬂ@xé }]§*a F Sctyddd 1"!‘54I itds Wy g @f er the

pi ezo-el ectric |ayer orrre the %en din bration 20 remains in
the vibrati orﬁ%ﬁbﬂrlterofthﬁneth%tii%ﬁdﬁ ofpsheTRRER ERg apdbpAt the ¢hrqylas

vibration of ghve \Wkak Bﬁlei)&félégtﬂl@elﬁijék'al@@ 2P 13 ethenaRd ndNarea

Therefore when the voltage to be inpressed the piezo-electric |ayer 160
is set té0a Jll SPNLIEFBLAT ot Sfudhe MW@FO?#?C"%IFRE‘Q d$6nance state 25 can

be easily Obt ai nqﬂebemee,n thieemyi R pRlrtos £ Perd edotefe@m@ma%&exeo/qlst age
| npression. The reS|d Vi bratg (r;l?%iséjrates t i}llggcqatlo% part _of %
actuat or 1086, Sts'fdlcttl’ﬁfe foeﬁ%a'od £ tri‘?é“"p&ce}ge M thea§ 'éFfﬂ%% Siae
fTher ef or ﬁ t eendpiveek- eli@etisy CtHea)tarJ_nlfﬁQrgeﬁﬁrﬁfj@&p;@htgbeécﬁfﬁ@é r péwtande
orce. The c nter30ec notj ve force. is de ted via t up

el ectrode 16 lhe[ &4 Ptc&%ojeo"‘ieé% eltq?trﬁﬁ?ﬁeﬁggreﬁ?r% @}%Lﬁ;ﬁzomg
and the llﬁ)vvereJﬂdcstcrUJcoljeyeJerlmOnahn bﬁ)effbetneennaiecfemedqama;twan b&he

identified b el ect . 1 e th l-qui d
state in the)éi :I}C;;:Sll % ? %sneorefc%lﬁggé }é 5&"8% era??o, %h ZD o%ance
frequency fs alecdrpedesdéd byancthethel Il@weﬁg elcﬁq’mrpde fl$6 -whiglf 2are the

*(MCact) 1~~)resp ecE‘?.(rgukn@lﬁ paths T%%nzgogng@zd%ﬂa@t§1€a§§em%’cn@‘.fc%fh‘és the
sum of |nertance Mact of thevibration part” and additional inertance M and

Cact i ndi cat @STEGHHE 1a9ﬁ:'e b% mensioned ARQie phhe piezo-electric element is
20 in contact with the vibrating plate 176. Among the circular part

of the upper electrode 164, the circular part of the piezo-

electric layer 160, the circular part of the lower electrode 166,

and the opening 161, the area of the opening 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



Fig. 1Cis a cross sectional view of the actuator 106 of this 5 enbodi nent
when no ink remains in the cavity. Fig. 2, (A) and (B) show equi val 2RptjAN 2003
circuits of the vibration part of the actuator 106 and the cavity 162 when
no ink remains in the cavity. Mact is a Jdl ue obtai ned by dividing the
product of the thickness and density of the vibration part by the area of

the 10 vibratsnpe Bﬂrttheaﬁﬂoﬂ‘HHﬁ)g gswteet 876 solds t6 RXGT @s3E¢a ytdhrieitle@wi ng
formala as shown_ in Fig A)..  Mact = zt + Mel ectrodel + Mel ectrode2 +

M/ib --- Fornkf Fhe PHP?Hl%leG edepipA vig the Au¥d-14BEH; FERFHRPF VT 8 n§™ he

product 15 oftﬂél%ttri@xctsaﬁa$ e URRY bYeffrddie tiraEaae! eobris favnrid 360 i n
the vibration part %V‘Ehe area of the pjezo-electric layer 160. Mel ectrodel

is a val ue obtlg n8Rrkaceyi §ideng trﬁ’epr‘@fﬂﬁ?t B9 it LkhesS £ El‘én?iety of

the upper sel Eéié&qelclaﬁiyl BohREctedr) kBB Pawér W ddiecleeacel e
el ectrode 164.  Melectrode2 is a 20 val ue obtai ned by dividing the pr oduct

of the thi ckriteStHadeqked ifytmeden FBREUILREE s B0 T a4 PleFRr SAest&d on

part by the ar8arof1eoheskowBats! eettdamitele Mfl Bohfiedt Yot Us alaaiupRdrby
di viding the roduct of the thickness and d I’ISI of he Vi ratl n Iate

176 in the vi GroRepte MRl hel ntBg vPPer 5‘?‘1@5
;“h brﬁtl ng pl aiﬁftle?c@ncucy@mrto %hé%@nl\%th@&ﬁébﬁ?éﬁé @tﬁltﬂteeplt 1%ic§lf€lté¢€trlc o

i ckness Si ation par [ ferable
n his ShoodiMen 16aend Tk don chReS B b st 1oMee is Bt madst aB ik dF 260,
t he upper el eﬁtﬂﬂdﬁli@&hathenlpvﬂe elppelrr electb6de anek tftmne htdlsi Qevalea of
the vibrati n%cta 176 3odhave g rrggnétu%e rghatl ons orerrent n%d t he
nmut ual differ “BEFne 8 tﬁgegré s &2 ATt e AT Ty T %Qr“ 1o .
enbodi nent |bemeenptlma@p§beoélreqtrbdydrs4166d thecuppee relectcodederiGdaland

the I ower el g %tgrm% ﬁ‘q‘gg w‘% |§n8rﬂe§r 5%5?5‘3‘2%15 Oow&r IIJ}_% &

circular parts Sart s t ereo M Nt
i gnored fbr tthe nabcmlpanseléntwdﬁol& isnushd a%teuata@pcllmerymmbars amie sum

of inertance gfe egﬁ@r%fléc@oaepm sh@ctthr oéﬁ%é@éleahﬁoagwmﬁhgitf@aﬂgréGG

t he 2 7 JAN 200 i1 ezo-electric and the vibration area of

t he vi brati nFonnsried- 1738' daked t8ipHr |aa?r§@et}6%c£tleiz§ edRpFYimdeysr 4R apdrt

formed by th%l%l@p@lﬁe% @e&ra@t&%e Idneak@\mrruelta@bawa&% bk Rfipported
pi ezo-el ectric I 0, and_the vclI r

ion.atea of. the vibratin ate
e Or o o aF R P iy SAECERINS T anied BREnERFLAY mitshobhe ©
vi brati omo pardanolbetdkﬁtaamtedaarm fih@ﬁhambzté}ethawﬁgeﬂ ézeancbdm mlmeami]mheal ent
circuits, di a Vi br i of the
act uat or IOG%&’BEQ ei%eﬁ (% ae%tag %e?e % , nglr?grt s‘f)ectl vely
i ndi cate conpl i afibe piezdreelddiriri ehcpant mdtme mmteb@c@mee pbfythel60,
the upper el %b&%?n&%laﬁé‘%?‘ﬁo‘ﬁhﬁbe%é gﬁc Z%Q@leéeglé '&&ﬁé}f@t 'r'%gtﬁlaat N

, _ 176. Cact is expréessed by Formula ated bel ow. 1/ Cact Cpzt) +
(1/ Cel ectrodéﬂl?ratml@aréi@t9%&@2)3¢0f§°€1?ft§ﬁ H)lbratera&tﬁailéys @yr bﬁﬁul as 2

ang 3, Fyg. Z.tl ﬁ.é\)pﬁé\féf R lendhgotate ﬂ\?mﬁlegs 2%c1]gd@ed Ihetﬁﬁhf’ﬁﬁﬁ@tﬁﬁ Caet
i ndi cates a volune_ for recei nedi eformatig pressure is
appl i ed to a23fi ‘fa%ﬁ-&?‘{)ﬁnghﬁ?&ﬁﬁﬁ?%?’faf}yé{‘?’?ua%ﬁ cyﬁﬁplé?ﬁécééléﬁ:oﬁay be
said to indi gakeiglebpnsdtingegeasiyness. carﬂb@ haﬂdlé@)easﬁdycatmt&heﬁ:fnﬁsé,
sectional vi ew of .t he act to uid.is suff nt ai ned
T the i qui BPEBE Fereadkh ok shEBRRERFe Jr ¥ R DRt v PR e e R
actuat or 25 thérasténistid is dmpdoveéd. rmbameﬂlyvmwhm Rile szre@x@)thl odi thées a
maxi mm y | u tiQn nc e y
cont ai ne d@1 gflﬁgt{cl qu gggo% aﬁhgkggéldj‘t h‘gn% {r";ngo {iﬁ]& éé% J|fo{rjif>’%art
of the actuatotud®éri k0§ utibrafteki god dthe\/lparraﬁ Dﬁ thdi aetwtas 1106I pbher
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.



30 M max - ( * p /(2¥k3))*(2*(2*k*a)3/(3* ))/( *az)Z Formula 4 where a
i ndicates a radius of the vibration part, p density of the medium andjm %03
wave- nunber. Forrmula 4 is held when the vibration area of the actuator

is acircle with a diameter 35 of a. Theladditional inertance M is a vaI ue
indicating that the nmass of the vibration part is apparently increased by

the action of a md'a{mﬂ\%ﬁalngofnt%@ﬁl@z@ﬁ@éb@@gcoﬁa&@% vigy,atipnjpart.
2 7 3A N 2003 22 Fornula 4 shows_ that greatly varies wi t'h the radius

2 of  the vi DIATSADARIEO HRA YaRd BEFRINALEELMRA LRy bEAENbARR JantheprBssed

by the foll owfMtonate 2itiha€d/ CrrzT) FOYMY aeddles¥hpigzdactedtidiccation a
resonance frequency of the vibration gart when it is not in contact with an

liquid and c YSidicRCedeaf aRGudEi @ BREEHLPE PhdEl® PRIEISH 1t/fe AEdiEm

Fig. 2, (D) shawwaleotding 8nicohiL ¢t a%mirk@ virprad ';ﬁ'éflé%&bl@ftd lage
actuator 106 and the cavity 162 shown in Fig. C when 10 a liquid. is

suf fi ci ent |y d¥hSamgenateride fqgihe 86’%@?#& e Ré6pas prremateriphe

vibration pards ahet Behaetaigd or7gL.06rbs m& lufer dBEbErode fw téhe Ber
i ndi cates a cross sectional view of the actuator 106 when th quid in the

liquid cont aii&CtredeohtinddrealaPeRe?eqtaods terpinat lddai ﬁp‘ﬁgtlbﬁ JGHELt he

vi bration pardieeftrbhe e&imatLr 137% at Bet@ic @i vd %lt@rfiﬁwl f'érlékatxﬁiﬁef;aw ty
162 of the actuator 06 Faqr_mul is a fornmu] a jndi cai maxi mum
mer CancOn TR ARATIRE FPNEm T SRR A DL LA Sk RO Eh (R SHCKRL

| i qui d cont ainegr bieSufsadil of liquid. On the ot her hand, when the |IC]UI d 20

[ he |iquid h
162. "and the I | qi8 BEBaKGTIGE SFEISETaT 35 meRtiophd e et beGepL
changed to aito a)coata:ammmpntalmg béignddcatred eaeanfpalel amscadbemopntedsS - - -

Fpr i a > 23: g&? §I ca ﬁ(}ll%age(?regn%q: Wg% ‘I Ed ES‘Q' k relj?{'%l ne% %Uépgl’

vi bration an es a e VI |on ar e ac
106. Wheh5t h@ppalbatts oor & apnteiaeri fot ecwtairangadl qéeammg IdquitdaZor

Therefore, t M follows Formula 4 when a liquid is
4 Aldhb! Snflcd MAHARER

sufficiently contai qU| “contai ner 30 and the periphery of the
vi bration part ofhehectuatar 061 chawd i Figs-| lduit. 2045t Reustadr ahaad,

menlthe Idl qlﬁr@dﬁﬁteﬁﬁﬂﬁéﬂgﬁdfaﬁﬂgn@ﬂﬁw&ﬂ ﬁﬂ&?ﬁﬁ?hﬂe.{: Q@Q@éﬂfﬂe%@gﬂ{. nd
e I qul ar. n e \lI ralonareao e Qq uat or I,S chanhge air
oo Voo B0 SoniE HpnaontARE: el B G EnCoPerAirY 61 Sherdiguids

shown in2d-i gcodrafhegr. t HReaddligoithlisiswifisieatly cdmtninkd in the dlqtilﬂ he
| gui 0. cont ABREaL SeONUTAARY 1 BS" Snd Sl b @Yd LREPLEE N8 STRAoE N
liquid. Ontheother hand, when the liquid of the liquid container
is consumed and the liguid level lowers below the actuator
mounting location, a condition that no liquid exists in the cavity
25 162 or a liquid remains only in the cavity 162 and air exists
outside thereof is generated. The actuator 106 detects at least
a difference in the acoustic impedance caused by this change in
the condition. Thereby, the actuvator 106 can detect whether a
liquid is sufficiently contained in the liquid container or a
30 fixed amount of liquid or more is consumed. Furthermore, the
actuator 106 can detect also the kind of liquid contained in the
liguid 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



2 7 JAN 2003 23 706, though a liquid remains in the cavity 162 of the
actuatorl106 is indicated by M cav for convenience so as to disti ngzilysﬂwit
fromthe additional inertance M max when the periphery of the vibrati 2003
part of the actuator 106 is full of liquildd. 5 Fig. 2, (F) shows an
equivalent circuit of the vibration part of the actuator 106 and the cavity

162 shown in cﬁta&ac%ertgtl&t@f\ éﬁattbﬂebdch&éét%ﬂﬂs%bd ¢OPt &kAMff1d,Sthe -
consunmed and there is no liquid remaining around the vi bration part of the

act uator 106, tHanSUGRSAOD| ghreuiene@hsbenuend. calihe ytuaswisaies seaqutsr
106. 10 Int ed%es 5 HRRAT GHBL &S t80PSE IR Gmt, r@)a{tﬁj@éj%gm&u'eﬂezﬁael .

the nmediumdensity p nedi um t hi ckness t in Formula 6. when l'1q
sufficiently %Wﬁéﬁeﬁ nthe ecunramtd fdeWiag nghrough the mediig. i £inthent act

wi th the yi br@a‘r&ﬂu@é‘i&nOélfé\ﬁ@cédt?tﬂ'ésl% f%ﬂ@d"\@@f‘r@nﬂ 'tEBJ't?he' $nedQbm,

sufficiently contained in the container, a liquid remains in the
cavity or gashengges.giq dreaseray c@ﬁﬁdﬂﬁaﬁmrﬁﬁ‘ 1355 V@ﬂﬁﬁﬁ?l@mrﬁéﬁﬁddm the

actuator 106.naH41em.t h%h‘ahﬁléédlﬁr eyad cﬂﬁ%eﬁﬁt gat %1%%?@ §1e§9{3§é'c§n39 apfet he
additional inertance int rocess of moving from max shown |n Fig 2,

(C) to M GERNSAGHALPA CFHIQUltZLnleaEe)ChaélgﬁsmﬁéHeﬁ%StﬁérmHelﬁ‘énﬁéd| um

20 thickness dnadreshanaest deReglehed BN dthenhitAu ke CRRYRINRI BY ¢ ANALl 88 1 N
the liquid contai'ner, so that the addl tional inertance M var is changed

and t he i@sor’n‘@%‘é@‘W?éqﬂ%ﬁWWﬁe@ aLse %‘I‘f&%&f’é‘&s ‘Fﬁépéﬁﬁrén ‘H}P |ad=€HFF#9| ng
t he resonancemfé;e@gu@acy fs, the existence of |iqui d |n the liquid cont ai ner

can be detecte 25 In this cas whe i S se in Fig. (B
Shd M ooy s oxBrBRtRt N FRER AdIe L] Arp RBRO i o0es n T AT HARET G5B 1 he
cavity folr t cg;t\eem cmnfg@sniﬂ ahéacbhstiollknpwagcesfcﬁmaqﬂmius%gmmgeg d/ S
--- Formul a

ned) d diff h
Giitorent 30 0O RE HRGPBT iR R B (4 hIPEBPRRECPR Cgots in
conposi tiibn, Te abeustiwe impgdidanomalf a Adghadcatvihe $igleanfed iagda meehod

Fesonance 11 auleagteqtana Pt 3RcERRNSE Tr Sy Shvi AL T thp 0iB0aE 8,
gr aphs i ndi c &g ofhthe eactiyadeshppdbbhoR dFeasi@ing FaRNERD LﬁﬂtECtlrﬁ’RlOtaﬁ@I

resonance fr eﬂﬁ%@vdad‘s%d%y %hwx@ﬁtahgm \Qﬁfrtat'lan%n\dllﬁltn@n:iﬁ\ theRabrafkomi | |
be expl ained as an_exanp ?gggo ﬁl‘ae ordinate axis indicates the
2

resonance fr &g&ncfe¥ §xam21? JW@ ‘F ¥helergRE v beaused i ndheat es

an i nk appuntpjesberléderidikel en@irosid iam eﬁexﬁamectoangetdmamﬁgduahnmunt
of ink reduceig he resonafrttce f

