1 11 SEP 203 A LI QUI D CONTAI NER HAVI NG A LI QUI D DETECTI NG DEVI CE Thi s
patent application clainms priority based on a Japanese patent

applications, H 11-139683 filed on May 20, 1999, H 11- 14753@1f%¢§d on
May 27, 1999 and H. 11-256522 filed on Septenber 10, 1999, &MBs of
which are incorporated herein by reference. BACKGROUND OF THE | NVENTI ON

1. Field of therrpoant iCONTHINER &N AV eaiguad MRTEE@SING pravici d
container and a |liquid consunption. Mre particularly, the present
invention relates to an ink cartridge to which a piezoelectric device
detecting an te inside an.ink.cartri u ng t he
liquid to a Eb?%tﬁ%géﬁ oél?f m)un ri d"%gr\ﬁf?rclﬁ%/?f rrgtrj?g(rgn ? .PQ %%
stores ipktentsapplioat dahs, det emeﬂwam hﬁlléde@ﬁehaytnw deyacem s
nmounted. 2. Description of the Related Art In an ink- recordi ng

appar at usl-h¢ %238 ifdded apiaof 275 1%%?1@13&6&5%?83%&#@Q’é’n‘é@%‘ﬁ‘ﬁ‘@e]ﬁeans
whi ch pressu S p. gepe, g a o} ng whi ch
di schar ggé i%égbr%é%u%‘?gg%ﬁ?%kg?h{éﬁeﬂqoﬁgsf?n r@!r;g% e? ﬁé#ﬁéﬂpﬁ jet
recordi ngefgpemad us i s structured-such that ink fromthe ink tank is being
supplied to a recording head via a passage, so as to continuously perform
a printing operation. The ink tank is structured as a cartridge in a

det achabl e manner so that pa GEROUNGABE SREAGRVENTHMI&N | NK 1S consunmed out.
Conventional ly, as a nethodof controfting the tnk_consunption of the ink
cartridgk, Biekd hof tkekhowenbiomontrol ling the ink consunptlon by neans
of a cal cul ati.gn |n whi ch the counted. _nunb ts_disch ed by
t he recording ’ﬂ% ‘?fﬁscFIi";fﬁeln it 5Tej‘a|“-rl?s 8k8dlf‘ﬂué nﬁgﬂgaﬁﬁﬁfea%ﬁ %ess
of the pxiqﬁidngcdsﬁ@dmpawnt nt mgrat perbycaht 1) € thanbranmmer i nediorbof

controlling the 2 1 1 SEP 2003 ink consunption in which_the tinme_at which
t he ink Jf%faat'(’quappyan ink cartridge to which a piezoelectric device

detecting an ink consumption state inside an ink cartridge

supplying the liquid to a printing head is mounted and to which
a memory means that stores ink consumption data detected by the
piezoelectric device is mounted.

2. Description of the Related Art

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

Conventionally, as a method of controlling the ink
consumption of the ink cartridge, a method is known of controlling
the ink consumption by means of a calculation in which the counted
number of ink droplets discharged by the recording head and the
amount of ink sucked in a maintenance process of the printing head

are integrated by software, and another method of controlling the



consuned is detected by directly nmounting to the ink cartridge the

el ectrodes for use in detecting the liquid surface, and so forth.
Moreover, in the cal cul ati on-based net hod of controlling the.i?§E
consunption by integrating the discharged nunber of ink drople gkﬁnqhe
amount of ink or the like by the software, there is a problemwhere the
i nk consunption anount inside the ink  cartridge can not be detected. As
for the @ h%‘an%‘\“mBBh‘??o’rqli‘%blCl'bytléfF et DS “ﬁweclu AR RRTHRATIR | s

consunede, L BehEQT SHBEL: e PEOH! ﬂl&@tfgﬁedxééﬁ%ﬁﬁé%t&lé hent Y%Stﬁdg%]é‘; and

t he conp??cated sealing structure of t ectrodes and so on thoug

st ruct ur ehefeledetedes nfort hesé nkn cdetsemipt g nt mayl dopa b nemofv gz o pos@dso
However, _i n_the cal cul ati on-based nethod of controlling the ink
consunptf%ﬁt%y integrating the discharged nunber of ink droplets and the

anount of ink @6réHeeti Ken bhd hea ZOI1 4@ Sh - BAEEE me 1o OB S MHET Encdn
error occurs due to a printing node and so on at a user's side and anot her

unwant edtee rbrk ceerswian tiye inggeratdingr tigedi schouaeddnagaes. ofbidover
the pr eséé‘é@%&ﬂ%'%ﬁd d1e Bk eart o ch%ra@ﬂ%iti;lﬁfe‘“tb PRkt %o?f:w&?%, | ke,change

dependi ng age environment such as a nperature and humdity,
el apsed isma @i edn whlceCatHa | Hige bassheeniopearduhor insddeanthe usdge
frequency at a_user side. Thus, a problemis causedtﬂgﬁre a consj derabl e

error oceRFSTHESRCERn RE BAl EaFEFERH nIdE druipei BRRARICT PRI U 7%k
CO”SU”Dtbp%l\lﬁ%EC%A%Q%%f £ 138Gt khildiec RBLDOE 1OF 6RBLKEH!, | PHebY £lReid odes

the tinme at e ink I's consuned, as disclosed for exanple in the
Japanesepfalb bans Applh satliion tediiconOpert ot ybles 341k Fnd whetdmmpbicaerd t he

ink is present can be controlled with high _reliabili since the liguid
U f ace BT MRS AT Be Y i FS alpelrand tdas i bdndmp v e e
det ect edfat Q8€ePOiNg. th&oNeN etonsShmcei det ey ibg sbrehowuptdopaséace of ink
relies on the ink conductivity, there are problens _in that tiﬁes of ink

whi ch 11 SEP Z8@8eeEadnhEhecidGdd tigindased rathed endortEeating the
StrUCturanfcB%%uﬁkQQEﬁpqﬁﬁ integrating the discharged number of ink

droplets and the amount of ink or the like by the software, there
are problems where an error occurs due to a printing mode and so
on at a user’s side and another unwanted error occurs when the
same cartridge is mounted again. Moreover, the pressure inside
the ink cartridge and the viscosity of the ink change depénding
on usage environment such as ambient temperature and humidity,
elapsed time after an ink cartridge has‘been opened for use, and
usage frequency at a user side. Thus; a problem is caused where
aconsiderableerroroccursbetweehthecalculatedinkgnnsumption
and the actual ink consumption. | |

On the other hand, in the method of controlling by electrodes
the time at which the ink is consumed, as disclosed for example
in the Japanese Patent Application Laid—Open No. Hei8-34123,
whether or not the ink is present can be controlled with high
reliability since the liquid surface of ink can be actually
detected. actual ink consumption can be detected at one point.
However, since detecting the liquid surface of ink relies on the

ink conductivity, there are problems in that types of ink which



beconmes conplicated. Mreover, since precious netal is usually used as the
el ectrode material, which is highly conductive and erosive, manufacturing
costs of the ink cartridge increases thereby. Mreover, since it is
necessary to attach the two el ectrodes to two separate positfdn8EBf2the
ink cartridge, the manufacturing process increases, thus causing a problem
whi ch increases the manufacturing co$ts. Mreover, when the ink cartridge
scans together with the recording head of the ink-jet recordi ng apparat us,
there arecapgassorRstdharRyrindeliaiies Y es AAfingsdtpRd oPURll 8Rctrodes
gener at edbe Qﬁe@”?&%ﬁﬁca{l@%ﬁ Cmﬁgo%n}, Os'?ﬁ@é'%re&?ﬁrsar%é a?|'snlfstJ§IyCﬁ)§Jé’osgsqp

det ecti ng <?t her or” no he I nk 18'present. I'n gar,lcu ar, ’in @_Pqpara us
whi ch di r 8] dFel@ledal e IPRIES QOMRINANIIS YRR erasdysigeRufast wite BeRls t o
control t®R&thRimt cattridae dAcrelgsep ikerebycoMoueevkr, shwe iéfis oreossaryperddiecbn
due to bubine ebvar elesitplieki dantwoTheparate gositedsi oh thleeriak acaavidyy, ithe
provi ded infaraffattikingepRElelsBlincRYdeisONhiHTad8idd8 Fdbidrh AgRich! idcAdIdEahES
whi ch direct] ¥ 86 tc\?a]sttg'e i nk consunption anbunt using the el ectrodes to
control the point a Ich the ink is consuned. That -there exists ink in
the cavity may cause erroneous detection. Therefore, it is desirable to
provide a |iqui d MeReNaierwhelpahe dnkf cartrddgelsicpndciosetheigwithl thgurepording
consunpt i beadtaft the amdjali sgpendinggappatatas, trenplareabechsiens iwigerst unditiated. |t
i s furtheivadesi 4@btguisd RINAVbABHRR §EKeGREd . THESDUBAPS 8y Raukel drddhabus

detectingg Q?atiicrﬂ( if O gl o4 @fma‘éi‘éctfrgftvﬁ?eﬁﬁgt%rof\ }qihépﬁﬂé'ié‘gp \e%%lli‘l 4n

conplicated sealing structpure. 1.t T8§. siLrable to provj. [iquid
co'rrlTai ner p%-l%\ﬂaae?rbcqpsoar H’g}'cgr‘?‘rﬁg?“%\ tagls; é'l’?ﬁ'ﬁgdcﬁﬂ'g‘fm{’{'%? FRRUG
actual |y peH¥khdbe ¢leclades (i aonshihe meinhd WhichhthendnkidescansHingdh ther
det ect i ng eneatelogs apreration a ugetfol lpuldrley aresigmiéisent.. 1t is further desirable
to provide a liquid container which can confirm whether or not it contains
bt 2 it ne T Bl SO e A B B BBl s dmeeine
o - coppion eidditd CHMRAES in BebSatlf ARler Freaty Fad@oft WeChe
cont ai ner SPASYMPHOY Maunt, ieiRatRE §legliPaes drcantet %i'% pOHBtatd‘?"&'ﬁgrti‘ﬁ ink is
mount ed. CONpYMedr iThéet thrig @xidliscinkdnpgheviayétyamay gakde coransoverdetaphon.e of
judging 11 SEP 2N33 4
Therefore, it is desirable to provide a liquid container capable of
reliably detecting a liquid consumption status and dispensing with a
complicated sealing structure. It is further desirable to provide an ink cartridge
capable of reliably detecting the ink consumption amount and capable of
dispensing with a complicated sealing structure.

_ It is further desirable to provide a liquid container which detects
whether or not a predetermined amount of ink is actually present in the liquid
container and which includes a means for detecting whether or not a deficiency
is present. :

It is further desirable to provide a liquid container which can confirm
whether or not it contains a predetermined amount of liquid at the time of as
well as after manufacturing the liquid container.

It is further desirable to provide a liquid container capable of detecting
a tilted angle of the liquid container in such a case when the liquid container is

not properly mounted.

It is further desirable to provide a liquid container capable of judging



whet her or not a neans for detecting the liquid consunption state .operates
normal | y. SUMMARY OF THE | NVENTI ON Accordingly, in a first aspect, the
present invention provides a liquid container, including: a hou5|ng
containing therein liquid: a liquid supply opening formed in A SEH N ng
through which liquid is supplied to the outside of said housing; and a
detecti on device having a piezoelectrac el enent and attached on said

housi ng, Sﬁhé’th‘é?tnﬁchbp% dead e f@ﬁtd%%éuﬁg GRBSKYML I &hiRgstech Qtatee¥pératds
l'iquid co r"f\% @ in said housing, said detection device generating a
I'ec o

counter - tive voltage in accordance with a residual vibration of
t he plezoelectrlc elenment. In a second aspect, the present invention

provi des aSHMWARYIPF Ttk 8NVEMNTI®Nonsunption status of liquid contained in
a liquid container on the basis of a vibration status of a detection

device having a RicggRth§y! lihCa SlidMBIpect | fitd BeéduhtSInOBALIOA ‘proVRIRAI & NGuid
det ection 'a eerhﬁwv'llﬂﬂ g plurality of detecting positions: nmounting the
detection device bn e Tiquid contai ner switching a detecting point to at

| east one of theap*?‘U‘rsé'PQP "tﬂ"“ﬂ‘é’t‘é‘@t’?ﬂ‘g i9Wdsi tions of the detection device
ina direction of mwﬁaﬁwlbfonewenm ifqgumed|iavadid hewising Eesghi Wlichhauid dgi d;
and det ect sumppliduetd fhguowsidevet sbid lopesiati agdt he detection device. In a

third aspect, the @wRe80h ddWeNhiaQhghPikeesieatrethosemfastebeaathag onadigvel
of Iiquid gond;al “egud Eetaec'zloﬂuaé’v.%g“é@t @E bé’or%%‘?ﬂ deaegr&%?m&r‘of Iffa ce
B

h
Do 09,2, PRSRARE r alh REbig. gl Telee 0 A, “heRaatyo, AT 2

change of eW&etiomative Iwag%ﬂme‘?@@ﬁ Gfy WHE |3 qupEl uébet"éﬁr?HQ"tH?é the
det ecti on dl@zpe@ctlam@blqmd(gﬁ ng the |iqui d | evel by detecting no-ink status
of each of said plurality of the detecting points. The preferred

embodi ment makes |gogstlLendubkBbLe Hid | hedbhPnndEntidipt BRIVIARS I @SHletnosand

b Yo BRSNS alon S Sl iR Rl s VEIREIOTNE,
cont ai ned PasiSHRS # ViRirHOoBRGRlIsHef a detection device having a piezoe ectfic element]
including steps of: '
preparing a detection device having a plurality of detecting positions;
mounting the detection device on the liquid container;
switching a detecting point to at least one of the plurality of detecting
positions of the detection device in a direction of a change of the liquid level
while consuming the liquid; and

detecting the liquid level by operating the detection device.

In a third aspect, the present invention provides a method of detecting
a level of liquid contained in a liquid container by operating a detection
device having a piezoelectric element, the method including steps of:

arrvanging a plurality of detecting points on the liquid container in a
direction of a change of the liquid level while consuming the liquid;

operating the detection device; and

judging the liquid level by detecting no-ink status of each of said
plurality of the detecting points.

The preferred embodiment makes possible suitable utilization of
detection result, and improves detection accuracy. Moreover, embodiments of
the invention are not limited to ink cartridges and can be applied to detecting
other liquid contained in the liquid container. '

By implementing embodiments of the invention, the manufacturing



By inpl ementing enbodi ments of the invention, the manufacturing SEP 2003 5
process of the liquid container can be shortened and thus the manufacturing
- cost therefore can be reduced, and noreover, the consunption anmount of the
liquid in the liquid container can be continuously detected ifjleSPR@ve of
the types of the liquid in use. A preferred formof the present invention
w Il now be described by way of exanfde with reference to the acconpanyi ng

draw ngs. pBktdds SELR PJ&.@WH%aﬂ%'éEdQW 'él%rtEhgd %&M@th@%%ﬁb&%&m_ of
an ink card {dgw%rg rgucsa% p@t%d%ﬁehi g Car FAOQ[&T cgﬁ(salﬂ'}?hﬁes p kt Lnk.

F|g Zshws raI gpes,
of i ks, Hagd an B8R adid Comlrine oam der aPRKNY R R
cartrl dgeéym%th%“ﬂﬂg injusend, Fig. 2, according to an errbodl ment of the

present invention. Fig. 4 is a detail ed cross sectional view of a sub-tank

unit 33. Fig. S5(A)prefertéd fomeWfRBYIRSERE iMV@niBhNAHSKO) blehge &drsdd By Waye
-gener ating &3 g’g\{lﬂlﬁrefépet?dﬁédtolzh E&gomﬁ ﬁ%%\/sdégwﬂ#er enbodi nent of the

el asti c wave gerier |ng nmeans shown | g. 7 shows an ink
cartridge according to another embodi nent of the present invention. Fig. 8

shows an BKEEaPESCGRIE TALMPH HJEtBRAWINGSinot her enbodi nent of the

present inventigng, hi gho@s%?p%mm@mc‘cﬁr&ﬁl.ﬁ@%a@ﬁm@@dmgu&@mm bl sipgrt her
enbodi ment of the present invention. Fig. 10 shows an ink cartridge

accor di ng @ s o1 Px%l'ﬁai%éhe&%%!%nt of the present invention. Fig. 11

shows an ink cargigi 396nhewsAdlidhbdAnmdnt! df BIOIMEEaRNBGE WRIth RbusddBlural
pr esent |nvent| on. Fig. 12A and Fig. 12B shows another enbodi ments of the

i nk cartrit¥ees okHYM in Fi g. 11. Fig. 13A and Fig. 13B show ink cartridges
according to stigijly. afotdp@ivs an ink-jet recording apparatus suitable for the ink

cartridges shown in Fig. 1 and Fig. 2, according to an embodiment of the
present invention.

Fig. 4 is a detailed cross sectional view of a sub-tank unit 33.

Fig. 5(I) - 5(V) show manufacturing methods of the elastic wave
generating means 3, 15, 16 and 17. »

Fig. 6 shows another embodiment of the elastic wave generating means
3 shown in Fig. 5.

Fig. 7 shows an ink cartridge according to another embodiment of the
present invention.

Fig. 8 shows an ink cartridge according to stlll another embodiment of

- the present mventlon '

Fig. 9 shows an ink cartridge according to still another embodiment of
the present invention.

Fig. 10 shows an ink cartridge according to still another embodiment of
the present invention.

Fig. 11 shows an ink cartridge according to still another embodiment of
the present invention. .

Fig. 12A and Fig. 12B shows another embodiments of the ink cartridge
shown in Fig. 11. '

Fig. 13A and Fig. 13B show ink cartridges according to still another
embodiment of the present invention. |



enbodi nent of the present invention. 6 |11 SEP M Figs. 14A, 14B and 14C show
pl an views of the through hole |c according to another enbodi nent. Figs.
15A and 15B show cross sections of the ink-jet recording app tﬁ!ﬁ’
according to still another enbodinment & the present inventi 211 %m16A
and 16B show an enbodi nent of the ink cartridge suitable for the recordi ng
apparatus shown in Figs. 15A and 15B. Fig. 17 shows an ink cartridge 272
according to sFigs.akbhhdriB entolit Aeshowiblar prassewf Fheehbreonghrgle 18
shows an. i nk cartrl dg 272 an . n recording apparatus according to
still an%)?he?c%ﬁ% Wg?lt ?%T"%e %‘P%%(gn%'g}ll hvention. Fig. 19 shows still

anot her embodi pegs . ofi shheandik16Br tshdigecrdd2 %M’idrﬁ Fof. the flgsjet20A,
20B and 20C show details of the actuator 106. Fi . 21A, 21B, 21C, 21D,

21E and PEFOEABIG RRRPITYS rEOTrEdnPyhP el E] raiatt roﬁﬂ%ﬁﬁél&@ﬁ&a?értfi%

Fi gs. 22 .relationship between the ink density and ink
resonant A??%%ﬂén%ﬁ%ﬁ%é’?éd by the actuator 106. Figs. 23A and 23B show

wavef or ns of thegsomm’eramiacstBr&mw we efibodéemehtt bé aheuﬂhbrcaﬂlﬁrid?geg; 24
shows anot her_ enbodi n of tge actuator 106. Fig. a Céoﬁ%%\s
section %‘f‘l'éa‘%?tf%‘f” TECOREBP ABRAT RS RAVE g le@S FWEA 28 a

cross section p{gt R ghblE anatinahetribbe §'h§‘él'&c'o%d|§_th@ t@4tiflGanadhshows a
manuf act uri ng %hod of the actuator 10 shown in Fig. 24. Figs. 28A 28B

and 28C shbediamenhkofarhei pyesertoimvemtion. still anot her enbodi ment of the
present 1nventhon: i $owe%h 43P:200-48G:09% APLNLERIDEE! PERSlng Ne

apparatus according to still another embodiment of the present
invention.

Fig. 19 shows still another embodiment of the ink cartridge
272 shown in Fig. 16.

Figs. 20A, 20B and 20C show details of the actuator 106.

Figs. 21A, 21B, 21C, ZiD, 21E and 21F show periphery and
equivalent circuits of the actuator 106.

Figs. 22A and 22B show relationship between the ink density
and ink resonant frequency detected by the actuator 106.

Figs. 23A and 23B show waveforms of the counter electromotive
force of the actuator 106.

Fig. 24 shows another embodiment of the actuator 106.

Fig. 25 shows a cross section of a part of the actuator 106
shown in Fig. 24.

Fig. 26 shows a cross section of the entire actuator 106
shown in Fig. 24.

Fig. 27 shows a manufacturing method of the actuator 106
shown in Fig. 24.

Figs. 28A, 28B and 28C show an ink cartridge according to
still another embodiment of the present invention.

Figs. 29A, 29B and 29C show another embodiment of the through
hole 1c.



7 1 1 SEP 2003 Fig. 30 shows an actuator 660 according to anot her
enbodi nent. Figs. 31A and 31B show an actuator 670 according to still

anot her enbodinment. Fig. 32 is a perspzctl ve view showi ng a rmf s%glﬁ@h

Fig. 33 is an expl oded view showi ng the structure of the nod own
in Fig. 32. Fig. 34 shows anot her enbodi rent of the nodul e 100. F| g. 351is
an expl oded vi ew show ng the structure of the nodul e 100 shown Fig. 34.

Fig. 36 shows &t91 | ano?H@WSen%’Bdlar@?r’cat&rtﬁéom)aGFSr%Bg Fpg.2 ows an
exenpl aryss Psserect i on of the nodule 100 shown in fig. 32 where the

nmodul e 100 1s nounted to the ink container. Figs. 38A, 38B and 38C show
still anot her Rarg:ﬂ)dﬁriténtanﬂ 3tife shewdahead¢B0at £ g6 78R chovding wtsddildent of
the an ink cartri u5| ntq t he actuator 106 shown in Fig. 20 and Fig. 21
and an i"i"ﬂ?(oﬁc}é HY apparatus therefor. Fig. 40 shows a detail of the

i nk-j et recodlxﬂ% apmu@t& pefFd@iSct AA gy Albwhoy anasdere endwdi ment s of
the ink cartridge 180 shown in Fig. 40. Figs. 42A 42B and 42C show still

anot her enbodlffﬁfsnt 30'1 %&@nlwchh‘@gféﬂ HEewinghe 3t rugmizmeaitshow

still 0 k cartridge 180. Figs. 44A, 44B, 44C and
44D shovr%/%smef anot er e 1Ild}‘g{r:intﬁyof the ink cartridge 180. Figs. 45A, 45B

and 45C show anief heys egrtimwl retdishef dolsodimentcasf rildgendBileshbadh. i n Fi g.
44C. Figs. 46A, 46B, 46C and 46D show still anot her enbodi nent off thhe i nk
cartridge usi idhe hrodula? wPleded |visep qljowing the structure of the

module 100 shown in Fig. 34.

Fig. 36 shows still another embodiment of the module 100.

Fig. 37 shows an exemplary cross section of the module 100
shown in fig. 32 where the module 100 is mounted to the ink
container.

Figs. 38A, 38B and 38C show still another embodiment of the
module 100. |

Fig. 39 shows an embodiment of the an ink cartridge using
the actuator 106 shown in Fig. 20 and Fig. 21 and an ink-jet
recording apparatus therefor.

Fig. 40 shows a detail of the ink-jet recoding apparatus.

Figs. 41A and 41B show another embodiments of the ink
cartridge 180 shown in Fig. 40.

Figs. 42A, 42B and 42C show still another embodiment of the
ink cartridge 180.

Figs. 43A, 43B and 43C show still another embodiment of the
ink cartridge 180. '

Figs. 44A, 44B, 44C and 44D show still another embodiment
of the ink cartridge 180. |

Figs. 45A, 45B and 45C show another embodiments of the ink
cartridge 180 shown in Fig. 44C.

Figs. 46A, 46B, 46C and 46D show still another embodiment

of the ink cartridge using the module 100.



Fig. 47 shows a cross sectional view of the ink container in the vicinity
of a base face thereof at the tine when the nodule 100 shown in Fig. 32 is
mounted to the container 1. Fig. 48 is a cross sectional view of4t i
cartridge according to the present entfodi ment where the ink cartridge is
cut along a longitudinal or vertical direction. Fig. 49 is a cross
sectional view of the ink cartridge cut in the |ongitudinal or vertical

di recti on accoFdgng4?oshows hercrasmediaemnalFivievs@fi $he énbssoseainenal

vi ew of the .ink cartridg& a ccorg%ng to the_p g%t enbaodi i

| atitudi A3 CRE PO £ c‘f%‘ﬁ?oﬁiagt.e% r &M M e he ‘@?‘f‘lgg%l

view of §1he LRkweahtrFdge whems fbantBK SBpRh¥ PehtaZnkg arranged so as to
supply ink Kin the wvertical position with respect to the liquid surface

of ink K Fig.F5g.i $§8aier assreset seationpdworwt R FhR éakt FrE§E1ddecor di ng
t o anot her enhodi nt, . where the iLn | rt 2 u i i i h_ t he
vor 1ol SHrP ARG pRilBLESLHE, LAKCANRRLY BREL2rnS (PAL! E8; LR aBe Bs i

spec I qul surtace of I n

shows anceabadorgnt 0bnantuBknaear bri dgetwhathdheusesonpl ural types of inks.
Fig. 54 shows a process of detecting.the liquid surface in a ste%-bﬁ-step
manner accor di Rgdt 04PheS it 6388 BRBbAPRBAL View f HaldkdCRriri888 Shbw

cont al nein sHE! ﬁplgafiggaiﬂawn&nger&eﬁhdd§§eé95§n EL8sra?84 apdan6Bhshow a

structural exanp positioning the supply port. Fig. 57 illustrates an
i nk consempbdomedéet.ection using a plurality of liquid sensors provided in

‘the slanted wall. Fig. .58 shows another exanple o e structure.i;n which a
plurality of I#aard%geﬁ§oPscﬁP§Sp?%ﬁpﬂgaainggﬁg g%ahFSdlﬁglﬁérE%ﬂgge59
shows st hbboaB9hhet o X R sehtt 8AbSHEMEhYT £nitheMingh tadiananalii t¥celfohi qui d
sensors are provided in the slanted wall. 9 1 1 SEP 2003 Fig. 60 shows

exenpl ar 9rs€raesudariegtiminch the |iquid sensor

Fig. 51 is a cross sectional view of the ink cartridge when
the ink supply port 2 is arranged so as to supply ink K in the
vertical position with respect to the liquid surface of ink K.

Fig. 52 is a cross sectional view of the ink cartridge
according to another embodiment, where the ink supply port 2
supplies ink K in the vertical direction with respect to the liquid
surface of ink K.