QUr 1 ai en |y SHERERSREEDTE ThiRel Ry RN Beendbit i Rhio T PPt 4P the
vi brati on ar edbghtibe wottuaf orhd @étusatduldndothenmggriiimdenwiE nume addntennal

i nertance M eq@éttamabﬁ,dé/aﬂotgeeé £ESS SRV RT3 8 %deOBftﬂ?e %gg%

when the ink I's consume I qul remal ns I'n t e cavit

peri phery of peE& \hrthe ocEtaderof tHheraforsy ors10the samibtlﬁllﬂel o ﬂh‘k 10

the addijs On%llbhsaéiéﬁ%‘?:t%f \@fe hét@@i&uhﬂbﬁéaéé@ntw Hé't:éc@tcﬁﬂbé@@m@@ﬁ S
of the nediumthickness t. " Formula 6_.is the thickness of the nmedi um

rel ating to PPBA8ET off urgge; héth%}é?f“i’% FHFLR MfsBagnitde ofgihe FORREREavi ty
162 of the aefieatesmdtBrd Foredu¢adies hatth Thet Heegubndy b€ theBresiduse

sufficient thi pafra%:lon 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



15 pro”ess that ink is gradually consuned can be detected (Fig. 2, (Q).
Here, t ink is assuned as an ink thickness relating to vibration and_t
ink-max is assuned as t ink in M max . For exanple, the actuator 108 7i 4N 2003
arranged on the bottomof the ink cartridde almost horizontally with the
ink level. Wien the ink is consunmed 20 and the ink | evel reaches the height
t ink- mai< or dce:md pﬁhﬁ)ﬁﬁitby a«atrdfat;sr db&ﬁm?ﬁ:im ilsﬁs\}lsl amhxﬂecfhgngeﬁlnaandr.di ng
to Fernmula 6 and the resonance freguency. fs is slo 1anged according to
Formia 1 Tratersien’ TG Sr S RarE obty U inen oS BELoR e Bes?
the actuat or vhfoesn fieigehcsesWindldingk ensyepénaitce’Steeqaendyonfshen
the vibration area of the actuator 106 is made | er or l.onger and

arr anged Ien&?ﬁﬁ&%g,resfi WBV%E‘P%{“@ i Ehe & %"rt(ﬁqlfﬁ’ttlb’et FHBo¥PEron of
ilnk |6\r/16|5dUQ:He0pﬁféko£@I§¢ml 1 id @memé'ﬂﬁraafd)?r\%ditéiﬂe?:mtiuﬁbof?é&ﬁaxﬁtaﬂsdeteCt

al so the process of slow consunption of _ink. For exanple, the actuator
106 i s ar I andScoBMISFEL FARRT PUb1eT fEaNRROBL agBd difroBpst dominant

per pendi cul arfireqguentpe ddipdneviel . idemenke fiiek, | xmoRpyNEcha@nd-dsbaanok

| evel reaches the vibratipon area of the actuator 106, the additional
inertance M TEGYEBEY o5° 11 JUWeevel |owers, so that the resonance
frequency 35 fs shewfiragueneqsen adsorai Mfyehaehoy muhenl. tiderafniteanse | ong
as the |{1§ | eyel ii within the ran ed.of the dianeter 2a (Fiﬁg\l. 2 gCé): of
the cavity 16237PRESEETUHT 0P 108 Howty APEREN 917 Y 2985998 he

i nk consunpt iclvarechdrisoic theeecfinsendhigtvman WierFihe réfoshows fideguency

rel ati onshi p Qet. he, .l i sqQn r f f the
vi bration parf{% H%eﬁﬁgéi ﬁ&ﬂ{gﬁ%%g%yt %@i&?z@g%fs 6% %?9‘5‘#@ ac gcgﬁ)érr % is'5
made suffi ci exesopasheal fxgguancyhés vilbe did endaebectfia Hosscoliar gredigs P nmade
sufficiently ] 0 Iteuati at ; (e} j eoknk
tank slowy raq@%%ﬁeg?%cnal& ?Egsi ﬁﬁ%ﬁg're%%g%gé #F L}%ggﬁ%ég‘ég a;chmééd\% B!rfati on
part chahfe #8@& {o deriye thedrescpsaceliregiencynigdizan the geequaneat fihe

process of shevwpepBasaPLl PBohdtkne 2RehBehS) el Bqbfefa LBFBsbAahsRehiqui d
and a gas different in densi t%qf rom each other coexi st around the vibration

area of the L&t 'thE FFPSARRNCHE EFHFID -at BeER o IEDLRE VIFPUALE RRe@steghetined
sl ow y, wi thieeisethput ebathagiansriilssdbnodiadwitd theeaytildiedt AV6lbanr ea
of the actuatgr 106, the l.jquid_reduces,.while the gas increases. For
exanpl e, \Aher?%ttﬁgga% AR Fgggrggé‘?\glé’&p%‘ic? Ssntally with the ink |evel
and t ink0is snaTheexpeaament proves, thak thedead s eibtlagifdevebeatirohhef the
actuator 106.i j a . o dl RET r Sl] ar f the
e Py e e B CRO Rt O A

vibration are 1 en the condition less than M
max i n For rrulla‘P@dﬁEC@xp%éétﬁylﬁﬁ%C ad@ft i ohal MESEBs OFY | niRIBAEtaase t he

fol |l owi ng f okidhacter Obt Al Aedrelt and médduriny theKfredudidy tinlanGStrei nk*t
ink/S =-- Fornuga 8 25 where M _air indicates inerta cz) of air and M ink

i ndi cat es i n@EEERAL MEARUL I FhE FHSoDaRse #eqa@ﬁlgwtﬁs NP HRE ARG es

i nk dens23y. cbuaterid¢baaionaghbeit hicdaesauséd dy thel aés ghdlo wibbagionn and
t ink indicat.es kness o% égk r el atf}u(n?ﬁ: to vibration. Anong the nedia

hhe t.hi o
relating to o FaE| H‘P%ﬁ o PEK H‘%r%ﬁ 4rea of the actuator 106, as
the |iquid reducEse anibraltdogasreaceasdes acthatorhk0aciaidther ph@6 pf theanged

al nost horiz i he-} Vi . LL ] .2as i 4
decreases.  TRAPEayind ke Tab Moddtitun ihotthe QARI I8 M indd by che
i ncreases sl opepinThe6kf ovient ke liigkidnbansufBimiantdy 86ntainkd imkthenk or

Formul s 51 oRTy L Re T e e ontrty T That ' Casey 2%%%%%?%‘&2?53'
so smal| as wvdbbatigmoreep is in contact with the liquid in the liqui
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 1iquid in the liquid container remains



2 7 JAN~Op,~ 26 for the liquid density is supposed. When the actuator 106
is arranged al nost perpendicularly to the ink |evel, anong the vibriéion
area of the actuator 106, an equivalent circuit (not shown in the d vﬁAﬁﬁwm
parallel with the 5 region where the nedil8mrelating to vibration of the
actuator 106 is only ink and the region where the nediumrelating to

vibration of ihemcihiBratidftarieh 9EsSthe amnsitder ed6 . Aaenkagsémerreaaf
the regi on where the nedi unirel ating to vibration of the actuator 106 is
only ink as S¥ MAESGEAPELYS: of the region where 1o the nedium rel ating

to vibration of tbe@eaaw te tia@@ncbtﬁnﬁrm'g}’pgﬁﬁtﬁ%l Sramdsunﬁm; babhevwnghe
formula i s obtained. h%/l air N!L plr*t air )
+ Sink/ ( p a}qﬁ%‘attoirnkﬁ? the 1%‘1’ Icgnéai‘%?ﬁulaa gq%d éﬂ&ﬁl ’P%d"1 ‘AR i s

hel d in the caMidatieh és‘.;eéf‘@f Q%Teuab@ﬁatdiOG th¥hgn th& 1isgpdiel mevel t:he t(h@Vl ty
of the actuator 106, Fornul a 9 are used for cal cul.ati 02
0

vi bration of ]twléict%télmﬁ &ﬁaﬁ@@ﬁrfFWtﬂee dl%?)‘i%ud?g {PQSHiEiRRX ©

geft h of rtehn%tcfﬂtﬂr::ﬁoef klwﬂen gh@lrﬁfdiﬁfa?:ﬁrv\béfedﬁ‘sl? e&ﬁ{sueh@é clbiiS aau ?nqp t he
ottom so € | hK resi a, ep IS SI1g shal Ler an
i nk- max, t he Pf 6X&85ERFROT AL v Eé‘%r%l“a]rﬂ{b?%é cPetléEPé adhegRd

vi bration changeBedfivrae ient avd0bfitheshepldtaxhangearbs priveisakieustibnf rom
t ink-max _to t]{1e r.e dual gegtgj,r it,is detected that the ink anount is
changed. 1fner ﬁeé‘l& B56oP% FHffged on the side and the diameter of 25

t he openi ng (caVFby)exaﬂnpirmI\bne:t bie\liilud ti evedhaadeweir tiven ahtuatumt ipgssi ng

through the, Renngy sevehy JIGEher o It itulg LGN bacdetect ot e

i nk anpunt e passi ng process For exa curve own I n
3A shows t he ths a“ecmpsm@thej wethon ef the c@mnmtgen akd thedligebhaayes,

frequency fs gfyt 31%%[1\6' l?JsataJd‘Pm%rBBr ko Ehéh Ke 10K 1L a SRl Gly ?85&' ar

vi bration area. uat'i on at the resonance frequency s of
t he vi brabi orinlria'lﬂdgéﬁaﬂg@t &t Loaald llﬁe%\hﬁé*ﬁtﬁi’etll}’nﬂoaﬁwds ip ble driauadd

after the inkdRughelrn tz*}rﬂefe&‘%rea%e@ﬁﬁfa%ﬂcgedé@igﬁémgowtglﬂécqfseﬁp
actuator is indicated. Fromthis, whether a 35 predeterm ned anobunt of ink

remai ns in t KeteRk EXiRtERRepRL Rt doTRLY FYER Fhbi1 it FRins; Shekep

bet ween t he |Jﬂk7€(i%@i5.yt% pbBktiveRy Inde&nréw tﬁz amdlarce&%wmﬁe ﬁﬂe&@u@eay fS
of the vi brateﬁ‘F t he curveY

S Jarre B oG Shac T
as the ink d en% BP‘e‘}i%%%s THE &&H“FHeF?%\ "E:Je“%c"r% ed" sé’f Fh
t he resohancd ifguddubrml wgvesdudben mm%tmmvmametyrmumylﬁef S

varies with té?ﬁ.s',n%aﬁﬂﬂctl&% ef 9 e iﬂ{ﬁresonance frequency fs is
a

nmeasur ed, at tine o rging o et her ink having different
density is mi xedFhnthen, Rs shewnt apn&lg I\?arndle anchaR thatk therecdft APni ng

a different Kij @[@;Lefmalfeqeaumcehesmé& aaaedn lp_l.d\@ffrthetlh. uearwnttla@meior
precisely detectin i qui.d condition he si ze an f orm of

cavity are sé-’tem?&ngh‘é’c thecaydd Yoenet ﬁge,qqztﬂzﬁgogal‘g & ys £65 ¥ at%eé@Pégt or

1. 06 eveps Wheialue of existence 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 ligquid
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 liquid 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



._the liquid container contains no liquid will be described in detail. If
the actuator 106 can detect the liquid condition when 15 the cavity 1;6 NiZ@
full of liquid, it can detect the liquid condition even when the cagit 1 @
is not full of liquid. The resonance frequency fs is a function of
inertance M The inertance Mis the sumof inertance Mact of the vibration

part and the addididngahlertipcente i LARTARNCOEN it Sliehalfthdied? O
the kiquid condition : e inertance M is a quantity show ng that the mass
of the vibrattertimmaaviityapgaiemiy timgockied of thee cegriiegeothaugtedibeém
existing int i o) f L ti - . , ol an
increase in tﬂlgk }?sgﬂgfégﬂg%i%bsr %?58#%‘?’[ ‘gly% glﬁggﬁ‘{én‘% y ao\s{:o?glé%(g@t e

medi um by vi bthrésholef veAse25syi thait ithe pattatdherast grslgenzbat Mhers diss
larger than M shown in Fornula 4, the nmedium apparently absorbing is
all a liquid remaining in the cavity 162. Therefore, it is the sane

condi tion as thatNexftentheecopduadiigncand apmicipdef Gpr dgtadtgumgdthe nlidisl
case, M does : shapge. 1 SR h n f gy iLher
changes . I\lan%:ﬁncplgtih(z%l I%gdl umlrlaaéidl %%n%%ﬁﬁlﬁr%g? @oﬁﬁ%o{es ng’l{;11 Eée%%érﬁe@r%r | er
than M max, ketverit 2 Bedihumfandthesvibrauiand paghanfeshe Aavtvatps Heq &t ed.

Therefore, tNgAGIUAO% gh%t i théie%féév&]ﬁed?&t'i%ufé&é‘é)wh ibgr"ei'tc difeaq

liquid container. 35 On t t and, n M cav 1s small an M max
shown i n 1for k¥ areferriagnei Tiaspddr &at By dPsbRei agtuatar 10§ui @ YWRAIH ng
in the cavityjdGa,38ds84StPhn@ ¥setBlleltkBEe ! 1diliada tKe Lol il tRe

container. In thisS case, M changes unlike the condition that the |iquid
container is %0 ITSSPECLAUPYY B4R (HIR UORETr BSBREIRIL fhedguidndy1£8 %ﬁg@s

Therefore, g hlao»aé:zlt @@éﬁfhrd&@ r’l\:@@'llﬂ_iﬁgl ecAo .t hen klleyt gi6 adily .D@lgl:elﬂe_i:gﬁeéi gaui d
cont ai ner. mel y, n the |iquid container contains. no.liquid and a
liquid renai n$*% np%/lﬁ'e %ﬁv?lf‘?/ R&Z%T&[%r&& Hﬁtyc?fr %@ r}ﬁ:@ @Hngi dPRATder
whi ch t hasactebiatrcbi@6l6dnapd aties dbyeded battvdde [16qui dheopdetooslectrtilvat M
cav is small han X. . The conditi . > . v, unde i t he
act uat or 106%&&%‘*‘& 1e%/c:) sggy %%{Oglglediob)% hg&llqu é:ornlg: tlf%lehlclﬂs imé{ge?\c ent  of
t he shape of pirzcemlieryrigZlayr 340 isdieformednudse vabrabther ageagof itde@ d in
al nost the - val 3 j 1 r&:1Er e
equal 1y M D A s ot et T ater TR0
can preci sel ythiePégroteettiif dayshdiad éF defirmmedexphefandiag wixaidion on

of the vebuNB-&faiiiae i8avhéyvibrat fH par@nBEerhasseiatdt heeradi us of the
opening 161 of the circular, ca

as d, the foll ovaﬁﬁ FerHinal i% Gﬁ@i{&!‘mgigsﬂfe%g&&r%ﬂgyggz%?w CawoglyléG:Z

When For nul a dddtd e fexpandethiatdye fod lamd npecwadidmon Therebbeée nedieratthe> 3*

/8 --- FornuL&%i%%ge to be impressed to the piezo-electric layer 160 is set
to a pulse waveform or a square waveform, the resonance state

25 can be easily obtained between the vibration part and the medium
after voltage impression. The residual vibration vibrates the
vibration part of the actuator 106, so that it also deforms the
piezo-electric layer 160. Therefore, the piezo-electric layer
160 generates counter electromotive force. The counter

30 electromotive force is detected via the upper electrode 164, the
lower electrode 166, the upper electrode terminal 168, and the
lower electrode terminal 170. The resonance frequency can be
identified by the counter electromotive force detected, so that
the liquid state in the liquid container can be detected.

35 Generally, the resonance frequency fs is expressed by the
following formula:

fs = 1/(2* *(M*Cact)'?) --- Formula 1



Formul as 10 and 11 are held only when the shape of the cavity 162 is
circular. Wien the formula of M max when the cavity 162 25 is notgi jANUg@r
is used and aZ in Fornula 10 is substituted for the area thereof, the

rel ationship of the width and length of phe cavity with the depth thereof
can be derived. Therefore, when the cavity 162 of the actuator 106 has the
diameter a of ! he, QRN BYstOly AR CORD duflor! BRCERURLY 104 8F WU ch
satisfy Formul a , even If the |qU|§ contal ner contains no liquid and
| i qui d renai Ndbiratide st tapdl 6ddit henal tingreantocMt aandidtasst ingécatefui d
condition fr . i : : itional inertance M affects the
acoustic irrpgggﬁgé%ét%%?g%r?tl}%,geégﬁﬁéft@?t may be said that the nethod
for 35 measuri ngFtpuidCeis @l exesasctiendbrievwgehahst ctuyatarhélactfubhiy 106

medance - BPotbIRR s SR e A T et T a2 106

gener at esvi br(&)ishoveenh ivedendotincaritsl abthe vabiratiénpestghtheaetiuator he

actuator 106 i dyale Vi j (S s M\ee/]gé i +1,S not

al ways necess%?)réyg{)]ﬁa%ﬁ%he V|t37r é??%h%grr%ogo@?%ﬁ\gg ﬁla_l?or 1odé7tlé:=y\s7es
vibration to a |Magh dithya i valuswohtiadmed iy ihivaddngyshei praduciNag®l the even
T the vibr akhoipald diabhs dP0% M ¥hel L RhAkEion (patDb! Effe LA BETcid L 2
liquid in contact wth it wthih a certain range, therghy the _

pi ezo- el BXt r vabrayeen pegt aadimane Hndeteibr AEdS SPressesi iushe ¥pblavirm

generates coyplfiid £ &Rkl QRDFiye $0rGe in the piezo-electric layer 160
and transfers the counter el ectronotive force to the upper electrode 164

and the | ower el¥R3% Gudriter Mectrgded tdfrliasterdsdy™ P& Hetect Earfidlthg
this phenonmepon. For exanple, in an ink jet recordi ng apparatus, using
vibration of the_periphery of the vibratiopn part. 15 of the actuator
Generat od by vi BPRENSR GBper Aol frovats AGLROTTbRY S e DTS ByedusF
scanni ng1of afpthetthiekdedsrantydensiity if thben tsmmudidlicerot 1dneen nkotank or
the ink condition.ther.ein my . be detected. F gs. _4A and 4B show a

easur | ng. et RBQ B TRE BACLAS: St Phsr I By hr AR 5 6 AVRE R0 Uat or
106 and the Mededuabdeld hisahi oalwd odtainbdavy nbividd ngctbatmrodi@s. ofhihe
vertical positik { L ev r i it t he
act uat or 106£|i1%8itert‘1e g % 8cda}éHtg rllltg cgé Eg% qu?% e(?ie)écgtgeféﬂ% Pgﬁéﬁgﬁb :vggt%fé&tn
frequency of PRRE Peditruaresi of ditheoNPRErePlederads Udtlor MAJEarTpAateds & 25
changes j tHga1aapbhtaitdfed Iy OSdiNY ahe PBodhbe eFdiAat @ehdxkSeddhkpt €S
vol t age of cgunter el ectronotive_force Gge]:%erate b%#em dual vibration of
the act uat or SEBELBhPT FBS IR ELEETERFS Li0%dB ok FBtieh Rard PEstRfual

vi brati on of akrbe afttlai Aowk@belastsddsvida Figsh A aandldld, obbeiney &fyor m of
an anal og signal 30 vaol t.a i e ty, . th i | 1S
converted togggﬁclhgrllq gfle\P%Ioﬁlggg@rﬁ%tg?)gﬁé%rggﬁsogﬁﬁgeg%glngl% r@%ﬁ%%%%&qdn t he
exanpl es shophate 1Fi6gsn tha wikkatibionbpartehyurthegreheo f the vidmation axea

enerate,fo l.s6: I, t f h f i
oot b il ool eSSy OLId D Riyafol! it RSt A B IBR chiaral

after vi br at fspméhetthdckaegs: slensdsy s ianed aermet dhegrlssls vgbrabicadeasni ned
reference voktage fried@rhBee! AV eHakt 886odiment that although the areas of

the piezo~electric layer 160, the upper electrode 164, the lower

a

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



2 7 JAN 2Q03 30 side to the high voltage side is counted. A digital signal

i smade hi gh between the 4th count and the 8th count and the tine frqryl HIQVEZUUS
4th count to the 8th count is neasured by a predeterm ned clock pul se

Fig. 4A shows the waveform when the ink RBével is positioned above the
nounting position |level of the actuator 106. On the other hand, Fig. 4B

shows the V\/a\ﬁ.ﬁé%bﬂb‘_l\_@@ﬂrl@@é?et%m? aﬂ&tmvtlbeaﬂmﬂtaﬁég POShEivibrheys .of
t he actuator 106. The conparison o 4A with Fi %2 4B shovvs that t

time from t h&lete toent ThE qqm&lﬁénsﬁr?a&éuh% GompRiigNCE O $hegpRiek toRmad: hat

in Fig. 4H g %merup@éﬁselbberéaéml%npmtme YouerCosnéctvdde1 86 h epgnt
varies with the exi stence of By of the dlfferencelntlrre the -

consunpt i on CGRFCrRSRCEY LG %EY@&&GQe ‘H&E’&‘? J4bratienigdgar of shaMibEAsiNghe
4th countgof Jiheeanakog waveform nmeans starting 15 measurenent after
stabilization of vibration of the actuator 106, Starting fromthe 4th count

is just an exanpFédardy (RAertiBe (RY - RPLSEN RAYGASR SAYIRBLGRT CHACHALS

case, a signylf themihatdbh FOMNbEtEhd B@tﬁ&hoﬁqlm;t ahg et eevedyargd hhe tine
fromthe 4th count to . the 8th count is neas ci.). %F‘Bgredet erm ned_ cl ock

pul se. 20 Thefebye e VALERhLHLEULFE q@FEy 1 RLLAR coplilanse&ietasi e
that the cl oglpRdlseni ?aastclaﬁkﬂné sacewadrtqoshe ctpsk, f aeleentrbakling a

sen conductor_ stora evi ce attached to, t - cartri . There js no
veat o Kns SrdeheStehe AN (3 ibnECRPRt USRIy HRRIEAES: ¢ TEnGE Bty theun

maK be rreasurv&dnratmogl part o5 Yhangiddh-dleetiiioe fayan thep At hh@ouppef? t he
8t count 1Is . ver aCCo in 0 e ClI It constltutLo or
Getecting t neERRERaRAp Ly BhE Bt Rl fofibd S bPe, Sl e nSPEe iy 8 ©
det ect ed. For176xarqdcn; isherptréssefidly Fproflank imsditaisrd ikeddwand t he peak

of the anpli tude Les_| k)i%(tr%Zts)t % hpfkﬁeﬂfe%t&% e?zt get '19’&51%1:%98?%%) the

time fromthe 4t count t cte théreby
r esonancds f r ddu€ndh) may- (Rowwlai Red. O, when the quality of ink is

unstabl e and theg j?%oﬁﬁmﬁ%l it ?gg yarg£8 9 eqhl)Yeah P £d f&lveddakesiqgt he

resi dual vibratioh etime fromthe 4th’count to the 12th count may be
detected. 35 Fur(?her i n anot her enbodi nent, the wave-nunber of the voltage

wavef or m of COU“’I’Eé ceinsmiél%@th&e ﬁrﬁ&@@té‘s taﬂz@l@n@&@@lq&&rémv&@\@ DAL OEm MBY
be counted ( hown jn the AN 2003 31 Al'so ttzy this

net hod, the Pélséﬁ ﬂ-‘E‘Ba*H‘Hh&’@ﬁé‘yP’c’ﬁﬁs‘g% &e‘ténpﬁ*flﬁs t%? it fs P EReer
vi brat i ozo of viibeadtonapart 10Gheacdingl iatcesiGral niay medeaidghof dhdacate

pr edet er m ne unt of crossing a predeterm ned reference
vol tage fro %FESIJPQ& I‘?aéJ'}%l %gm de to the high voltage side is counted. By

measuring the cofdid. 2bhéC)e>msltLeh’ceS@fcr<n‘-ﬁ(S cecthenddtemvwdf the ehénaber, the
conpar.i son of gkl theﬁAéMth:l'cg 1&%&@91’&&&@? L@ Rldd Uﬂ? Qlfxet "JJ§ Gg&mt er

el ectronotive force waveformis different ween a case that th
cartridge i sCPutLpingr fng thapPaRiPherhQE theay L aL jarkPakE of E’@%a%ﬁﬁ’é‘i’ﬁs no

i nk. Theseefonee by fEEasYEi Mipdie AP InaxugRovh irhm@qum,e(cﬁllerﬁleaﬁabwe
force vavef Oh@x%&gogélggt g;}fm ng agglrfosrgja nfr?elftraen ueencﬁlen a llquld is
sufficiently contained in the liquid container and the periphery
of the vibration part of the actuator 106 is full of liquid. M’
max is indicated as follows:
30 M' max = ( * 0 /(2*K’))*(2*(2*k*a)?/(3* ))/( *a’)? —--
Formula 4
where a indicates a radius of the vibration part, o0 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.



._ consunption condition of ink in the ink cartridge may be detected. Mre
in detail, for exanple, a reference voltage is set between 15 the E of
the counter electronotive force waveformshown in Fig. 4A and the 9:7; AN 2003
the counter electronotive force waveformghown in Fig. 4H Wen the
actuator 106 vibrates, and then a digital signal is nade high at a

predet er m nedrdrimiBa AN¥hJWe tBAHNE €makl §E44101PHaYe ek O TEn Whvet 8d £ 1:065€S
the reference 2 o voltage, the actuator 106 judges that there is no ink.
When t he courther vébsationopanie aner t8ewdors bi¥n @Mees not cross the reference
vol tage, the actugggofadéniniéges GBabxpheyfed by Rke FOEIGPOWE is the

expl anation of the "actuator” which is an exanple of a piezo-electric

devi ce and the dBtBctf offagt/Cof-rhEoPmuiaiSconsunption condition using it.

Next, an enbqgjcrentad ihRecHPEN AesSdriee BF8q®dndy8 RS ODbrafvGphe W | |
be explained. Fig. 5 i1s a perspective view shovmrglg the constitution that
q

S , Persp \ v Si NE. :
t he actuat or We® its1$ seikel coreFtarith as liawddand q apdiqakesBRFCOUSHAC s
nount ed at as@e%geb%gwggirgépqqyog@hothg mEM@.ner 30 (contai ner body) 1 of
the ink cartridge, shownin Fig. 10. The nodule 100 is structured so as to
detect at |east EhAndes(?hshREs AbEILIEISATeBARERE RLHS NRPERTIRD BATT
t hereby det e¢if the {fAIHERt 1 06 HEANEhé IcAviel 162 dHoami &nirid.he, cant ahesr 1.
The nodul e 100_of this enbodi nent. has a nou t.gorti n 10% for nmounting 35
the actualfor 21869039 (3 SUGHESIRRFLY CORTEIREHNED pdi] iLdAuEE 1°9 e #lfled so

as to nount aheoperTpHdfy oFnthe RtitFatthenasdtaiod tAdaaotidataretodyisardlive
signal on a s%bﬁltrat 102 havi ng an al nost T 7 JAN 2003 32 rectangul ar
surface. We®™t h&9hddul e 100 is nounted on the ink cartri dge, the actuator
| 06 of the nodul Bid0Q,i sEiisydsadesm azonstsdarilomalouidie d ff tloenaattiatde, so
that the act ar, 10 N pr o ted fr e l. .touch Th f the
colum 116 olr#%%;h"éh%" ? B%alsli%:ldi g lt:tg’%njgle }d?%?)ﬁﬁ%%ﬁ%algacgorﬁém ggsaleqc§gﬁgfgat
the tineldof risum iliguidtcendiningr axeinchshe ¥idmagdonnpatte oifnkhe actnatge.

vhen the out ShepeEhRR s Uiakis FIMANInSLRUSA Ry §6h00 S AchRat R Nave

a sealing structure e an-elastic _nenber, 1t can’be appro%l ate

l'i qui d-ti ght 16w FerIHdachrtap ifarmuly ipdicatping Bak HEUN LRETHBOAE iMHgmax
he. mount | g SPEass L e i BRSREF 6P, 67 Hiduplhy i chilapgent o
eyl i ndr | cal CSPREEERFE dnBbLtind LHaRidr PRt PEhAT IE < ubEhRALTRE. o
is an expd odad theWighodi cghtidigerons tdonstined, adnd hel i i deinaiddAnsthen in

9 6Za0ne RIS 160 gk udss e, APUNORY WD AP IR ool oSk Nen

plate 110, a eT Vi ng aving a concavi

Furt her nor e, acheabhodul0s 160chwarsgedad air gy a04aceunl, Ld4banibwe iadicated 106,
and a .film1Q8. ghijdwsPreferable that the plate 110 is fornmed froma
rust-proof material 20 such as stainless steel or stainless steel alloy. In
the colum 116 af'd td&t48bst+ dtaxrmd2 bmcl uded in the nount portion 101, an

openi ng 7514 {;fetOrtMBedadtat 88 £@ALBkNESSIHIOh HEIAn @1BeYAE td1@ibeatidhres
104a and 104b and t he concavi tgé113 is forned sQ as to house the actuator

106, the fil AP40B, IHFAYRS BPRaREed 19 thfe VIHTREL0R: dFeA RS itDS 6FRBATPH t he
plate 110 vi a0¢ hewhehmFO& idn@dtiba 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



plate 110 and the actuator 106 axe fixed to the nmount portion 101.
Therefore, the lead wres 104a and 104b, the actuator 106, the film 108,
and the plate 110 are attached integrally to the nount portion 10127SMNTI@@3
| ead wires 104a and 104b are respectivel y3joined to the upper el ectrode and
| ower el ectrode of the actuator 106, transfer a drive signal to the
pi ezo- el ectriggl a¥ﬁ6u%ﬁ”f 156A0ST Aéma Y gHathOfcdBI9N3BS ot IafIGREYa LSt eCt ed
by the actuator 106 ecordi ng apparatus. Thée actuator 106 vi brates
tenporarily dié3sstindigated by M gAVVECKCRUPNLPRER SO REALT ddmtiRguigad
wres 104a a t [ Aef UL Qr

3_ ¥4 AL é‘&dl‘ﬂl%fn%& RertdifAH: BS& W %‘P ag%&g%;&gg@goog

vi bration and génerates counter electronotive orce
33 vi bration.tha thhrétwmﬁoarﬁy odetbet agiguatinr 0lr 46 6hlby<€f elisfuidhe count er

el ectronogive f 0?5 Eﬂbwé *&‘?& éﬁﬁf}ﬂ%% &L RAPANGY &fHWEﬁQEﬂi 'gatO the

consunption condi t @ﬁou qui d qui d contal ner can ct ed.
The fil m 108 9fohhe quaa@rub%ran@oeh% ceyithel 0} shewni1tn §49as2t o Ejakker he

actuator | i quind- &hg@%d id the Pi@ﬁe 24 ln%a&ﬁe{f ﬂ ufnbb”h&@&t%é:eﬁ%yﬁé efin

and bond by thermal fusion. res 104a are
fornmed by coddﬁ@ﬂﬁv@lmﬁ;@gsamuﬁélt@ﬂ W&%ﬁ%oglhpﬂ-’*gﬂﬁ HIESQPW?&%OI’[ hebi 0

actuator (pi %%%U%heétﬂcﬁzl@e%ﬁ@inécﬁ P eSERPOLY Q‘%zb%ft{‘ﬁe | Rad MMok-e50d 044,
104b. The plate is circular and the opening 114 of the substrate . 102

s or molo oyl | ndFR ERHPYCATEt AR FRHFEECE0S CANFETRENT (1R NOBLER €ONGH hirn
rectangul arl y, eTéﬁe'rﬁ@&LM rdégsl‘eﬁ} ot B%a %&ﬁh%nl@ﬁneéé € 1% ol 188, and

the plate 110 e attached to the _su stra,te r epovabl e st at e.
The substrat &b fBZa tlﬁElﬂjééds\J\ﬁ’e%l%Y P add’cqﬁiaﬁ‘ﬁrthﬁ)élq‘f‘%clom:ﬁ?‘m and

the plate 1ZQh@rpl@flrdamleﬂq sypfvatt iviahl yh@bd%trathen(}ﬁltﬂ ak he acaﬁatdme

dule 10 O Furt f bst.r at t 106,
The 111 m 108108 SERRER il iForh 15 s b S LAY SPREREieh AT OMTL ax s
of the npzlul eohﬁﬁm&:h;e aaléqubd tereimpein nthel tdvaty tde gsalsberraat\mciaﬁﬂ is
f d | t f i At
B I T e

part of the é@guadoarm thet Aebugtonol & ILEZCDBSmdemd A:émesladmtiwa:l gs.
1A to 2, thelsa@ﬂsa{cel@_% 'tﬁefﬂc!?ééé B LS B ee%ﬁrm-l%xaeﬁomel& igugh, hol e

112 and the cavity Z62 form7an ink reservolT respectively. i s preferable

that the thi d&’r%e‘é%“ofcat"h%h%% Pith 25 (Ehuld éFS‘t’Iﬁ% asHa' éﬁaﬁnett}@rm%‘#l%e 30
through yel ethidkpesaistt Qs ashiredhadefdnaahgofon’ eshaluakoh 0. cEﬁtag:x

it is preferablg %hat thetg pt.h of, dthe through hol e I%l tuaI t Esr'o
than Z /3 of “PREI M AhetBr ielddiid ANREAHPGHgh SRol B3 2 %rl‘ st
ci rcul ar shapeesyames M 'calaralths uthaigped emdr aheaxes;omﬁnctehefrrmuieheylf)@ lSThe

The-cavity 183 CFRADBHF  TherSeoke, 1 Qo tb e FRR T r iR By e

the cavity 1 eri phery o roug
tapered or steppdg.exissenst@fel ndd i e higdid gsonheireyeanbgpletectedet om

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 =p*d/S --- Formula 7.
A medium which is a liquid different in the kind is different

30 in the density o0 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 fs



2 7 JAN 2003 34 of the container 1 so that the through hole 112 is 9;@@%@ﬁd
inward the container 1. Wien ink is consuned and i nk around the aczu

106 i s exhausted, the resonance frequency of the actuator 106 is changed
greatly, so that changes in the ink | evebgcan be 5 detected. Fig. 7 is a
per spective view show ng anot her enbodi nent of the nodule. In the nodule

400 of this epfofhdeiianddiQeehyiRg NOddin 405140 LRAIRY oty TNk

portion 401. mount portion a cylindrica m 403 1s forned
on a substr atcempgalhawn@ f@xed» alsnehse regiduel smouateo hilnk yeduaesocothers.