Fig. 53 shows an embodiment of an ink cartridge which houses
plural types of inks.

Fig. 54 shows a process of detecting the liquid surface in
a step-by-step manner according to the present embodiment.

Fig. 55A and Fig. 55B show containers suitable for mounting
ligquid sensors.

Figs. 56A and 56B show a structural example for positioning
the supply port.

Fig. 57 illustrates an ink consumption detection using a
plurality of liquid sensors provided in the slanted wall.

Fig. 58 shows another example of the structure in which a
plurality of liquid sensors are provided in the slanted wall.

Fig. 59 shows still another example of the structure in which -

a plurality of liquid sensors are provided in the slanted wall.



is nounted by using the nmounting nodule. Fig. 61 shows another exenplary
structure in which the liquid sensor is nounted by using the nounting
nodul e. Figs. 62A, 62B and 62C shows various structures of the, ?, at or.
Fig. 63 shows exenplary structure in wiich the Iiquid sensor ids gﬁﬂVﬂﬂ%d
in an ink cartridge of an off-carriage type. Fig. 64 shows exenplary
structure in which the liquid sensor is provided in a sub-tank. Fig. 65
shows a contr dfigy$t0eshows axampl-grot stegotdragn wppeh dthes lagueddsensamn t he

resent enbodi nent.. Fig..66 shows exampl e tin ario di spl ay node
(R s A N Rl e S A R AR et Sk BBl ity

system of an iy et J1RGA dhB8he 2RBANP IS ASELHEE BBe 10 WNDEReheerhadiqrent .
Fig. 68 shows a process of howto switch the detection direction of the

liquid peeiseonis mawnied kynssiagtpe oeessting meduksst em shown in Fig.
66. Fig. 69 s a sorfail e u e I Syst shown
' Fi g 66, Fig® 7000 Ande 00 oW At | THothol REr o ben ST HERE I8P e T

cartri dggecwesosdi ng to the present invention. Fig. 71 shows anot her

enbodi ment of the actuator. Fig.. 72 is an exenplary cross_sectional view of
the nodul e 100i$hé&AnshowEiegem®lany gtrygtnge dncvbichddia Lot AFBFW t he
ink carty u it i r.4 &&g@p p&g&k i nk, of an
enbodi ma{n% d‘g’g%‘té%?%‘? ngﬁt%%t eﬁp(?%%stgﬁ:& %v%%'?%%nc?ﬂ;i g. 4&?2 a cross
sectional viewiwgr édesitowdiengprpiargesariictofe timewsubh ttdrek lagutid $emgnr 75A,
75B and 75C show,sti|l another enbodi nent of the ink cartridge 180. 10 11
SEP 2003 FiREOVYER R aFdP 768 S how sti || anot her embodi nent of the ink

cartridge 180.rig. 65 shows a control system of an ink-jet recording
apparatus according to the present embodiment.

Fig. 66 shows examples adopting various display modes when
indicating the ink consumption state.

Fig. 67 shows another control system of an ink-jet recording
apparatus according to another embodiment.

Fig. 68 shows a proceés of how to switch the detection
direction of the liquid position in an ink consuming process in
the system shown in Fig. 66.

Fig. 69 shows a sensor-fail countermeasure process in the
system shown in Fig. 66.

Figs. 70A and 70B show still another embodiment of the ink
cartridge according to the present invention.

Fig. 71 shows another embodiment of the actuator.

Fig. 72 is an exemplary cross sectional view of the module
100 shown in Fig. 32.

Fig. 73 is a cross sectional view of the ink cartridge for
use with single color ink, for example, black ink, of an embodiment
according to the present invention. ,

Fig. 74 is a cross sectional view for describing the detail
of the sub-tank unit.

Figs. 75A, 75B and 75C show still another embodiment of the

ink cartridge 180.



Figs. 77A and 77B show an enbodi nent of the ink cartridge for use with
single color, e.g., black color. Figs. 78A and 78B show an enbodi nent of
the ink cartridge where the elastic wave generating neans is arranged on
the supply port forming face. Figs. 7DA and 79B show an enbodilfe8EP @03t he
ink cartridge where the elastic wave generating neans is arranged in an
encl osing adjacent face. Figs. 80A, 80B and 80C show an enbodi nent of the
i nk cartridge Figw ctvaiousés phdirdC shpwssbill rdnotther eboshiowstant the
enbodinentkof t he, i nk-] 6 recording apparatus suitable for the ink

cartri dgeB sﬂ%ﬁ%r+§9%i£§.-77 - 80. Fig. 82 shows still another enbodi nent

of the ink cargidggge; 2y 2 IN@HIAK ahebmbeafhdhRJoZPPREAL HR SL£OF TidE tO
the present invention. Fig. 83 shows an enbodi ment of the ink cartridge

wher e t hEor aeseavbthisingiangetovn ehe- enelaskngoddfacent face. Fig. 84

shows still angther odi accordin o.th pr.es i hvent i ig. 85
shows still anot$#er ﬁ%oad}d;e% 5:%18& Pngm%)8d gntp(ragsgﬁ%’ ;erl]]g/egn‘#%nni.d% g. 86
shows styhéranaiden aghedivavatgataasidinmg reankhes Preseddd i ehti sunppFy gs.

87A, 87B and 87C show_ still another enbodi ment of the ink cartridge and
the act uBPBt BREBIUPInERE®-the present invention. Fig. 88 is an exenplary

cross sectional. yie 0 LGh i n t CPN A ner
1. DETAI LED D@élc%‘ P\#I%i\léé{;? 'Ijl-%j %@E&?&@%@QF‘E%WOE% %ﬁkn%ﬁr polige

descri bedhéns edheonl & diei pwefver geme raming meanissi s whiremogdl hoEn enelwising | init
t he scopedof t he Present 11 1 | SEP 20 invention, but exenplify the
i nventi oA 2FFPHfI2R®  features and the combinations thereof described in

the enbodi nentpag®e. ROk, SEFESIFId ¥hEFSBNEMBOAI Rehb®f AMEAKOFartridge

which houses plural types of ink.

Fig. 81 shows an embodiment of the ink-jet recording
apparatus suitable for the ink cartridges shown in Figs. 77 - 80.

Fig. 82 shows still another embodiment of the ink cartridge
272 and the ink-jet recording apparatus according to the present
invention.

Fig. 83 shows an embodiment of the ink cartridge where the
actuator is arranged on the enclosing adjacent face.

Fig. 84 shows still another embodiment according to the
present invention. |

Fig. 85 shows still another embodiment according to the
present invention.

Fig. 86 shows still another embodiment according to the
present invention.

Figs. 87A, 87B and 87C show still another embodiment of the
ink cartridge and the actuator according to the present invention.

Fig. 88 is an exemplary cross sectional view of the module

500 which is mounted to the container 1.

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described based on the preferred

embodiments, which do not intend to limit the scope of the present



First of all, the principle of the present enbodinent will be described.
In the present enbodi nent, the present invention is applied to a

technol ogy by which to detect ink consunption state inside a'(‘lif!‘\tp
container. The ink consunption state i $1det ect ed by utilizing a |qﬂp%
sensor including a piezoelectric elenent. The liquid sensor generates a
detection signal which indicates vibration of the piezoelectric el enent

cor r espohlV®gt tent Heut mxemdriduimbticohnyeat éonAs ALk et the patnEepravént
embodi mepf,, &&xﬁgﬂé{:wﬂ tE’}aéPSofr' 5aELd; RERSOL, tgeCQHBHHPﬁ\EHE Q?EanVHVEUDW IS
provided in an 1n cartri ge. The consunption data nenory I's one ich
enbodi esntébessaribyyearansi&brtasehw ihveheibhqui d container in the present
i nvention. The_consunptiqn data nmenory_is rewitable angwgg res the

consunpti on ref &2 Yartd whFER PEHAFLPLE ChridtpErsingt t8PRY Yhi!
| qui d sgas@dscr BYed! OVilithe bRescoRs BIBbuaRedl at ABMBEYsenfalhivin Oibg

contai ner can have the consunption related data necessary for each liquid
cont ai neis apwl i@edahplaefetheotoggumpivharhried dece cdairzk arascopsiopt $oate st at e

data obtained by using the liquid,sensor. Suppose.that _ap ink.cartridge is
Fempved TPOMIE HR | TR (RN ndEn s B AP RESETRE 4oPeE B0 bl BT oS noe
the consyymit o1 12y & dailql il @eh@ldd ihd1LEe ndeADpYe zb836ctithel enastinpt i on
state data can be prevented. At the tinme of nounting, the consunption

stat e dathechhapedusensordoengraeadi agdehert bor dignak Wehehyindbereser,
th i t { | d I | St}
e Conswmeﬁoﬁe%fntgéﬁ gﬁl%dgye&%l%a%ﬁe% t gtﬁg%}efsglgpgﬁﬁf?ﬁ%e&hé 1eR

det ected correspon e consunption o e detection
rel at ed dehsumapejiofhostaexanpl e, data indicating an acoustic inpedance

corresponding to the ink consunption state. This detecti.an characteristic
data are read®®ft %?d“iﬁq PtzE eiﬂrﬂ%?%"ct‘?rﬁboqlﬂ%erb‘b'n%rﬁﬁ r‘fl&r’a?@ &ﬁ :11

SEP 2003; Ageps di88s4L, tBi S0k L DBAt dat Heméhkry el s dsv¥beeq8gednngh fawe
the detection characteristic data. A possible change in detection

char act eréstitdgdue The gogssingt ionadgea glendieyy é&rere ade dmpgmbediespelewi t h
SUitablyr‘nemory means for use with the liquid container in the present
invention. The consumption data memory is rewritable and stores
the consumption related data which relate to consumption state
using the liquid sensor.” By providing the consumption data memory,
each liquid container can have the consumption related data
necessary fof each liquid container.

For example, the consumption related data are consumption
state data obtained by using the liquid sensor. Suppose that an
ink cartridge is removed from the ink-jet recording apparatus,
and is mounted again. Since the consumption state data are held
in the memory, loss of the consumption state data can be prevented.
At the time of mounting, the consumption state data can be utilized
by reading them out of the memory.

Moreover, the consumption related data may be data on
detection characteristics detected corresponding to the
consumption of the liquid. The detection related data are, for
example, data indicating an acoustic impedance corresponding to

the ink consumption state. This detectioncharacteristic data are

read out and utilized in detecting the consumption state.



The present enbodi nent is advantageous in case the ink cartridges have

i ndi vidual differences anong them The detection characteristic differs
slightly anpbng cartridges due to a nanufacturing irregularit¥ and so on.
By storing the detection characteristiés of individual cartr#Jdg8EPi2003t he
consunption data nmenory, the effect caused by the individual difference
can be reduced so as to inprove the detection accuracy. Moreover, the
consunpt AeFodgdiadmspoitisasmyogameny  nthas inkniekedprésennepaveati bave
stores t [ rein. . .The ; | so. a on
2 type of et So SRETE R RRTE R dar e ey e Ba R T hpR e B0
such as ahafartibadkihiicegddat &o el dasing shgheacefdaha, capBgedpeonagsbag
data and so on. Hereinbelow, the present enbodiments will be further
descri be§oPRAJ¥LAN SWLERPA¥-er ence of drawings. First, fundanental of the

t echnol ogy whi d tQ&HJ . unpt i Nyl i tili zing
a piezoelectrigﬁgegﬁ%%g%tlI éﬂkﬂgggfi ed%agﬁPgﬁéggugoﬁ*o&%%kagﬂvgr?%ts
appl i cat icams ratigebeha ke tiadti vdkduké chihbt enggncd o abagprlesent Mrbddteeniont he

ink cartridge includes a. liquid sensor. and a consunption data nenory.
Ther eatt EPearkETs Stie) (LhE Bt o iy ETOR IS RS e de B
descri beghahirdetairk ngl mrkegumagsgpt aBaDbesli st pyt Beohtiabi €heeaseect $on

constituted specifically by a piezoelectric device. Inthe follow ng
descri pt cbaraghezéstarsr ohridh v idush carkanidaggentn dilien gomsanpt ioor despond

to the Ijquid sensar. -Fhe, consu QN t a Iy i em d
menory (gng*r%ogghd&gl or f-r%éer%:r yC aﬁnlész?r%%s)b% &g% ﬁ'g%{gplv%lf%: %&Ee%;f”ésﬁé’%eé'iE%EEe
consunpt ireutddl$oSER 2803mpirgvel the dete@8ioacattamakyvi ew of an

enbodi nent of an ink <cartridge for use with a single color, for exanple,

the bl ack ink.MOFROYRE: i RRecGPPFIABELISROAATRNMERGTY 1, 28hR BETREYi BR2MEt hod

inpl ementgdehs pasedneniAvBRENGH, 2PBREs"BLBO0HSK d8ThtbE8I3abaVENnert inWi Ch
the position of 'the liquid surface in the liquid container and whether or
not the Thguindmpzyempansaerd sdetsdcmssd Idptrecyi A fype of ink and so on.

Moreover, this memory means stores other data such as a
manufacturing data, cleanihg sequence data, image processing data
and so on.

Hereinbelow, the present embodiments will be further
described in detail with reference of drawings. First,
fundamental of the technology which detects the ink consumption
based on vibration utilizing a piezoelectric device will be
described, which is followed by various applications of the
detection technology. In the present embodiment, the ink
cartridge includes a liquid sensor and a consumption data memory.
Thereafter, what is related to the consumption data memory will
be described in detail.

In the present embodiment, the liquid sensor is constituted
specifically by a piezoelectric device. In the following
description, an actuator and an elastic wave generating means
correspond to the liquid sensor. The consumption data memory is
a semiconductor memory (semiconductor memory means) .

Cartridge which detects the ink consumption




the reflected wave of the elastic wave. As a neans for generating and
receiving the elastic wave, an elastic wave generating nmeans 3 isS v
utilized. An ink supply port 2 which conmes in contact with arri%su |y
needl e of the recording apparatus in al%eal ed manner is provi-'!ié Pnﬂﬁg
container 1 which houses the ink. In an outside portion of a bottomface

| a of the container 1, the elastic wave generating neans 3 is nounted such
that the el astFtgwavd scancbess cauniorcdt edewbd dhendertiaardr oft ent tek i nk
inside the container. |In order that at a stage at which the, ink, K i.s

al nost ugaatﬁbégeif%r. uge PRGN FRPREPUIRE 1 Tk TbeC RS arfHnRLBHH Sht e,

the transferneofidihecghastbgenaiuganighange firomhbe deit@itd dno hdensa@s,
the elastic wave generating neans 3 is provided in a slightly upward
posi t i onifipbemeneednks hgrsd opoatmethddr esvag methedgsdeecnabed aleees vi ng

nmeans nay_be .S at el y. provi i nstead, so that _the I i ve
generat i %8 Vmgéeipso%s‘g’oo%g ggﬂ"eeiégw %]{/feac%éﬁetrq}a 92‘8%%%%%9{%%’@?’: A
packi ng &hAGwKe Eer oV #ote thedyiuad ei Prampitded riendebect Bl b upptyipoig 2.

Referring to Fig. 3, the packing ring 4 is engaged wth the ink supply
needl e 3thesinfilficrd Wgve oh the etaplifagaiad AS12 NeRNE £PYi FIFEME L MAnner .

The val v ] Ly .an I iGal oy C E nst
packi ng iTag oy ag G Mg ey i RO CRAET P RAE M mp e
i nserted3 isertvidl eedodnrd inksspppigeaobby 2 hhiiclk coumppl ynneedtacB82wsiohas to

open an ink passage, so.that_ipk inside the container 1 is supplied to the
recor di ngh HUAgUBPLYI BEALE (4 BRI SPRATACHE i SORFY WRRME 32.
On an uppgrpM&lid&d irhe e8Atainer 1l whiker BoliseBDtE ethie. 14nl ah SEE:208
sem conductor nenory neans 7 which stores data on ink inside the ink

cartridgeorFign of ixs hwtgamsfecei Ve of dafcatainge dar thedgbashiehwaYer es
ool (4BESSL 0 el 1R, (A PRSP L DRECR1 5 aE0LAL B0 g
chanmber sc8mmifisated]l. viakhsupphya et s ti2thé3imkd nbi deatbef comteali hex . t he
respect| \I/S épgeghgﬂggrgt éns?aggtégr%fgﬁ ‘gl'?e ink K is almost used up,
i.e. at the time when the ink becomes an ink-end state, the transfer
of the elastic wave can change from the liquid to the gas, the
elastic wave generating means 3 is provided in a slightly upward
position from the ink supply port 2. Moreover, an elastic wave
receiving means may be separately provided instead, so that the
elastic wave generating means 3 is used as an elastic wave
generating means only.

A packing ring 4 and a valve body 6 are provided in the ink
supply port 2. Referring to Fig. 3, the packing ring 4 is engaged
with the ink supply needle 32 communicating with a recording head
31, in a fluid-tight manner. The valve body 6 is constantly and
elastically contacted against the packing ring 4 by way of a spring
5. When the ink supply needle 32 is inserted, the valve body 6
is pressed by the ink supply needle 32 so as to open an ink passage,
so that ink inside the container 1 is supplied to the recording

head 31 via the ink supply port 2 and the ink supply needle 32.

On an upper wall of the container 1, there is mounted a



of the respective ink chanbers 9, 10 and 11, the respective elastic wave
generating neans 15, 16 and 17 are nounted so that the elastic waves can
be transferred to the ink housed in eagh ink chanber via theqcogtpipgr -
Fig. 3 is a cross sectional view showing an enmbodinent of a major part of
the ink-jet recording apparatus suitable for the ink cartridge shown in

fe 1 aeng&QPdﬁﬁ@g@%ﬁﬁ%e%%%%ﬁhsh Qﬁoir&&'c?é@%%d 19, gnghklged,gﬁeecu on

I'S equi p a sub-tank unit 33
whi | e thenkeeardiiggehead 31 is prOV|ded in alower face of the sub t ank
unit 33. Moreover, the ink supply needle 32 is provid

cartridge nouRt@ngd IRELYTIREGI FnEIeHIRE BRR 10K Fa§§r$g9§ Wlhlqhssﬁo’&%? ai |l ed
Cross Seg&h???'g@%ﬁ%; 3§%kEUva§QEduﬁf%%e§§nmﬂb%13%bthéggo¥n'écéér&ﬂﬁ?r'Ses

t he i nk Supply t he , | exi bl e valve 36 and a
filter 3%o dmembedimkentchallvemt3dnerhe 1mldlwsdl$deEdimﬂpm Waédgpim@d from

the ink artridge via ink suppl eedl e . The erX| al |

desi gned*thaf tH Cfl'llaé&r?eiﬁse Fal e\é§86§? o%éﬁe?d‘pma 5sésd léy éga f‘% t he
pressur eadif f 6FROS s HettdRe R kbR ckRlyeC harbehambe 28 Uhea!M©tt©mpﬁh¢ena§sage
35. The sub-tank unit 33 is so constructed that the ink supply g%gsage 35

i s comuaf ddredenpentitie itdcehamhgrichd103nEa 1y Hele HeePeat 1&ne bRSE&Ppl i ed
up to the recordl he f r i ort
2p of t howale nq[ene Tqageggis T ‘é %}ﬁ'@ 1t7°af e IU%{(te\M]gB e tgxl‘é é%%@i:‘f/ cP

al ner Inser rough suppl y nee
sub- t ankwafies 33n bletvahyeebpdy 6Horehedesk agaissd iheesphi ngkSchamslbet hat
an ink passa%e is formed and the ink inside the container 15 11 SEP 20 1

flows inVé2t BBei ARNERAABEr 34. At -a stage where the ink chanber 34 is

filled with inkjga fegat] V:Ei:o%rse%%‘ért%.o'n%.la%leweghbﬁlﬁgnQﬁzéﬁbo@ﬁ?ﬁéhﬂgoﬂf t he
recordi ng head 3 % so as to fill the recording head wth ink. Thereafter,

t he recoadhaipopenyt iodnthe p@kfmhﬂcﬁcmmg lreriavetius coisakde FATt Hee
(001U Ngghegcel e Ul SSORULI0ORERHL QN2 8 B REBMS Bl bEasbrSt oo
positiongd A¥@¥procating in the direction of the width of the recording
paper is equipped with a sub-tank unit 33, while the recording
head 31 is provided in a lower face of the sub-tank unit 33.
Moreover, the ink supply needle 32 is provided in an ink cartridge
mounting face side of the sub-tank unit 33.
Fig. 4 is a detailed cross sectional view of a sub-tank unit
33. The sub-tank unit 33 comprises the ink supply needle 32, the
ink chamber 34, a flexible valve 36 and a filter 37. In the ink
chamber 34, the ink is housed which is supplied from the ink
cartridge via ink supply needle 32. The flexible valve 36 is so
designed that the flexible valve 36 is opened and closed by means
of the pressure difference between the ink chamber 34 and the ink
supply passage 35. The sub-tank unit 33 is so constructed that
the ink supply passage 35 is communicated with the recording head
31 so that the ink can be supplied up to the recording head 31.
Referring to Fig. 3, when the ink supply port 2 of the
container 1 is inserted through the ink supply needle 32 of the
sub-tank unit 33, the valve body 6 recedes against the spring 5,

so that an ink passage is formed and the ink inside the container



froma val ve body 38 so as to becone opened. Wien the flexible valve 36 is
opened, the ink in the ink chanber 34 flows into the recording head 31

t hrough the ink passage 35. Acconpanied by the ink which has flowed into
the recording head 31, the ink in the leontainer 1 flows into YHeSERBpzank
unit 33 via the ink supply needle 32. Wiile the recording apparatus 1s
operating, a drive signal is supplied to the elastic wave generating neans
3 at a detEbdweanntd nhegimbicdianierset .i nAadvanage fherexdrpliek abhamberrt ai n

eri od f time.. . The elastic wave generated by the el astjc.wave generatin
eans 3 P& 17 BIKLET 43 o ke S M HoBAGSEIRE LA BT The ot Toft s ace

la of thgpeAnhai HEMthHe $RRTALAGPRRHOPAGY ad £8 £1E itHe rBro2dhagi REadhe
el astic wave generating neans to the container 1, the ink carfridge

i tsel f iwighvenkan Thirezhténi righe anecrid by eepe Rl tapabs |IPeyfoymeedr ding to
the present e di t,._since_a process of, enbeddi el ect rodes, for, use in
detetting the MHeRuFAstPRate ranfifedctuaty e Rernettnd  BABT Forki ot he
cont ai nefeéordﬁ]n{g%;@@ﬁé@i’bﬂﬂp|ad%3f|és§ﬁﬁéer_$ teRNAORNn St Aphinfd Edhantdl ek il e

| eakage of the li1quid froma place in which the electrodes are supposedly

enbeddedVedne dosraadest hiBhempEbeifgtidele valvarig i pos thipaedrway
trid i . I { i t t i
wave gensFal Rovatunatady ué o SR SRR oBATE HRE Phe PfeRIBEL! €

mat eri al valieh 36 idhedanad nghendukabhetkeriami cchdiddear Bdndglows Engo &iie),
first of _all, .a caonductive naterial l.ayer 21 which econes an ecirode at
one. si de"EEOFOEREHT rite CHAGUSPI St 36 PR6E1TCSED 2 OAEBRE o 531 TG ¢ o
Fig. 5(1lihk whotBeRasShERbwe? SYivHE decHBIREIRGY 3a ,meher iak is Phaced
on the conductive material layer 2 1. Next, re f erring to Fig. 5 (111) ,

t he greefioBhedner 2 fiowsr kBHO theaspbetenikrwihbd3shvupe bBheaipkesdpply
e e o e Lt e e honr 2t
bur ni ng ierrpewniue etfoi ,refcxmrrcﬁx:@rratg)parigﬁe € ofNerd t; i i f gr diriget®igngl 5
(V) 2, SONMBIST 188 TPLEL! LAY ST AL G2htng;28 LSk £1°L 8% ction
timing which is set in advance, for example, at a certain period
of time. The elastic wave generated by the elastic wave generating
means 3 is transferred to the ink by propagating through the bottom
face la of the container 1 so as to be propagated to the ink.

By adhering the elastic wave generating means 3 to the
container 1, the ink cartridge itself is given an ink remaining
amount detecting capability. According to the present embodiment,
since a process of embedding electrodes for use in detecting the
liquid surface is unnecessary in the course of forming the
container 1, an injection molding process can be simplified and
the leakage of the liquid from a place in which the electrodes
are supposedly embedded can be avoided, thus improving the
reliability of the ink cartridge.

Figs. 5(I) - 5(V) show manufacturing methods of the elastic
wave generating means 3, 15, 16 and 17. A base plate 20 is formed
by material such as the burning-endurable ceramic. Referring to

Fig. 5(I), first of all, a conductive material layer 21 which

becomes an electrode at one side is formed on the base plate 20.



is formed on the surface of the green sheet 22 so as to be polarized in a
flexural -oscillatable manner. Finally, referring to Fig. 5 (V) , the base
plate 2 0 is cut along each el enent. Bngixi ng the base plat e430SEP 208

predeterm ned face of the container 1 by use of adhesive or t\h’e 't ke, the
el astic wave generating neans 3 can be fixed on the predeterm ned face of

the container and_the ink_ cartrid is conpleted i C S abuilt-in
functi onNGiteh TRESEEEI t AR g 1 e%&%fngaarﬁﬁﬁﬁr? %ﬁ?QGE%O%\%r‘éW h&P

embodi ment; «9hRe:+81i35hih e WRNE 1 IBNGERHI &Y tHRARSHGUSHOVE ridt dHitk] DaykR the
enbodi mrent shown in Fig. 5 the conductive nmaterial layer 21 is used as a

connecti 23 - eNesty odefeonindiécoFhgr HARET) i rthehgrembodhaent22 Hewhorner; g.