Furt her, the J:é‘gf r}%& ﬁSlh{; éﬁé‘é a plate el enment 406 erected on

t he colunn 4 a conc concavity 413 formed . _ on the

side of the pl at@l@h e:rﬁnnsmfmn&&ymrmam@@ is tHra dnfeeontriinendndf t he

| at I (0]
basi 1y 11T achEneet By od fe MRS S oE nd qieBrob0fas BuBf
cartridge. Fiod. i8ki sthe mqghmmecaqﬁertspeeh eexianes owineg tise tbenyalueati on

of the nodul t | e.1 00
chown i n Fi g XErerRad By Pobiyia 4. | bl ¥hs HTREaRl, Sin BhieTRAk. 55\ he
recei ving poncpngnmaesanﬂireelmm rema insohn A0e qaa@tnrhle@s,u@rsd the®exdpheryl t he
colum 403 ang the ¢HsEIvIdg a%ftbfntﬁ@%éﬁz%tfo'%e 1%%@ ﬁé@ ) & ‘é‘%%ﬁﬁd the

concavity - 413. The actuator 106 Is joine 10 fixed to the

concavi t 0 41%heTeRd Hpanad 40@15%1@1@9‘% |Mon‘é¢¥ y15n§§1FB£éIt%1 riaemuBaEmln nen404b,

the actuator ¢4@6pa808 & MR8 umPERi Sy t theth epd piiRe a4@43s ¢RED are
formed by - conductive nenbers_of relatively gh rigidity so that the

actuator (pi &préckness qfc tﬂé\ip%’)““léfélﬁﬁl%%ﬁﬁ’ow- HaE*}Ofihéol Ehgt Whedsthe4a, -
404b. 304{??];@&1%&3:3&9 cmlﬁglerﬂpegilcls@rttne &gel By ate 45]f0th§| ae@ﬁ@mu:laeda@d an
openi ng ormed .in e ate el enent IS regta ar ead wWres
oban nod 4045RaRRed nikads 18 306, StRETTT 1865 BRde mn birieal A nrashee
attachedis o phecesdsihaat en;tOfs |g|raa1uaenp\cabimmﬂaten bﬁleeaetued qFikQ62, t he
film408, an ate ass nter in 4_an are
arranged sym?re§|)| cg*elrf’ g cen %%x%g éﬁ[‘ C]?rpeps%r 5%%%%&? 9?

t he surface (vflerEl@pen'drwlmli-Amaﬁm aheumetﬂ e wink ensM ofiax heFoxr 2xamp 2003

35 act uat or %ﬂg c%]ﬂ?agdr] moéogs amﬁges cmacthe 6&(;*% BALh angad 2l-rpsh n%en the

central axis o e openin area of rough oIe 412 for
the center oﬁlﬂ‘ﬁét moétléolll’.\':éli% widhgehe ipkA aved -arderoEhe Hakokbe FPR§UBEd t he

cavity 5d62a0h the gk vatel ﬂ&@heﬁhﬁhé%fg&‘xtlﬁzlﬂf-ﬁ&@ oicié@é @HrokOenand

the through hole 412 forman i nk, reservoir resg ctively, E_ﬂ\‘r{er bl e
that the thi @RHE&EOHI1Gwe M) ¥RE 4% 051X Shane@eenaRCe ‘bﬁ ah?elFé’ Bta
t hr ough hol eaﬁaZtnedrészfnaewmke uéﬁéy tfs lis/ 310wlyeskamjed Imecd»tra&ﬁgeto of

t he through 1 2. l.nost, .GlLr

symetri cal ou‘t’f“fl ﬁé -ctlti’hrera%r ra>’<| S +’$‘¥ F'%g tlhje ul*f]él%}f)ﬁf H‘Teltﬁlg'rnl% %F?/n%? t he
section of thé thrbhghambhaatmzOrﬁaycabedeapeteellwlxstié@edlk cPheunptive 4 00
can be npunted.§ the bottom of the container 1 so that the through hole
412 is arrangea |n the container 1. The actuator 206 is arranged in the 15

contai ner 1 so d%hemn t&e Biabirakiamansar pEnthe @cduagrretff ok et hargey
changi ng theobelgﬂéeﬁfaﬁci"eaﬁ‘él?@bﬂaﬁ@nﬁ%ﬁﬁi afpipnale Beightnghgéde

actuator 106 when it is arrangéd in t ontainer 1, the setting of the
poi nt of ti nécﬁ?’r‘iiﬁkgé}%tégnp%l%@édlnk level due to ink consumption.

Therefore, the actuator 106 can detect also the process of slow
30 consumption of ink. For example, the actuator 106 is arranged
on the side wall of the ink cartridge almost perpendicularly to
the ink level. When the ink is consumed and the ink level reaches
the vibration area of the actuator 106, the additional inertance
M' reduces as the ink level lowers, so that the resonance frequency
35 fs slowly increases according to Formula 1. Therefore, so long
as the ink level is within the range of the diameter 2a (Fig.
2, (C)) of the cavity 162, the actuator 106 can slowly detect



Figs. 9A to 9C show still another enbodi nent of the nodule. 20 In the sane
way as with the nodule 100 shown in Fig. 5, a nodule 500 shown in Figs. 9A
to 9C includes a nmount portion 501 having a substrate 502 and a c@humn :
The nodul e 500 additionally has | ead wires 504a and 504b, the actuator 6,
a film508, and a plate 510. In the substrate 502 included in the nount

portion 25 5 éoggﬁ%&%}% ISnheEaEd, at the center so as to house the
& an

| ead- wi res 50 a concavity 513 is formed so as to house the
actuator 106, th&heiduns0d, skowh tinel by at3® Bhows e zelabionshiysbesweered to

2nd Soa. |Pha e 1R abRpk e afla dietonkies WP 19 1 HRE G ilrbeSoR 04
integral |y atreadhén the timé t@m&ntwlmr therca0Ly 162 (e tﬂr@dac‘eum 306t k$ s
embodi men{ térfan CQ&HE‘Il:ﬁth nazaghgﬂl&ﬂ toﬁ}ptlhc?Qﬁlho'}ﬁg%éﬁréfe(‘aabkytﬁé aE%%ES‘rO”

t he substrat aving an Square surface w round cor ner
actuat or 106 1i0$ asrm@uéﬁlch@nthndavgay%ﬂ@n@hl ¢the sigsathen diladdthe t he

top of the c t he
| ond vi ros SoFk Sheaffi £ ERpErC Ak LIGMPELYRRs hiite Bk aRizEbAhde ("G
relatively hufgh:quegcm tis soft e tv@@cttl@at @axtpi ehangs estodyderdrcele 106

I S supported reobgad wires 504a, 504b. The end of the nodul e 500 is

inclined and the actuator 106 5 is nmounted on the inclined surface thereof
Theref b e, whelorhelmegtipél 600 CREerBiAR EhedprAIREHOEL BhoWICONSYBPHLOR he

container 1, dihenRebnatO®betBid ilsNgldaBet R hNSiqdileaNg &t g&él'dﬁié%ﬁt on of
the container, 1. It is desirable to set the inclipation angle of the end of

the modul e 504 BEPSERN TAGBUEALD LB CI Rt AEORRD \H%&Pﬁﬁtb@n &ga of
detection Caml@ éatuaﬂaﬁ_ 06l uhe 83@0réTa BNt @dbeat ide. baktiom 0§ condamed t he

cont ai ner at t, ctua 6. i.s arra in the c ain 1. Wen

o o i S1euady i RS e rrdatibe o TSR ot The B atiom o
106 is at$ acheeat oft hbhecaptahter 1060 ttl’(mtlnlqullds rdidueet¢dwhbléeovhe dgadie top
si de, bottom&% or Si of th cont LN anlnc

he
other hand, AREACERE hoablB SEOMPLS noVATRACH PETREIT ohPr P hECEaNESt ner
1, it is prefn@mlzbatahhywu.hbtaetﬂmmeﬂ.wd‘s1atuacmmilteartm1;@nkammr 1 so

that 11 1s dih@Chesid QuRREiAlRd Pl AGIPEE L) 88rQded S 0BOMARR pdeh N an
ink and gas. Therefore, assuming the area of the vibration area

20 of the actuator 106 as S, when the condition less than M’ max
in Formula 4 is expressed by the additional masses of ink and
gas, the following formula is obtained.

M'=M' air + M' ink = 0 air*t air/S +0ink*t ink/S --- Formula
8,

25 where M' air indicates inertance of air and M' ink indicates
inertance of ink. pair indicates air density and ©ink indicates
ink density. t air indicates the thickness of air relating to
vibration and t ink indicates the thickness of ink relating to
vibration. Among the media relating to vibration around the

30 vibration area of the actuator 106, as the liquid reduces and
the gas increases, when the actuator 106 is arranged almost
horizontally with the ink level, t air increases and t ink
decreases. Thereby, M' var reduces slowly and the resonance
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



Since the actuator 106 is mounted on the inclined surface of the inclined
cylindrical end, the dianeter of the colum can be made small er th?? t hat
of the nodule 100 shown in Fig. 5 . Nanely, the nodule can be nade h}ANZUB.:}o
that it is also suited to nounting 25 of ,gn ink container having a narrow
nmounting place of the nodule. Furthernore, the dianmeter of the hole of the
nodul e m)untlg?o%f gcglrt of t ey I nk. 1g:ontsal neE3 g%n be made smaller. Therefore,
an ink leak c eré&@k}é %—?%Jl %05 §UBPRYSSs sectional view of the

nei ghbor hood of twheﬁmémblmmof Jtdﬁelsrﬂ«m@mi amom@epredmodmflylﬁm
shown in Fig. 5 .S unted to a f.hrou ole la of _t cont ai ner The
nodul e 10D i s ”ge‘é%l’aémeB IpEhe Y [J%Fggéﬂn %eaépée 13 S Phel Bomeli ner
1. At the | ur@qumllwtveﬂ‘cmhe (abdeshun inftlideraathg) r;mra]llaandwiﬂ:te tivedul e

100, O 365 d d h le 3 00 h
cont a?ger A n e If"’?‘ﬁgr?o% ?e’f‘ Jg?’gfsrgﬁ%f"ggltométvelt% ﬁﬁgng %13)% i algogol um

as expl ai ned 106 Fig.orfiysqrds dnd shel retiby Wwherd€- thagnSdium Wuamtujmg ¢nd of
t he nodul e 100..i s .i.nser 03 37 into_the container i,k in
the cont ai ner’PrE5HE2 ‘?%%g’&ﬁczcc}‘tat\ﬂrl\&hgeﬁg W ﬂ]ﬁtc&nsf‘égr ?a tn‘ﬁémf‘ﬁp%ff%ﬁ hol e
112 of the platea d:iOtheTInegliesa\nmmetmeemdaumyr@Iamesj duahbnalmanmf\tmb t he
actuator 106 varies.w .whet.her. of 5
t he actuator ﬁélaiecgr\é\w%]d‘ﬁl%m& gelg‘ %r%%%éfu#r}%{? 2on %I on of
i nk can he deﬂm:medimimgatthagnmmmraﬁmon dﬁwthdcha’almrtobfowme_snonlw @aSOO,

the nodule 4 i 0 w4 n Figs . 9Ato 9C or
nodul es 700A0ag;n§q%%8 g}ﬁg 9011 Wdlt’gaestr ?grQQG%%{%c i will be shown in
Figs. 11Ato 1lclvinxt ety telbek nMotint exk i=n St Akr £ ovdrmer ailr ard St fiek/ ( © ‘
exi stence of jfk g e_g_etﬁ%ﬁﬁ By use of the nodule 100 mentioned above,
it can be rermve&— ?romt e cor?t ainer 1. Therefore, the actuator 106 can
be appropri at el yFarfakhed 15 appliedovben fRmihdscbetdi Aorthe @yity @di ng

this, thesactypt getd8cabsbe RASH Imm%xﬁ@hadm Ehe. caw& SO Wheth GRS
sectional view of the ink contai ner when the_npdul elg:gxg& i,s mounted in the

cont ai ner 1. 49t EPEMaheSdl néfint anchd AbBurES o (@ tihpne of the
mount i ng structurke v1ﬂfm:1rmﬂbhfet1w(&d:mmtmum*sedh&x@géd’lefmﬁntné nigpth 8@ t hat

20 a nount portion 36 I 8 ed inta t.he ¢ t hr oIe
3701 o Tor med FRRENGR ont FRE SR S8 arata PRcST Iicrineied oo el (e
vi bration palactobtbhasaarnang)ed b6t bobppmsia €had télaachnlotrleendUFll Idetpéh a

hol e 382%%8 f%r 'edw %ﬁlglig%}%é/@ltl Hfio Jig, %@ug f +33¢ ok §GRLN NI

portion 363 i's uator i's arr so as to bl ock®one
end of the heqeéuseg cIRBPEf bee detgcted - i nFEemt élébrm'—ﬁ-ﬁnt rBange? aPfnghel at e

176 via the hekgasd2 &f élh.@g_?rte@ﬁhﬂbé‘é) P FehieOAnRE3naiet trhemt B ougindioke 370
of the nounti ngelpl ate 3 he haol e_ 382 of  the recejvin OI"[_I 0_3 363 and

the through FOFE SIS deR o dhdiSniEtRahe SRRt 35e
respecti vel ywhéhethe catdiiaigprpdist La@ﬂaﬁ@édaml tite sadeuahar tﬁ@ﬁiﬁn(etfelxxed by

h ' I 350 and _f f h
bort1on 550 SR CRERGER: arasrl) Tty SR, SERPEELO8 Bone ot el e
sealing str uebbuat@ﬁ@amnlgethmung&dtﬂnp apehasy iis narjarlnstltlsuchoalshaayritheti c

35 resin or r Fugth ]gggﬁ, g i ng

t he connecti on g$g¥1geu${]ect§ \#le%%l:t %Ellgo?ﬁrrl arﬂ: ‘Eg%t Bgﬁrn&lgﬂ'g&ggg

provi ded. ThEormiampleo0BharminvieeY cimvel ABrFig. 3A shows the relatlonshlp
between the ink amount, ink, and resonance frequency fs of the

30 vibration part in the ink tank in a small circular vibration area.
The situation that the ink and resonance frequency fs of the
vibration part change strongly between the ink amounts Q before
and after the ink level in the ink tank passes the mounting
position of the actuator is indicated. From this, whether a

35 predetermined amount of ink remains in the ink tank can be
detected.

Fig. 3B shows the relationship between the ink density, ink,



2 7 JAN 7003 38 1 shown in Fig. 11A are forned i ndependently with each
other. However, as shown in Fig. 11B, the receiving portion of the rfoty\ge 3
700B nmay be conposed of a part of the container 1. The nodul e 700B shown |rq
Fig. 11A does not require enbedding 5 of 2the | ead wires shown in Figs. 5 to
9C into the nodule. As a result, the nolding step is sinplified. Further,

the modul e 708% ¢agohenexc %@kcyn@sr@fy@rleedub&fatwh geiberss the thgvdop or

si de~of the container when the ink cartridge vibrates and ink dropping
fromthe top YorShﬁﬂﬂelZ@w the- cdet shawp incbhes 3By cohttde 1Rkt Heppsty

actuator 106,;{headetuatfae ]aQ@l’HEbSn&TF' iHBFtAREL TRUEN S es | Nsd NEnLDALHE

700B, since the nount portion is projected into the container 1, the ,
actuat or 106 Lfisonange ﬂ@ﬁ@mﬂ?nr%@}é:etso i Fanehbpphagesrpaneadreapensy si de

of the cogt aif%ervalrle%SgA‘Eﬁo'i:Hé”anokﬁﬁg enpadidRNe Shgwn 't'?xe':'x%soi]x&ﬁcet he

vibrating plate 176 and a part of mount 1 ng_pl ate 350 are mounted in the
contai ner 1 g‘@egn&ncwiéyl%mwmat shedrimef Heeayqiing oif ink, wbatheher 1.