6, connecting_tern nal.s 2la,and 23a_are fornmed by a_solder.in;ap u r
posi &1 on SPhin PERAE TR AR IRRE BYazoBREct: PEOREEITEl OFayBF 1P ided of
the greensshegd i2do BietRBPEPW $10Ha0br] Rend eoRIAGCIdMI@d.er Theakaf2da,and
23a, the elastic wave generating nmeans 3 can be directly nounted to the

circuit bbgrdumsinhatsi perfremedt oncdiifecirern sGhAchs 2encéthyd | BRI W Pes

b i ded. Now, the elasti iS Ao f whi ch .
o opagat £ STEREBOH L IR SR ol G CeaVGrE THORe E hEowsoF gt n

anpl i tude,(tRhasg, cbhQUENSY md gt i@ rdbsesd-Pingnts RhepagaktBgode
velocity of the elastic wave change based on the change of nmediumin

quest i onisGorhed sirhehe lunfacehef stha erasn skerl 28t 2 iost te ks pphariépfect ed

wave of the_elastic ve chan according ta. ha .1 he I um
Thus, by it 7 ifgfeﬁ{élrta\#gOf‘fl??agéplfog‘%n?lgf[gec?éég%§é %?%%L%hgnagg‘éééed on
t he changevof, the beek whatddhrough ot Gl driie eekhsélemenve Byw[Edgares thehe
state of _the nedium can be observed, In a case where the state of the -

liqui d i R§PGePLIRRE PPquRd? RRFREE rRITRCE of 3 Rt &t FBY-HMSE defHodSSan
elastic owayghtEaganbitenes NGl VeheWeh b P8 UL fQUn&XAMPIE mdefils WS can

explain this by referring to enbodi nents shown in Figs. 1 - 3. First, the
t ransm t ber £izedi oar thevesedeiterhined aface afavda cafteinediand ther ink
exanpl e, ctarf%rliid%léi J(_jS Cc):romypq%tleidqw%:gclg?l%tsaé rllv%ri'lt-[q%nfunction which detects

the ink remaining amount.

Fig. 6 shows another embodiment of the elastic wave
generating means 3 shown in Fig. 5. In the embodiment shown in
Fig. 5, the conductive material layer 21 is used as a connecting
electrode. On the other hand, in the embodiment shown in Fig. 6,
connecting terminals 21a and 23a are formed by a solder in an upper
position than the surface of the piezoelectric material layer
comprised of the green sheet 22. By the provision of the
connecting terminals 21a and 23a, the elastic wave generating means
3 can be directly mounted to the circuit board, so that inefficient
connection such as one by lead wires can be avoided.

Now, the elastic wave is a type of waves which can propagate
through gas, liquid and solid as medium. Thus, the wavelength,
amplitude, phase, frequency, propagating direction and
propagating velocity of the elastic wave change based on the change
of medium in question. On the other hand, the state and
characteristic of the reflected wave of the elastic wave change

according to the change of the medium. Thus, by utilizing the



the el astic wave propagates through the nmediumand arrives at the surface
of the liquid. Since a boundary is forned between the |iquid and the gas
on the liquid surface, the reflected wave is returned to the,
transmitter-receiver. The transmitter-+éceiver receives the it SEPt2888
wave. A distance between the liquid surface and a. transmitter or receiver
can be nmeasured based on an overall traveled time of the reflected wave,

or a danpehgerhedorvavef whhehaghpngesckastdtpre Erasehangvel gerRmRet By t he

transmt - I . r n.the_ LLgui f ....and so
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can be dehachedbshevrel astlinc anasse generattiheg stears of thayl bguidethsisda

single unit of the transmtter-receiver in the thod utilizing the
ref | ect eBNRalEIbis SPIER iNFE &ﬁaﬁ%é)eofiettﬁéteﬁe]ahﬁﬁ G %Pehg%%tle?asnc

wave propagat %%an%‘?nij%t%‘?:ﬁ%fe%}eﬁlv%_r REOM d8d Keell V&S MBYaRB1BDUNGRG Lher eto.

As descri ged above, in the elastic wave, generated by the elastic wave
gener at i agpheanstBispbppagieirning htoughbodhiménks | $lgowd, int Regsravetihg tine

of the reflecte ve occurring on.the ink |iqui surface to arcive at the
Ol ast ¢ BATECoas HreRgTIbLy Seraivar St imngrercinttre R Frifhd)
liquid apdathm, | f6Hi ekdmyed,; dihaisliquifd e themaesgitidoRoat atinkri.s Theed, the

traveling tinme of the reflected wave which occurred in the ink liquid
surface Gheiekastdepardiengropaghtepiihrgiaihtherhedépgrand @aivige akot® can

be detegled by detehLi ngohby Ui gerd b duilng bl ehrthe slastis cyave

generati ng neans generates the elastic wave hen t 18 I SEP 2003
wave refleghed dndnmhdegamiors ueaded qaridi wes fatet hehel asfilecthadewaygenss at i ng
means 3. Moreover, the elastic wave vibrates p%rlti cles contained in the

Kk a
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col oringrageitest heel Al Sty yaGONL T DU £5 410" BueRbeRl @UHPI 1 BGhLA Of
the pignment or the like. By providing the elastic wave generating neans 3
in the sovnfacaeand, avheanshettak of réecivkr carnrbegecappredchesed on
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of the amplitudes of the elastic wave generated by the transmitter
and the reflected wave reflected on the liquid surface, and so
on. Utilizing these, the state of the liquid inside the liquid
container can be detected. The elastic wave generating means 3
may be used as a single unit of the transmitter-receiver in the
method utilizing the reflected wave based on the change of the
medium through which the elastic wave propagates, or a separately
provided receiver may be mounted thereto.

As described above, in the elastic wave, generated by the
elastic wave generating means 3, propagating through the ink liquid,
the traveling time of the reflected wave occurring on the ink liquid
surface to arrive at the elastic wave generating means 3 varies
depending on density of the ink liquid and the liquid level. Thus,
if the composition of ink is fixed, the traveling time of the
reflected wave which occurred in the ink liquid surface varies
depending on the ink amount. Therefore, the ink amount can be
detected by detecting the time period during which the elastic

wave generating means 3 generates the elastic wave and then the



means 3 can no | onger receive the reflected wave, it is judged as an

i nk-near-end and thus can give indication to replace the cartridge. Fig. 7
shows an ink cartridge according to an?hher enbodi ment of the present
invention. Plural elastic wave generatifig means 41 - 44 are (rbSE@«omon
the side wall of the container 1, spaced at a variable interval from one
another in the vertical direction.. In the ink cartridge show in Fig. 7,
whet her ¥AVRorefhectRrR fxomprleachik AURAGR iF IV&rers o ééﬁéétlf:v&lag?astic
wave generat.i . 41 - e ' ae1kRK IS
resent Ere B e R Y e R agiess, =,
44, For ewxamplieedstippolse idlat trhesl,i dqni d ¢ayvelobfusimly bdgaend - lpgentnk

bet ween the el astic wave generating ans, 44 and 43. Then, _ the elastic

wave gen¥PacfngifeandFedét eefs and9 t R Ehe tRTik SISt y VRKF e
the el astinrPayseenesati fee e yIeAbi thd i o r48ndeh £Ghe @b lEL] ike.
respectively that the i'nk is present. Thus, it can be known that the

liquid |evel oByi pkolviidéngnthel @lelstliet weare Jdnexdting cnewne ehdr Abeng
means 44 and 43. Thus, provision.o t he plural, el astic wave LAg
means 41C9ngilﬁﬁﬁes po eB1éEh?olE' é%? the iﬁﬁkré%%ﬁﬁpﬁgﬁ%nggﬁgg%gksg

st ep- by- sepreBBREI tof gn BnRnehdifhath HWuhK eqaktiicdgaveageaedbpinyo
still another enbodiments of the present invention. In an enbodi nent
shown i nMFRHS 8, can aPadPhechavecgéner GhPngefbarte8svWa¥enpift 4§ JPAIA
bottom fage_lLa.far asl.qpg. izn t LG ' [ kR rapigrRodipent
shown inggiah é? aﬁggfaéb?cgﬁgvghggnéggtP%ggnggﬁge%gg%? SEPrZ 03 66 of an
el ongat edashapedgen the vertical direction is provided in the vicinity of

the bottomface.of a side wall. I b. According to.the enbodi nent hown,in
e H 5 1Pk BN e S R Se b S it
66 i s expesede presrhheihi&nt fosur fiAGR:a 1l R ddtavemedet bebethttihe methect ed
wave and the acoustic i npedance of the el astic waves generated by the
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i nk- near 2end '$tate to the | nk-end state o
In the ink cartridge shown in Fig. 7, whether or not the ink is

present at mounting levels of respective elastic wave generating
means 41 -44 can be detected by whether or not the ink is present
at respective positions of the elastic wave generating means 41
- 44, For example, suppose that the liquid level of ink is at a
point between the elastic wave generating means 44 and 43. Then,
the elastic wave generating means 44 detects and judges that the
ink is empty while the elastic wave generating means 41, 42 and
43 detect and judge respectively that'the ink is present. Thus,
it can be known that the liquid level of ink lies in a level between
the elastic wave generating means 44 and 43. Thus, provisidn of
the plural elastic wave generating means 41 - 44 makes possible
to detect the ink remaining amount in a step-by-step manner.
Fig. 8 and Fig. 9 show ink cartridges according to still
another embodiments of the present invention. In an embodiment
shown in Fig. 8, an elastic wave generating means 65 is mounted
in a bottom face la formed aslope in the vertical direction. In

an embodiment shown in Fig. 9, an elastic wave generating means



i nk remai ni ng anount can be accurately detected by detecting the degree of
change in the traveled tinme of the reflected wave or the acoustic

i npedance of the elastic waves. In the above enbodi nents, def whﬁan has
been nade by exenplifying the ink cartfi dge of a type where ? I IS
directly stored in the liquid container. As still another enbodi nent of
the ink cartridge, the above-described el astic wave generating nmeans nay
be nounte® @h @n ¢HRNGAFed | daepefinnbihererypeahndieecten chntRyiekdad | s

| oaded wj . el asti n e_-por e i c,menber is
i npregna Igd]tlgvle Pﬁicg#zlfYqﬁ%nggﬁggﬁﬁgﬁgﬁaE?nof hg ggo%e&lgr%%o llpfrent S a
fl exural osci|Aatdrdity peo ptlez oehiesdiment i diaworin SFigeds san@sFi®m. suppr ess

the increase of the cartri dge, size, a vert.ical Ig%vi brati.n
Ls

t.ype :
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means. In sti anot her enbodi nment, the elastic wave generating neans nay

be provan@ddlsepacatstlic aspedenter ofisthé re tastrisninatviesg gehereltadt by thawve

and other_for. receiving the elastic wave so%s to dgtect
Ttriddge

I he i nk
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enbodi ne i Lo Pl I { rat+ nmeans
58, G50 B e g hS g PAERpECl L HE2) of AR | £t BuriaRe? Thp:
directi orhspaceresd farom nttey alk -arempremd decchtel mot hbecdnkaenérstiatéczdr di ng

to the present enbodinent, the 2 0 1 1 SEP 2003 arriv. ti ravel.ed
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el astic yayLeHeHEr Ahdige MBANSHESEy a BEPed aNHNESET | thé hee f BSPESA | weremamnt | ng
positions of the elastic wave generating neans 65a, 65b and 65c differs

dependi ngheraekiesthee impedancehelibkeislpsesenvay@st he respective positions
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the ink cartridge, the above-described elastic wave generating
means may be mounted on an ink cartridge of another type where
the container 1 is loaded with a porous elastic member and the
porous elastic member is impregnated with the liquid ink. Though
in the above embodiments a flexural oscillating type piezoelectric
vibrator is used so as to suppress the increase of the cartridge
size, a vertically vibrating type piezoelectric vibrator may also
be used. antheaboveembodiments,theelasticwaveistmansmitted
and received by a same elastic wave generating means. In still
another embodiment, the elastic wave generating means may be
provided separately as one for use in transmitting the elastic
wave and other for receiving the elastic wave, so as to detect
the ink remaining amount.
Fig. 10 shows an ink cartridge according to still another
embodiment of the present invention. Plural elastic wave
generating means 65a, 65b and 65c on the bottom face la formed

aslope in the vertical direction spaced at an interval are provided

in the container 1. According to the present embodiment, the



65c) and by detecting the traveled tine of the reflected wave of the

el astic wave in the elastic wave generating neans 65a, 65b and 65c. Hence,
the ink renaining anount can be det ect ed in a step-by-step manner. For
exanpl e, suppose that the liquid level20of ink is at a point1BeSER&N3t he

el astic wave generating nmeans 65b and 65c. Then, the elastic wave
generating neans 65c detects and judges that the ink is enpty while the

el asti ¢ avawevagk rame |(ngaVﬁéad§:16&a) @rﬁctl%txeciétee?@tedawdwﬁdﬁethesﬁ)&fﬁ%l y
that the ink is over
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to still another enbodinment of the (gr esent invention. In the ink cartridge
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fromthe® i qui sur ace gating b or ne materi al which
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ceram ¢ board. Fig. 12A 'and Fjg. .12B shows .anot her %Hbodi ment s P \ﬁie i nk
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fl oater covers the ink urd surface 1n order to increase intensity of
t he refléetedt@dvey facamrting kebaghi dlastia@enerfReing rme@gISt d6Biag. 63pand he
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exposed fromthe liquid surface the arrival tinme of the_reflected wave of
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Tt evels’o
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rount ed Lo e, batt ol ace Lo, (oL sk ope Lpe e ug il oof asebies.
and judges that the ink is empty while the elastic wave generating
means 65a and 65b detect and judge respectively that the ink is
present. By overall evaluating these results, it becomes known
that the liquid level of ink lies in a level between the elastic
wave generating means 65b and 65c.

Fig. 11 shows an ink cartridge according to still another
embodiment of the present invention. In the ink cartridge shown
in Fig. 11, a floating board 67 attached to a floater 68 covers
the ink liquid surface in order to increase intensity of the
reflected wave from the liquid surface. The floating board 67 is
formed by material which has a high acoustic impedance therein
and is ink-resistant, such as a ceramic board.

Fig. 12A and Fig. 12B shows another embodiments of the ink
cartridge shown in Fig. 11. 1In the ink cartridge shown in Figs.
12A and 12b, similar to one shown in Fig. 11, a floating board
67 attached to a floater 68 covers the ink liquid surface in order
to increase intensity of the reflected wave fromthe liquid surface.

Referring to Fig. 12A, the elastic wave generating means 65 is



el astic wave generating neans 65 detects and judges that ink is enpty.
Thus, the ink remaining anount at an i nk-near-end point can be detected.
Referring to Fig. 12B, plural elastic wave generating neans 6%%5 ?gb and
65c on the bottomface la formed aslopelin the vertical direct? 8 PiBed
at an interval are provided in the container 1. According to the present
enbodi nent shown in Fig. 12B, the arrival tinme (traveled tine) of the
refl ect efivaden tlie blos tomaa¢e lacimgnediasi hpe riesple tviewd isladsd i velaien .

gener ati ns .65a, 65b_and 65c _in the respective nt i positions of
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whet her QavBOdehdieat i ricarl &Sehk eRpbHed rspethey e ipasidt sansaet, ttiee

plural elastic_ wave enerag%gg means 65a, 65b and 65c. Thus, whether or
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wave generatjng neans 65a, 65b and 65¢. For _ ex | e, suppose that the
liquid | 2DeFh8fMPARCIRT O3 hoPht IB¥ehRert the Sloatic Wave et 1y

means 65R-8A4 dPEan MeRetkbe Bl 2S5l fice WaNL 8BS Al BRARS 836 gURE £ S and
judges that the ink is enpty while the elastic wave génerati ng neans 65a

and 65b @&tz maamted dugehe desperan elog Lhaformhed iasd ape presbatveByieykr al |
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and 65c. eFhgtid3faddydidiratd By Shawmsd 6 Gatkcitdgandagaagdenghbe shklis =
anot her enbodi ment of the present invention. In the (nk cartridge shown in
Fig. 13AMaRYi nklatsorttiend e AseR 174 ngs 2RPHARRgRE #R é’&]éhneérhﬁﬂ‘%ePo%fh‘ét at
| east pagt,of.the.lok.gbsorbing member 74 is disposed counter to a through
hole I c provided inside the container 1. An elastic wave generating nmeans
70 is fixed t Reherbing o Fage 128, pflurhd ebashineavie geokrehangttheans asti c

vave gengratisg 1eans . 70 e ROBLLRoNEd FOUNSLd 9ot gty bl el e 1
direction spaced at an interval are provided in the container 1.
According to the present embodiment shown in Fig. 12B, the arrival
time (traveled time) of the reflected waves of the elastic waves
at the respective elastic wave generating means 65a, 65b and 65c
in the respective mounting positions of the elastic wave generating
means 65a, 65b and 65c differs depending on whether or not the
ink is present in the respective positions of the plural elastic
wave generating means 65a, 65b and 65c. Thus, whether or not the
ink is present in the respective mounted position levels of the
elastic wave generating means 65a, 65b and 65c can be detected
by scanning each elastic generating means (65a, 65b and 65c) and
by detecting the traveled time of the reflected wave of the elastic
wave in the elastic wave generating means 65a, 65b and 65c. For
example, suppose that the liquid level of ink is at a point between
the elastic wave generating means 65b and 65c. Then, the elastic
wave generating means 65c detects and judges that the ink is empty
while the elastic wave generating means 65a and 65b detect and

judge respectively that the ink is present. By overall evaluating



cartridge shown in Fig. 13B, an ink absorbing nenber 75 is arranged in
such a manner that the ink absorbing menmber 75 is disposed counter to a
groove lh forned so as to communicate yith the through hole |c. According
to the present enbodi ment shown in Fig§" 13A and 13B, when tht SERK2008S
been consumed and then the ink absorbing nenbers 74 and 75 are exposed

fromthe nk, the jnk in the ink  absorhin ers.74. and, 7 out by
1o deadthBFBESublE natt DERETRAKASVE Y dd o LeRd A LEBS ity RBab oA
When the;hnk 1,458l twidkn EhE él%tﬁ@%a@'e‘“?eﬁ@ﬂ‘ﬁ@ﬁﬁgﬂﬂe@ﬂg 66b éh&OGQct he
ink remaining in the through hole 1c hat the nk is conpletely
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i nk-end ghaiva sﬁrmbf fiamt,heh 1@k ian@qzrdeeigeme&@erogsls A arbeR andsaene show
pl an views of the t rough hole s according to another enbodinent.
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generatin ans “1s capa I'Ng noun fereto. Figs. 15A and 15B
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anot her enbodi nent of the nt i nventio g hows a cro
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is a crogg gectian foddte cditkedLlied e€Héd'tB§lro@1%I&a'}ﬁ~IlléS 1®, whirchchdeihrk
cartridge 272 i's nounted. A carriage 250 capabl e of reC|grocat|ng in_the

di recti oparbtitpe shelh infFide 1BBk-jR i nkegoset hing MeEPSHEP Ude3THAPERSr di ng
head 252 ovwer _f Le T k
uni t 2561Pnsgﬁhuppgﬁn$%%ekgg Ee ré@%r%.ﬁ& %gggzgggmg%Le ?g% o%%?t 256
has a si abliatesttdlet gréote Mhadbrabdwo b8 tFo g:omrrﬁmfﬁl&&esubth&:ﬂie thirougb6 has
an ink sup Iy needl e 254 facing an ink cartridge 272 nounting side. In the
carri agel958, 1fhere is provided a convex part 258 in a manner such that

the convex par}\ccordlng to the present embodiment shown in Figs. 13A and
13B, when the ink has been consumed and then the ink absorbing
members 74 and 75 are exposed from the ink, the ink in the ink
absorbing members 74 and 75 flows out by its dead weight, so that
the ink is supplied to the recording head 31. When the ink is used
up, the ink absorbing members 74 and 75 absorb the ink remaining
in the through hole 1c, so that the ink is completely discharged
from a concave part of the through hole 1c. Thereby, the state
of the reflected wave of the elastic wave generated by the elastic
wave generating means 70 changes at the time of the ink-end state,
thus the ink-end state can be further reiiably detected.

Figs. 14A, 14B and 14C show plan views of the through hole
1c according to another embodiment. As shown respectively inFigs.
14A, 14B and 14C, the plane shape of the through hole 1lc may be
of arbitrary shapes as long as the elastic wave generating means
is capable of being mounted thereto.

Figs. 15A and 15B show cross sections of the ink-jet
recording apparatus according to still another embodiment of the

present invention. Fig. 15A shows a cross section of the ink-



258 is disposed counter to a bottomportion of the ink cartridge 272 and
in an area where the ink cartridge 272 is to be nounted thereabove. The
convex part 258 includes an elastic wave generating nmeans 260 such as the
pi ezoel ectric vibrator. Figs. 16A and 28B show an enbodi ment off % SBEPiznjs
cartridge suitable for the recording apparatus shown in Figs. 15A and 15B.
Fig. 16A shows an enbodi nent of the ink cartridge for use with a single
col or, fdeti nstandingtdppadraacis abbae. Thigi NkbRasta cdges 242t acwarfdihg t o

t he present enbodi nent,  conprises a contai ner which houses. ink an ink
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sem conduct or, 11 SEP 2003 nenory means 288 which stores data on_in
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oD 302, SESRRRLLLCLY phO KIS /R eaintate | QorSapegl g, diltsaniis 207
mat eri al gdérandndOhetsppepagath tbethel pikizoelavesigenebatedrby the
elastic vave generating reans 260 ow S Saechinld SF LAY 1SR c30epeds
suitable for the recording apparatus shown in Figs. 15A and 15B.
Fig. 16A shows an embodiment of the ink cartridge for use with
a single color, for instance, the black color. The ink cartridge
272 according to the present embodiment, comprises a container
which houses ink and an ink supply port 276 which comes in contact
with an ink supply needle 254 of the recording apparatus in a sealed
manner. In the container 274, there is provided the concave part
278, positioned in a bottom face 274a, which is to be engaged with
the convex part 258. The c 280 concave part 278 houses ultrasound
transferring material such as‘gelated material.
The ink supply port 276 includes a packing ring 282, a valve
body 286 and a spring 284. The packing ring 282 is engaged with
the ink supply needle 254 in a fluid-tight manner. The valve body
286 is constantly and elastically contacted against the packing
ring 282 by way of the spring 284. When the ink supply needle 254
- is inserted to the ink supply port 276, the valve body 286 is pressed

by the ink supply needle 254 so as to open an ink passage. On an

upper wall of the container 274, there is mounted a semiconductor



Referring to Fig. 15B, when the ink supply port 276 of the ink cartridge
272 is inserted through the ink supply needl e 254 of the sub-tank unit
256, the valve body 286 recedes agains% the spring 284, so tﬁ§t§EP i nk
passage is forned and the ink inside e i nk cartridge 272 f 8 t he
i nk chanmber 262. At a stage where the ink chanber 262 is filled wth ink,
a negative pressure is applied to a _nozzle opening of the recordi ng head
252 so afempPEY{Ngansg @@Srﬁgbizﬁﬁfflf?e%éaﬁﬁt‘hnl%ﬂl‘ 1’Fﬁéi58a'1"]?%rlnkt RRTFELSP8i ng
oper ationpisgpepforned. Wien the ink is consuned in the recording head 252
by the recording operation, a pressure in the dowmstream of a flexible

val ve 266 decrEBagesl6Bhehowsherf lemtiddismerd o 286 iskpoartrbﬁgd whaghfrom
a val ve ned. .\Wen valve. 36 is

ody 27Q so .as to beco o] e flexi
opened. BRESPREITADEYPRE Chafber & S60tAISRE 700 &4 HEVT EBAY T hetahos2
t hrough waﬁlbnKneaS§@gea§5areégcoeﬁaelgﬂebythhéelmhkwehghbaaﬁ bbpyegohnt o
the recording head 252, the ink in the ink cartridge 272 flows into the

sub- t ankandi 296 25€'h€\/\hinﬂ<echﬁ@bﬁ§§o?%ﬁ n@ Sdppara? 8s h@vwéﬂhspﬁglmp@rwe
S! g_nal § SLE']O(RJ aglg Z§(92t he e %tllv% Wavehqq:rher gﬁ:eggc %%Org%%@cgf’sgcn on

timng |ch 1S S i ° adv for exanple a cer aln peri

The el asthk wawebgeseraed 3:5y4 tehﬁi ebastin vavebgerematfidye IEENSoR266hés
radiated fromthe convex part 258 and is transferred 25 11 SEP 2003 to the
i nk i nsi @@RERENPRK2 2Qr t'i’h%i@@lﬁ?doy‘aﬁ%ﬁééﬁPﬁgal?‘lilﬁﬁﬁgﬁ'ro PH@PQEPSFeEIh

material ¢28Q0e18 dfe SYLURIAGE 76%%15@@1& %v&ag[]etdéz%&qr@%eaﬁgoyab the

el astic wave generating neans 260 is provided in the carriage 250 in Flgs.
15A and 1BBousdrd dimst cy:lmdvecgbmmquomaw@ Q@@tﬁasrl%e Iroendedl4 nsi de

t he sub-tank i 256. Si el a t|c wave ener astic
wave generat?ﬁ%kﬁﬁﬁﬁggfﬁbq%r Q% FHrBﬂShl? Sup |3f 59% §% Ehe
travel i ngnki dBrofidhe 2es |ﬁ§tﬁ€bé@é@i REFHGUGhN G hen 1hhtesupblhzl fwedlesmsi ace
to arrive at the elastic wave generating neans 260 varies dependin

density 8f iR Suhc YanfuiididndSPhetheqiative &rAY 2Rfugecedes: Rg2EBfboS ?l on
of ink '§p£if§§d28£,hes5 ré){ﬂ'aﬂg itﬂ%a%fsagéels formed and the ink inside

the ink cartridge 272 flows into the ink chamber 262. At a stage
where the ink chamber 262 is filled with ink, a negative pressure
is applied to a nozzle opening of the recording head 252 so as
to £ill the recording head with ink. Thereafter, the recording
operation is performed. When the ink is consumed in the recording
head 252 by the recording operation, a pressure in the downstream
of a flexible valve 266 decreases. Then, the flexible valve 266
is positioned away from a valve body 270 so as to become opened.
When the flexible valve 36 is opened, the ink in the ink chamber
262 flows into the recording head 252 through the ink passage 35.
Accompanied by the ink which has flowed into the recording head
252, the ink in the ink cartridge 272 flows into the sub-tank unit
256.