By the |nsul athgiasnh SPFROSAM OferiieyVS0I ALY Bl atdn 1D ARdrERSnERUN NG

plate 350 Iike t p1 ezo-electri o elenent can be 1nsulated from
liquid in t h&2gEAY ai c’rlﬂésrlnic tgnkcEo¥ Rordeinangra e fierenitx kindyo & HaknrMt i ng

plate 350, omeygtiBeryhiftdpn part of the vibrating plate 176 can be
vi br at ed approprl ately. ' According to the enbodi nent shown in Fig. 11A

embeddi n§0 of 25 WE%tel Baer 68BI1B10R hOT o RYCRIFRLY 1685eC i, th®4&1q1wib
504aI tan?h50%n§mewmtuméﬂ Ghe 51f@fa9:§adlfﬁbtrﬁ %b&ﬁ@;&lﬁky&tyza_?@ts%tggw ﬂ@@l% As a
resu e nolding. step.is Si ifie r e nodu can be
exchanged and 10984 SamaEng, I TReLTRTAL Y 167 Gt Ce AT GRhon LBk ek
cont ai ner 30 thie amqeﬁr@wbmmﬁtnemmnttbenachualmjuiw&rilﬂ mw@bsdrnhecﬁhﬂx
cont ai ner | n t k cart f._the sho; n, Fi

protective mﬂ%@? 36f Eheataf:{é ﬁg%rﬁém @gﬁ ]11% ?3’9%?&“’%&?? he
act uat ori1306 théhewefibpel 62héspifalldcbifvdingaiater 136ﬂ:aandethet atheaflbguid6 are
not integrate o] ect the
actuator 106 Pg%t?%u %}g V%]Lgugfe}% é&ﬁ{%%%’f‘hl ggg86§?%r&rr€g %qthhe front
of the actuator tnmregoaanméef@qpﬁncmf%i@l@ mcrtxs:fn phcineareacadt. 1Thahe

actuator 106 1ne%thé£‘Nl %%%hé%mwfl%érmﬁc&'m %Eeeﬁé'ﬁﬂ@&%n @tht he
upper el ectrode 16 | ower, el ectrode 166, the vibrating plate 176, and

the mounti ngaﬁfja’il@'3 §§élt3f‘l’i%a1v|15‘fe§fcﬁﬁﬁeﬁ‘f at eThe §PPELRBrREY 6ﬁ ’{Gﬂé‘tte@p df the
mount i nz @l attBe3G@uadtdriE tioner Mlectidtnckad is f @iamti tynshdi@ing that

the mass of the vibration part is apparently increased by the
action of a medium existing in the neighborhood of the vibration
part. Namely, it means an increase in the mass of the vibration
part by apparently absorbing the medium by vibration of the
25 vibration part.
Therefore, when M' cav is larger than M' max shown in Formula
4, the medium apparently absorbing is all a liquid remaining in
the cavity 162. Therefore, it is the same condition as that when
the liquid container is full of liguid. 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 liquid

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



5 top of the vibrating plate 176. The piezo-electric layer 160 is forned on
the top of the |lower electrode 166 and the upper electrode 164 is ﬁ?rmﬁ?mn
the top of the piezo-electric |ayer 16D. Therefore, the main part of 1

pi ezo-el ectric layer 160 is forned so as280 be held by the main part of the
upper electrode to Z64 and the main part of the | ower electrode 166. The
circul ar paripntehhed. arnmg thesr@sRec M VehaRdes RaItikeOthe heoftd BZi@EkBEEF i C

| ayex 160, the upper electrode 164, and the |ower electrode 166, . forma
pi ezo- el ect r itdeelégamd . capeaigieszdsefekt (9% ldiident SPsthaf e giesorance

vi brating pl Fh@qhéfc TecRAFls el Bifd Fd o rel, e hclRa 8OH 108 aH QEebéORpBar T

of the vibrating pl a%’e 176 are the vibration part where the actuator

actual |y vi bldasdd sRRdikiugH RbPel3y0iq LI HE@L-n the nounting plate
350. Further, thRaphbipugihdiotie3Bnis EBREEINER dditSindenWal {qpfa the a
container 1. Therefore, ink is in contact with the vibrati n% plate 176 via
the hol e 380 l3@udf Lemainsniptperayiend ot R e sckr T £0873heCaddtaBlnt i ng

plate 350. Thegke! §h38R fhet e eRirail08" cadnapdet DelPradratthang 376ueh the

mounting plate 350 forman ink reservoir respectivel’y. According to the
enbodi ment  sKGRALEACR] 45 thefs Mt favadf L SR0ENAR YPr ekt elhPanRgtion
protective myrbgix 36k &% dhdér WRecRAHEAEStuEo1 906 éaxppgta@%@ﬂy fgeeBrt
contact with the_outside. The actuator 10% and the nopun |ng pl.ate 350 shown
in the ek&npl L hAE}§ CONdiLACRNIS PidePER SBtr%’%)l FLAPENCT HCRYAESr 106
havi ng the sulgstrate 178 shown in Figs. 1A to 1B. Fig. 11C shows an
enbodi ment having, the mol ded structure 600 30 including, the actuator. 106.
This embodi ment HscSsY MAHGRIES BEFHAURE 008 B2 8 FHULS N AUTErIFE The
nol ded strucisame §0Quinasashehattofit the 166vand B2l diheyeafart, 3G4omThhe
actuator 106, ,di r 6 re. |y f d .Ng
part 364 s TOERSatErER SPR B Covio fndicoledfh e FHAHE cpd BELTRLEL DR
mol di ng bart 1864canspred isad ywere@ds Thendideid rndidlidnngapdve expressefior ned
SO0 as to havet 4 b at fix
t he nol di ng %gr \tgﬂgéﬁgg%g&% ﬁgéf %%%t X??\%ﬁé‘dﬁg %H%)?ﬁk’ggggﬁgg 1%{%%%§§3n??8ht ly,
the ends of PREUMHBI| B Xiditige ofiotiae RPPUMT 361 afetherrsrular cavity
sem spheri cahlky.asTh@ndDiKE A8pLIRbE t3RAcd 8 tyDLeE 8 d 0thd €0t 2Bh#hgebrhuse t hat
t he actuator 106 |% projected into the container 1 and the vibration part
of the actuat8r €68 comes 5 in contact with ink in the container 1. The
upper elggtrode M Gdax then i L£208- el eddrimmllaayer, 160, and the | ower el ectrode
166 of the agtuator 106 ate_prot d. from. . he, ml di n rt 4. The
nol ded str uc%’?g F%’(ﬂmg oﬁ‘ﬁlls v xﬁagaéﬁ16%80%1%%&8%%0?%@5&&I r?g’%ét‘P%cgt ure
372 between t he abtd dt iyt P& +-36Hoxmula Hd 10 container 1, so that ink hardly
| eaks fromthe c i . deck C 0y g

ﬁéd %:ﬂll%%r Pl]é arfdi 1 gl héii’!? {)Eigﬁz > hid é}%!f)ﬁ‘ei 8O0 A cHQFuéy

proj ect ed outwar romthe container actuator 106 is protecte

from cont act 162t }F circHéaput thge. thendpriHea| ok M ¥ ivilhgd thereavddy 16X is

adhered i the AGP QAirctilde D usB& £HANt AF RGN FéradTa i MK 16" SPPIG e ¥dRe top
15 or side of the container touches the_actuator 106, .thereby the

1 { y
act uat or 106 h8y2he? rraSOdn. th ¥R RRSEGPs OF uERE r BiEh anchd englhi ?F part
36|4fi S proj eghédciﬁia’@y t\iiﬁ:m(t]lchtaaiiépiri]h I heaedfhathnt bef astiwédr 106 will not
mal function by i r in romthe t Si of _the contgjner 1 .20
Fro. 15 shows’ artiSAeR8s Oheh, i FRYERFEn S of "enathERFTY oS Pract o of
thi s enbodi mahameddur ea ednchetopeningt 165 aan ekanpdptinid af end aragddyvi €dv of
t he openj ng of.Lhe i structure sh i naFi A nd. 11H .. A
through Yot e DN ST AR T S 38 S o et A, Bk 10 nas
a vibrating pbatimwidi amd a Rbgypideremelirstin dchel eaenty 7862, Xde dottaeor
vi brating pl c t i . hecr i\ rtion 363
so that the glégz%gneld-le-c%ﬁckgge%%‘?ﬁgfqﬁlgfl%%gs??EEt%ftrﬁéﬂ%%g’gﬁgﬁol e 2c
via the vibrati ritheladdét fonahdnerdabserit effectFhtheidgaustig pinpedande can
be el asti cal [E?ﬂ d Jd.s k- r.esi T i h | at e
71 is not | ilfrlﬂ?g%é?% |l§qdrggvmer?%:% 'Ilﬁte "?rdéﬁ%? nsgﬁ‘sec% ?@é&u?‘gﬁ%&?ﬁ%{eoézoﬁ%%sed
of a par3s of measunind cofintér edestapmetive forshoyendratRidyin the; asbuater t he
t hrough hol e Y r [,0qt .0 (o) i anpl it ude
and frequenc%/ggfb)gg:u}{]e?g;&gpgg%r‘g%) i Ve f ]él'etgggg§5£%gin%%g-‘t ;célaéggfhg}?r%%#dual
vi brati on of actestpiczepeidascei c el enent 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



Z 7 JAN 2003 41 position opposite to the actuator 650 and a m ninum fixed
amountof ink is reserved in the through hole 2c. Therefore, when tQQJANZM}
vi bration characteristic of the actuator 650 defined by the ink anount
reserved in the through hole 2c is nmeasuped beforehand, 5 the ink end of
the container 1 can be detected surely. Figs. 13A to 13C show ot her

enbodi ments of t REcbRI MY A8 L embboB iERE; LR\ aé@lfatcﬁcnqo%?’%en%@ﬁjaes

drawrng on the left inditates a condition that there is no ink
t hrough hol e Vibragdonaand §hahi eRITSELt fbeciamotiive fares g&“@éﬁ&?@l@nth‘ﬁat

there is to 'ar&u*étﬁges OF?%H@rEE?dﬁzﬁr %abala%ﬁ i&Cmed il eBRdjdreNt L Shown

in Fig. 12, both si the th rou? 2c are forned as perpendicul ar
wal | s. I n Fidgis BGA akwaysspaeessarpt 1ﬁﬁet1’é€hlvébg’ﬁt10n heAt 2€ the aghhRAERE in

the vertigal g g&%m 3id28bat990 13001808788 0U A/ raBof By ol 3Bive

di fferent Ievel arts 2e an are n the si hr ough hol e
2c. The diff érigmall.ev¥pmeby @¥erpoki tilmetihuadhion paxtdditsehfindppe not

di fferent |evgl,Rgel 2€ matt'egnﬁgg@ﬂlé%wwﬂtﬂ K D qui3Cint B@nmtowtahhs?{e 2c
has a slit 2g extending in the direction of easy ejectlon of 1 nk K, that

is, in the diwidhinon csrtadn FOIoelihpbeby LhenbhfzoTeIggtricglayep 168pthdi ng
on each Shap%éﬁft bhe §bfoHRdy holrRigoradiomwall Bibk8€ion %é&tﬂe%ccohheeamunt

of ink Kin the ink reservoir can be reduced. Therefore cav exgl ai ned

in Figs 101aAedsgtropahive fRyae ke B*e%q’mﬁ%%trﬁﬁxlays’%? l%f’mtﬂﬁéa\?‘r" £&%i on
gh?][ act e[ I fst |&e?50%1ﬁﬁe};}ﬁ¢él%ﬁ:@bx&1@ﬁ@vétfdﬂ%@ tb n’en@fuppélf teméc@fcsué)q 64BERd
ifferen romtha n in inaprin nmynt re

contai ner 1. Pfel8YEF £ elqoﬁé"ofiﬁkléﬁd E'gﬁ{') ‘a’&?&&@& PRy, ?et?ﬁé\eg
mount i ng str wetinge thay bnemmﬁed Ebraepan;bléu‘ imeanaink dlett receoding ner 1
as shown in FEi 1 so.t hat. r hol e be fornmed_ in. the |1 of
the cont ai nerEparstes igshd Uipk Aol Ble R ReBYy 3 VEPrrid ot
enbodi ment s oif *ilttead:tl:uan;ghgétmmt&d by Asbsdtoiam bYI tﬁiegsec.inréﬂatdmgmﬁ:tmﬂne

pl ane shape A idq d not
have: negat i ve ot heSPLrSHIR Y bR RE L R AR RORE B 8 AR il 688 T

may be an oprcioddatienaple BiclHnkstankiex e aLDQFSCPQé!—'Qh@P gtheyiein may apg| e
The through hekecgegis forned in the receiving portion 363. However, the
nounting structure may be c%"néposed of a part of the wall of the cont ainer 1
as shown in 2 Figsn4208nd A5 ghgw iﬂ‘?asé’&lf‘ﬁa'{‘e?fl‘féj fRrobl® HieforByobe
fork med l:moéI th‘ﬂ@Htx\?]DfVﬁbhﬁt@mTo@ﬂ&Ea&tuEt@r 1mﬁlaﬁmomo7 eﬂ:&siﬂﬁ@ﬂwﬁblﬁhtﬂﬁn an
ink cartridge_to _whi.ch.t.he pounting,str an_act uat or
attached and 5% SF N 4G %ralﬁtﬁ%tgﬁpg&a he v Czi‘lj1 POS HFIHRE the
cartri dges adekmbewekrdidmo thekmpantlm@cpahmtgoapﬂavaiuefhmﬂ rgtaapbur 206ty of
ink inlets 1 0 I eshe |
cartridges 13& ﬁ?%elggﬁ?%@t{?% %§n i éé?‘tg@? ggggi%%‘%%tlél n dﬁf;r*gé‘r?%llrll

ki nds, for ef&nphe, regiduerlentibyaitdes aftenkthemetatay rld$p¥dbrate®®X ons

of the P gur aEhEMgé’é nﬁ{‘ﬁhéaeﬁﬁﬁl'l%%% 18.’&1 F‘i &, MUALhENMEB SEBHC&Mﬁx%t%OZxI@V' ng
actuators which are neans for detecting af | east acousti c i npedance are

instal | ed. WiBAlgates VOWﬁt PHgCRLRY Flectaenaiine sfrrre gansrated Y ached
to each ink eas iat&iyeub&atlbheof afiedeatuat®dnto@fandnkhé rtxtah@\ﬂelilsecﬁiié i dge

15 180 can be_detected., Fig is ap p ve, vi e an e di ment
of an ink caF‘Pai“a%‘%estml nllari'gtgep‘f?ﬁlaﬂ?%aﬁyvb TRTHR O\gf tF ggg‘l ewed
fromthe backs shewmtiai Fdigs8 4A alndnu;a,d thet aat’Bfeemi ok arhrmia&bg ngﬁé)l and
11 by p titlgn | nk f.eed ports d 2 0.14 are forned in t

respect it i Rk CRHMASS &S 99B°THES ot?’%ﬁ% % SOANERRY RLFY ﬁ?ecf’m(e?ﬁ%%ers
9, 10, and 1lto avdidite] staluet goesedpondifg andthé sigmahcineuensyare
attached so as tect t sunpt i on. condi,tig i.nk caont ai.ned i each
i chanber . i ViRt SratRied R p BLGEy A B8Rt 2RO APE e s

tJ.me 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 not limted to 3. The kind of ink contained in each ink chanber may be

different fromeach other or may be the same. Figs . 17A to 17C sh@y diAN 2003
further enbodi ment of the ink cartridge 180. Fig. 17A is a cross sectional

view of an ink cartridge 180C, and Fig. BOB is an enlarged cross sectional

view of a side wall 30 194b of the ink cartridge 180C shown in Fig. 17A,

and Fig. 17C sy ﬂbertﬁeeﬁidt;w%\m&\gefg%tm doudRedt, hey %qulté\l@i{j}idlnqs
strueture 700 is attached he 1I'nk cartridge 180C. The nounting structure

700 has a ci rieade N@hr bebueen Aheedthrritnt Gndsthealfeh et andrhe pdme
actuator 106 £ in tRETRY Sfudd1EoSHEe Gl EGHAE l@ﬁéys&%cﬁﬂg ﬁeémm@dﬁ gs.

17B and 17C, e sem conductor storage means 7 is forne ove the circuit
board 610 andclamk Futlggtor 106 is formed under the seniconductor storage

means 7 og the S%*Igje d41¥ sho%f%NtﬁQ%v@%oﬁnr&Néﬁ t@l%aigkq]&felAlg?%bﬁﬁ%%%ad

0-ring 614 is no to theside wall 194b so as to encl ose peri phery
of the actuatahovieghegrounleing dosigirn1betel oththeapetyatar dAG-kidy thert s

616 for joi m&&lém%aﬁar C#ics heatdofd O e w%%e'f%mcﬁﬁ'éﬁ'ﬁ}f‘ére' %4 ﬁ‘éelrﬁc bar med.
When the circuit board Is joined_to the ink container 194 b

caul ki ng part*’sh%meuaﬁéln‘ﬂ W@Sh*éh%tléw&&r‘éff Ghrel FMGLwRLey 306, e?@@@%@ﬁrﬁpnt he

circuit boardoﬁlfq,g LhR widy %tl'gontlﬁaéﬁovﬂi the erbUeifd R €R8 SR MMAL
contact with ink and the outside and inside of the ink cartridge are kept

l'i qui d-t fght .t &%éﬁhef-‘?}’r@déf‘e?#ﬂné@ &8ntaRIeY thary Shatdin Fighe4Bi ddMwal |
194b and the eHdKiwBOdPAhe Bilfe From thé 4thheotmt o aﬁesettrwebuﬁe v&dQd eBavi ng
the circuit board 610 can be a%acgﬁt‘a at a pre%ter Jposition_ and
connecti on of V¥t FPRAXSSELBCRA T AN | PYLRSYELC f&F@Pcﬁﬂd’ EiPec bRy of
the ﬁCt uat or cxgmda@taahrmﬁdimubnacbf 15kergam bpr%@ﬂ@ﬂ%L tsn;]msdm@?'p@@duml y.

In the sem conduct S a ans, 7..and_in.the_nei orhood o

sem conductorfs%réb% hggn% ne Fé? Hg?‘ggGYEVS?SWOPF@&S ‘ﬁ%"@r%ép% nal s
612 trangber Imeaa@emlenbetﬁNeersttatbe.lsLeafa:ondlicsudcrraan@magétheanstuatand016he
out st de such fulfg) Boh Whnd SERICNR. 205 AAPALAENSne IS ERECERRIELY! |

st orage nean be conpose a rewr Ie sem ctor nenory
as EEPROM S|hﬂ:e‘-oun§e@efﬂqmﬁduc¢wnts-t omgléu;?e&%e? arﬁjlcm@é frowmaths 41D6 are

formed on thegRgReL§iheUstn BOGHE ﬁl@et@étéd”'ﬁn&'% QImé‘théﬁWH%Q&H%oﬁﬁTtuat or
106 and the sem conductor storage neans, 7, only a single 25 attaching step

may be requi réy. %@FHeFouPEel%ﬂé?%ﬁqrrﬁﬁl deﬁ é’FeF‘ﬁE"Wh%e%fC]i%ﬁ%ﬂéﬁﬁre and
recycl e ob timdralysatlie irdgendfee mqulmc§lrmldlofuae_dedl.:ur1tmgé pidferababer of

parts is redyced 39 L0ALLAG B AHURILG08E QfudDerd W Ankich 98,1 80C

controlling a semiconductor storage device attached to the ink
cartridge. There is no need to measure the time up to the 8th
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 guality 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
guality 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).