While the recording apparatus is operating, a drive signal
is supplied to the elastic wave generating means 260 at a detection
timing which is set in advance, for example, at a certain period
of time. The elastic wave generated by the elastic wave generating

means 260 is radiated from the convex part 258 and is transferred



refl ected wave which occurred in the ink liquid surface varies depending
on the ink anmount. Therefore, the ink anmount can be detected by detecting
the tinme duration during which the reflected wave arrives at the elastic
wave generating neans 260 fromthe inksliquid surface when t§¢ 3E]:k2d03 qui d
surface is excited by the elastic wave generating nmeans 260. Moreover, the
el astic wave generated by the elastic wave generating nean 260 vi brates

particl egocental ARAi h8i dBec hakinid h@értwd%e Case mﬁgga@m?m&réug@ i nk
whi ch uses pignent as a col oring agent e elastic wave coniributes to

prevent pheciggilegeidomadieniled p?&gfhehn tive et Hankefag t 27 4ahefprihe i higk

operatio qaLn an on-.ar_, .the |ike and en the in f.the

i nk cart??gggla prgozghegﬁj(o %’ses?lats&)lc WaVﬁkggﬁargpgpg Qﬁath&B)lla%tl C
wave genpfra{rhﬁgdr@ﬁnﬁhé6@arﬁﬁ£lgé102$@n9ﬁfFi§§B| veathedresbpctied sbyereyen
after the elastic wave generating nmeans sends out the elastic wave, it is
judged YAEE FMETFHIA NS MEANER § hRAYeRe RarRy istest Enghde tthes subi- §aFﬂfd‘g%‘ht
can give, gdl cation to replace the cartridge anew. Mreover, when the ink
cartri dge 72 is not nounted properly to the carriage 250, the shape of
the el astic wasenéeorhicheebdsist¢ ¢ wgekergdnegat@anby 2fte cekdrgesd nwave

extreme manner,  Uilizing this, warning can be 6 1 SEP 2003 ven to a
Geer i FRBSEGLARS! EAnEne Skt PG ORBAGe TR ditis: EK vaBids detecs ed.

SO as torPAPAPInghei WSt ttﬁectaeﬂeeeeah@awKac&ﬁrxtlrﬂgd% 2hé 19112911?@&/&! i ng
time of the reflected wave of the elastic wave generated by the astic

wave gensvifinag treareizelat $huf fdeiséd c wgvergenraradiing mea|nﬂ<256ug@dl¢$1 t he

oo, aepebaRatRa At o ShkhY e Bt e e R ek P o nr Y o ans

288, so ifhsheacdepesitoonsequenke igaifibedsettHeased vl iy wiata @ndtlidius -
the i nk renaini ng anount. can be further preci sely detected. Fig. 17 shows
an i nk chftteabed2vave cEdt e iCeTersed | 11 aHee nek kbR newet ¥R PP esent

inventi ofepdfdifg bRKeK&rifk d9R-@d€. Therefore, the ink amount can be
detected by detecting the time duration during which the reflected

wave arrives at the elastic wave generating means 260 from the
ink liguid surface when the ink liquid surface is excited by the
elastic wave generating means 260. Moreover, the elastic wave
generated by the elastic wave generating mean 260 vibrates
particles contained in the ink. Thus, in a case of using
pigment-like ink which uses pigment as a coloring agent, the
elastic wave contributes to prevent precipitation of the pigment
or the like.

After the printing operation and maintenance operation or
the like and when the ink of the ink cartridge approaches (decreaées
to) an ink-end state and the elastic wave generating means 260
can no longer receive the reflected wave even after the elastic
wave generating means sends out the elastic wave, it is judged
that the ink is in an ink-near-end state and thus this judgment
cangive indication to replace the cartridge anew. Moreover, when
the ink cartridge 272 is not mounted properly to the carriage 250,
the shape of the elastic wave from the elastic generating means

260 changes in an extreme manner. Utilizing this, warning can be



shown in Fig.17, the bottomface 274a is fornmed aslope in the vertical
direction. In the ink cartridge 272 shown in Fig. 17, when the ink

remai ni ng anount is becomng |ow and part of a radiating area of the

el astic wave generating neans 260 is exposed fromthe liquid s#if8ER gpdghe
traveled time of the reflected wave of the elastic waves generated by the
el astic wave generating neans 260 continuously changes corresponding to

t he changevéhiltofa therlimuhd event abet The Araenchesgehamgdeotlahieihei ght
of the bottonlfaﬁg 274a in both ends of thg gel at ed nager%al 238. Thus,
the proc¥8¢e #PoRFLRECFHK- fBaPSehd BFQTRTt bREhESFRK S BnH EEHL 8 oFF nk™
remai ni ngargg@g?g gan be accurately detected by detecting the degree of
change in the fraveled tine of the reflected wave of the el astic wave
gener ati ng neafBbe2BRVeE g 18 mehohd henrehkeehedrvaige oZ7theasd agf licnkayet
recordin appar at us ording.to still _another enbodi ent
nvent | o8cnRREEERI BT BRECESRaPAG "uBba, e BETLREha TRoRRgZEha %, HEFe LT

convex pbit tBe8den@idysiote ifracecliedd iih athé NKosti@phyr poat 23fnst dehef the
ink cartridge 272. The convex gart 258" includes an el astic wave
gener at | AgNAEAKHsOieANK maYatddinkt BYi Bhe bgpe PE prbyviraed. i A2EReCR| Haef ace

274b of LhKkeC ridge - 1 ) t
convex. parro3oel AECor aTHg o e SRS Tr s ITeRona rn B! 18,
when t hethak aedetacbojoansedqience drecdrd gt daswad opatheoflabar addathng ar ea

of the elC sti, c, wave .generating. neans 26?' is exposed f omtge ki ui d
surface. CPRelKCHERRLBIPRpBHSHEE GRTtRE FEFFBerel oas8coy ERECSFRSri ¢ waves
generated by thegeliasbhéwdame i BRI IMG BN S RY d iGNt bHAUS| ¥yno€henge

corresponding to the change ih2 of the I'iquid surface. The Ah2 denotes
di f f er ene@bp@impathefghbeopreseRteAByeptiphe gbhatld ipAt @rrErig8®' 27%hus,

romal ni ng SRR EA0 B ael LAY CeCSeCad oy Mt B b L e Qb ce o
change inetbéchladekedtione of the reflected wave of the elastic wave
generating meaps 200 of ¢hanae L bhs AGUS TG RN hen the ink
remaining amount is becoming low and part of a radiating area of
the elastic wave generating means 260 is exposed from the liquid
surface, the traveled time of the reflected wave of the elastic

waves generated by the elastic wave generating means 260
continuously changes corresponding to the change Ahl of the liquid

surface. The Ahl denotes change of the height of the bottom face
274a in both ends of the gelated material 280. Thus, the process
from the ink-near-end state to the ink-end state of ink remaining
amount can be accurately detected by detecting the degree of change
in the traveled time of the reflected wave of the elastic wave
generating means 260.

Fig. 18 shows an ink cartridge 272 and an ink-jet recording
apparatus according to still another embodiment of the present
invention. The ink-jet recording apparatus shown in Fig. 18
includes a convex part 258’ in a side face 274b in an ink supply
port 276 side of the ink cartridge 272. The convex part 258’
includes an elastic wave generating means 260’ . Gelated material

280’ is provided in the side face 274b of the ink cartridge 272



In the above enbodi nents, description has been nmade by exenplifying the
ink cartridge of a type where the ink is directly stored in the liquid
contai ner 274. As still another enbodinment of the ink cartri%qg %he
above-descri bed el astic wave generatiﬁﬁ7 means 260 may be appl®i SEPZ8n i nk
cartridge of another type where the container 274 is |oaded with a porous
el astic nenber and the, porous elastic nenber is inpregnated with the ink.

In the aBRRS tenssgRFenYsthi Hae FRRYG% Ratfe 258 't-r aRSAPYEERTARE Y difed by

the .S?r@axeéﬁf#&.é’@’%h%%egﬁtﬂ PEANS 180 ¢ @diaﬁofeﬂ’x‘gfﬂizt@%#\%t is
remai ni ng" anou i's ‘detected based on the reflected wave at“the Iliquid
sur f ace.bddempi@sedw andepaironof sanebdibninhgdatrbear elfy thed e lfemt iexargptee, as

still another enbodinent the elastic wave_ generating means 260 may . be
provi de P SRpER Bt e ye_NS N6 § or 18s8XPPReHr ARSH ttg’ien 1%h‘édelsé§t i3 SavdiSand

other fof.&e 'e./iﬁg%é&&‘ncﬁ@ftJ'cﬁﬁw@g@aeéeeaswgqed%tfeehet ha ddtk & iy g

anmount. Fig. 19 s st anot her enbodi nent of the ink cartridge 272
shown i rgdneratisd by theatlagt boaralis pensreddngdmesna 36 datemt I wdver s
the ink liquid in order to increase intensity of the reflected wave from

the ink FHRFY COFRRSPONATRG £ SA9 REaBEa 28 e 2HEud feSPELpFef erdlfl y

formed o erial i.ch has hi.gh_acausti.c itmpedance .and_i s ink-resistant
such as ‘&lé#m eSS \tlc\fr}rg%ﬁrl?@.ceﬁlg. tgﬁo%‘?l’cﬁlﬁ d?grg’f%ghSRgsaoge?s%? I9%h% e

equi val gt &H1£UiIdg00f @RLAGT AL Prddbss Widhthe aAkenbadi apatsvdté e

pi ezoel ectric device of the present invention. The actuator expl ai ned
herein tkeusel-and edstef of ink merkdding @nuBsiteceant e 13eRHRtelY
consunpt i o status jnt | qui d i ner tecti %pgﬂ&q@

acoust i cJie |9Fr%tee anb e.de%seﬁje)%rlg Iq‘;l;l,e t %Q%%t ggt Sﬁg?gguggdél?%r@? e et hﬂolgln eWhi ch
det ect s dhecheé gt £fll cotsdinpitoroStidiaiselastire wdvguigkreord @i me mdans dd®ect i ng
at |l east the change in acoustic, i nPed%gce by detecting the resonant

frequencSF fFRARIR sHRIVEIS VAERUE T tn. TRREHABCD (A) is an  enlarged plan view

of the actuatofn 10Re EbBveZ@niRBlisleoMWs a8 &rsB-ita%sir Siess | BRel nllde asf uat or
106. Fig. 20(C) shows a CG-C cross-section of the actuator 106. Fig. 21 (A)

and Fi g.examgB) fy stmwheahnkqidwat ialge oifr 2 diypeoWhehe tdee dakoi s e ®eoh of
Fi g. stored in the ligquid container 274. As still another embodiment
of the ink cartridge, the above-described elastic wave generating
means 260 may be applied to an ink cartridge of another type where
the container 274 is loaded with a porous elastic member and the
porous elastic member is impregnated with the ink. In the above
embodiments, the elastic wave is transmitted and received by the
same elastic wave generating means 260 and 260’ when the ink
remaining amount is detected based on the reflected wave at the
liquid surface. The present invention is not limited thereby and
for example, as still another embodiment the elastic wave
generating means 260 may be provided separately as one for use
in transmitting the elastic wave and other for receiving the
elastic wave, so as to detect the ink remaining amount.
Fig. 19 shows still another embodiment of the ink cartridge
272 shown in Fig. 16. A floating board 316 attached to a floater
318 covers the ink liquid in order to increase intensity of the

reflected wave from the ink liquid surface. The floating board



21 (C) and Fig. 21 (D shows the actuator 106 and around the actuator 106,
and the equivalent circuit of the actuator 106 when an ink is filled in
the ink cartridge. Fig. 21 (E) and Fig. 21 (F) shows the act, % 06 and
around the actuator 106, and the equivaBent circuit of the ﬁ gﬁ’ 06
when there is no ink in the ink cartridge. The actuator 106 includes a
base plate 178, a vibrating plate 176, a piezoelectric |layer 160, an upper
el ectrode1464 sanhefdraiely £beaéd odé h66erdnlupperctellect riodght ecouablic168,
a lower electrode termnal 170, .and a supplenentary .electrode_ 172. The
base pl atBPe4@BCRa8Ng dfr éﬁllkélresqﬁéﬁénlipéHFE‘gaf6f65ﬁ¥'&ﬁpf°c’fxit télléei'ts

center. The Vi?%".i,tbagaﬁéaﬁf?.ﬂﬁ ishdW0\ ded QN ere abutibaitaeecipbiich is
called as "right~ side" in foflow ng, of the base plate 178 such as to

cover thefopenangudtdr The, pileroelisctan embagdmens0 ofs thei ppegedleatright
side of the surface of the vibrating plate.176.  The upper _el egtyode. 164
and the FISKéFeechiflP%d%rﬁ%%ngaJerWrgﬁlCFrhe T S 2GEELPF %QPE%P‘%BQ??%% bot h
si des. The yHRELt &l 88 t Heohdt N whiB ncdtest s the 1ihfuibpensehpetioade
164 el ectricall y. 29 11 SEP 2003 The | ower el ectrode termnal 170 connects

to the | swetusl totrhrld iasel sloatrinesl by, dahectsipg| @ BRNes, 18 aePReHEC172
is disposed .between,t ctLr 4. and t
g2 R conesrLRBEY R pREM R S S, e a e e ehe,

t erm nal
el ect r odgeteedsnghe 168qu A cdorafuntdta gpi ezaehecini the dyisruilb@ontapper by

el ectrode 164, and the |ower el ectrode 166 has, a circul ar ortion_as its
"I h por BEBACEEABNABILE3RE Gil% GPAPTROL T 2TPWAC 1hel THRARARS &t FPESFEYEP 160,

the uppegpgl £ois0de: k@‘équ?é?fb)} e ohOMES i 484 BeLiade 1166 fenm. apierae) gatric

el ement. The vibrating pfate 176 is formed on the right side of the
surface ehlangeBapiapl atiewl v tbecevtnathe dPéni n§ia6120TRe ehoveya B2 is

f db h [ f i b ' I 176,. whi f h [
o1, andbt RECERGRCRG 181 U The BR-tRE RulPRee TAP (R (SAsa s of 1780 The

161, and Surtace “of 'tHe sep e .
face of thesbasecplaheoct7gnhehizeRubsoroppesi teigi de1oh)t hadpFegoebect(B)c

el ement, called as "back side" .
shows an equivalent circuit of the actuator 106. Each of Fig.
21(C) and Fig. 21 (D) shows the actuator 106 and around the actuator
106, and the equivalent circuit of the actuator 106 when an ink
ig filled in the ink cartridge. Fig. 21(E) and Fig. 21(F) shows
the actuator 106 and around the actuator 106, and the equivalent
circuit of the actuator 106 when there is no ink in the ink
cartridge.

The actuator 106 includes a base plate 178, a vibratingplate
176, a piezoelectric layer 160, anﬂupper'eleétrode 164 and a lower
electrode 166, an upper electrode terminal 168, a lower electrode
terminal 170, and a supplementary electrode 172. The base plate
178 has a circular shape opening 161 on approximately its center.
The vibrating plate 176 is provided on one of the face, which is
.called as "right side" in following, of the base plate 178 such
as to cover the opening 161. The piezoelectric layer 160 is
disposed on right side of the surface of the vibrating plate 176.
The upper electrode 164 and the lower electrode 166 sandwich the
piezoelectric layer 160 from both sides. The upper electrode

terminal 168 connects to the upper electrode 164 electrically.



in followng, is faced with the liquid container side. The cavity 162 is
constructed such that the cavity 162 contacts with liquid. The vibrating
plate 176 is nmounted on the base pl at% 178 such that the quqilg es not
| eak to the right side of the surface ot the base plate 178 ¢ f 200he
liquid enters inside the cavity 162. The | ower electrode 166 is |ocated on
the right side of the vibrating plate 176, that is, opposite _side ai nst

the 1iqdihe levsrarhertrade toxpinel &ctt 698rE66S; Eoptf%‘%i]d%’fﬁror‘?lﬁ?é?r\ﬂ rating
plate 17%@;&%% amg, cenber QhohRGefic, %pl 2h RRLLiaRN 196 tiRe diQRSsed
& 61 |cqn I P 1ga h

el ectrode 1 a main portion o e lower electrode 166, and the
cent er dfetiveeropéri ngpéb lebedistadé i1d4 wndathbesppdhe lvdarodd tetrmiciadcul ar

portion of the |ower electrode 166 is set tqQ be smaller than.the area of
t he operi&fy af&.cofﬁ\?cﬁise%&él%e& itg"q ApseT q’?ﬁﬁ'&f (?ﬁ“fﬁ'éler gt si de
of the surdacepf ddigdpered ectgnde oA66nhsuphetBat ebheieentgerofidohe

circular portion and the center of the opening 161 substantially match.
The ar eaipgfen led egitmodeal 64porndohhef loter pekeoetede ri s |hgera T8FaWaget to

be smal | er than_30.11 SEP 2003 .the area,of . the eni nd_| r. than
the ar e® G- iHe3Ei ?’Elﬁlnéarm ﬁ&rt%llc?ﬁl‘of £RE Phudi® g 58??%55%%@?8?@15 S%Ser

el ectrogg sk liectiardadyesr tlee,r bt uppde efetteodsurdacearnd e lower

pi ezoel ectric |ayer 160 such that the center. of the circular portion,

whi ch | £leginodse|l&s i & aiemmelegidihelemeitter of the opening 161

substanti al | t r . Ci oLt Lop: t I

el ectrode 16%#}% ?gPrtggggg g%%?%eéagt é:z'an{t ﬁa?@a{:%% ?%gﬂgiggﬁ%'gf@&greﬂ on
of the eperfiawe dbiltlenbbatkepl Ppie2dd eotadved aeropkslirandéllar géhe tdaaritiyhe
area of the circul ar ortion of the | r el.ectrade 166. T fore, .the
o oA AHTE s SRt T e Vit 6 Flds d i piten "¢
sandwi chegdy thize oFBHANBOL b1 Oradl tie dHeREg ekeChEOERe 164 @idl duieFamRi n

portion of the | ower electrode each fromright side face and back side

face, amf tthes base mdiatepadii-onThef fage f e IRags iRl 3t 78 6thicdh 18
ef fect | Veloo i /81800 HRhQ il obBE18EEZ 98! EPdhd e | b tPls MDEKRIdidar
portion, Ich 1S a maln
in following, is faced with the liquid container side. The cavity
162 is constructed such that the cavity 162 contacts with liquid.
The vibrating plate 176 is mounted on the base plate 178 such that
the liquid does not leak to the right side of the surface of the
base plate 178 even if the liquid enters inside the cavity 162.
The lower electrode 166 is located on the right side of the
vibrating plate 176, that is, opposite side against the liquid
container. The lower electrode 166 is provided on the vibrating
plate 176 such that the center of the circular portion of the lower
electrode 166, which is a main portion of the lower electrode 166,
and the center of the opening 161 substantially matches. The area
of the circular portion of the lower electrode 166 is set to be
smaller than the area of the opening 161. The piezoelectric layer
160 is formed on the right side of the surface of the lower electrode
166 such that the center of the circular portion and the center

of the opening 161 substantially match. The area of the circular

portion of the piezoelectric layer 160 is set to be smaller than



portion of each of the piezoelectric |ayer 160, the upper electrode 164,
and the | ower electrode 166, forns the piezoelectric elenent in the

actuator 106. As expl ai ned above, the electric elenent contacts with the
vibrating plate. Wthin the circular paftion of the upper el etirSER 2804,
circular portion of the piezoelectric |ayer 160, the circular portion of
the I ower electrode, and the opening 161, the opening 161 has the | argest

area. Bythbigresbfutheiopeniig vébaald hgrgegittianbhe laract dfldhe vibecal es
within the vibrati n% plate is_determ ned by the opening 161. Furthernore,
each of PREtéPRcBFaflSolOWEx 6LeEh&ECHFpeP el ectrode 164 and the circul ar

portion of theTH'he&B;‘S?Je?C%Ié&tf@d@rlhs@qsaﬁér&% Shl i & gHROTdilqen o@f thBe
| ower el ectrode has snaller area than the area of the opening 161, The
vi br at i ngupfate bécohespaagick}evtibiat dayeW thDnstihb thetuthe penteonobf the

| ower el ectrode 166 and the circular portion_of the er electr 164
Whi oh CORABE ST Eol T BT Wobebitt L5 I Per 2083 S tr LAy e Ene 0 POl ar
portion gfnthe okFOWRE 8heRthgUesL6Aitst S d BTy thtH he Ther ebear opotheon of
the 31 11 SEP 2003 upper el ectrode 164. Therefore, the circular portion of

the | onerirghderrpdeti6s détthaiuppert kéegbrrdenl ki th rhdcabessmpdler

[ I ' ffect_ within th [ lectri 60.. T th
Ci 1 cul ar CHBP FAR 1o el il GATERL AL CEP L bPn TE0TTY (R HgS 6 oerToia 164,

and the bewebetketkiedea}bf, 18bild 1hegart bRapl €HoedBed IdfC thlecabntular
substantially match to the center of the opening 161. Moreover, the center
of the cPPEGLEAR Shapbe Sp¥ETNGLE6ETOWRI ¢RSdet erm nes the vibrating section

of the vibrati 1 i S i AR Sl dvad el Y 169Rbel 60f
t he act uat or 1g§grghg§7§f0§€? rﬁaﬁlerp%gﬁtg?gofggt%%@vi br a%(lng secti o%@ of the

act uat or ha66a retmimsute tchbeceandvidied fy &beumtdn NOBL loBarfatide vhrenrai n

portion of the pie lectric elenent apd the_ vjbrating section.of
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the vibrating section_is symetrical about a center ~of the actuator 106,

the exci PatFop pictpel afhteeskarsr iaf sarppifectively drive and deform
the piezoelectric layer 160. The circular portion, which is amain

portion of each of the piezoelectric layer 160, the upper electrode
164, and the lower electrode 166, forms the piezoelectric element
in the actuator 106. As explained above, the electric element
contacts with the vibrating plate. Within the circular portion
of the upper electrode 164, circular portion of the piezoelectric
layer 160, the circular portion of the lower electrode, and the
opening 161, the opening 161 has the largest area. By this
structure, the vibrating region which actually vibrates within
the vibrating plate is determined by the opening 161. Furthermore,
each of the circular portion of the upper electrode 164 and the
circular portion of the piezoelectric layer 160 and the circular
portion of the lower electrode has smaller area than the area of
the opening 161, The vibrating plate becomes easily vibrate.
Within the circular portion of the lower electrode 166 and the
circular portion of the upper electrode 164 which connects to the
piezoelectric layer 160 electrically, the circular portion of the

lower electrode 166 is smaller than the circular portion of the
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a center of the actuator

Because the vibrating section is symmetrical about a center
of the actuator 106, the excitation of the unnecessary vibration
occurred owing to the asymmetric structure can be prevented.
Therefore, the accuracy of detecting the resonant frequency
increases. Furthermore, because the vibrating section is
symmetric about the center of the actuator 106, the actuator 106
is easy to manufacture, and thus the unevenness of the shape for
each of the piezoelectric element can be decreased. Therefore,
the unevenness of the resonant frequency for each of the
piezoelectric element 174 decreases. Furthermore, because the
vibrating section has an isotropic shape, the vibrating section
isdifficult tobe influenced by the unevenness of the fixing during
the bonding process. That is, the vibrating section is bonded to
the liquid container uniformly. Therefore, the actuator 106 is
easy to assemblée to the ligquid container.

Furthermore, because the vibrating section of the vibrating
plate 176 has a circular shape, the lower resonant mode, for example,

the primary resonant mode dominates on the resonant mode of the



two | ayers structure, the actuator 106 can be reliably fixed to the liquid
contai ner by the base plate 178 and at the sane tine the displacenent of
the vibrating plate 176 by the vibration can be increased. Th@re§BP 03t he
difference of the anplitude of the coltter electronotive force and the
difference of the anplitude of the resonant frequency depended on whet her
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vibration, and the vibrating plate 176 having a large compliance
which means it is easy to be displaced by the vibration. By this
two layers structure, the actuator 106 can be reliably fixed to
the liquid container by the base plate 178 and at the same time
the displacement of the vibrating plate 176by the vibration can
be increased. Therefore, the difference of the amplitude of the
counter electromotive force and the difference of the amplitude
of the resonant frequency depended on whether the liquid exists
inside the liquid container increases, and thus the accuracy of
the detection of the resonant frequency increases. Furthermore,
because the compliance of the vibrating plate 176 is large, the
attenuation of the vibration decreases so that the accuracy of
the detection of the resonant frequency increases. The node of
the vibration of the actuator 106 locates on the periphery of the
cavity 162, that is, around the margin of the opening 161.

The upper electrode terminal 168 is formed on the right side
of the surface of the vibrating plate 176 to be electrically

connected to the upper electrode 164 through the supplementary



el ectrode 172, and thus the upper el ectrode 164 can have desired

mechani cal strength, and al so the upper el ectrode 164 and the upper

el ectrode term nal 168 can be firmy connected. The piezoel ec%r' | enent
and the vibrating section which faces330 the piezoelectric el é’lﬂéﬁﬁ 2Bt hi n
the vibrating plate 176 constitute the vibrating section which actually
vibrates in the actuator 106. Moireover, it is preferable to formthe
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preferable to use zirconia or_alumnu a material _of, the ase plate
178. FurthetfoRessiPlis fp?egé}libf:g‘]et Shienne rﬁd%e??%%h gé’ btg'éee ‘bﬁg%?’é 178
for a mtesteloQt M dheNSoRhdt €idd betltRdrehal upses Rk1asctgddb 181l ¥ed,
copper, platinum alum num and nickel having a electrical conductivity
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106 can ‘?ﬁe @ggetlgdel%%tarno&em:(wiggdr ngeuggeexq eflce)arcttrré)%e! rtl,iérminal 168. By
this supplementary electrode 172, both of the piezoelectric layer
160 and the upper electrode 164 are supported by the supplementary
electrode 172, and thus the upper électrode 164 can have desired
mechanical strength, and also the upper electrode 164 and the upber
electrode terminal 168 can be firmly connectéd.

The piezoelectric element and the vibrating section which

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

vibrates. Furthermore, the prevention of the vibration of the

portion other than the vibrating section of the actuator 106 can



jet recording apparatus, an ink tank, or a container which contains
washing liquid to wash the recordi ng head. The actuator 106 shown in the
Fig. 20 and Fig. 21 is nmounted on the predeterm ned position @W@RA iquid
container so that the cavity 162 can ééntact with the I|qU| ed
inside the liquid container. Wen the liquid container is filled with
liquid sufficiently, the inside and outside of the cavity 162 is filled
with |igbedachhetbé loy hiercressling ftheheticeggicd ohstilde baiswiniat@oﬁﬂéi ald

consuned and the liquid Ievel eased under unt| i f the
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out si de the cavity 162. The act uator 106 detects at |east the difference

in the apoesstibde.i npedance occurred by this change in condition. By this
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applied to the container which contains liquid. For example, the
actuator 106 can be mounted on an ink cartridge used for the ink
j(et recording apparatus, an ink tank, or a container which contains
washing liquid to wash the recording head.
The actuator 106 shown in the Fig. 20 and Fig. 21 is mounted
on the predétermined position on the liquid container so that the
cavity 162 can contact w3ith the liquid contained inside the liquid
container. When the liquid container is filled with liquid
sufficiently, the inside and outside of the cavity 162 is filled
with liquid. On the other hand, if the liquid inside liquid
container consumed and the liquid level decreased under the
mounting position of the actuator, there are conditions that liquid
does not exit inside the cavity 162 or that liquid is remained
only in the cavity 162 and air exits on outside the cavity 162.
The actuator 106 detects at least the difference in the acoustic
impedance occurred by this change in condition. By this detection

of the difference in acoustic impedance, the actuator 106 can

detects the whether the liquid is sufficiently filled in the liquid



i npedance. O her than nmethod shown above, the actuator can detects the
change in the acoustic inpedance of the liquid using the change only in
the resonant frequency. The piezoelectric elenment, for exanple, can be
used in a case of using the method of ¥etecting the resonanl ¥ SERUMcY by
measuring the counter electronotive force generated by the residual
vibration, which is remained in the vibrating section after the vibration
of the vibhekingrseetldguidfisheorslmed ofior@st barghhwede od rsied) dwelchange
in the acoustic inpedance of the liquid._The piezoelectric el ement ££

el enent FyRFRArgenrer dthe aafaiatountof epBcEP bRt V&S S¥v0e By HaSi
vi bration Legni gﬁg ig%ﬁb(g (\'/&t?%gﬂl@g_ section of the actuator. The nagnitude

of the counter electronotive force changes with the anplitude of the
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the resofGhtaFPEQULALYPE M¥RbLIEPSddepends on the frequency of the residual

vibration at the ydduat ichg seshisefc Shptdsndstdtohedilia, Pehi Dibedinadi ch
the magni tude of the counter electronotive force changes, changes.
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resonant condition. To obtain the resonant frequency fs, the vef%{m
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Because the vibration of the actuator is™not a displacenment for only one
di rect i ofreguenche Vitim srcosnisedovesirehet deforinas enconghans @ef¥ert i on
and extepsi
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Fourier chaagshgrdrergqghbacyayefies dhahgkehen caitteslt ehabraidtiheevdébtage when
t he piezoelectric elenent and the nediumare in the resonant _
value measured at the transmission circuit shows the change in
acoustic impedance. Furthermore, the change in a frequency fm,
which is a frequency when the current value or the voltage value
becomes maximum or minimum, also shows the change in acoustic
' impedance.

Other than method shown above, the actuator can detects the
change in the acoustic impedance of the liquid using the change
only in the resonant frequency. The piezoelectric element, for
example, can be used in a case of using the method of detecting
the resonant frequency by measuring the counter electromotive
force generated by the residual vibration, which is remained in
the vibrating section after the vibration of the vibrating section
of the actuator, as a method of using the change in the acoustic
impedance of the liquid. The piezoelectric element is element
which generates the counter electromotive force by residual
vibration remained in the vibrating section of the actuator. The
magnitude of the counter electromotive force changes with the

amplitude of the vibrating section of the actuator. Therefore,

the larger the amplitude of the vibrating section of the actuator,



condition and then specifying the nost dom nating frequency conponents.
The frequency fmis a frequency when the admttance of the nmediumis

maxi nrum or the inpedance is mnimum The frequency fm is different from
the resonant frequency fs with little value because of the ol &ISER #0% | oss
and the nechanical |oss. However, the frequency fmis generally used as
substitution for résonant frequency because it needs time f or deriving
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measured. By inputting outgut of the actuator 106 to the transm ssion
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region o e ac uator is a portion which constitutes the cavity 162
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liquidis suf icientl filled in the liquid container UId is filled in
the cavi B5CUTB9E St PR R ERTY (YO GGPUAC T ACEE KAPROF L B RLPHE L he
l'iquid cgﬁéaiﬁea rg@@ﬂahtq@bgdgeggnnot exists in the liquid container
sufficiently, the vibrating region contacts with the liquid whichis
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cont ai ner here is a case in which
the deformation such as deflection and extension, the vibration
has various kinds of frequency including the resonant frequency
fs. Therefore, the resonant frequency fs is judged by Fourier
transforming the waveform of the counter electromotive force when
the piezoelectric element and the medium are in the resonant
condition and then specifying the most dominating frequency
components.

The frequency fm is a frequency when the admittance of the
medium is maximum or the impedance is minimum. The frequency fm
is different from the resonant frequency fs with little wvalue
because of the dielectric loss and the mechanical loss. However,
the frequency fm is generally used as substitution for resonant
frequency because it needs time for deriving the resonant frequency
fs from the frequency fm which is actually measured. By inputting
output of the actuator 106 to the transmission circuit, the
actuator 106 can at least detect the acoustic impedance.

It is proved by the experiment that there is almost no
differences with the resonant frequency obtained by the method,

which measures the frequency fm by measuring the impedance



the liquid attaches to the vibrating region of the actuator even the
liquid level in the liquid container is |lower than the nounting position
of the actuator. When the actuator detects the existence of tﬁ #'qui d
only fromthe existence of the liquid ®h the vibrating regiond 1t¥e B08ui d
attached to the vibrating region of the actuator prevents the accurate
detection of the existence of the liquid. For exanple, If the liquid |evel
i s | ower chhaactheigbunt ang pbeitttiance othatwctatigdtior ofakbet heddvop @mdt he

i quid hes to th i brati i by th ‘ he 1iqujd d
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the liquid container. In this way, the mal functjon can be prevented by
usi ng t heiheabaesr ahathagvibyatyngasgctiengof pheoaoBuEtiP¥her nore, as shown

in Fig. 21 (E) t .t he Liqui exit, | e | gyl
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val ue,  kf148g] Eﬂggﬂet !ﬂi’%uﬁ.@eégni:éiﬁgri, nKib0: §hes ! fﬂyigdcﬂ@f[@ixé‘eéayi{*t he
liquid exist around the Cavity 162, and t}11e anount of the liquid is Targer
t han t hi $62hr esbolttevalibeatiing segidgeddrttatctishevigch sliquild i inghke | thyi d
contai ner. For, exanpl.e, when,the _actuator 106_ s _noupted_on.the, side.wall
of "t he | ARG SRP AR g ¢ W oGt tade  mek oo FEHRS T VAE L heT T du: o
cont ai negombgintheshikgubdehevel thasvdBrabenyi aeddos oddrt A€t si Bitweriet han
the mounting position of the actuator 106, and it is_judged that there is
i nk i nsi 4&Uigevhidiuig remmidiatet D Wencaviety ilgwide Bhel igNdiddecr hr1reHui d
cont ai neg..i i gh . ppunting idd f Giat 0f qu @6 uBY
setting (tgﬁeéltl rggﬁ%lagg\?/lgl Egsflgﬂt %ltose%mn%%st deﬁa%cc&lfa:‘@rq: 18% canqu1 udgeut hat
t here i scontaoksi withethequad ocontacnem.even if the ink attaches to the

cpuity aoain by shaling ol Uhe el bade, Sl e Sk heceavibe
not exceedviReibhl estPhd can be designed that the liquid inside the liquid
container remains in the vibrating region of the actuator 106 by
the cavity 162. The reason will be explained as follows.
Depends on the mounting position and mounting angle of the
actuator 106 on the liquid container, there is a case in which
the liquid attaches to the vibrating region of the actuator even
the liquid level in the liquid container is lower than the mounting
position of the actuator. When the actuator detects the existence
of the liquid only from the existence of the 1iquid on the vibrating
region, the liquid attached to the vibrating region of the actuator
prevents the accurate detection of the existence of the liquid.
For example, If the liquid level is lower than the mounting position
of the actuator, and the drop of the liquid attaches to the
vibrating region by the waving of the liquid caused by the shaking
of the liquid container caused by the movement of the carriage,
the actuator 106 will misjudges that there is enough liquid in
the liquid container. In this way, the malfunction can be

prevented by using the actuator having cavity.



val ue. The operation and the principle of detecting the liquid condition
of the liquid container fromthe resonant frequency of the nmedium and the
vi brating section of the actuator 106 obtained by measuring the counter

el ectromotive force will be explained 3geference to Fig. 20 and IFSEP 2003. A
voltage is applied on each of the upper electrode 164 and the | ower

el ectrode 166 through the upper electrode termnal 168 and the | ower

el ectrode ternefakneliBreThes sheghrifribeld (9 generaiLdyaantiee peghian of
the piezoelectric layer 160 where the piezoel'ectric layer 160 is

sandwi chedebynohexigpen ehedtirpdal téntanderhend dber 1étettroti¢e6diquig t his
electric field, the piezoelectric |ayer def or ns, 9.r SEP 3 the
defornatF88%8FhFﬁer6F@i8§Ié@t&ﬁ? Fﬁy§§¥1ég? ?ﬁegbﬁbﬁggﬁﬁgorréé?o%smﬁggin
the vibraki pHePtREEsHIPadR{T@CIcE aned ¥ikbEabASe FPrthsANRyPRI] Odhakt €5, t he
deformati on of the piezoelectric layer 160, the vibration with deflection

remai ns id the Midrial degsseet ies stohronadadhe seor tY0$62 Thend ddiegagpunt
vibration. s,a free osci tion. of .t Lbrati Ct i t at or
Lo ana PhetRE A {f ORel LhalLe0 O I EIER Ll GRL I inchf v aehYS

vi br ati ngtsestjuigeand hbltet hede us neabnkei reasiel ¥igutdicwe dinappl yifnghehe
vol tage of a pul se wave or a rectangular wave on thelgiezoelgéiﬁlc Layer

160. Becé&%if%h%"i?%s?ﬂ%‘émdvtil?ﬁ A3V W L BRat 883 Hee ARG Rf & OHAYSE t he

actuator ; s106ygbberneai dHal vhPLatLDE W B deftorins jilig el @78l egkkiecikayer
160. Therefore; the piezoelectric |layer 160 generafes the counter

el ect r ononkvenfioree idqhid costierem| eEorompanwke f ortean itdie dettaetted £APough

t he upper, el ectrode 164, the |lo e trode 166 t he upper, el ectr
terninallfG%?u%%ﬁ fﬁé§#5V€P%8I¥%fiéﬁé%ﬁ rg?ﬂgﬂ RSB Uég:ﬁﬁbgﬁgggﬁant
frequencyneant herspacnbi ek Bh thiesl igel @drd 6wt Rhetl €i6d NaPiid 2etrelce,

the liquid consunption status in the |liquid container can be detected.
Gener al | ynstAe EBSohaANifr edeRtye¥ sl diPWnr ShFresS8dMRYNtigE BRSA§Lon

of the actuator 106, and it is judged that there is ink inside
the liquid container when the liquid level inside the liquid
contéiner is higher than the mounting position of the actuator
106. By setting the threshold value in this way, the actuator 106
can judge that there is no ink in the liquid container even if
the ink attaches to the cavity again by shaking of the carriage
after the ink in the cavity disappears because the amount of the
ink attaches to the cavity again does not exceed the threshold
value.

The operation and the principle of detecting the liquid
condition of the liquid container from the resonant frequency of
the medium and the vibrating section of the actuator 106 obtained
by measuring the counter electromotive force will be explained
reference to Fig. 20 and Fig. 21. A voltage is applied on each
of the upper electrode 164 and the lower electrode 166 through
the upper electrode terminal 168 and the lower electrode terminal
170. The electric field is generated on the portion of the
piezoelectric layer 160 where the piezoelectric layer 160 is
sandwiched by the upper electrode 164 and the lower electrode 166.
By this electric field, the piezoelectric layer 160 deforms. By



fs =1/ (2 ,t * (MCact) 1/2 (1) where Mdenotes the sumof an inertance
of the vibrating section Mact and an additional inertance M; Cact denotes
a conpliance of the vibrating section. Fig. 20(C) shows a crt B i.on of
the actuator 106 when the ink does noB9exist in the cavity iﬁsfﬁg gﬁggent
enbodi ment. Fig. 21(A) and Fig. 21(B) shows the equivalent circuit of the
vi brating section of the actuator 106 and the cavity 162 when the ink does
not exi sthendelfieroatiby. ofThéhehti dzoedlsctimied Inyeat Vi€ ngthdevpboating of

the thickness of the vibrating, sectian he. density. of. . the vibratin
section ASEIPRIVEERD B;ﬁfﬂglﬁgéga&e ralﬁg é?ﬁ}ﬁ??ﬁj‘r@eé’ﬂo&ﬁ‘_ eEUrtﬁ% rrgr e,
as showngbie p&eidd Gftek (A defldigndicin enche @@zcﬁ-ﬁ%@fc flalkewing, i n
detail. Mact = Mozt + Melectrodel + Melectrode2 + Miib (2) Here, Mzt is

obt ai nedth¢ wibidtagnt WethrddbitecoionheemainRnéssthef vilheapiegdosfekiehc
| ayer 16Q.ip,th i.brati section and the density of the piezoelectric
| ayer 168fbghFh§c§P8%gnggﬁé pi ezoel ectric |layer 160. Ml ectrodel is

obt ai ned by di vhdimgildiel plioguet oh stherthi addieskatafor b€ thppeibeaethgode
164 in the vibrating section and the density of the upper electrode 164 by
the areaSe6fiPRe Afppdic epebtrbot 164 ad ebheofEd g - obtHiGHst e di W% ng

the pr odyg%o%l%n{:hgo}lgiEkglssi?%@?érb%Hé)%rbr%tg%%%%gji@ﬁ LAgt BRe r\{%@%ﬁfgi ng

section an e density ower electro y the area o
| oner el eahrbdeedb6lyMsbbaisedbbri apdlpyndi vhdi nglthge pobdacpubset ave

t hi ck f the vi ti | at.e 176 in._the vibrati ti dth
densi ty Obf* FRECAPERARFHF T APecho & I et bFYPhe U br ZETY-Fedion  of

the vi br atsngull af foA5: ort QWBYEE eaEhe &fi PR iYi7 Bebt ibhAo AtdR adtubber
V|brat|ngoreg|on of the piezoelectric |ayer 160, the upper electrode 164,

the | owet06} elhe g ithel FaBTathpratahee plefermydhenniezael FAri6nsAY L as
Shoun 709, LA SLLLSL 068 NG AR A 1oL e L ALE L Bobget o) o1
t hi cknessledensinbyiveantbacea asThhel emintdre wieatiomnptseet | orce is
detected through the upper electrode 164, the lower electrode 166,
the upper electrode terminal 168, and the lower electrode terminal
170. Because the resonant frequency can be specified by this
detected counter electromotive force, the liquid consumption
status in the liquid container can be detected.
Generally, the resonant frequency fs can be expressed as
following.
fs = 1/(2* n* (M*Cact) */? (1)
where M denotes the sum of an inertance of the vibrating section
Mact and an additional inertance M'; Cact denotes a compliance
of the vibrating section.
Fig. 20(C) shows a cross section of the actuator 106 when
the ink does not exist in the cavity in the present embodiment.
Fig. 21(A) and Fig. 21(B) shows the equivalent circuit of the
vibrating section of the actuator 106 and the cavity 162 when the
ink does not exist in the cavity.
The Mact is obtained by dividing the product of the thickness

of the vibrating section and the density of the vibrating section



Moreover, it is preferable that the portion other than the circular
portion which is a main portion of each of the piezoelectric |ayer 160,

t he upper electrode 164, and the lower electrode 166 is mcroscopic so
that it can be ignored conpared to thaomain portion. Therefddd SEm@M3i s
sum of the inertance of the each of the vibrating region of the upper

el ectrode 164, the |ower electrode 166, the piezoelectric |ayer 160, and

the vibrahi pge BLakeokEnbNviBEafChya e 105 MRNRAEmodIe se0rPlbvdngg Cact
is a conpliance of the portion formred by the each of the vibrating 41"

SEP 2003 thegFog - 021 (Ak, WipeMacktecan due expsesisied hovwerl kbwing ddede6eilt.he

pi ezoel ectric yer 160, and e vibrating plate 176, Fig. .21 (A ,,,Fig. 21
(e k. 21 MBFE ~afae g Medephrohow s HeLoegupiaren Miboul t dP)t he

vi brati ngresect MpR ok st BBracheatey dfBGiaangl die mdddat BF2chenthhes@ess
equivalent circuits, Cact shows a conpliance of the vibrating section of

t he act ugfotheopiceaehestrichbarprt 16 Telrcihoduibratdns sesdd®n and oheb
shows th i ange f e Vi tin tio e niezoelectric yer
160, ¢ ho CSORaEY arbetraud et i B0 Sk r e o e o b ng
plate l1PH6ezCadectarideagpwers MellkevirbdeaqlaidberinkdCagtdividigpzrhe +
(1/Celectrodel) +(1/Celectrode2) +_ (1/Cvib) (3) Fromthe equagion_gé) and
(3), Fi gProfuRfF ehhhsdigimaset the wpger £l eagroderhed dgnphs ¥abEaEL

shows t heweli e Wi f%l?lteﬁ@%n%(i(i?pbft Ree MRELYMBYAREadefgunBll eRegRERAL €d

by the application o e preSsure on the unit area of the vibrating

sect i on. ofntbeheppewralsctadite dépl | MatecCactied hpswohitiee reeat byedd viid ibg

def d, . Fig. 21 (C .sh h i f th t uat 06_wh th
e L
of the vihbabicAggr egic@iocaf ahbetRet Agh O t HOSE itthd ildwed: eliddt ridde lisgubg. The

M max shown in Fig. 21 (C shows the maxi num value of the additional
i nert ancébgherephefl itde dowersgleceresel y66filled in the |iquid container,

and the periphgtyof st B5c ¥ REAILPHividing the product of the thickness

of the vibrating plate 176 in the vibrating section and the density
of the vibrating plate 176 by the area of the vibrating region
of the vibrating plate 176. However each of the size of the area
of the vibrating region of the piezoelectric layer 160, the upper
electrode 164, the lower electrode 166, and vibrating plate 176
have a relationship as shown above, the difference among each.of
the area of the vibrating region is prefer to be microscopic to
enable the calculation of the Mact from the thickness, density,
and area as whole of the vibrating section.

Moreover, it is preferable that the portion other than the
circular portion which is a main portion of each of the
piezoelectric layer 160, the upper electrode 164, and the lower
electrode 166 is microscopic so that it can be ignored compared
to the main portion. Therefore, Mact is sum of the inertance of
the each of the vibrating region of the upper electrode 164, the
lower electrode 166, the piezoelectric layer 160, and the vibrating
plate 176 in the’actuator 106. Moreover, the compliance Cact is

a compliance of the portion formed by the each of the vibrating



region of the actuator 106 is filled with the liquid. The M max can be
expressed as Mmax = (7c*p/ (2*k3))*(2*(2*k*a)3/(3*7c))/(7E *a2)2 (4) where

a denotes the radius of the vibrating section; p denotes the g 'mﬁo]f
t he medium and k denotes the wave nunmber. The equation (4) f‘& We en

the vibrating region of the actuator 106 is circular shape having the
radius of "a". The additional inertance M shows the quantity that the

mass of thgi¥hbeattRE §6sé+ WNdSrid 164SER OQ3wicrceeasedoder Lual | yhdy the
effect of the medium which exists around the vibrati n‘g_ section. As shown
in Fig. RieeghelRrhukccanyehan§ls angnthecHabrathpg phateadi’fs of the

vi brating sect] "a d t.he ity.0 e ~yredi e r k
can be expr essgggby?]f Sﬁbvﬁl%g ggggéi’ogﬁé' E(ztl:(DQ*’ %ba’ﬁg%t;g}((%)agﬁﬁg’rgﬁ%act
denot es thaeivelenantiteafuestyrid wiradhbicptdany iseciofonhewhenubher| 1g6i d

does not contact with the vibrating section; and ¢ denotes the 6§eed of

the sound"frbPagaR el t¥r begh tife thedcuRAVUENGLeRt( BETSHINS  ah2EHUPDANENR

circuit Qémﬁi‘faﬂé%@f izéli%c)v%\%ggﬂﬂﬁgé?é@foxg%f‘%@ra&Q@a@BP 1. Caulchyod62 as

in the case o en t fquid i1s sufficiently filled in the
liquid thatGpater Cedrd tivodeier phecyrode? hend Bvabi stipwe ghencofpl hance

actuator 106 is . filled with the Iliquid., Fig.. 21 (E).shows e.cross_section
of the agt by bo6 RGeS RET e A A SR SaNEE, Tl riec g Shnd,
and thergi1kstPadel 164 deRE OLBWE+ R stV RId NG &, e@nantat hBractidgt praddo,

and the liquid remains in the cavity 162 of the actuator 106. The equation
(4) shows76he Gast nerR i pershede as nesd bW Ergn e BCBuch as the ink

densityp when L quid iyner i ikl i t he 4 A $jhe_ ot her
hand, if the | #Zg?éki n t%fe%%du)i d’tco(z{gierl%g?qf\sgd%g%su?&f%n‘%ﬁrl% cfhe;r(i st ed
around tke/@rbbati ng section of the actuator 106 becones(ghs or vacuum

Fol on og eouarroR the equation G252na” (3712% 14 "% a) " ¥an B 2R £EREE%
as Fig. 21(B).

The compliance Cact shows the volume which can accept the
medium by the deformation generated by the application of the
pressure on the unit area of the vibrating section. Inother words,
the compliance Cact shows the easiness to be deformed.

Fig. 21(C) shows the cross section of the actuator 106 when
the liquid is sufficiently filled in the liquid container, and
the periphery of the vibrating region of‘the actuator 106 is filled
with the liquid. The M'max shown in Fig. 21 (C) shows the maximum
value of the additional inertance when the liquid is sufficiently
filled in the liquid container, and the periphery of the vibrating

region of the actuator 106 is filled with the liquid. The M'max
can be expressed as

M'max = (7m*p/(2*k®))* (2% (2*k*a)3/(3*n))/(n*a®)? (4)
where a denotes the radius of the vibrating section; o denotes the
density of the medium; and k denotes the wave number. The equation
(4) applies when the vibrating region of the actuator 106 is
circular shape having the radius of "a". The additional inertance

M' shows the quantity that the mass of the vibrating section is



M =p *t/S (6) where t denotes the thickness of the nediumrelated to the
vibration; S denotes the area of the vibrating region of the actuator 106.
If this vibrating region is circular shape having a radius of 4"& he S
can be shown as S = 7r *a'. Therefore,42he additional inerta 35%’ | | ows
the equation (4) when the liquid is sufficiently filled in the liquid
container, and the periphery 4 3 11 SEP 2003 of the vibrating region of the
act uat or ih86ernseflivimoiadityhby e &f facd.ofThie awdiitinowhi ch reevitsdrscar opind

fol | ows tp}e equation (6) when the liquid in the liquid container is
consunedt ﬁnﬁlg’H@FéngssﬁSthPqui d exits around the vibrating region of the

actuator 106, gRdshdie id GUid LS £REB Rk idhid Reaedst ¥idhdfitanelyabyshown
in Fig. 21 (E) , let the additional inertance M, when the liquid in the

| i qui d cohearadiubsofonbaneibraningheeetips ho"| agdi thexdessatyupd the

vi brating region of the actuator 106, and the liquid is remained in the
cavity 1629188 Wi cav to distinguish with the additional inertance M nax,

cavity 1623188 Koav to disti . | nertance |
ogion of Che® ag UATOrBETS <€) SN SPRCERE Faura tRG S Tt eLR o

equi val ent cirguiLt et 4dhe-tvidbrating (section of the actuator 106 and the
cavity 162 in the case of Fig. 21(E) when the liquid in the liquid,
cont ai newhesectastudedotasd-he resenpatnbrédupney efothg ikxaHinaseagiPRgi on

of the actuator -106,. the Liquid renai i,n Al .of .t

act uat orw_88.glilﬁr]el,q'{lhcgr}g’gﬁaﬁ'g?e?gngaefgt%ht ot}%%té;lér%[ac\éélt%fs é? ﬁégﬁéd?ﬁ?n are
density ef qthetaediua ppasd bhethbi sknraspebphhetsetdhuoughi theegeadiinon (6)

. Wien the liquid is su?fici ently filled.in the liquid _container, the
liquid contactBight RL{Re FPBigt PRg SSBEMAdPT FierWdctat b 158°T#heASt he
liquid ig.bpsuhfLei @ lacdiddd oy bhe chibauhdi €96 nes id kel cagedoks

remai ned In tﬁe cavity, or the gas or vacuumcontacts with the vibrating
section Bfigt he14€) uehen tHOELiq¥id ets tshud fdddiemitdnyalf ildedt ancehaut igyidhe

f the shifting fromthe M foFig .21 (O t M Fi g.
217 (5) " GRERAERES QUi H oo ERB Bk ok o 08 Pee kL te Sbcdiie Bt ne ©

actuator 106 is filled with the liquid.

Fig. 21 (E) shows the cross section of the actuator 106 when
the liquid in the liquid container is consumed, and there is no
liquid around the vibrating region of the actuator 106, and the
liquid remains in the cavity 162 of the actuator 106. The equation
(4) shows the maximum inertance M'max determined by such as the
ink densityp when the liquid container is filled with the liquid.
On the other hand, if the liquid in the liquid container is consumed
and liquid existed around the vibrating section of the actuator
106 becomes gas or vacuum with the liquid remaining in the cavity
162, the M' can be expressed as following equation.

M' = p*t/S (6)
where t denotes the thickness of the medium related to the
vibration; S denotes the area of the vibrating region of the

actuator 106. If this vibrating region is circular shape having
a radius of "a", the S can be shown as S = n*a?’. Therefore, the

additional inertance M' follows the equation (4) when the liquid

is sufficiently filled in the liquid container, and the periphery



t hi ckness of the nediumt changes according to the containing status of
the liquid in the liquid container, the additional inertance M var
changes, and resonant frequency also changes. Therefore, the existence of
the liquid in the liquid container camsbe detected by specidy §ER20sonant
frequency. Here, if let t =d, as showm in Fig. 21 (E) and using the
equation (6) to express 44 X11 SEP MB the mcav, the equation (7) can be

obt ai nedobytaEbSEbiHEEAG tBgichhbEKPRESaltubbErCRYEt Ys" Hi11880wite the i N
the equation (6). Mcav = p *d/S (7) Mreover, if the mediumare different
types of litgidd \Wind adddshi ovpReinertance fi't f ohbdvws févet e@eat Mn dI9angesn and
resonant _, freguengy. s, .al so. changes .hecause the _density i i1ffere

ocor i ngTol PG 17 erinen S REnEamng: erod ety rld Epdtt Shed o
the |iquildgaas &eietaehed byiespastdtyimng rdig oresanainé adowemeneyesf, snd

Mor eover, when only one of the ink or air contacts wth the vibrating
section bhet hégdétuaporempdnedndnt keei GRVaRY 18fr is not existing together,

the differenceyip M detgete cal qul.at. ; Are Fi Q.
22 () 15 a or ApheGTEn IGha t R f Bly bnelf D St RS ChaT HhepreatTty
i nsi de tHe, ivier ahle anduideir ehenbifjuid egpuerdynerf $saforthenedk aaddt héee

vibrating section.,kbreh t he casg for the ipnk wll be eﬁplained as, an
exanpl e of PReliffdfdexTha IEPERAathe avihrahiig TRALPRsBhahte FeHeRhRY fs,

and the hegi zephathaxi$qahaWes +8RatRkaatANthEYcaVWiep 1682, 1 8K BopRESESI ON
is constant, the resonant fre%ggnqy increases according to the decreasing
of the #hktgoaniphywithehienkddd tdeniilciigmbandd M'dna Wil ¢inki 2 ol@i ner
and ink_js.fi [ i brati .eqli . _fhe
i rum a0 e LORET heFPEREE ST SRt 05 SR8 RERRR BhaifBaiah 1T o,
(4). Weaftteei aktiateonsoseds antlébewethsthe liglidround the vibrating
region of the actuator 106, and the ink _remains in the cavity, 162, the

addi ti onal ineF%%nc%}NF%thpys 88l CAEVEd B (HE RhtkatTont1%) VHEERY A t he
thi cknesgeof 1 bR MR YUHEtuator 106 and the cavity 162 in the case of Fig.