30 The actuator 106 detects the consunption condition of ink in the ink
contai ner 194. The sem conductor storage neans 7 stores ink informgtja
such as the residual ampbunt of ink detected by the actuator 106. @rjep&“ 2003
the sem conductor storage neans 7 storesszignformation concerning the
characteristic paraneters such 35 as the characteristics of the ink and ink

cartridge. T enl u t g 7 r . quency
when- the | i AasRe Y rar rhgciady ShEOEsTiRtRe pEL Gy Kin £R TSRy
JAN 2003 44 194 Mereé iihldetadilt, hefiver, v osrathen ok the asthiatsteld)6 ,t ddtigitalt he

ink in the ink container, 194 is.cons [ eri_sti ter. The
resonance f rgﬁgﬁiylwet ﬁégb rﬁ?crcgn?u%%a%gfeﬁ@ﬁl%?zp%ﬁé (‘#‘di ﬁ&é’g};o%[’?;%egf nk is
exhaust ed mayrbesihgregretienethindd referemtaivoétage fmomthe low vhétagk | et
recordi ng_appar.atus,first. Further .the_r pance f requenc. n _the, ink
cont ai ner> 19543 F%Ff’e@gpn‘ko%tragteh%lcienks iC§%§>¥%§UstBé’dﬁ%ﬁsﬁp’ﬁ%1¥@g? 8%“ %it i ng
manuf act ur i nghef ekhetenke cohtiamknean| Bd. détertregisonance frequency when the

i nk container 194 | | _of .ink Nk g s..exhays 1.0, j s ,St in

t he sem conduct oﬁug ogrfg'tgoé:erfeéchg 98%%%%&%’e nang, i%ﬁd ?ﬁe‘sﬁg% aIol ’ #%sghgﬁsée
frequency i s the&dthy anpd itnkej] ef thec opdinter lEatatnetivdeforde walygform

vari ations at; t j f tLO resi.d t: Ofc. .hnk_gan be
corrected, sr(}st Eggk%?g%gnb e e%?’e(%i g%%/ % e getc{t?leedgﬁha?g%wg{? sildc’uaff'ﬂgn%gnt of
i nk is reducéakl®dnd s adse thaterbadakeduieidgegcom@ing ro dnkss Therefornal view
of the essent [ haKuhEtof a5 db P iR e R0l
cartridge hamgegg%%ﬁ{'i%e %?IP Eggﬂég o.f A cargr Pg6293é%één%&\sﬁfr{¥a: 1[\;/&: Eogﬁé
forth in thevaveferprorwidthate fbEaknbRg a thecorgFapapaperftRENEnCyUb- Fadk

unit 20 33 -cén‘sﬁﬁﬁﬁ%ﬁggfﬁ%@i&%oif_siﬂk“ﬁli £hé aGkUh e dyRtffrbelietBereab- t ank

unit 33. An ink feed needle 32 is installed on the ink cartridge nounting

surface si deMoretHe datgidanforfempie, | ICAETEBRE I HGRIE £8rSHoRFAVRFRg
ink, an ink teedppsktol {1 Rongtwkt &léderdndit iveedonee dhavéeformhehbaoisli ng
opParatus | peg LAk ST ARSI M R AVPEhE L b ot Fom
val ve body 6shdhr packiqg 48. swhemuilte tacghbkyprcbhfecilmchties t aadi thkefed
al vays connobtos oy cEtvid 1 plee] B98hCHP0s MR e TG, alla PEY, 1) ©
f eed needl e 8Runternedectyomehioves afgxce odyvelomn prrasees bhehaeifakenerd
needl e 32 SOy83+h0e ORER hBLudtr bW RAYdS aRdeitterdd ik GaRL aiih dnés fed
to the recording head 31 via the ink  feed port 2 and the ink feed needl e
32. 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 "actuwatoxr" 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



35 The carriage 30 noving back and forth in the direction of the mnprAanﬂ
recordi ng paper has the sub-tank unit 33 and the recording head 31
installed on the bottom of the sub-tank unit 2 7 JAN 2003 45 33. The i nk
feed needle 32 is installed on the ink cgptridge nounting surface side of
the sub-tank unit 33. A nmounting structure with a piezo-electric device
mount ed may he. 4l %ﬁ:@gﬁsﬁ s 42 . SYidrARke HbRA A3 0b0i 4 YU LERKOS NI 24R-
Since the sub-ta etects the consunption condition of ink after
the ink of tlantyidgestthelgetigtexhdlespédthe modudr Lo tisi dgepesed 5@ as

exchanged at n%dﬁ;mtegbé? L Q¥enkd £1Un Phestage: scF%%eaﬁ@ra%ftu%eogaf@s (B be

det ecti on of e consunption condition of surer, a nounting structure
havi ng a pi em@le@@em ﬁ@eek‘@:%rmﬁa]yt@‘écmtﬁbﬁ@ﬁ%oéet@ﬁ q:@h@;\m tthé emkhe
cart!i dgesand puishanke Mlindd,Y sbNenPUN Idih Bl BEEL 2t aghedihg the
i nk cartrldge |nsta Ied on the carriage 30 as nmentione a ove but ,

the ink tank odft mennthag ie the thirqudhdgeleaforreed A8t ‘éhﬁem}bﬂaé?trldge
predet erm ned prwa&f;rtﬂel 5{1%\%: ?@E&PH%W%ftt‘ﬁé‘n&ﬂnrt*iﬁgcs%rﬂu'c%gﬁ'elﬁ 3rmERY. 19

IS a cross section Vi ew cartridge 180d”show ng anot her
enbodi nent ofsa Be tmkavara seadénd go-ruciuregl ike ageatayHcdmagnber, itheahopdul e

100 shown in f ne n
Fig. 19, thedrélo Lﬁ) 12)[55%0& tselgqp—ﬂ(él Ifh&lmﬁlgﬂelwllthqﬁié@%%‘d tgn '?E ﬂéém de

wal | 19480 of drgeingk ébﬁtreemmﬂgaté\w*f%e iTRe &&et Pregeravdd 02rre@dehbe of

the nmodul e 5QQ1usinl 14 | NREwSREL | RBeafdfR 6 tmmbﬁnmtswu@nutaelsr f6€i vi ng
portion 505 inclined. As a re uIt en.the t he

attached to
P e oo T 20 Ra het Ty oFoBeeRmp LAy iLh A RE fyChRENIEICHT Bt IFERLE] ne-

of. the ink camati nae d9de Jma:h@cbuahmn 106 iss eadtemdedc! ined to the ink
surface in the ink co t.ai ner Ther. ef orﬁgweve if the ln%surf%cgﬂgasses

t he modul e 500 oFl‘E’he |Jﬁka80‘ﬁ’f Vib¥at hﬁkCPESB B9
nei ghbor iwod mdduat 1oe shmm dnngigorii onh&0igdulek 100 §helunes)Hiher moodt of

the receivin r.1.].0 d us f

receiving po%’toggngboggls&%l? F%e%q%él %&g@ar%eog Obfaerﬁ?ug gcf%%t\?%}d %%Elgltgggwel I
drai ned. Therlébohayinnk m&etgdﬂ@ -f ofuntgesmogee rithemnodnke dd0uaHAead6 is
prevent ed frgg&%haybw afh tmb%eeﬁbvwguééomrde 0@n50§ f‘ﬂﬂnn?déjet @etwn of

measur enent e actuat or can_be reduced. In Fig. 19, the nodul e 500
i s attached P&¥efrEabiR thakithienelate 110 isfiempesfvase 2 gussopragf meferial

recei vi ngp porshbﬁnaé%&athbbg Pl 6r 3R in3 efb randeadal s d Thhghé ebl aifh of
e Eon! 3%t the sHBUENEL, e RRHIIAD 9, OLE S0 Bkl THEL! 200
cont ai ner lgépenlhbalm is formed at the center thereof so as to house the
lead wires 104a and 104b and the concavity 113 is formed so as
to house the actuator 106, the film 108, and the plate 110. The
25 actuator 106 is joined to the plate 110 via the film 108 and the
plate 110 and the actuator 106 are fixed to the mount portion
101. Therefore, the lead wires 104a and 104b, the actuator 106,
the f£ilm 108, and the plate 110 are attached integrally to the
mount portion 101.
30 The lead wires 104a and 104b are respectively joined to the
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



5 the receiving portion 505 is directed toward the top of the ink container
194. The nounting position of the nodule 500 on the side wall 194? am“ 20[]59
nunber thereof are not limted to the drawing and the Iength of p (zj ection
of the nodule 500 into the ink container3z394 is neither limted to the
drawing. 1o Fig. 20 is a cross sectional view of the ink cartridge 180e
show ng diffegt enbodi t. f t hat i [ O : | nli ke
Fig.. 19, thes%ggépe&g'oohgg&a StJéolc e’dB?odetsc%gwt%gtg&)l% gfL bgfgtlféfgc?lﬁge ((:)on%lg?ner
194 in the neoghber halssgttofomat ivekfdree wawetfolB/. tie spesandrndes frageeneyn t he

e T not nod, CRELeRiT Y T Meter PR Y eoREi L 87 o el AR ATTY (e

act uat or 106¢conbaiier cam Hetdsteaiedef Thek fihoubds tdeerds thke rexrtivakoacl @l |y,

can be reduced.,  n _this e, LL.,s f.er abl t.he . | e, 50Q.is

it ached 20 FR PHOEREESHEET Boon® o PRES: T PeBathaF it et oadsts o

that even i fpreferatkle &aptfomyehé&dm 50 Srbyntellydle ftimeandbopdtby ebermahg

appar at us inFQQ%%QCI ined state, it can be detected appropriately - whether
i .

i nk remains nei ghbor hood of the ink feed port 187 or not. The
mount i ng positi on bfefésaligdul €h&0lead wheebotlDdm, 23 0db taree | frkemeohtlay ner

194 and the gj i ert ﬁg-f lim .t t i hg and
the |l ength o?b{ﬁ?%}ée% %ﬁ 0 ecgfm)g% e (fg&len@%t}i hlLe lrﬁg%éé%oa?%leag %&‘Qi S
nei t her 10 ni aetuaiont heidhzaneigetl ic tdewiagibddomeat suppertesliiyi hhesteatt ure

with the act\yﬂ% ﬁg‘ﬁ oryAgt ecting the consunption condition of ink is
mai nl y expl al ned. Wever, a nmounting structure with a piezo-electric

devi ce for gener®id piatd 1d0akd rérorntar and thenepening 144 ofcthe substrate

pi ezo-el ectrigy dﬂ”f%%mfeerciffrﬁix\ﬂc%%g. r afeegbefa Ve & g Ynd 1 Fagherbdg o the
l iquid container. Therefore, the_nunber of 35 nounting structures to be

attached to 2Re joggrredrAngHerlys Tde Lead tedesol he thepqiygtor: He6,

nount i ngsposthe afilaf 1088 AMUALENSLatd UCH Wiy be éd&@driéwtd wbab@@faﬁeg%
ul

neither lim .47 to t bottom of the I] ntainer. 2.7 J

Next | mountFAgnst SRRTPELE R A arodthe SHETHRGES A0 Inothe LRA0 SEE6R - and a
pi ezo- el ect rthe dextiuatoaf 186pttier fdmodd8erdandfthichplptesktt areventamyedm | |
be expl ai ned_w ef ar. j t0 i 2 ho ate
menber for rrsa}%'% %%{lﬁaﬁ%yﬁ%é%%%% IIIIE rgfl r%é‘étsu?g%g%e ’@1‘?151 eei%o(g)'di %ﬁ&%ﬂd a

pl ate menbertBe@entersrafedhgsyhssgatagl &2 ¢ hhe asduatoshdt, whetfidm Hi&kness
of abouly0. laA@ the?p e N1Q ErBIBYGEH IbfbABACNd lochtrRI SherBE G fd1al
the thin 1o netal srgleet to be used has quality of low electric resistance
and suited tB°4®}®18%g and pressing, though the thin metal sheet may be

plhat ed SOF_as t g flrgéwagisetafwf Qh%:bllbieﬁihgsid B w&napgusftﬁa,reed.ozwgegﬂméﬂl
shown in Fig i ndicates an e at ed, nepber for rnin conducti ve
renber ConstHEHTHAPAROERT BE% o SR TPRGERSh AOAR Par AT HaBa 0

el ongat ed nemberlse 30Fidien{ owhich ficr tdec kenbant ofigtlst platter 210 Fafdring

el ongat e, r i e an, ik nter iate t < @

pr oxi rra?@endﬁg%i{ﬁ%r]?&qg%p? gfgcflf gll'nheB(%% tgggofhgogf s$a%r?§é gggéo]fﬁfﬁig’ pair
of el ongat edfemmsbr sSAg(haune LpoRbggt d& b9 2 ttihe bavity Miohriscfoomedrsitber )
806. At the ol ceRhatabh ddipd ihe Bz Sl n818S LARILHE QY £ P1Bo!fouhp! Ted.
The positioning hole 81 IS Yormed at the position corresponding to the

vi bration pa? {Bbn¥erepupiy sEspRetpyelb- el £kt dsc RI&fiekableadhas| digat ed

menber 801 ishLOHRAGt 8¢ {Re HI1HHRPLD POIdmA0RViRan DiaRGRNRREL $P4nd N the
support part 808, pilot holes 809 used 25 to transport the plate nenber 800

by a maddf actitirquel hetdilde 8P s bp hefucastigsfdert of gespgual Hake| ditdat ed

nmenbers 801 affindlent il DHGricFerbBndi tihtPhbSASHVBH BhEitthrodlh 1Y &Gisng
this, the pair olf di st a| end§1 802, of the péaur of el ongated nenbers 801 are
ar r anged 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 1is 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



30 in the sane plane. On the other hand, the pair of proximl ends 804 are
arranged i n anot her sane pl ane drfferent fromthe plane where the prAqus
di stal ends 802 are arranged. The projections 805 are erected by bendi ng
and the erected projections 805 act to sgpck to resin. 35 Figs. 23A to 23C
are draw ngs showi ng the enlarged pair of elongated menbers 801 and as

shown in Fig. eiﬁ_q a IS €
arranged are pgaia%iz F@af@%@ péfagﬁﬁ%%f j"t?q’airlré(;) elrlgs%lstrré!"r gﬁgd V\ﬂ‘é?%ﬁt he
pair of pr oxrtﬂnalcmt@an&@éu.arﬁhramaahg@coﬂesumwandmmkFeiugaurEBBhelaheuet@ngat ed
B ane. and t hd *81 Shoar i Tibe o eSS xR B o B Ele RRTELR 108 oA
i ncl uded ) Smoshange@dgrea‘eho,t ey tSerte ghlaagesaie nbe dunkr levdl weam leach
other in ghe QLRE ‘?I cular direction to the sane plane and anot her sane

pl ane. There ore & the time of bendi ng the el ongated nmenbers 801 shown in
Fig. 21 by bendihigdi7Teds &hpetspeditigediziew dchawding anethereemhddlmeatmf)t her

d the bendi t
anc LS CendsHR ARG OB cN, BEhcPIDh SFTA bl E, DEEELSIEANO 1o
el ongat ed rremioetsoﬁ@l)s is $oowed on aFmaganQobglmméeltr dm the dowgt wott idwe
expl ot ned. 90100y Baf e Por i WALE IOARC PR SR RL LOSRELLAR,
femal e di® 832 AAMOBEWSAMALE] ggrfeqa Woty Connddepanerand FAEthere Hhe 613
s shoun in Eeg8ivigdhda @#AC4b dilhldes QEbteP&hé}gt )R eBidd i Sn

formed on the na a positioni n R part havi ng a cont our
cor r espondi néh?occtmlzéoét%ﬂﬁcﬁlﬁ@@v%tﬁ&b@)sr tIPo’Fh%@O@@PHFrﬁYS‘I fermed ned

on the pair gh &80 8¢ t%@%t% §Pémerilﬂ1@060'ﬂh8lgct%fatwreid@§é bireRh§Ea R part
815 and the structure of the positioni ng@co um 4 formconcentriC circles

Fur t her nor éPeaenq RE ey Pdpterelamand 4 1§1§ham%eliﬁ‘5% At dmLsget6REed y 816

i s formegk andnghe s@0§$ oot BYs 2Dy FaRvaxthy 8if SAMCBAL ARG ant €k thteudmhe
posi tioni ng ction nber 806. Then, in the state shown

conne
in Fig. 25, \%ﬁéﬁ ? %%ér‘[r(?ﬁr ﬁa 5‘T”Eﬁﬁ1l % is fit into the positioning R
part 815 and theFjpmsi B ohs ngarcorxeiotipgd 8 iferispectiert ediéwt chowdnpgostie oni ng

hol e 30 810, ckhseBalti gl o8l MR EEIBELRCRA LA R 051 L rAnEEL Lanbheyr

die 813. Furthernore posi fi'oni hg conv y
816 of the maFewiil t3e3mpduleddot ehowmtlél Fhe- p%srtﬂlreomprﬂgle&ﬁ)@avn@yucm_sr of

the femje digeSldunt BErERbS ﬁleaﬁé?’tlﬁé r@%%h(rhﬁ& xtrﬁcinhﬁoge”%‘h% R ent812.