21 (E) when the ligquid in the liquid container is consumed, and
there is no liquid around the vibrating region of the actuator
106, and the liquid remains in the cavity 162 of the actuator 106.

Here, the parameters related to the status of the medium

are density of the medium p and the thickness of the medium t in
equation (6). Whenthe liquidis sufficiently filled in the liquid
container, the liquid contacts with the vibrating section of the
actuator 106. When the liquid is insufficiently filled in the
liquid container, the liquid is remained in the cavity, or the
gas or vacuum contacts with the vibrating section of the actuator
106. If let the additional inertance during the process of the
shifting from the M'max of Fig. 21(C) to the M'var of Fig. 21(E)
when the liquid around the actuator 106 is consumed, because the
thickness of the medium t changes according to the containing
status of the liquid in the liquid container, the additional
inertance M'var changes, and resonant frequency also changes.
Therefore, the existence of the liquid in the ligquid container
can be detected by specify the resonant frequency. Here, if let

t = d, as shown in Fig. 21(E) and using the equation (6) to express



t. Because the "t" used in the equation (6) is the thickness of the nmedium
related to the vibration, the process during which the ink is consuned
gradually can be detected by formng the "d" (refer to Fig. 20 (B) ) of
the cavity 162 of the actuator 106 as éfml| as possible, thaff 4 SEPf203M ng
the thickness of the base plate 178 as sufficiently thinner as possible
(refer to Fig. 21 (C ) . Here, 4 5 11 SEP 2003 let the t-ink as the

t hi cknesshef mt bevi nkhé nwghaetom th tdeer bel bbatiioed bpdstibshktwvhingsthée

t-ink whep . the additiopal inertance .is Mpax, For exanple, the actuator
106 is nﬁBﬁFgﬁeSﬁ Phe thEt £ ¥ ghelf‘ﬁ? nggtergénth?ZSHPﬁh‘ﬁnt g%Fhe
surface of the LQFV | f ,jé1 i's consurrgp), and the ink | evel becones | ower
t han the hei ghli/l i nkPmd romthe actuator 106, the Mvar gradually

changes accorgdbpgotrert hef aguainedn ubireadds t BEeh€SOARIE JfT @gyandywish
gradual |y changes according_to the equation (1)M. Therefore, until the ink
level iseaFbhiokhere rtdiyeadditional hengetaaesr Mioshaggesyrarflial $§°0eRECt

the ink consunption status. ,Furthernore, by enlarge.or |engthen_.the

vibrati ng SRUENEH T8 AP SHAAGT UG S aiGRoi h Aot tht OF f 106 HFong a
l'engt hwi gecodli Gt £8Nehé NGl £ Rrddkd NE eGAUHRBIL) iGhaNgeRe2EEBEE] NGhEO T he
change of ink level with ink consunption. Therefore, the actuator 106 can
det ect thgppsocésshehilliguifecankbesdgraduad| hycopesontying Fohe ekaapnentt he
actuator 106 is nounted on the side wall of th ink. cartridge

per pendi EBF PP Yo ?heq’[?ﬁ?%}{ﬁ’%rag ?nv%Jré’t%e i) kthﬁsl@gr?sxtrjra}gg SREEFRES T nk

|l evel reagchrsthé vihBrytbhatsdet iegicam tofe ddtmaciuatber, 406, thecankeahde
addi tional inertance M decreases wth the decreasin t he i nk

I of | evel ,
t he resofahtlid POuenht§ting "gﬂgﬁifd’@q'ythﬁccﬂje%%%%e%‘é%dlndﬂﬁgcatrbb?h‘ée'%ﬁﬁ‘é?gon
(1) Theregf,o ' | (b$ Within the range of the radius 2a
of the ggv??icﬁgg{:??gf Eezg‘ét %alé?‘és&gl(%?:)) , the actuator 106 can gradually
detect the inkFtonsadpa) drs st graph Whick ighavsXtihe Eedat2enghjipshewseenhe

e eoonBRLERF HEREY Y st o1 The ool e AP0 FE] REeCRRBE: BREAREACT he
Vi brat i ngsr&gitie ok kexeeheatobrd@6ngsséot 16, Hidd Citert kiskafge ohel ong.
It can be understand that the resonant )

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

axis shows the resonant frequency fs, and the horizontal axis shows

the ink quantity. When the ink composition is constant, the

resonant frequency increases according to the decreasing of the

ink quantity.

When ink is sufficiently filled in the ink container, and

ink is filled around the vibrating region of the actuator 106,

the maximum additional inertance M'max becomes the value shown

in the equation (4). When the ink is consumed, and there is no

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

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

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

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

the medium related to the vibration, the process during which the

ink is consumed gradually can be detected by forming the "d" (refer

to Fig. 20(B)) of the cavity 162 of the actuator 106 as small as

possible, that is, forming the thickness of the base plate 178

as sufficiently thinner as possible (refer to Fig. 21(C)). Here,



frequency fs of the ink and vibrating section gradually changes wth the
decrease of the ink quantity inside the ink tank. In detail, the case when
the actuator 106 can detect the process of the gradual consunption of the
ink is the case when the liquid and g&s having different dehdiSEP @80Bh each
other are 46 ~11 SEP 2003 exi sted together and also involved with

vi bration. According to the gradual consunption of the ink, the liquid

decreasesed the incioasigthe the cgassisn dhechedi i iimvelved witth ttiee
vi bration around the vibrating reqiﬁgn of the actuator 106. _For exanple,

the cas¥ilRhehiPRe s baiBK-18% gssthiptini Bl veien haeiadd iddondlgeertance

hori zont al.ly. the. | ce -] LS -shal t =il Nk - max,
t he medi g%qn[{}%f Vegdﬁgﬁaﬁﬁg%ﬁ %}rlgﬁko%doq‘y% %2 6ag$urgﬁ$éé}?0%n69§ﬁc %%tgéénbot h
of the iok @nd irie gatribu élcarieonthé 1ot bovhagsuelpe icdh the) inkn bef
obtained.if |et the area of_the vibrati region _of the actuatar 106 as S
and expr égg IHESUSHIRI WIS the 2B 1§ BrhIPeqaRss dwes Shag Bﬁiﬂf\lﬁ* ¥n the

equat i ontﬁﬂkbaa%ﬁd@&bimora{e NBSSua@iy L1 | Nknaneh 'thg sl 1y Mrligds M i nk

= pair * t-air/S +pink * t-ink/S (8 where Mmax Is an 1 nertance of an

air; Miakcpsdangi her ttdieceeqpfation i k), pandr the aedemsinty fofequerdy ;£9 i nk
is adensity of.an.ink; t-air.i.s the thickness of.the_air involved wth
Lhe i orarrdntl 1 g aien srBotaete o ea B DR i s T The
vi brati ophe ihAkcaseeWes Wwhehagt théoraddé o5 Mpunt €le Oact it dbnkicartahdge
approxi mat el y horizontall¥ to the ink surf ace, thet -air increases and
the t-in®raeered¥edetirfh the iRkreaseuBpPtipe §h3tHAd the decrease of the

[Nk W Ehin thepRPEhUPRLLLO! KRt Lhd G YIDEREEAN LhR" QUBEat DR VADEELLAT
regi on of the actuator 6. The additional ~inertance M gradually
decr easesf tardatheatesanshantiraquernsy thgradus tgr iL0ér 2bers abierdovei shanges

Che i nk FSRReBToRnathe &K i (HH RoMaRIaR () CRAECaBrRERR"OThE Bitati on
(7) dependsgeyifR thdeRsht hobohBempt 88hd bEgaksEoRd, the Assuapdbion
that thelg§n§;£Xiégeégm;§grb;ézéggﬂdhiﬁgngigeihﬁ ggegESQSLEXyOgonsumed.
vFor example, the actuator 106 is mounted on the side wall of the
ink cartridge perpendicularly to the ink surface. When the ink
is consumed and the ink level reaches to the vibrating region of
the actuator 106, because the additional inertance M' decreases
with the decreasing of the ink level, the resonant frequency fs
gradually increases according to the equation (1). Therefore,
unless the ink level is within the range of the radius 2a of the
cavity 162 (refer to Fig. 21(C)), the actuator 106 can gradually
detect the ink consumption status. The curve X in Fig. 22 (A) shows
the relationship between the ink.quantity'cohtained inside of the
ink tank and the resonant frequency fs of the ink and the vibrating
section when the vibrating region of the actuator 106 is formed
sufficiently large or long. It canbe understand that the resonant
frequency fs of the ink and vibrating section gradually changes
with the decrease of the ink quantity inside the ink tank.
In detail, the case when the actuator 106 can detect the

process of the gradual consumption of the ink is the case when

the liquid and gas having different density with each other are



the liquid so that the density of the air can be ignored. Wen the actuator
106 is provided on the ink cartridge substantially perpendicular to the

i nk surface, the status can be expressed as the equivalent circuit, not
shown in the figure, on which the regién, where the nmedi um i idIOEPI2008 t h
the vibration 4 7 19 SEP 2003 of the actuator 106 is ink only, and the

regi on, where the nedium involved with the vibration of the actuator 106

i S gas, eaished espeeheedand flaalinebloedcwith vibtetidhe acewrafirthéo

regi on where the nediuminvolved with the vibratjon of the actuatont%OG IS

ink onl ¥hgs agadiala PRt dte thdk r egiont hARtE PRETRRERENY:
i nvol ved i\Pfc&J%atsH?lﬁV%)gr e&goa%g %%@%ﬁ@iﬁﬁ I P33 1k hed§ibBat R ont he

foll ow ng equati o ) can tal ne = 1/Mair + 1/Mink =

Sai r/ ( paiarrctunid- ghe vibra$iinkg tegiok of therkt{®)odT e 6equBbr @rdm®)1laakthbe
applied when the ink . is not held _in the cavity, of the actuator \1:06. The
case whefrahe YHR i EhReldaftuatPhel Cavitfy "&Wtb%d QP c st ebas CRGEFRETS

equat i on Hofkzch8h119Ndo (R ibk Lherease whentthekxt AisCkraiseef thha base
plate 178 is thick,  that is, the depth of the cavity 162 is deep and d is

conpar at itvénj -makosehe gnediieum Hinykaees with HhearwdbyateonnkE ke a6EURROthe

case wh usi ct uat or in Vi ] vi L r egi d to
her ght of oenent Pt iRnt af ahe Teh e VnE e o bR RbEBde i PR athg e
of the greegiualiocgecs ease ¢ obtaineld DEil eacihablrpadet ehesvibrdtetmerettieni nk

| evel is higher or |ower than the_nounting position of the g{cit yat or .

I
ot her wordsthe Retacten &P6 st 8R4 exPress shemtatar vhenithe gfdifdonal "
Vi brating eeglaneof o Be1 86l AL, 1F N ne AN fon 119 HYf YEdY diBrE1Imadd (A

shows the relationship between e Ink quantity in the ink tank and the
resonant offr éfpeennk md dhet @svi brati ng secti on when the vibrating section

is small circular shape. Tht'-:-.curve Y shows that the [ esonant, f}{fqu?nﬁy fs
of the ink andM'he MiBiat ' sBE(T of 2dkafgbsadk! Petr@ YUY it MHE Bhge of

change ot ANAOLI 1% Ch YALEBLGOLTSERANGRL O M NGSLA us, sBRhRGAANdral ter

the ink l'eve passes the nounting
an ink; pair is a density of an air; pink is a density of an ink;

t-air is the thickness of the air involved with the vibration;
and t-ink is the thickness of the ink involved with the vibration.
In case when the actuator 106 is mounted on the ink cartridge
approximately horizontally to the ink surface, the t-air increases
and the t-ink decreases with the increase of the gas and the
decrease of the ink within the medium involved with the vibration
around the vibrating region of the actuator 106. The additional
inertance M' gradually decreases, and the resonant frequency
gradually increaseé by above changes of the t-air and the t-ink.
Therefore, the ink quantity remained inside the ink tank or the.
ink consumption quantity can be detected. The equation (7)
depends only on the density of the liquid because of the assumption
that the density of the air is small compare to the density of
the liquid so that the density of the air can be ignored.

When the actuator 106 is provided on the ink cartridge
substantially perpendicular to the ink surface, the status can
be expressed as the equivalent circuit, not shown in the figure,

on which the region, where the medium involved with the vibration



position of the actuator. By this changes of the resonant frequency fs, it
can be detected whether the ink quantity remained in the ink tank is nore
than the predeterm ned quantity. 48 11 SEP 2003 The net hod of ?i ng t he
actuator 106 for detecting the existehte of the liquid is rmr-'t a%ﬁ’u?@&e
than the nethod which calculates the quantity of ink consunption by the
software because the actuator 106 detects the existence of the ink by

di rect | yof cthd acttivagon i 6t he inkgoindy , Fand heteroregyidrhe wiretreotha siady wm

| ectrode to. d ts. th i St f_the ink b tivity i
i | uenc BB} ERG RNt RV BBERFT R 76 TFR 9 GHA oL o &i Ters 3t TR nk

type, butxbhesgefhRdpHSENYel heRGluat of £ QG tRedBtOrbE thdeegXbatwaiee of
the liquid does not 1nfluenced by the nmounting position to the liquid

cont ai netharmedhen iimvolyesl wibhetve vibrsdsaus efbolad aftudteondiol Lati®h and

detection of the_exjstence., of the |liqui n he done ' -
act uat oroﬁg%,a?hélﬂ nb&F &F%tttr es@r‘f?%‘r O%DLC? Sod Gh The Gf%g]u?tﬁ%:g%cgll%%r can
be reducedy600Bar fithothbeviBthodonsbnose P L SENBOE forgasconlptamn and
the detection of the existence of the |iquid. Therefore, the liquid

cont ai nefattn beenhallavingedanat Honolf brere. bEuPPEREABAe, the sound
generated by the act or 106 durin ,operation of the_  gctuatqr, 106 can
be reduced by settin he‘vggwa?i‘ﬁggf ﬁzguéﬁ‘gy“ P BiteFoel et I ayer

160 out of the b freguency. .Kig..q22(B) shows the relationship between
t he density ofS%/?i‘onlkneigndrlfhlenﬁriesc()%int frequency fs of the ink and the

vibrating secthé@ne@hathéncypyecan showpplidd gwvhe? (e imk 1s mstedhekd an
exampl e of liquid. As shown in Fig. 22 (B) when i nk densit_sfl i, ncr eases,
the resohBrithe CafdnE PIf 5NEeRFEHAERT HOGaus ERENE2SAIRET dHa {T¥fel B

i ncrease rﬁzy\%r t tus fEE RN LS idke (g f f egentamt h
t he typegnotjfl{bf %’teah\ﬁn . 'thirbgf ggé,&‘;?%gé@ne%sslur ng t%)guraeslonar%tl)frgquency fs,
it can béoronfirned whether the ink of a different density has been m xed

LogeLner dut i (e ch g P Uk Rpal o Rl g R0 e

type of thegtiilk. the depth of the cavity 162 is deep and d is comparatively
close to the thickness of the medium t-ink-max, or in the case
when using actuator having a very small vibrating region compared
to height of the liquid container, the actuator does not detect
the process of the gradual decrease of the ink but actually detects:
whether the ink level is higher or lower than the mounting position
of the actuator. In other words, the actuator detects the
existence of the ink at the vibrating region of the actuator. For
example, the curve Y in Fig. 22 (A) shows the relationship between
the ink quantity in the ink tank and the resonant frequency fs
of the vibrating section when the vibrating section is sméll
circular shape. The curve Y shows that the resonant frequency fs
of the ink and the vibrating section changes extremely during the
range of change of ink quantity Q, which corresponds to the status
before and after the ink levei in the ink tank passes the mounting
position of the actuator. By this changes of the resonant
frequency fs, it can be detected whether the ink quantity remained

in the ink tank is more than the predetermined quantity.



The condition when the actuator 106 can accurately detects the status of
the liquid will be explained in detail in followng. 49 11 SEP 2003 The
case is assuned that the size and the shape of the cavity is designed so
that the liquid can be remained in the4®avity 162 of the actupl SEP1#EI even
when the liquid inside the liquid container is enpty. The actuator 106 can
detect the status of the liquid even when the liquid is not filled in the

cavity 162 if e adiiddrofr 106isgntlet et udterstedaistof tbeett guygdthleen
the liquid is filled in the cavity 162. The resonant frequency fs is a
funct i on esfistieadena@ft &hee 1iuithd § morearceumats &hammtde Meéhrdebifde of

the vibrati Cl] t, . ' L . C H8caliRe
addi ti onaall%%elratstgensc{éﬂ%lé\(ﬁaglst%q:ﬁgo%g%a}??g%%hﬁgeé\nob ﬁ tﬁggs%%%‘gallo? 'E: ﬁe

liquid T adddduwialloneddonces Mhe seai guamte t gfotha vnkt bal directégse of
a mass of the vibrati nq} section by the effect of the nedi gm exi sted _around

the vi br &4Hg Sedtd oRtth FRe h%?q\%\b(?ds,F‘fﬁehe’aﬁ‘a‘F‘?i oﬁﬁf PRE fgnBélf\’iﬁ BE t he
amount Ofellel?:%rx%%%e];q ﬁ%éecFESéh&fexitJ{f‘ezydé%éft LRe §ﬁﬁtbf%mmﬂﬁdynqrseased

by the vibration o vibrating section that virtually absorbs the
medi um Tndrlefemroed Wyetheheoivht angi sosat fjen tdharhe Helduivhedntatimer agdati on

(4), all the nmedium which is virtual absorbed is the_ Liqguid r ined in
the cavity*“1 g& F&Ear GHE e“éettg‘toﬁfs}(\mé“_ﬁ tt_ & aﬁ%@ﬁqrs 1!O§r gtg:fejr dt%‘%%ﬁ@%he
M max is tgamexWistnidee o3t 8hds1tfatdt d6es | skl th Ot e by $Hd kounitlihg
l'iquid. The resonant frequency fs does not change because the M does not
change i Pasfiitd crade® thmhelbdwi@, coneaireapBl 16 dafndiyPfet eMPTERY S at us

of the | ibﬁzlgaq% d %ttrille df Wd coN6aineL, Ondt e tARe LNt Hef ki@ cMncav is
smal | er thanm the max i n the equation , the mediumwhich i1s virtually
absor bed dfs theh#ifigdi danevmidweck by the sangly déRuandrthes gaheonuwderum in’

the liquid container. In this case, .becquse the M changes, which IS
di f f er enPIF 2% SERE OTIBIBHH O tg“f H@P(’:lgicsoqqeﬂrﬁf Fﬁn?:f?er??ldﬁ?%coéngﬁ &i ner,
the resonantd equensy fusicha rater 8EAEer e et iEtaridi06anan chet ect
the status of the liquid intheliquid L
detection of the existence of the liquid. Therefore, the liquid
container can be manufactured at a low price. Furthermore, the
sound generated by the actuator 106 during the operation of the
actuator 106 can be reduced by setting the vibrating frequency
of the piezoelectric layer 160 out of the audio frequency.
Fig. 22 (B) shows the relationship between the density of
the ink and the resonant frequency'fs of the ink and the vibrating
section of the curve Y shown in Fig. 22(A). Ink is used as an
example of liquid. As shown in Fig. 22(B), when ink density
increases, the resonant frequency £fs decreases because the
additional inertance increases. In other words, the resonant
frequency fs are different with the types of the ink. Therefore,
By measuring the resonant frequency fs, it can be confirmed whether
the ink of a different density has been mixed together during the
re-filling of the ink to the ink tank.
Therefore, the actuator 106 can distinguish the ink tank
which contains the different type of the ink.

The condition when the actuator 106 can accurately detects

the status of the liquid will be explained in detail in following.



container. 50 11 SEP 2003 The condition whether the actuator 106 can
accurately detect the status of the liquid is that the Mcav is smaller
than the Mnmax when the liquid is remained in the cavity 162 of the
actuator 106, and the liquid containef® s enpty. The conditi o'gil\ﬁﬁﬁailm& M
cav, on which the actuator 106 can accurately detect the status of the

| i qui d, does not depend on the shape of the cavity 162. Here, the M cav is
t he massToe cheel iguasswied Héatltinee swkiechndi she izapmtdfalthe eqyakyt ost he

vol une of, the cavity, 162. .Thereforge, the condition ich can._d ct -t he
Catus ofeFRaPERuEP e et i s e BE LRParhed i HE R AR TR 8 [ he
vol une othkhgceaytdy 112 evehowhthecndaqualiat ynd gexre MicaM.d Eentaxaapl e,

if let the radius of the opening 161 of the circular shaped cavity 162 as
"a" and ishempPhYeckrBi® aTtuHeor aldq arsdetsectyther géatiise ofohewl hguid

. i o ned. . . " . ' .
| nequal | EVeEIG e ERE PLOVER M TB T R b B i e R LR e
(11) Theilbsegamalddtedtl@heaBdathi)ortchey dliigtiidnwienhetne tthienshhpie 6f11bé

cavity 162 is circular. By using the equation when the Mmax is not
ci rcul ar *An8PeubsVitEdt 1A -the area Tta2 with its area, the relationship

between the di prASL@B-AENENeERYUERYSEENI 8SaarWhdt DonaBe ankengibrghcthe
cavity and the depth can be derived. Therefore, 1f the actuator 106 has the

cavity 1B2 vifhehifestanhe Matsus stmt b openingrigiceadfahlet vébdepihgof
the cavity 'd" that satisfy.the ndi tion sho i_n_inequali 11),.the
act uat or sgfﬁéogar}w%%“f e&nqshéhlei qﬁ&gl%{'%?%g vﬁr}%n | furict i %’?‘%r%\lenth en
the |iquadagenbahbeinkst@ApbYMangad hend ir@liad iichsapiwiet ithet Beatoavoty

162. Because the additional inertance influences the acoustic inpedance
char act eEhstliiguid. cFheprddik Horahtinexé apseby isfa gvsaddrihgitheiebualer

e|eCtr0n9£E¥8a58r8§;QQ&EL?EﬁQtEQ 9?5?3&9&9 section by the effect of the

medium existed around the vibrating section. In other words, the
additional inertance M' is the amount of increase of the mass of
the vibrating section which is increased by the vibration of the
vibrating section that virtually absorbs the medium.

Therefore, when the M'cav is larger than the M'max in the
equation (4), all the medium which is virtually absorbed is the
liquid remained in the cavity 162. Therefore, the status when the
M'cav is larger than the M'max is same with the status that the
liquid container is £ill with liquid. The resonant frequency fs
does not change because the M' does not change in this case.
Therefore, the actuator 106 cannot detect the status of the liquid
in the liquid container.

On the other hand, if the M'cav is smaller than the M'max
in the equation (4), the medium which is virtually absorbed is
the liquid remained in the cavity 162 and the gas or vacuum in
the liquid container. In this case, because the M' changes, which
is different with the case when the liquid is filled in the liquid
container, the resonant frequency fs changes. Therefore, the
actuator 106 can detect the status of the liquid in the liquid

container.



51 11 SEP 20M 106 by residual vibration neasures at |east the change of the
acoustic i npedance. Furthernore, according to the present enbodi nent, the
actuator 106 generates the vibration, and the actuator 106 itself neasures
the counter electromotive force in actB@tor 106 which is generide3EBPMBHe
residual vibration remained after the vibration of the actuator 106.
However, it is not necessary for the vibrating section of the actuator 106
to provi de theThebratdioniornt shehbetritdid dcbyatbe Wicbcan iaorusfatiely detaat or
106 itself which is_geperated, Qy.th

. e drivin oltage. Even the vibrating
section © s@FPtBSegan CosefPt té_g,t}ElﬂE B%‘_%g%g?%‘étgfcs?lﬁﬁg?rl%]@a%e%ﬁ%cts
~and def ofivha Ry Y DE&EES: §R0&tREFerbh i Red he LhEW i tWheh sPRIRCAStudtdA t he
vibrating section with sonme range. This residual vibration generates the

count er éPéct podotheelfignéd vohtagoeirnist RepprezoBiieceeiéitagerMiB8*and
transfer

hi I | d
164 and Ihe=vr ot FPBGRe SaR- o SPAR A%t PRl P e R 8 BERECI o,

usi ng thbg pheneorgned, Beesexatpliepehd éAsehefshbpei 6K fhe caetoydiey.
apparatus, the status of the ink_tank or the ink contained inside the ink

tank can be deHi8EPedRBMIGavhEs FHitsr Bef® P faFBAND T4 ofi BRAMNGSetbioR of
the act ui‘t[;%ruﬁ@d il %?tgﬁ{lgﬁ.et% Pie LR umd DE 20 @pOEHBLEd BHetBEore,

reci procating notion o e carritage to scanning the print head during the
pri nti ngthperatdianiorFi ghi@B caA) darek Fithge ARt of hdwsl aquad efcorumadgie lvhe

residual vibration of the actuator, 106 a he asur i net hod, of e
resi dual C@Pﬁ%t?’iﬁfesﬁ?é% &ahfe %‘?n‘ﬁ tél‘?lhl?qfldég?glvnfu’f‘ﬁeoﬁg:\}'ﬁ CWltyh%gg
mount i ng £RERI thON riquana t3chuRbRr> M0BakN ther iddangAld, i @JPet ik baddesect ed

by the change in the frequency or the anplitude of the residual \{i bration
remai nedoif the ehendsgi 16htebrihd alrculan shepedioavity feg. 283('a) anrd Fig.

23(B), tpgov gdﬂcq@yestasxhiegﬁeglf@y%wgﬁ;&}ﬁbggg&ag%sofn he equntemel eiigpphhve

force generate u Ion of the actuator 106, and the
hori zont aheqasilstyhewa bbeobtagneBy the residual vibration of the actuator

M'max > p*d/na’ (10)
By expanding the inequality (10), the following condition can be
obtained.

a/d > 3*n /8 (11)
The inequality (10) and (11) are valid only when the shape of the
cavity 162 is circular. By using the equation when the M'max is
not circular and substituting the area wa’ with its area, the
relationship between the dimension of the cavity such as a width
and a length of the cavity and the depth can be derived.

Therefore, if the actuator 106 has the cavity 162 which has
the radius of the opening 161 "a" and the depth of the cavity "d"
that satisfy the condition shown in inequality (11), the actuator
106 can detect the liquid status without malfunction even when
the ligquid container is empty and the liquid is remained in the
cavity 162. _

Because the additional inertance influences the acoustic
impedance characteristic, it can be said that the method of

measuring the counter electromotive force generated in actuator



52 1li SEP 2003 106, the waveform of the anal og signal of the voltage
generates as shown in Fig. 23(A) and Fig. 23(B). Then, the anal og signal
is converted to a digital numerical value corresponding to the, freguency
of the signal. In the exanple sown in ¥ g. 23(A) and Fig. 23( B’,1 éﬁ%m
exi stence of the ink is detected by neasuring the tine during the
generation of the four nunbers of pulses fromthe fourth pulse to the

ei ght h pudsebpf réehidaadl vgbsaghah. measdeeai bt dkget tihe adtarsteorofldie
oscillates, the nunber of the times when the anal og signal get across the
pr edet er AFAeEE 1T e’f‘Bﬁ’%?Eﬁ%%c?/ol tage formthe low voltage side to the high

vol tage side plhendimbidl 8ceB2lhing S& tRebHAGhehBoAReaddl athesi gnal
becomes fourth counts to the eighth counts, and the tine duri ng _fourth
count s tactmeter gftthgenenasesstime asinred iop preddies picte@tay dek PHEEE Fig.

23(A) shows the vef orm when the ink |level_is above V. it

nount i ngmf)%?i”f?%\r,f%? TRERRE u%#%?tﬁﬂ%?tﬂ%.f%? B)" as%%&\/\]agtt%ﬁefd\/\%\%}%lo% when
the ink {gyeheirs el hberdsMilalolibhet i 6B wehaite@ost t ¢ DR hefvihen @iziat or

106. Conparing the Fig., 23 (A) and Fig. 23 (B) , the tine of the Fig. 23

(A) durif the fasthuatoukPe- t Somsyedightth é8umat i BSFORERIYt ARA tHE time

of the Ffor2d(fy soldfi GhNSE déct@%;&ggg%egﬁ P &K AN Ploddierdidk,

the tine our counts to t nts is different. By
usi ng thts thk fifieneint dyoft tehe iforme ionhefcbhsuaptianost dd Gisibfel hevhiigh can

be detected. The reason to.count the anal og_sign fromthe fourth counts
is to sthf tgeirf?erarﬁ?zfgglryeﬁ@ﬁtdﬁvfﬂ% \f‘%rﬁéa%ﬁ't eFVLe%ength 3 1n%fs?cf1tel°.n

act uat or; 196) perEsott 88Le11hteks Y pidW Qledtha e1agRle160fdst asddang the
measurenent from fourth counts, but nmeasurenent can be started fromthe

desi red edrisforme byi yakksteeorraheheburith Edentsanddy NeherMNlifts are

e L R b L AL R R Sk B

r esonant v bespine ygeaar bee obt laé neshindée «l @oirpubtsive stpresd evoltage in
the piezoelectric layer 160 and transfer this counter
electromotive force voltage to the upper electrode 164 and the
lower electrode 166. The status of the liquid can be detected
using this phenomenon. For example, in case of the ink jet
recording apparatus, the status of the ink tank or the ink contained
inside the ink tank can be detected using the vibration around
the vibrating section of the actuator which is generated by the
vibration generated by the reciprocating motion of the carriage

- to scanning the print head during the printing operation.

Fig. 23 (A) and Fig. 23 (B) shows a waveform of the residual
vibration of the actuator 106 and the measuring method of the
residual vibration. The change of the ink level at the level of
the mounting position of the actuator 106 in the ink cartridge
can be detected by the change in the frequency or the amplitude
of the residual vibration remained after the oscillation of the
actuator 106. In Fig. 23(A) and Fig. 23(B), the vertical axis
shows the voltage of the counter electromotive force generated
by the residual vibration of the actuator 106, and the horizontal

axis shows the time. By the residual vibration of the actuator



53 1 1 SEP 2003 to be a pulse having a sane clock with the clock for
controlling such as the sem conductor nenory device which is nounted on
the ink cartridge. It does not necessary to neasure the tine until the
ei ghth counts, but the time until the 8ésired counts can be ndab8ES2009 n
Fig. 23, the time fromthe fourth counts to the eighth counts is neasured,
however, the tine during the different interval of the counts also can be
det ect ed 1@6cotlengavefohe ef rithe tanalord isjematli @f WhiecHodéreet genpgates

of “the ol FRGEE of TRE: peak?| sk s BT onBhEy Frlgiaifecaldfay™ ' "

det ect ed iRy cdateeteagtbha HigethloaumBeitaur yAlueoubtrsetpohliengi xbhtheunt s
to increase the speed of detection. Mreover, when the ink quality is

unst abl e fargueneyf pictbet ;danadf- the anplitude of the pulse is large, the
time fromthe fgurth e t Qolh® 11ad DUNf S 56N ﬁ%ﬁ?{ﬁ@%’eﬂ tRe

i4h £
detect the resi uzta-'l vibration accurately. Furthernore,
enbodi neetd steheevas echiwinbgr iefdéthect edldyageawavehor theft tue duoimigethe

el ectronotive force during.the Bgﬂgdet er neg geri od caPl b? cogBt ed. More
speci f i cEPPFTa&fPBr ofhEhealPyat B 26650SEi PPAFES, TFRE &PGi fQFT gﬁ&?_s?s set
to be high duci Bgghtheppnedeter fhaednRebH0di 48R4 .t he number of the times
when the anal og 3i gnaFj I's get across thé prédeterm ned reference voltage

fromthe | ow vdht dgeasildeatberhthhi ghtuatoagd0si decidlabant eghe Bymber
nmeasuri ng.the count nunber, the_existence, of the_ink n "

For t her niFette (OHle BHRRGRE BY-Tomar ot iy S3he SRR BEealCbgiffa |
anpl i t udeegbrtheewayet agm 6brinhehe oLkt erol el getyidi®ttior e Heohdghi sotithfer ent
when the ink is filled in the ink cartridge and when the ink is not

exi sted Phdehe Thk ddartaldgégna¥et 8ebrie PENRIGM RN EBASH & §E883 N the
I nk cart pidggecaps, hendeLaat 80t HYe MR ASIYH Y dAG TPl 46 O 1 Beqwayggor m

of the counter el ectromdtive 1for ce w ﬁmut cal cul'ating the resonant
f r equencfoukbhecepetiftoathy, eightlexanpites i® mebeueedebyopbradetszmined
clock pulse.
Fig. 23 (A) shows the waveform when the ink level is above
the level of the mounting position of the actuator 106. Fig. 23(B)
shows the waveform when the ink level is below the level of the
mounting position of the actuator 106. Comparing the Fig. 23(A)
and Fig. 23 (B), the.time of the Fig. 23 (A) during the fourth counts
to the eighth counts is longer than the time of the Fig. 23(B).
In other words, depends on the existence of the ink, the time from
the fourth counts to the eighth counts is different. By using this
difference of the time, the consumption status of the ink can be
detected. The reason to count the analog signal from the fourth
counts is to start the measurement of the time after the vibration
of the actuator 106 becomes stable. It is only one of the example
of starting the measurement from fourth counts, but measurement
can be started from the desired counts.
The signals from the fourth counts to the eighth counts are
detected, and the time from the fourth counts to the eighth counts
isméasured by the predetermined clock pulse. By this measurement,

the resonant frequency can be obtained. The clock pulse is prefer



| | SEP 2WB is set between the peak point of the waveform of the counter

el ectronotive force of the Fig. 23 (A) and the peak point of the waveform
of the counter electronotive force of the Fig. 23(B). Then, after the
actuator 106 oscillates, set the digitas signal to be high at4dhSEP 2003
predeterm ned tine. Then, if the waveformof the counter el ectronotive
force get across the reference voltage, it can be judged that there is no

ink in the baks ganlde Be€inkf a thee vevedlorDtdf theeclourt eoretent ronbinye
force does not get across the reference voltage, it can be %udged t hat
there i sSPAR 27 EIR SeHICRRIUGIIgalemYy, A2y 1g8oWs iche 1FnRaPEEREr PRGERRE hod

of the actya A j (o] uat.o r yhersiin the
case of ? {:llg E%E’]}P@%e arlgé %%réeg%é:sfng%leéggggg. e%zhléég%tgggt %§g16gﬂs hovmélljl' n
Fig. 25ths ebaifhaciaurets bybwitthang intee upltdlakhtydebiaetiuabant #06anvibe ch

is formed in one body_as shown in Fig, 24, at_each of the actuyator 06. If
the each®®fstRedpi dZbELEctdd ctBEdHEH STON thifel Qathh SOUYS tQtREF 15D t he

act uat or cégﬁtsvy*y' rﬁ&é’éré@,r BBl B rONE DO GYe 2SR Phe I Fcterddin@éfval
circul ar shape, the actuator 106 shown in Fig 2 0 can be manufactured by

cutting ofietaet watmtslGabso whaoh bes defrentbd ascomed body toattheachinpfuit
actuator 106. B¥ gorm' n}g pl ugal i:ty ﬁf the actuator 106 in one body, a
pl ural i t?OB 1R ALY 1O5CRaRCHEC Hah ?agfﬁglé%nc@!fecti vely at the sane
time, and al soréhe hamnghlieNg wHEhI nthd henkr afigfadrdyat ien degeles agdsythdhe

actuator 106 has a thin plate or a vibrating plate 176 a base plate 178,
an el ast fEughvat jencratiligy alevi deids obithgobrekt i FcSBREAenENe 7225ANRRY i nal

T i i R e U

nmenber or we e piezoelectric elenent 174
i ncl udescoanpsezoetieetsixthi boahtagtpl mereasa tthezopéedtof cdébgeridB0, an

| ectrode 164, l trode 166. The vibrati late 176 i
For med OHOTRE"Ebp SHFF AChS of AFFEUBALEY pf &t A7 e (He® | bR EuFeted ode

166 is fer gk Aingiie dRP cfuthacgulket he 1and¥ Aty thhdt Erdibthéhfourth

pi ezoel ectric layer 160 is forned on the 55 )
counts to the twelfth counts can be detected to detect the residual
vibration accurately.

Furthermore, as other embodiments, the wave number of the
voltage waveform of the counter electromotive force during the
predetermined period can be counted. More specifically, after the
actuatorlOGoscillates,thedigitelsignalissettxabehighduring
the predetermined period, and the number of the times when the
analog signal is get across the predetermined reference voltage
from the low voltage side to the high voltage side is counted.
By measuring the count number, the existence of the ink can be
detected.

Furthermore, it can be known by comparing Fig. 23(A) with
Fig. 23(B), the amplitude of the waveform of the counter
electromotive force is different when the ink is filled in the
ink cartridge and when the ink is not existed in the ink cartridge.
Therefore, the ink consumption status in the ink cartridge can
be detected by measuring the amplitude of the waveform of the
counter electromotive force without calculating the resonant

frequency. More specifically, for example, a reference voltage



SEP 2003 top surface of the |ower electrode 166, and the upper el ectrode
164 is formed on the top surface of the piezoelectric |ayer 160.
Therefore, the main portion of the piezoelectric |layer 160 is _fornmed by
sandwi ching the main portion of the pi&8%oelectric layer 160 by % SEP 280n
portion of the upper electrode 164 and the main portion of the | ower

el ectrode 166 fromtop side and frombottom side. A plurality of the

pi ezoel edsr isetelbetsreerl Ahe fpeak npobet sofi thehevapasfemf ¢f gthe4cousténr med

the vi i late_176. The, . | trode, 166 i d. on the t
Curf ace. FeChESIPBESE| RGCpI AL e M7a e bt QUL EE POFk) BP L150CFS For nbd

on the tQAvesdihmaee ehet BBuhewer cebectbreei+E6so2nd bhetrHppeigel eginpde 164
is formed on the top surface of the piezoelectric |ayer 160. The upper

el ect r od@hear nkAkbT 168e adelt wdeot vt aaddilasds t Gef Kae drgitalesigrakd on
the end ESr%OHigﬂ é{Jetﬁ'é’pe{e 3 ecér[rb%ggd Wohandie L Wﬁheelus%@% g6
nu of X e

The four ers he “actuat or are ‘used °“sepdra y by cutting each

of the achuad®intdb edeptrainithveFfgrc@yahavsoasctios eFedidnare oblaagayt of
the actuator 106 shown _ in Fig. 25. The thrqough hole 178a is faornmed on the

face of 1Eh€aBake praged178ahnilere skt (e thiceidd cegtird dgleneht 174.
Toee b . A el :
et rogﬁlgs eefo’]gﬁ&f/'t;?’hes88hﬁge9yﬁf%féct}n%t‘g.;\}é;?om:@?cﬁ)e]g ﬁotlEll;ec, a¥ibEating

plate 17 orme e materia ectric 1nsulfating

char act ethst refsuehcasval tag@a iancazi beoniidgedxilget arlterealiso ipdsgnbtket o be
deforned,e| ast i Ea.l g The piezoelectric elenment 174 is forned on the

vi brat i ng"pl SPEC¥?890 face with the through hole 178a. The | ower

el ectrode 166 psqgf oximethowz the mamifaceueind feHdar 8t tige platetb6166.as to
be extended to t%e one direction, left direction in Fig. 26, fromthe

regi on of Rheral ity rfh thel actrehorFhil eipfetute NEEPEESeineuhe ST REILBA t he

surface gf _thg,pi i r S t .t hes
opposi te%?r’e%%l O%E%?ﬁ%&l\ O%V\é/e%gl gé’??éd?@%é&#ﬁgﬁw%&ﬁw (Jilhrg(l: fon in
Fi g. 26, 26rimmbhe feegueedoby the ttimptuhb glolm1lit8act d&aichatodr tiives ,uphéch

el ectrode term ngl, 168 and_the | ower el ectrode 56
1S orme

in one body as shown in Fig. 24, at each of the actuator
106. If the each of the piezoelectric elements of the each of the
plurality of the actuator 106, which is formed in one body as shown
in Fig. 24, are circular shape, the actuator 106 shown in Fig.
20 can be manufactured by cutting the actuator 106, which is formed
as one body, at each of actuator 106. By forming a plurality of
the actuator 106 in one body, a plurality of actuator 106 can be
manufactured effectively at the same time, and also the handling
during the transportation becomes easy.

The actuator 106 has a thin plate or a vibrating plate 176,
a base plate 178, an elastic wave generating device or
piezoelectric element 174, a terminal forming member or an upper
electrode terminal 168, and a terminal forming member or a lower
electrode terminal 170. The piezoelectric element 174 includes
a piezoelectric vibrating plate or a piezoelectric layer 160, an
upper electrode 164, and a lower electrode 166. The vibrating
plate 176 is formed on the top surface of the base plate 178, and

the lower electrode 166 is formed on the top surface of the

vibrating plate 176. The piezoelectric layer 160 is formed on the



;11 SEP 2003 termnal 170 is formed on the surface of the each of

suppl enentary electrode 172 and the | ower el ectrode 166, respectively. The
| ower electrode termnal 170 with the | ower el ectrode 166 el e ' q%%y,
and the upper electrode termnal 168 cbhtacts with the upper ‘e gg?r e 164
electrically through the supplementary electrode 172 to deliver a signa
bet ween the piezoelectric elenment and the outside of the actuator 106. The
upper el ecpr sdefaee mhalhe I68veanc licve Hogieerl 661, eendotbet eppena¢ldFordds a

hei ght higher than he hei ght of the piezoel ectric el enent ich js.the
oo Tl el fhed S 8B Lop b eS b ot e e eserdetiracr houet 1y 57
shows thenherBEbRET UEHBIMEBHLN@S @f dhh@ raiiiatdle 08 e &YOW 14y & N6 @4is

h
First, a through hol e 940a is formed on a green sheet 940 by perforating
t he greefiozhedtbywsandyighjngsshermdias portpooces dipitheedeséishbaren40

b | 8 .af b [ . 940
5T or meteBy BT he il thT dor Giith o "G AR R BFPACCCTRER, “Algr Ben Ehbet

941 is | parBabadof Ahd Novwelr kaeetebdehesgr eom haets i0 andhergneedt sheet
941 becones the vibrating plate 176 after the burning process. The green

sheet 9%19dPs formed by the material such as zirconiumoxide. Then, a

conduct | ve | aygrofifiZ ii1p il erpebPOLOLECLEYEE o dnd /8 CORMUCiniGerd Ay er

944 is fornmed on the surface o eet 941 sequentially by the
net hod siohtles qarsiendi rigig Tkt cdpdilcthed draybe vBd2a hingEstehd 7bowethe

el ectrode 166, and the conductive | ayer 944 beconges th er. el ectrode
164 af t et OVRE SIRTHTRADIGEeds. L RERES OF BT aB P CHEATE 640 L RPHEi hF et heet
941, thepggpdughicve hakenhi Hd1ddhe iR ezpaleci 6 Cikayermbl0.oranthd heo

conductive |layer 944 aré dried and burned. The spacer nenber 947 and 948
are provPusfacenof Hehegrlemwe s rdactgide d 66ai sindgthieunppghelertrade uppfer

el ectrod 1 I r, ] I be hi gher
Chan t he Bi Aoy FRE O Pt a e Ehe et S e AR LB Tl
pri nti ngupper ssine-teddes tekrminkbl 168 gideheshewdr FEcbdO4erovinhy 170

| am nating the green sheet on the green sheet 941. By . 1his spacger, nenber
947 and 9 g,P?ﬂgeﬁmmeye&é PRECARPoPF affipfunper elebtrode 184 8Rd the

lower electrode 166. The four numbers of the actuator 106 are used
separately by cutting each of the actuator 106 separately.
Fig. 25 shows a cross-section of a part of the actuator 106
shown in Fig. 25. The through hole 178a is formed on the face of
the base plate 178 which faces with the piezoelectric element 174.
The through hole 178a is sealed by the vibrating plate 176. The
vibrating plate 176 is formed by the material which has electric
insulating characteristic such as alumina and zirconium oxide and
also possible to be deformed elastically. The piezoelectric
element 174 is formed on the vibrating plate 176 to face with the
through hole 178a. The lower electrode 166 is formed on the
surface of the vibrating plate 176 so as to be extended to the
one direction, left direction in Fig. 26, from the region of the
through hole 178a. The upper electrode 164 is formed on the
surface of the piezoelectric layer 160 so as to be extended to
the opposite direction of the lower electrode 166, which is right
direction in Fig. 26, from the region of the through hole 178a.

Each of the upper electrode terminal 168 and the lower electrode



11 SEP t the upper electrode term nal 168 and the | ower el ectrode term nal
170, which is a noble netal, can be reduced. Mreover, because the

t hi ckness of the upper electrode termnal 168 and the | ower El-leszgcr?@g
terminal 170 can be reduced, the upperS5€lectrode terminal 168 an e

| ower el ectrode termnal 170 can be accurately printed to be a stable
height. If a connection part 944', which is connected with the conductive
| ayer 944eratndafhe76pactormedimt thé7sanfla@d ® fatbefarcedf atpphemsaheryi ne

when the conductive | ayer. 942 is forned, the upper electrode term pnal 168
And the FOREETErBe g e e iondl M0 SLfF HRIGaLety TOFREACANALY T rig°

fixed. Fhpgkky, eide:tpRer teh8thzader7d eridial tA68 ikt he llgiodel ects ode
terminal 170 are formed on the end region of the conductive |ayer 942 and

t he condedecteicaydy, @4d.tHunppert hdetbrafiadedminml difecoatastsodéth
termnal 168 and the |ower electrode termnal, 170, .t u r e
Lermnal chSouBRRy BlEckRugr TpichiehErtERTtRatnidon, BfieoBREk ERERLELRY
connect edlewtt-Bakher Pt e ealietir 4 gibarebdifiel ertHicadeledtigic @Benbows

further other enbodiment of the ink cartridge of the _present invention.
Fi g. 28(Apdithe outsdsesettitenartyabar 1d¥6 + hdhBolRRAK sdactaodenkerRknal

cartridg f I t he 4 C ri e
enbodi ma?l‘tG gh%éggﬂ‘ﬁl?g%l‘f% %ggggkgggotne?@el%bio? !? gmﬁ%%céeq%;lg(oﬁt H%gh(%%n?g?%er 1,
whi ch conhai heighk. of Ttiee hnid ove partriof dlremdritr edglethdlse the ssmcbbsele by
the actuator. 65Q apd forns an ink storing.part. Fig. 28(B) shows a
det ai | edgéﬁ8§§ e cFRSneg‘FCFF@gﬁét 88%0?3{166%6 éﬁal?ﬁtgﬂﬁr g%b’)ﬁrhol e | ¢ shown
in Fig. 28 (A)righish AbdLrnehawsuracbliaingi f¥ebd tde tied watoat6201a0d the
through hole Ic shown in Fig. 28( B%i. The actuator 650 has a vibrating

o

pl ate 72shadnain flisrodkectFixstel enthrorghipokn F49¥ igeliorBed RN ¢ BFaeTng

B e R R X R B BEL 00 s g aper 2

t hrough pheceikbtagi g ajreef? shndtt He0 hasewmplsatke/Basdhel 58 178 after
the burning process. The green sheet 940 is formed by the material
such as ceramic material. Then, a green sheet 941 is laminated
on the surface of the green sheet 940. The green sheet 941 becomes
the vibrating plate 176 after the burning process. The green sheet
941 is formed by the material such as zirconium oxide. Then, a
conductive layer 942, the piezoelectric layer 160, and a conductive
layer 944 is formed on the surface of the green sheet 941
sequentially by the method such as printing. The conductive layer
942 becomes the lower electrode 166, and the conductive layer 944
becomes the upper electrode 164 after the burning process. Next,
the green sheet 940, the green sheet 941, the conductive layer
942, the piezoelectric layer 160, and the conductive layer 944
are dried and burned. The spacer member 947 and 948 are provided
on the green sheet 941 to raising the height of the upper electrode
terminal 168 and the lower electrode terminal 170 to be higher
than the piezoelectric element. The spacer member 947 and 948 is
formed by printing the same material with the green sheet 940 and
941 or by laminating the green sheet on the green sheet 941. By.
this spacer member 947 and 948, the gquantity of the material of



1 SEP 2 vibrating plate 72 can be elastically deforned and is ink
resistant. Anplitude and frequency of the counter el ectronotive force
generated by the residual vibration of the piezoelectric ele nd
the vibrating plate 72 changes with the7ink quantity in then@onﬁ§§%§?@% 1.
The through hole Ic is formed on the position which is faced to actuator
650, and the m ni mum constant anount of ink is secured in the through hole
| c. Ther ehereppehelstcainesie bermhradnds dfandhkherdwsn eBectalodsbtgraenatt ed

by previ |y , measuring t characteristic of, the vihration_of

act uat orggge,‘”h{kﬁ cﬁsi%qh%l?h]g‘? rﬁ‘%e 'bf%rhébei ﬁl?dd’ﬁgﬁt'it ©§8turad P%Q%H%e
through thel ehh@knggg-oﬁ%@qy%oéﬁ hare et RRniofhlt hest Bhaughehdbeerc. |In
each of Fig. 29 (A , (B) , and (C , the left hand side of the figure

shows t helsthradettenmirids &7 Samobé mledKcer  tiHe vRAPOLGH a1 rode tergnaat he
ri ght ha sid f figur 3 { i i | in
the t hr ough ot £hec Ot TR Fekieaf 4P e pEuriy e BERAPEA

t hrough hel Bela ksabdenmdightthe vertical wall. In Fig. 29 (A) , the side
face id of the_through hole Ic is slanted in vertical direction and opens

wi th expandi ngIfoat KOTSRS e P F4? ' 200Bf Ra st GspEPIHsid i Bht etla_?\d i f
are for nﬁgndﬂetﬁbg,%éef& foage 9hatdie Lhuewghnbobéer loa7 Iha 4 gRR_ArBORMEGON

If, which 1s provided above the stepped portion le, 1s wder than the
st epped portheisame. t ime Fihgn 2Be (@ndudthiere hegpagP4vlie ferhad, £y vpper 1g

that extends to.the directi in i.ch.ink is.easily discharged t is,
the di reﬁ‘[tEFSHrf’geat?ﬁ‘ngﬁ pf€8 pebl?we ASESHIRAGC 5°¥lﬁe%§ﬁ§8g%§f 1t7t(1)e9$ﬁr ough
hol e 1c pho¥iisily Hidkme RAnAAEikRLYGFixée qQuandllty, ehd Qipkr Bleberbak
storing Eart can be reduced. Therefore, because the_ M cav can be snaller

than thetermiaalekpp aamed-ha Javpr 2j et ey termingle 1Vi0hpgei fprmed on

oo ScL SRR LR O LUBLS ATR. e Mgl 98, sl o Endstatgcan

2003 enofgh. quantiny tife ifkmdriopfpthatupper * reertaiaved tienntines Ic d4Bapnér
the lower electrode terminal 170, the upper electrode terminal
168 and the lower electrode terminal 170 are formed to be connected
with the piezoelectric layer 160 electrically.

Fig. 28 shows further other embodiment of the ink cartridge
of the present invention. Fig. 28(A) is a cross sectional view
of the bottom part of the ink caftridge of the present embodiment.
The ink cartridge of the present embodiment has a through hole
1lc on the bottom face la of the container 1, which contains ink.
The bottom part of the through hole 1lc is closed by the actuator
659 and forms an ink storing part.