By doing this, the pair of elongated 35 nenbers 801 are precisel

positioned i ROTHEOR h‘é‘)lr it & e%ﬁr%e 1t and &hg €odygn ﬁeiﬂtﬁ’é‘i’ thy
shown in Fi gredéiveng pBretén 306 e thd pliatelf Ordiment 486 En&iﬁi\heaeﬁca{k&@r ound

a positioning,congavit he f. mal die 8 Act urface 819
s ol so 1o nidar SARESeTRan ok TR oA § BIECar e et B FUE e
shown in Fi gcof@avity 4ddst Tnepmofubé 40fcaddstdnally 868 béacieaultreeltmmt ed
member % 'éngehgﬂg,r Yle 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



5 both sides by the contact surface 818 on one side and the contact surface
8Z9 on the other side. No resinis fed to the distal end 802 at th Zpﬁwﬂ
hel d by the contact surfaces 818 and 819, so that the distal end 8 plje
part is not enbedded in resin and exposesgsand the electrical contact is
ensured . Therefore, an additional 1o step of renoving resin so as to

ensure the eh%fﬁ&ét&f\'4o%0nﬁ}?&kﬁ§x;\l4tgg &lxﬁ&"tﬁle St 8029 la%er@fréﬁc_géa 5&%@@1 the

manufacturing process is sinpli When t he nol ded part
integrally f@nn‘ébeo@enwlpaxrlsopfet}@mgm@dnﬁe%érs 801, the br anch parts

807 are cut at. the Lcalbld RORRich AU i HHihedhe A0 AriaNBel pn T 0.

29 to 30D, an integrated ct 820 of e pair of elongate
menbers 801 Ezﬂuétﬁh QTdeéarparttmthg aaeR falc ttieeapepsng Ifw iencaEviey 29

to 30D, h-ahf L S(ﬁf’ tlﬁ%récéiézdla%o@ S%@é‘a@i@f §6935£ t?\%}aé@@a’@of@%{*ﬁn@ﬂ

projecte base and 20 a concavity 823 recervin
pi ezo- el ect r Ebedeviangh Solerdddd fonmt ae i@kdreseFeir cﬁespﬁétéﬁ?h}'m gp2is and

the pair of gﬁnféfef%faﬁf@%h%taﬁQ%ﬁJfr&n%QQnSEtﬂw rﬁl%@éem@%f alﬁ%“@?éﬁ ng 2

themare arr bottom concavi hown | n

on one si de Shetdiangiex gf thesthreuygpholg ‘b]cﬁ‘ntaéélt IQF xaMpdesi srL KAl Jf/g325 of

the liquid cgptigidiesr ahe d By o the tHeughOids 8124 I@l@%dd?;hﬁh&le 308,
on the other side of the base 821, two projéctions 825 for positl om(ég t he
ed

mol ded pdtt 812 i% QTh@W%&uFFr%rWrﬂSP%abO%ﬂh@ iGentEali ArEYr

nol ded produghe §HiuatoNW0 | NTHé $oridBle?P d@tﬁ@@e&t&en&@@ REEti b URMRETe 806
connecting the_distal ends 802 of the ir of ted nmenbers 80l is cut,

bent, or res&ltdpyY Pﬁe?W%@rcﬁtﬁ%edend@%ﬁ‘?g%@ 1%k cap kamapndegdarat ed-
Waen the di sthe edekonB@E ahe ebeedinenlll gosepatatipsl thikmdhhhsleagl2 nil cated

b | 830 in .31, th [ t t this_35 di (O

manuf act ur oq BRI THo FRECSEHL0r MBS0 RALSE F06 LA ERRR Ve

menber s 1831 conpabesr df sbhes pai exténél omdgdtee perpabéicuB] ddepatdabed $a om
h oth N, 200 31

ﬁgg a(r)I ele(ractrl call%Ic }{5?1@{1 ER‘E he%qsh%d%gf tﬁ }Qi g‘él?(%%]g%}ed%;o?t \égfl ”?ﬁ?ﬁ—‘%fn

end 802 of thbGéllegggatoédth@mwaBmloﬁW@ﬁn\ﬂé: &5 grangeddppthedonbabrer

actuat or 833;Vi@ghd RecRahg Of &{E'?:B%W@f NBERebE §§1¥ &?c!i‘%alnt BE' 8fafged.
three-di nensional. 5 cifrcait. he concavity 823 of th ded part 811 of

the nmounting st FddSur 8Adp 9C ﬁ}éo‘&@ttd’&tlo?n%%lc&’f@ﬁ’ﬂﬂﬂﬁpﬁgoﬁ F‘Fé‘e module.

pi ezo- el@ct rif wWrRyseReiway bk with tthe pedule ool exdwn Gal FEgNtBCESMEBA Hf the
pair, of e trodes of the act 10 833

t t 830 d t h
el 09, 71 (a0 ity it NBaPRL 9 18 LFSes L TopRh e BOhand v
adhesi ve maya tmaha;a:@teV\ﬁeﬁ ame selcedtumod®s3 of Theemadi lat5@0 83ditnond ey

clectrical opl ey G32601sdAC MBI the SLEHELIY 30830 HitsPapcctid 1O

each ot her, eriphery o he Act u
nmol ded by r 63038245 Hhd §éa¢laism55trgm 1502 $pcheded ipr thye mouat| el P r om

moving 98 thegpagh sp Qﬁlﬁé{; L3 2 :L%CEH%Q& 3 3nBreflLbPdbsd MsS o2nBREE ! En 540

havi ng t he nount i ng strucfure 830 and the actuator 833 is manufactured. The

el ongat ed nekrsdt é"lgéi Peda andy apdbiand ¢ RPRFRYHE Gldyis Thumeadse, ag He
actuator ( &7z AnRChEtGateyi Le6,) RN RemSHPPPr dkd He 1 e sdipst atneends

802 of the e] Or{lga%:to?:dlggn})serfslxed 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



As shown in Figs. 33A to 33D, the actuator 833 has a piezo-electric el errent
845 constituting a sensor part (vibration part) for detecting a 'iqf".’VdJA‘N
the piezo-electric denent 845 has an upper electrode 841, a | ower electro
842, and a 25 piezo-electric layer 843 hgkd by the el ectrodes 841 and 842.
The piezo-electric elenment 845 is arranged on one si de of a vibrating plate
846 and a ca EgLN roB4¢ch e &ERANOR ﬂ; eg stggto{hghe
vi brating pl \aetoté‘\ﬁéltiglgk e eglg%n?grng ]?I% %gv t for }h 7

circul ar cawatq?‘.U(a@pém(pg?zmaOirﬁcr d@ﬂl@@ arfkd tlISeSpPEth'étﬂé@t rﬁh@ éﬁéﬁent
845 is arran t p ion corresponding to the cavity 848. The upper
el ectrode 84%ﬁﬂrsegcgﬁggét§e)%4k§o an upper el ectrode term nal 849 and the | ower
el ectrode 842 i sThenerttoddthe modwheeb 08l &8t teelkinast andat he 5o tupt@rmdaal e

810 1s mount ad ABeh{Es %ﬁ@&llpey%ﬁe@%%&qage%§&% FheR e, dbi ehe as

that of the Henory § case, when
the projecti mmsiuaESBQ%mmmpnnFe@@n 30a bQi:‘BZ&DOar%ltﬂmsDe‘-r the ¢ontriney hel es

formed in th hcél 58{1'{151-_%1091%% is_fn 1%%§9§n§‘3 £ R4l 1:518&10;* onN6s

circuit boar are positioned, an Sstate, the e ectrl cal connecti ons
of the nodul &@4gonhdiner loi r Euiis @@ﬁrléiahilé T medcthe yckateidmegneie

others. The rHldgh%OéﬂQ @%%eﬂoﬁﬁ‘ 'Heq:waER Qlﬁt?qw%)“a@ﬁleﬁbech%mt ghgugh

t he t hrough hol rmmed 1n the SI contai ner and fi xed
to the |1Qui FicuRPanhert sdhe r%teFﬁéOBaWPQﬁl%e actuator 833 is projected

into the liquid @R@Enéaﬂ@é som% hd i<l éﬁlth%olttaﬂldi S &F RAE donthRAnepnt act
with the vi bratln | at e via the cavity 0 As nentioned above,

accordi ng to 1t APst 53Fr1%?ﬁuatt°|¥e1%lltfe6rﬁé?$e‘§3]}? Fheisandgiaeryl oFheR by
resin nol di ngne mbghhe pso rl@inoﬁﬁﬂdaCémVﬁaéT@m@r §f8'3ﬂe cesipdd itngdd ng the

t hr ee- di | t d 1o, 1t to
833, o {nat SRESHBEHIon SEFACDER CORSHF FURCALISE B SRy EPRE HoitAErobss (o

the t5 ligui dccantiatnercopt sadef eﬂﬂ:tte:mnsm@el msisliderbmamebeonmnﬁaﬁwmd

wi th high di nensional cl SI on us t ondj t. t
liquid in th&M g iﬂn%‘g et der 2} ?‘eg'g elhl g pl)rfogéllcisgl gfr)]obfg
nmodul e 840 hawungyetdhen at@euhd:btoxe:%‘ ahel Qdm:arm&mtlnthstLSL&mlﬁ@:éaﬂ@ trz@t Next

the mounting¢ B! ?g%&é@opflo%nqtsrﬁﬁtggp&i“E@@heot:ohbghﬂéxesf@o ltrmn&torsw H

be explalned y errin own I n Figs Ato
34C, a mount riﬁge%?@cﬁqwaéfdssbeahr&brf@ieﬁgp%t e eftid FERtakBer 4 Bé}s@n 862
on whichh@g cqabmhea%@g@rent and a nenory or a unit 861 (hereinafter
referred to as "control el enent, 861 conpose a .control gnit and

a memory which atEPFtdr ACEH3FOF i%%tJrSoI“‘ URgednCict t‘d‘r‘:](mﬁgt SBHORREi n
the draw ng pfcomstincltineg eypirridcelleehd) cheéediameter BEuthetccluhnacan

t 8 t t '
or ol ect on SR b s 2 B SeLA, L OB AR 20003, glLag)
integrated citheuwadylieGran e madmetbiy, sphehat djtelst adso %@thedstcam@unuhm 867

projecteg fr g%‘ dérﬁ‘ﬁnﬁaécﬁ:t%?%eggﬁjaeﬁ]r@ & A B owaiShint i ﬁf&@é b@&}f@ﬁxbd@f@ for

seal ing the openi n 867 . On the rface of the sealing
part 35 868, Farébﬁ@m%ythe@llﬁ@ﬁt?&%ﬁ thadolreohthgaasulegmunting Bare he

pi ezo-el ectrpg €y iAR dohthahBRbari Be M TBHAL 141, STheEd 8 B8R irk Rbakal ity
of electric wres
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 0-ring 365. When the end of the module 100 is inserted



2 7 ,~A N 2003 52 electrically connected to at | east one of the actuator
and the' control elenent, etc. 861 are three-dinensionally forned2@yJAN 2003
two-color nolding resin plating. Mdire concretely, a pair of through holes
869 passing through the sealing part 868zare forned 5 on the bottom of the
concavity 866 and the pair of electric wires 864 reach the back side of the

seal ing part . Hatt om t ' 64 Vi i tface
of the througlﬁgﬁoft'felgé%ﬂanl%%grg’fg{l]t( h@? %%p%e@g{t%éﬂé?n}m%@?%;ﬁg tggﬁf‘?éyback
side of the wdsh 862 acEuatberl06a hiagihe dhroyglothadleetl2iaf whegslate 110.
electrically nn dto dhe r e, Fe.conti |y
formed from Fﬁlg ggg‘%g%%é%fft%ﬁg%gggeg%%fl%e Vgggﬁtgﬁércg%&hﬁ gcg{}%?%?al ity
of through halésvaries mmdyhetlﬁdxethasmed@méropﬁﬁetm gdbration pest864 and
505 on ihe, b3k LA fof) %schlatdE LUK Shoeothatplbbbu o
cont act. Namebpdivhemnodninktarche tletdgeed ssangrithednadnltehk0(pr i Abeddthion age,
the electric, w 65 G [ h in H g....34

pressed agai r%\glt {:E%eﬁ%%hn ac O%t’yﬁggc%gncﬁleig?élpgs sg‘gwﬁngmfe‘iﬁbuidt itr}?% 5?%% ure
860 shown i n5B0gshovBYAntRig34 QA tthed®) ertmidulis 26086hdanilB haded molded

W res 865 ar . | $.€ e;l on y. 1S to
be. used as  RE oeiro ey SHGR LY eCERBRhn SRS A ES ACRIRE ] 10
used as the benmpuhted eirerthe epotaBay I lmdeltbet ekistenes @b4nkniay hee
electric 25 %’cﬁét&?? may be laid so as to be connected. The two-col or
mol ding resin plating method may_be called a two-shot nethod or a
non-catal yti c neBhd@eand B reduilagl §& meatipagd RRrOYsy tikoCan fres repoved

injection nMDlegbRILHA OEHtGRheXaAND! ernirefbeel, Waneo! Mruiict NG e s Peating
met hod may be rough!%g/ 30 explained below Firstly, the first, nolding
(primary nol @PREPPYLAtSdet REEACHGA e iaF £&PaBre BFompItds FgRtamchdxt Bhe
whol e i s;shedbeal! ynis chaw aetdatofal @8 ¥sin Wei elsiisyareoyelad. plating is

oo e LB MIEhE,R0, PLALL delif 0 PS SEPRRLLE 43, BaNEL: B Coc
t wo- col or nowidengtheshodyleat700@ st modntedainethedcémia idepodi.t i Dy phiad i ng

o pasca "t piBATERA | CBLELA R A, ST, 491 dhe"Ly €he! BouheLi

structures. The module 700B is mounted to the container 1 so that

20 amount portion 360 is projected into the container 1. A through

hole 370 is formed in a mounting plate 350 and the through hole

370 ‘and the vibration part of the actuator 106 are opposite to

each other. Further, a hole 382 is formed in the bottom wall of

the module 700B and a receiving portion 363 is formed. The

25 actuator 106 is arranged so as to block one end of the hole 382.

Therefore, 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 plastic material 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



processed surface. As nentioned above, according to the nounting structure
of this enbodinent, the electric wires electrically connected to th&7 JAN 2003
actuator and control elenent are forned three-dinmensionally 5 by two-col or
nol ding resin plating and at the tine of ggorm ng the base 862 and the

proj ection 863 of the mounting structure 860, the electric wres 864 and

865 can be far t. . sa ti.0g, it i r 3S can
be greatly siqnpgﬁgyﬁegiﬁﬁ%ﬁhqﬁgr Sggnﬁ(%‘%@gfna#%r?ﬁgﬂgigﬁg% lr}:%ecgl gggé?zén be
easi |y fornmediowevert, taseskeume inikig.. FB t hhe receeviing porg iposift thampdetési on

of the electr) IL.LES, 864 i tin . re 860 is high, so
that the murﬁoﬁrl?\é\%égs}?%i%%"%&%eeéﬁ?g’lio% %?P% @aq:c eu%togrrtggggghg' . _ hounting
structure 860 i sThegivduded?d Ot shogni th #egectlifodops exitsirequise iempeddsng and
nore over, t Nt | it r.eck.si.on of_ t r.ol el t, ,etc. 861
to the erFt’Jnt ir&’(ralfg@ggr%%%]uﬁg‘%%gogﬁékﬂgllg‘okzﬁgh,§§€dgghg8€%nt%§cﬁ9§ﬁfgél in‘gblgl ity
bet ween t he cmsuistl tHeemehdingstep 861s implitféedt o FureherunthiemodutaiZ00Be 860

and t he ext e(rg;zﬁl b?' Sgé{‘%]ﬁ‘?éd cont ?’%}jg&feé‘! so i nproved. Next, the nodul e of
nt o e

anot her enbodi e presen rnvention will be explained by
referring to Figsf BoktalhOBs Epgth85tdps can séxdpl ofieth®ereypecimiere 1vivben

show ng the u Is i t t g 833
shown in Fi grsa %’gﬁk 1% x%gbﬁggﬁ%%'ﬁ?é %C?Ill,g?- g# %?%%igﬂt Iﬁlé%}ﬁna ﬁ%agfgfé%&?% a
pl at e 8810 copfoshe @Pntaigien dscomedin gonhagt poitloltdei actiater 5 0930thahe
pol yolefin fig] [ : dpt SAMET 4 I | ] e
act uat or 833,ac§1r?§§§ﬁ 1(?52‘&?%58}29?%‘?1%{3 alil&'g he deh%g?leog tEee_g?]%%bg%g%,Q
thereby it i&het poentrearsirn R0 tife PrPJerEed nine theyaantednesi der tidnes:

in contact WachuhB6r SERE GfiliNhbt AalficribHad@e B@33nk arbPeiePErondiRé the
center of the 3 o plate 881. The gl ate 881 is adhered to the upper end of a

cylindrical &8PeCB82idRdRE Jhe SOPRAEPEEi b tightly, thus the actuator 833 is

housed ipsthe cagecdSingleoadiRebibédinienhtc enowEtinaF Pl 111af, ehestihedesngs84
formed on a cir ere_a contral ot shown.in the 35

dr awi ng) sucl‘i’lﬁgglaigg%’{: rﬁ%%g) r Ofrehes Q“Q‘H‘rtlggﬁgigfgit%%&ta}ﬁ? g@PH&F%r”@SS is
nount ed and &hpaconbtidimdedt sodebat rdteys hdene iconendndcantag) wiftit hekats uat or
B2, Gob o5 B, crrAe Al spefa LA AU AR 2 RataBtt g e
circuit boar #1888 ldfdanhshasouatdng 3atedd O hike this sgheqrizorelertrif t
board 883, ar @1em$RE h BRNERECTatdRY £86h N JuHS inl Hife 2TMALAEXSB3 8ifcéhe
circuit board 5 883 are el ectrical Ié/ connected via the pressed-and-held
connect or 8gihe actuator 106 is fixed by the mounting plate 350, only the
vibration part of the vibrating plate 176 can be vibrated
appropriately.
According to the embodiment shown in Fig. 11A, embedding of
25 the electrodes of the lead wires 104a, 104b, 404a, 404b, 504a,
and 504b shown in Figs. 5 to 9C into the module is not required.
As a result, themolding 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



Figs. 36A and 36B show an exanpl e of the pressed-and-held connector 885 and
t he pressed-and-hel d connector 885 is that a plurality of brass MAzggAﬁan
plated with gold are held by silicone to sponge rubber nenbers 887
conparatively soft and the periphery theggof is covered by a silicone solid
rubber nenber 888 which is sufficiently strong not to be buckled at the

time of pressifuase MSBILIY BRI PUBA 1D, L6 SHLEODRAYIAAL sppDe!

menber 888 a e par rrespon ing to Sensor (VI ration part) 15
of the actuattiie B3R 1sel erstricdepl @,ebhe vhbrat imapilahe df7 61, rends ths oouphing of

the actuator 33375081 OhSLWGHAT,ThE, €2y ;858 Hpy, BF LRCTRG, Bt bRLI ng

by a press am I ne” of € SiTi'cone sol i
rubber nenbemo&ﬁﬁlngrp]tatte 8% argrce thkolowem eEEegsroc’BéA&GndSSBcB:mem@npt]m al | ty

f b 8 d
e R s e L
of the rows dorinkd phurtaki tt;ppobfbrt:hes lowees eB86t aode phf &l dmdi whé huppen
ther. Figs. 37 7

connect or 338 LERAEENG ek Penbat bt FOCaR Y Slroh S s Lo e SR and
36B i s that tl68. plﬂr]mafbyeoftlm assnwpaet @86 har piaroaebectiic datyleankﬁ@r se

row Even whan EheeLBl e RISH 95y 0lnd REIASHIAL OF L0 tecrroae

pr essed- and- hel
modul e shdwn li6d &ng. tigsmasin r@nm@fpth%sl@&leéfnel%t@dﬂ)dﬁé@t dl?h6885rshb&m in

Figs. 36A ang)ggfég' Qfhidn9Sre 3A8 Pé&%é%%ve'lﬁhirp ai‘{:é W?H@% e‘}ior—%ﬁfei:efjgcgg the

brass w res cont act bet ro es o act uat or
with the br asl@}’ﬁﬂfrb@:88liel@l§@ﬁsﬁl@ﬁiwﬁ%l@4oraéld Wrrdowet ekeprate 66886 -

are arranged f3sm § piEzslid1RehreB ENednitch the pléid-aledthact eTBmeht assenbly
is large, the electrodes of the actuator_ 833 and the el ectrodes 884 of the

circuit boar dFogmsdcan e ¥ibretiraRipteohAbet ddSshieFY-electricIglenens 55
Fi gs. 38fs anénd8thestonyfiiichl pa’ﬁﬂ%f‘@he e{aratengblbhe 1Tressedhandbiret don

connector 885 and .in thjs exa i,r of cqQnductive |I|co ru
o Thers 800 BHaE ke thS AATARPE AR LR s e BECR G RSP e
conducti ve siilsi fonweed ulnbelhe SnomndiayspBO: 3560.1 Faghatredthy Erraughuhale ng

i1 cone Tubligh JETBSAO1, PRLYERI LA3100PMMN IRt hEEONe ThiheopErber S

890, the cavi ty ] _ ame wa r éssed-and- hel d
connect or 889n&kh&swin gortgst W33A the \B@Ba(“}rlnsl leat@M(GamlaSl?fEe hiilgs38B9A

and 398 shOWgR EhE LBREa NG| EndlenkhRiRASRAL0 90dshehd aRfeniPp1 885 and

inthis exarrpl ght hal vés of the pressed-and
connector 888 Qhomq Hoﬂ??g-"e%@ﬂ‘c P PRt 1u§Pﬁguﬂ‘ﬁet‘W?§’tﬂhaPPﬁ§ 37%i cone
rubber 891 sbh@wihénmountding p38fei BS0 eﬂ!i'nofanCQﬂlaefé$élgicﬁ)k Q@@bb&ﬁ@u@i

f th I ol b 388 I f 40B
formino e SELLERE, S et et B8, e pio Elos. 400 g 108
thi s exanpl e ist peotedfttedahy tliggptrohetvise gembke 3)6]e,ssedthmd -thed dctmartmct or
885 showp5 i n, Ekgls:éé}@cett 398@8&%?&1{‘%&%61;}1@58?@&5@ silicone rubber

891 shown in connectin rmuously formng the 20
silicone solid rﬂhﬂeﬁcmrmér 1868and sthe . mountlng plate 350 shown in the

examples in Figs. 11A and 11B can be replaced with the actuator
106 having the substratel78 shown in Figs. 1A to 1B.
Fig. 11C shows an embodiment having the molded structure 600
30 including the actuator 106. This embodiment uses the molded
structure 600 as a mounting stxucture. The molded structure 600
has the actuator 106 and a molding part 364. The actuator 106
and the molding part 364 are integrally formed. The molding part
364 is formed with a plastic material such as silicone resin.
35 The molding part 364 has a lead wire 362 inside. The molding part
364 is formed so as to have two legs 364a, 364b extended from
the actuator 106. To fix the molding part 364 and the container



According to the pressed-and-held connector 885 having the constitution
shown in Figs. 38A to 40B, the boring process for forning the cavity $8000%
not necessary. As nentioned above, according to the nodule of this

enbodi ment, 25 the actuator 833 and the ggprcuit board 883 can be

el ectrically connected via the pressed-and-held connector 885, so that no

sol dering opergtion,is. | r f i aﬂ_\%! I J et hod
i s made easi glr it‘uﬁﬁgden%@g‘?l%mi geogﬁ?%%ﬁ:gltgeﬁ 0i n SH& i%ogﬁgﬁgﬁe:%(lg{dap %lége
above. 30 Th8tdcape foimeles emispdetricaléyt i Gheimolwhiing part 864t s moentedge
described in_th ' t.s .afar tione r.e , e |1 gui

cont ai ner of E%gh%pggg{f‘lgﬁﬁf\slelnts%oﬁﬂgg {ﬁlg%] ?dcltnlﬁ%g txlggﬂig ?%%ecégret% r|EL 5% and
can be appl i ethe cotteimdrhérand nide wibdatwndpaontcdi hke sactvartioouk0 € kamges or

| mprovenept s .can_be l.ied t0. the, sobadi ment forementi S
obvi ous frgom c}%gorg%%%??’ﬁ%ﬁ I‘Illki ﬁgt héa (g(l) ai rr&%ﬂgf Er}\l% @ Nt 8&?%??%%‘3 P%Ll\’/\hi ch
such vari ous theapijeso-exl danmicviament 3 68¢ erappheddviesr ehettudste LA6tdfethe?2 7

JAN 2003 56 ' .On. | [ th
expl anation Sronarar: | 0F B FRrebREa FLOR LA 15 SRE' HolREGY B, Bbalie
pi ezo-el ectric d&kéeowlckmd bbragprg 604t ehgwmumnF ad. orl ddreanteghifneothe he

liquid 5 contalneny o BEcUEAT b5 LALNED | Sho Zndy AN 2003 1564 FRANERDD
structure for mounting a prezoelectric device use etect a consunption
condi ti oh0of cegntegned 1n sol that divknhardky lenksaifyan diied cootpaheaer .
conprising.  gurehelY! ik RBiHég%éﬁg‘Mﬁk%heéé'i% RLE PR GudpW L erbR O
be nmounted; a nount portion adapted to be nmounted o “said |iquid container;
and a nount i AgepFertaingn hg tde apewtRE liRckeProsartedifers - ePreadt witkyi ce

is to be MURLRU-EEs KA. FEEL NNt P @akeRaye & iTad eBDUNI RE Mrahy&g ¥berei n
said receiving portion is connected to said nount portion;, ,. wherein said
pi ezo- el ect r (FREIEP & FafeLh SheFPUFIRGTIL idRE ALY I5WRR NG SRR TS THRen

sai d nmoung peit s dde ioF thelki-adat aesdl dohches dnpatensess 10661 eheéreidi the

pi ezo-el ectr ia%tgg){ci)gel(&axsnag ﬁ\/ait]pfuar}citri%ngorltr{ %ﬂé n?orﬁ.dded 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 2c 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



wherein said vibrating portion of said piezo-electric device cones in
contact with said liquid in said liquid container via said opening.p 2JAMI003
nmounting structure according to Caim1l, wherein said receiving portion Is
formed on a top of said nount portion. 341A nounting structure according to
Claim1, wherein said nmount portion has a colum adapted to be fitted into

a through holgdfen ARG ISl d itfidl LGRMA 588 and. a iRl Akad biehHE €
according to"daim3, 'wherein said nount portion has a substrate integrally
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a recei ving RAch QPalPndisf ek dgRt et RlaRels hCcOfYi€for HRURhRde 88d a
nount portion adapted t0 be nmountéd to said |iquid container,, wherein said

recei vi nf? pordikoh Hemadpangcite §hectReguahBeke J5or t i henpdred imen; ghown

pi _eéO- el eft r ii(fat #eyi.ce2f aﬁétﬁht 9%@@; Obﬁd“l-%é Gt_ng@ua_;ait ﬂphénggﬁ@“@n_ﬁfakiﬁ@d da\@en

sai d mount portion_is noun 0 sai i qui ont ai_ner; rein_sai

pi ezo- el ect r PETREPALE kR tvﬁggshasnh]’"&ﬂbrgﬁh %}ﬂ éﬁgeﬁn‘?%r%tesiﬁi?etgfo\mf‘ch ;
sai d pi ez\%—1 _e|hﬁ»Q_ér 2€ ﬂeamg&qhé %Ii revegedrt bl aifﬂ@\t!tﬁ.gdnf%midﬁ@g_am:éhean@avijng
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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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pi ezo-el ectric device. 14. A nodule according to Claim7, wherein a counter
el ectronotive force is generated by a regpdual vibration remaining in said
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Claim17, wherein sal IS nounted on sal cont al ner
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state. 23. A nt i n structuyre for m)untl ng a pllefoel ectric device used to

detect a con§ ?Bﬁ RETLHYS SRk ghagpbers I, and mounting structures

16, and 17 with actuators are attached so as to detect the
consumptlon 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. Themounting
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 is 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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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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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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C &10%& ()-3L V' &10%8& () 3' &1 0% %> % 3' 0%2& ().- 3! ) - 3cde
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f& ;%'2 & l, gigﬁ% /é? &gymc%%&'\%é O%()t% (Qzezl*B;,/ceé\{l 6lref6|5ﬂ1 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
30 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
35 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
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10 Fig. 20 is a cross sectional view of the ink cartridge 180e
showing different embodiment from that shown in Fig. 19. InFig.
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, themaldetection of 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 fordetectingthe consumption conditionof ink is mainly 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 liquid 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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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 pilezo-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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positioning R part 815 hav1ng 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 female die 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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10 step of removing resin so as to ensure the electrical contact
at thedistal 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 élement 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% & () - the actuator 833 is projected into the liquid container. The
liquid in the liquid container is in contact with the vibrating
plate 846 via the cavity 848.

10 As mentioned above, according to this embodiment, the molded
part 811 is inteqrally 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 1liquid container at a predeterminsd 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
piezo-electric device is formed.

On the mounting structure 860, a plurality of electric wires
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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 throug}h 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, theelectric 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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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 ligquid detection precision
is improved, and more over, the mounting position precision of
the control element, etc. 861 to the mounting structure 860 is

-
(4]

also high, and the connection reliability between the control
element, etc. 861 mounted to the mounting structure 860 and the
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 thermdlly welded
to a plate 881 composed of stainless steel with a polyolefin film
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
liguid 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 881. 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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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.
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silicone solid rubber member 888 itself.

15 FPigs. 40A and 40B show a still further example 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. '

Asmentioned above, according to themodule 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 is obvious from the
description in the claims that any configuration to which such
various changes or improvements are applied is included in the
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device is to be mounted;

a mount portion adapted to be mounted to said liquid
container; and

a mounting plate having an opening,

wherein said piezo-electric device is to be mounted to
said receiving portion via said mounting plate;

wherein said receiving portion is connected to said
mount portion;

wherein sald piezo-electric device faces to said
liquid in said liquid container when said mount portion is
mounted to said liquid container;

wherein said piezo-electric device has a vibrating
portion; and

wherein said vibrating portion of said piezo-electric
device comes in contact with said liquid in said liquid
container via said opening.

2. A mounting structure according to Claim 1,
wherein said receiving portion is formed on a top of said
mount portion.

. 3. A mounting structure according to Claim 1,
wherein said mount portion has a column adapted to be
fitted into a through hole formed in said liquid container.

4. A mounting structure according to Claim 3,
wherein said mount portion has a substrate integrally
formed with said column.

5. A mounting structure according to Claim 1,
wherein a fitting part between said mount portion and said
liquid container has a sealing structure.

6. A mounting structure according to Claim 1,
wherein said receiving portion is formed so as to be
inclined with respect to a liquid surface in said liquid
container.

7. A module comprising:

a piezo-electric device used to detect a
consumption condition of a liquid in a liquid container,
said piezo-electric device having a piezo-electric element
which includes a piezo-electric layer held by a pair of
electrodes; and

a mounting structure for mounting said piezo-
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cavity which 1is arranged on the other side of said
vibrating plate, and

wherein said vibrating plate can come in contact with
said liquid in said liquid container via said cavity.

8. A module according to Claim 7, wherein said
cavity forming member is a substrate on which said piezo-
electric element and said vibrating plate are formed
integrally.

9. A module according to Claim 7, wherein said
cavity forming member is a mounting plate mounted to said
piezo-electric device.

10. A module according to Claim 8, further
comprising a mounting plate having an opening,

wherein said cavity of said substrate and said opening
of said mounting plate are arranged so as to Dbe
interconnected.

11. A module according to Claim 7, wherein said
piezo-electric device 1is mounted on a side of said
receiving portion which is formed so as to project from
said mount portion.

12. A module according to Claim 7, further
comprising an insulating portion for insulating said piezo-
electric element from said licquid in said liquid container.

13. A module according to Claim 12, further
comprising a molding portion for molding a mounting part
between said receiving portion and said piezo-electric
device.

14, A module according to Claim 7, wherein a
counter electromotive force 1s generated by a residual
vibration remaining in said piezo-electric device.

15. A module according to Claim 7, further
comprising a circuit board.
16. A module according to Claim 7, wherein said

mounting structure has a pair of conductive members
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wherein salid piezo-electric device further has a
vibrating plate on one side of which sald piezo-electric
element 1is arranged, and a cavity forming member having a
cavity which is arranged on the other side of said
vibrating plate, and

wherein said vibrating plate can come in contact with
said liquid in said liquid container via said cavity.

18. A liquid container according to Claim 17,
wherein said receiving portion is arranged so as to be
projected into said container body.

19. A 1liquid container according to Claim 18,
wherein said receiving portion 1is formed so as to be
inclined to a liquid surface in said container body.

20. A liquid container according to Claim 17,
wherein a mounting part between said mount portion and said
container body is molded.

21. A liquid container according to Claim 17,
wherein said module is mounted on said container body in a
removable state.

22, A module according to Claim 7, wherein said
mount portion is adapted to be mounted to said liguid
container in a removable state.

23. A mounting structure for mounting a piezo-
electric device used to detect a consumption condition of a
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ligquid in a liquid container to said 1liquid container,
comprising:

a receiving portion to which said piezo-electric
device is to be mounted; and

a mount portion adapted to be mounted to said liquid
container,

wherein said receiving portion is connected to said
mount portion;

wherein saild piezo-electric device faces to said
liquid in said liquid container when said mount portion is
mounted to said liquid container;

wherein said receiving portion has an opening;

wherein said "piezo-electric device has a vibrating
portion; and

wherein said vibrating portion of said piezo-electric
device comes in contact with said liquid in said liquid
container via said opening.

24. A module comprising:

a pilezo-electric device used to detect a
consumption condition of a liquid in a liquid container,
said piezo-electric device having a piezo-electric element
which includes a piezo-electric layer held by a pair of
electrodes; and

a mounting structure for mounting said piezo-
electric device to said 1liquid container, said mounting
structure including a receiving portion to which said
piezo-electric device is mounted, and a wmount portion
adapted to be mounted to said liquid container,

wherein said receiving portion has an opening;

wherein said piezo-electric device has a vibrating
portion; and

wherein said vibrating portion of said piezo-electric
device comes in contact with said liquid in said 1liquid
container via said opening.

25. A module according to Claim 24, wherein said
electrodes respectively being operative to transfer a drive
gignal to said piezo-electric layer and to transfer a
detected signal from said piezo-electric device.

26. A liquid container comprising:

a container body; and

a module mounted on said container body, said
module including a piezo-electric device used to detect a
consumption condition of a liquid in said container body,
said piezo-electric device having a piezo-electric element
which includes a piezo-electric layer held by a pair of
electrodes, and
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a mounting structure for mounting said piezo-electric
device to said container body, said mounting structure
including a receiving portion to which said piezo-electric
device is mounted, and a mount portion mounted to said
container body,

wherein said receiving portion has an opening;

wherein sgaid piezo-electric device has a vibrating
portion; and

wherein said vibrating portion of said piezo-electric
device comes in contact with said liquid in said liquid
container via said opening.

27. A liquid container according to Claim 26,
wherein said electrodes respectively being operative to
transfer a drive signal to said piezo-electric layer and to
transfer a detected signal from said piezo-electric device.