Fig. 28 (B) shows a detailed cross section of the actuator
650 and the through hole 1lc shown in Fig. 28 (A). Fig. 28(C) shows
a plan view of the actuator 650 and the through hole lc shown in
Fig. 28(B). The actuator 650 has a vibrating plate 72 and a
piezoelectric element 73 which is fixed to the vibrating plate
72. The actuator 650 is fixed to the bottom face of the container
1 such that the piezoelectric element 73 can face to the through

hole 1c through the vibrating plate 72 and the base plate 72. The



1, and thus the ink end status can be reliably detected. Fig. 30 shows a

sl ant view of the other enbodinent of the actuator. The actuator 660 has
packi ng 76 on the outside of the base plate, which constitutes, the
actuator 660, or the through hole is 8 a nounting plate 72. 4186203
holes 77 are formed on the outskirts of the actuator 660. The actuator 660
is fixed to the container 1 through the caul king hole 77 with caul ki ng.
Fig. 3ltAbrandngB)pliastan FRantawi be oflddieidaltihededomeredendodi nentiomfk t he
actuator. In this enbodinent, the actuator 670 conprises a concave part

f or mi ng Eﬁgésbﬁ e 80 and a piezoelectric elenent 82. The concave part 81

is forned on thArRponeudkden®ffddpidirEeo8f thé R ranRGake epicbmbeiRengobase
pl ate 80 by the techni que such as etching, and piezoelectric elenment 82 is

mount ed 8RNEKatedhey WialgessdueRevibtat spntdfe thenpageoparctrdent hgneRase
| 80,,The ;b . ' f th 8 A .
blate B0q3TheaD0hLOMLRRELhNpoL LG, CONLALES PO L, Bl PRI 638518y 4n

vibrating réegron w oncave” par ormng base pla

t he vi br ahengonteghen of the atinaigd Hl@ i1 det ebrmaddohythbeppei t pwery of
the concave part 81. Furthernore, the actuator 670 has the simlar
st ruct ur BPHFRhIEE2GRE UE? IR WL A& Aot RO FREOBLIBABWR FAREFGNT 2BOuURh

whi ch tthb?ﬁﬁ Pl Al Ly ?Ji‘ldthg?tﬂwﬁgﬁiﬁkglé"laé.e %ﬁ@ﬁje%orfe‘?f?ﬁg 8SaLhs
body. Therefore, the manufacturing process during the manufacturing an ink
cartri dgefcahebendditethk aandt hencbst refldmbignudedetardachgoanprekicaslyi dge

al so can_be reduced. The_ _actuator 67 as si,ze which can be enb ed
"nto ¢ neTERFBEGHS % ERRESBE6YROCACGHE FHE ORI TRt OF g A8 G aat ng
process, whiBR §€8naaverfdhtd8hyCoRe OPEk AG€SnEStY Neeba¥edYin THRe achuatgl 106
shown in Fig.20 can be fornmed to be enbedded into through hole Ic as

act uat orh8¥® sfewn in Fig. 31. Fig. 32 shows a slant view of the

configuration hat {ordibyd a5t Uakak: 408 B Q0. H9M A%, HdIWAL Norgodul e

100. The nodul e i's nmounte e pre erm ned position o

cont ai neeadh of Firy.i BR (B4t (BXgendite) poche d ef@0handconde idfutae fbgeet ect

the 60 1_1 SEP OMInk consumpbion status in (he coptaiper 1, by detgcting
and the right hand side of the figure shows the status that ink
K is remained in the through hole 1c. In the embodiment of Fig.
28, the side face of the through hole 1c is formed as the vertical
wall. In Fig. 29(A), the side face 1d of the through hole 1c is
slanted in vertical direction and opens with expanding to the
outside. 1In Fig. 29(B), a stepped portion le and 1f are formed
on the side face of the through hole 1c. The stepped portion 1f,
which is provided above the stepped portion le, is wider than the
stepped portion le. InFig. 29(C), the through hole 1c has a groove
1g that extends to the direction in which ink is easily discharged,
that is, the direction to a ink supply port 2.

According to the shape of the through hole 1c shown in Fig.

29(A) to (C), the quantity of ink K in the ink storing part can
be reduced. Therefore, because the M'cav can be smaller than the
M'max explained in Fig. 20 and Fig. 21, the vibration

characteristic of the actuator 650 at the time of the ink end status

can be greatly different with the vibration characteristic when



t he change of acoustic inpedance of the ink liquid. The nodule 100 of the
present enbodi nent has a |iquid contai ner mounting nenber 101 for nounting
the actuator 106 to the container 1. The |liquid container nount, nber
101 has a structure which nounts a cyPPndrical part 116 that co ﬁ%ﬁme
actuator 106 which oscillates by the driving signal on a base nount 102,
the plan of which is substantially rectangul ar. Because the nodule 100 is
const r uceedusgb qdmuiﬂrbe oafcinhtlb:foi:Oﬁrm&tiﬂng irpdeineid®f icanheotonbaivent act

from out si de t he. no i s nmounted on t cartri t he

bt uat or 110878aRRBE Bhor shEcanty ShebUBSras. LonFaLtab i naeEaHteRae of the
edge of the cyﬂgdrwaéhd% ta IhG s ﬁwﬁo@r @%e §€hEBaEmBB§1ﬁ¥htngf'€l@é part
116 can be easily fit into the hole which is forned in the ink cartridge.

Fig. 33 shbwustan.exProdetudtew 660 hasnpdakéng 06 shiowihe putkiige 82 the show

the structure_of the dul e 100.. The ul e n des. a i d

bont a1 naphHEC PRt ToullDaH! Caa8hi niPEroRRY Fettacobnisd P ekt b ity e
mount i nghawbgé dO% whielt ihas paapkate. 1duBotha HeareAvE paet fdided on
Furthernore, the nodule 100 has a lead wre 104a and 104b, actuator 106,

and a fiFRf198tskiBERQbhIthe taﬁé‘-uaﬁloét 66910 The r?é‘c?élaftr%n%onﬂtserfﬂé?dmm chis
di ffi CU'Ehéoc éﬂ%ér 158@ § a%ﬁﬁq gb% £33 %%1 gs pﬁggng 114
t of t part he

is formed e centra ecy rica
mount 182 (Mla:xmdafEE) |mlauelédntnvidaw of ophed foothairnet hepuatbadimenberf 101

so that t Iindrical art 116_and t he ba mount 102 n contain the
oad i 1 BhE ORT AT oa i R & SRAYa ey The FECRGFABdST BroPRer Lareral

part of &Bﬁc&VélﬁgftC%rrﬂﬁﬁé Bééeaﬁﬂaﬁées@aéﬁdr@%\iezé@.ﬁeé@rwaélérh&lt

cylindrical part 116 and the base nount 102 can contain the actuator 106,
the fil nf308, Tha@gaisaviel RRet180. igHwrerd eat bhe 108e isidpmfethedfaset e

plate 11 h I | at.e, 11 u 6 are
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portion of the concave part 81 operates as a vibrating regionwithin
the concave part forming base plate 80. Therefore, the vibrating
region of the actuator 670 is determined by the periphery of the
concave part 81. Furthermore, the actuator 670 has the similar
structure with the structure of the actuator 106 shown in Fig.
20, in which the base plate 178 and the vibrating plate 176 is
formed as one body. Therefore, the manufacturing process during
the manufacturing an ink cartridge can be reduced, and the cost
for manufacturing an ink cartridge also can be reduced. The
actuator 670 has a size which can be embedded into the through
hole 1c provided on the container 1. By this embedding process,
the concave part 81 can operates as the cavity. The actuator 106
shown in Fig.20 can be formed to be embedded into through hole
lc as actuator 670 shown in Fig. 31.

' Fig. 32 shows a slant view of the configuration that forms
the actuator 106 in one body as a mounting module 100. The module
100 is mounted on the predetermined position of the container 1

of an ink cartridge. The module 100 is constituted to detect the



pi ezoel ectric | ayer by coupling with the upper el ectrode and the | ower
el ectrode 166 of the actuator 106, and al so transfer the signal of

resonant frequency detected by the actuator 106 to recording apparatus.
The actuator 106 oscillates tenporallysobased on the driving s#dnSEP 2003
transferred fromthe lead wire 104a and 104b. The actuator 106 vi brates
residually after the oscillation and generates a counter electronotive

force byjhRecor@shsiiadn \diiatd am By deheatines theyvabiatt tggpet inshsf the
wavef orm of the counter electronotive force, the resonant frequency
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heat sealing, By bonding the actuator 106 and the plate 110 with the film
108 f acel yWeHd fipnt ainsremgreléRECRaRAT 0 BBRM RY o TiECar AN RS es,

and thus, they (RACLLAD Quher ihanchbe WbRALAD Bt scdaseoRood thga

Ther ef or & resonant frequency before and after
t he act uatoilldbes dopltalh@ dADvirsg seedhal The plladee Mdunts 02 cutlee shape,

and the o enln 114 of the , base nount is formed i | i I shape
The act u3t of? 15 5P tRNE1e lif?f@C&raélgﬁﬁraﬁed PRCRBEES Wvﬂﬁaﬁ
lead W reondOfuctde sstuiore ot cdbedt 1104 Q%% and ddeund at ¢ 16&10@1: be

attached to and renoved fromthe base nmount 102. Each of the base nount
102, theb¢ mt\mte fr@m ouheld@twml@rthﬁomodvﬁe 190 maourdmil onhehel ke 110

s arranged. sygUE! Lo YLLbE SSRERICLO NG cenLEah Al 5oL khe mdle 100

Furt her nore; e centers ase Aou € actuator 106,

the fil nrﬂ@&o;a@ddbhefp&reé edbk0ofi shar&ﬂng&i:hsaﬂﬂsmﬁtu ahleyisnchdmef exnd r al
axi s of the nodul e 100. The openi ng 114 of the base mpunt 102 is fornmed

such t hat® Ghid &hea cyt inRE168enPRYL 1146 it degersitanfikelRFRat BT M
vi brati ngh 62, 1l SER-R093; % egh Oni 9f e Acdat or 106. The through hole 112

is formed on the center of the plate 110 Where the vibrating section of
the actuator HRO6. f3xehowss agshewplioded yieROolnthEimodale 10 shewwmyine? is

formed Fig. 32 to show the structure of the module 100. The module 100
includes a liquid container mounting member 101 made from a resin
and a piezoelectric device mounting member 105 which has a plate
110 and a concave part 113. Furthermore, the module 100 has a lead
wire 104a and 104b, actuator 106, and a £ilm 108. Preferably, the
plate 110 is made from a material which is difficult to be rust
such as stainless or stainless alloy. The opening 114 is formed
on the central part of the cylindrical part 116 and the base mount
102 which are included in the liquid container mounting member
101 so that the cylindrical part 116 and the base mount 102 can
contain the lead wire 104a and 104b. The concave part 113 is formed
on the central part of the cylindrical part 116 and the base mount
102 so that the cylindrical part 116 and the base mount 102 can
contain the actuator 106, the film 108, and the plate 110. The
actuator 106 is connected to the plate 110 through the film 108,
and the plate 110 and the actuator 106 are fixed to the liquid
contaiﬁer mounting member 101. Therefore, the lead wire 104a and

104b, the actuator 106, the film 108 and the plate 110 are mounted



on the actuator 106, and both of the through hole 112 and the cavity 162
forms ink storing part. The thickness of the plate 110 is preferably
smal l er than dianeter of the through hole 112 to reduce the influence of
the residual ink. For exanple, the depgh of the through hole 143 g
preferably smaller than one third of the dianeter of the through hole 112.
The shape of the through hole 112 is substantially true circle and

synnetrlc ith .res the central axis of .t rthegnore,
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The change of the ink |evel can t hus be detected. Fig.34 shows the
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on the cylindrical part 403, and a concave part 413. The actuator 106 is
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the noduh@g is preferably formed by such as polyolefin and bonded to the
actuator 106 and the plate 110 by heat sealing. By bonding the
actuator 106 and the plate 110 with the film 108 face with face,
the unevenness of the bonding on location decreases, and thus the
portion other than the vibrating plate does not vibrate.
Therefore, the change of the resonant frequency before and after
bonding the actuator 106 to plate 110 is small.
The plate 110 is circular shape, and the opening 114 of the
base mount 102 is formed in cylindrical shape. The actuator 106
and the film 108 are formed in rectangular shape. The lead wire
104, the actuator 106, the film 108, and the plate 110 can be
attached to and removed from the base mount 102. Each of the base
mount 102, the lead wire 104, the actuator 106, the film 108, and
the plate 110 is arranged symmetric with respect to the central
axis of the module 100. Furthermore, each of the centers of the
base mount 102, the actuator 106, the film 108, and the plate 110
is arranged substantially on the central axis of the module 100.
The opening 114 of the base mount 102 is formed such that

the area of the opening 114 is larger than the area of the vibrating



100 shown in Fig. 32, the nodule 400 includes a |liquid container nounting
menber 401 and a piezoel ectric device nounting nenber 405. The liquid
cont ai ner nounting nmenber 401 has the base nount 402 and the cylindrica
part 403, and the piezoel ectric device®2mounting nmenber 405 had1tSkP M8%r d
shaped el enent 406 and the concave part 413. The actuator 106 is connected
to the plate 410 and fixed to the concave part 413. The nodul e 400 has a
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bottom of the container 1 such that the through hole 112 faces
to the inside of the container 1. When the ink is consumed, and
the ink around the actuator 106 is exhausted, the resonant
frequency of the actuator 106 greatly changes. The change of the
ink level can thus be detected.

Fig.34 shows the slant view of the other embodiments of the
module. The piezoelectric device mounting member 405 is formed
on the liquid container mounting member 101 in the module 400 of
the present embodiment. The cylindrical part 403, which has a
cylindrical shape, is formed on the base mount 102, which has a
square shaped plan, the edges of which are rounded, in the liquid
container mounting member 401. Furthermore, the piezoelectric
apparatus mounting member 405 includes a board shaped element 405,
which is set up on the cylindrical part 403, and a concave part
413. The actuator 106 is arranged on the concave part 413 provided
on the side face of the board shaped element 406. The top end of
the board shaped element 406 is chamfered in predetermined angle'

so that the board shaped element is easy to fit into hole formed



in the vertical direction, the setting of the timng of the ink end can be
easily changed by changing the height of the nounting position of the
actuator 106 in the container 1 by changing the height of the base nount
402. Fig.36 shows the further other em$ddi nent of the nodule. A3 $ER 2003
nmodul e 100 shown in Fig. 32, the nodule 500 of Fig. 36 includes a liquid
cont ai ner nounting nenber 501 which has a base nount 502 and a cylindrical
part 503.orFuthéerimk egatthei dpeluvbeb0thouftritnertims aatheadrwilios 50d a iawd
504b, actuator, 106, a film508, and a plate 510. The opening 514 is forned
on the c&R*&TH9%he base nount 502, which is included in the Iiquid

contai ner mountging ERIBEKOQA, 2815888 {16wbss e P UWEARQ? @A sHRRiAILM the
| ead wire 504a and 504b. The concave part 513 is forned on the cylindrical

part 503 Big t Ift ttchehop itheér stalhicpure §03tbanmednlai40Q he Aactthgt s0dulEs,
the film508, ~.and the_plate 510. Th ct or_106.is fixed . :

pi ezoel ecttd SHE&H d& %ntf%’g%ﬂ‘ggug&g?hr %ﬁ%ﬁu?%se kA mdts%&ga%ﬁélregf ore,
the | ead wiurf: 504 anaflsh 504, drite aaglivaicen ebdG:ic Weerildel Mob8.inanthetberpl at e
510 are nmounted on the |liquid container nmounting nenber 501 as one body.

The cyl i S calhgat 19803, carHeinegpmPaet 188 RRATRAT |40 ks hast blie ivp R MOvE
direction,,4 S r.yed . 1 S u whi . F : and
t he edges%o ar{vﬂ‘")ligcl:ﬁe are lrnod{l}ﬁée?% %F% %t(?t?’datag{a ?8% ?éf%%%%é%gcggé%ﬁ@teﬁel%
concave npairitaid3dmahbeh 405 paovhedsbard shepedpe samdrac €0 6fandhiehe wlonadviec al

part 503 that is slanted in vertical direction. The taop end_ of t .modul e
500 is slpa?ﬁteﬂ,nandﬂﬁ?lé‘c&’:‘lal}&fp}%mc?gn%ﬁﬁg&? Bﬁetﬁﬁiastesgéﬁt%%ggﬁlxﬁ e.
Ther ef or g ichet BentRYE! SarPUid s FARNGLEEUDE 46\¢ R BOMEQs Wiee sddia @nd he
container 1, the actuator 106 slants in the vertical direction of the

cont ai nerd B8 ,; FICtSEFEQ@O0P6L. e as|fHdm fPfngl e of the top end of the
rodule SO0 1S  RRMSLEN 40 el Yean At degbss, A COLAEUSRM g 1g
bot t om orrddarghdieaokhbhpe, rantAé Rgfenti nep4 1 hgtraviigegcdn aher bd 964 chapeel
arranged inside the container 1. Wien thfagogﬁgee.woﬂiles 1r€r3téuc{nw%ollreor}wt4ge
side of tgiement 406 is formed in rectangu p _
and 404b, the actuator 106, the film 408, and the plate 410 can
be attached to and removed from the base mount 402. Each of the
actuator 106, the £ilm 408, and the plate 410 is arranged symmetric
with respect to the central axis which is extended to perpendicular
direction to the plan of opening 414 and also pass through the
center of opening 414. Furthermore, each of the centers of the
actuator 106, the film 408, and the plate 410 is arranged
substantially on the central axis of the opening 414.
The through hole 412 provided on the center of the plate
410 is formed such that the area of the through hole 412 is 1argér
than the area of the opening of the cavity 162 of the actuator
106. The cavity 162 of the actuator 106 and the through hole 412
together forms ink storing part. The thickness of the plate 410
is preferably smaller than diameter of the through hole 412. For
example, the thickness of the plate 410 is smaller than one third
of the diameter of the through hole 412. The shape of the through

hole 412 is substantially true circle and symmetric with respect

to the central axis of the module 400. The shape of the



container 1, the actuator 106 is nmounted on the container 1 such that the
actuator 106 faces the upside, downside, or side of the container 1 mﬁth
sl anting. Wen the nodule 500 is nmounted on the bottom of thﬁ ntalner
the actuator 106 is preferable to be 6@®Bunted on the containe 1, S§ that
the actuator 106 faces to the ink supply port side of the contalner 1 wth
slanting. Fig. 37 shows a cross-sectional view around the bottom of the
cont ai necrdsyheact hennodultdel @@ ripbenryi @iFithe 3hdcugtounteel 100 ¢dme be
container 1. The nodule 100 is nmounted o the c ntalner %ﬁio th t .the
modul e 168PRERELTRARS FhAGGERChEN_P e 408 R e rorn ‘f‘—f?emb ring

365 i$ PEQ%i dede on éﬁﬁjQQW%%%éfﬁbfa@%nﬂﬁlQ?kWE%Betﬁﬁr%h wahk afiothe
container 1 and the nodule 100 to seal between the nodulle 100 and the
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t he nDuntlng plate 350. The V|brat|ng%glate 176 is forned on the nting
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pl ate 35009 aRiate G1fwer TBEcEPFBABIIBE | S figifgfl on the center of the

base mount 502, which is included in the liquid container mounting
member 501, so that the base mount 502 can contain the lead wire
504a and 504b. The concave part 513 is formed on the cylindrical
part 503 so that the cylihdrical part 503 can contain the actuator
106, the film 508, and the plate 510. The actuator 106 is fixed
to the piezoelectric device mounting member 505 through the plate
510. Therefore, the lead wire 504a and 504b, the actuator 106,
the film 508, and the plate 510 are mounted on the liquid container
mounting member 501 as one body. The cylindrical part 503, the
top face of which is slanted in vertical direction, is formed on
the base mount which has a square shaped plan and the edges of
which are rounded. The actuator 106 is arranged on the concave
part 513 which is provided on the top surface of the cylindrical
- part 503 that is slanted in vertical direction.

The top end of the module 500 is slanted, and the actuator
106 is mounted on this slanted surface. Therefore, if the module
500 is mounted on the bottom or the side of the container 1, the

actuator 106 slants in the vertical direction of the container



on the vibrating plate 176. The piezoelectric |ayer 160 is forned on the
top face of the I ower electrode 166, and the upper electrode 164 is forned

on the top face of the piezoelectric layer 160. Therefore, t i
portion of the piezoelectric |ayer 1606¥s formed by sandw ckfﬁgsﬁgh@@mi n
portion of the piezoelectric |ayer 160 by the main portion of the upper

el ectrode 164 and the |ower electrode 166 fromtop and bottom The
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vi brati nghepbiatectifg peerfwvirbeateng regi on of the piezoelectric elenent and
t he vibrating EI ate 176 constitutes the vibrating section, on which the
actuator 106 aépPBaP9dvierzl@sis MeenksduPre YHeBPPSt AR ddis s 1teOtohbai ner
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Furthernore, a hole 382 is forned_qon the bottomwall of the. nodul e 700B,
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11 SEP 2003 and the actuator 106 are fixed by .the nnuntgngaslate 350 and
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the fil FlRatBKi 8PPPTHePsEhl FAgesPEuthEr £083F21P8TploVig ntHEs -
connection parg;gf sheghiguid coutalner munt G eeha3eBeaBdt thieof

container 1. The“sealing structure 372 can be fornmed by the plastic
mat er i al tbechoasasyarhet vicen eshe mydQ e i1 shows gn F8g9(Ap2, ist neunbddl e
700B and the, contajn

devi ce nBUntPfigEhE g’?‘e%a- :Sb eg%ﬁqe%%gé,obg%m%\é%%tedt 8f Phe?8shegthbe
1 so that the module 100 penetrates through the side wall of the
container 1. The O-ring 365 is provided on the connection face
of between the side wall of the container 1 and the module 100to
seal between the module 100 and the container 1. The module 100
is preferable to include the chindrical part as explained in Fig.
32 so that the module 100 can be sealed by the O-ring. By inserting
the top end of the module 100 inside the container 1, ink in the
container 1 contacts with the actuator 106 through the through
hole 112 of the plate 110. Because the resonant frequency of the
residual vibration of the actuator 106 is different depends on
whether the circumference of the vibrating section of the actuator
106 is liquid or gas, the ink consumption status can be detected
using the module 100. Furthermore, not only the module 100 can
be mounted on the container 1 and detect the existence of ink,
but also the module 400 shown in Fig. 34, module 500 shown in Fig.
36, or the module 700A and 700B shown in Fig. 38, and a mold
structure 600 can be mounted on the container 1 and detect the

existence of the ink.



a part of the container 1 as shown in Fig. 38(B). There is possibility that
the actuator 106 nal functions by the contact of the ink which is dropped
froma top face or a side face of the container 1 with the aqgwr@a)&
the ink of which is attached to the téﬁ face or the side facé h
container 1 when the ink cartridge is shaken. However, because the |iquid
contai ner nmounting nenber 360 of the nodule 700B protrudes into the inside
of the contai nEigl,38 k) sdans she1oPHdeschdonrf tieci PhrroRAINRE FRRD
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because the actuator i'S pr rotecting ne t he

act uat or TheeeG3r8EP t22 eanrbeqrmiactell flox npidwoeld st dec cbayaet 16Thésbase
plate 178 shown in Fig

. .20 can be used instead of the m%ghate 350
in the edBEEEAERY SIEWH h-19 Ghesra) Ratd {8 CLAHS PISESS° ayer
embodi MeR ot B GO 15§50 BN G eheughbpee S00-Mhb&d 14w lditeenheoaetuat or
106. In the present enbodinment, a nold structure 600 is used as one

exanpl e eflecheodepdnti Agowt topt ané. batieomp| Fhst cdsrulersPoriasn, hwhaghuat or

106 is a main portion of each of the piezoelectric layer 160, the upper

electrode 164, and the lower electrode 166, forms a piezoelectric
element. The piezoelectric element is formed on the vibrating
plate 176. The vibrating region of the piezoelectric element and
the vibrating plate 176 constitutes the vibrating section, onwhich
the actuator 106 actuary vibrates.

The module 700B is mounted on the container 1 such that the
liquid container mounting member 360 protrude into the inside of
the A through hole 370 is formed in the mounting plate 350, and
the through hole 370 faces to the vibrating section of the actuator
106. Furthermore, a hole 382 is formed on the bottom wall of the
module 700B, and a piezoelectric device mounting member 363 is
formed. The actuator 106 is arranged to close the one of the face
of the hole 382. Therefore, ink contacts with the vibrating plate
176 through the hole 382 of the piezoelectric device mounting
member 363 and the through hole 370 of the mounting plate 350.
The hole 382 of the piezoelectric device mounting member 363 and
the through hole 370 of the mounting plate 350 together forms an

ink storing part. The piezoelectric device mounting member 363



and a nold nenber 364. The actuator 106 and the nold nenber 364 are forned
in one body. The nold nenber 364 is fornmed by a plastic material such as
silicon resin. The nold nenber 364 includes a |ead wire 362 ] iSEP pmsi de.
The ol d menber 364 is formed so that °fhe nol d menber 364 has two | egs
extended fromthe actuator 106. The end of the two | egs of the nold nenber
364 are forned in a shape of hem sphere to liquid tightly fix the nold

nenber 388dvihe agHmEPR06l arehE1NBH LY eHRR MABA IR FadhCed 58n2hHet he
cont ai net.. hat t ac t.Qr . d i nt.0 i 1S4 o he
cont ai ne?lir,n E‘%EQFE%%\H b?g?tel nstge%?el%{q cl)%?%l?é?‘%%élag?aa?%r ptlrj(%sg’lgc%@rit g?% séh%vi th
i nk i nsi denhbetdont panerodl. tHdd iupper celrectinede mbodht inemepbezrodbecandc

| ayer 160, and the | ower el ectrode 166 of the actuator 1Q6 ar rotected
from i nkEhy THBLROREE b IS8 | BBE NG EUEHEE fiof 12 ST CEureT00 BHoRe! n

Fig. 38 degscReinateeth BECRGR sPGcBEE HEWWS 3d2 cheliveen the il dis (’Eﬂpgr

364 and “"the container 1, the leaking of ink fromthe container 1 can be
reduced. thbormodeile BeO6Busadt heenobutainart Ur és696phusta Podm thaveverhe

nol d structure 600.does.no rotrude fromthe outside of the . iner 1,
the ol dCSer BLEAPELB0624an I rBctoTRE: B0t UATBEY 108" PRoRTPRG! OrSeday
contact. 5TBgre b PASSkBhthinethat abhshawhuahoriglOBsns) functions by the
contact of the ink which is dropped from a top tace or a_side face of the

contai ner 1 wi Therpelaqasaidyilitopthakethakadfuaire GesmalfHaREdOPS Phe top
face or i C : iner ]Bﬁ.[%ed‘ L i i S:8baken.
Because H’%g éér%?%éﬁeﬁ%gg%égﬁo‘?g?%%l%ldfo r ucthJrzsg1 %%%%%ééu%gga: ﬁ%(é)gt he

i nsi de 6hcthefcohtacoetainet He vadthuather atfmeadwoes 106t, hkf dnkt p6nwhychhe 69
11 SEP 2003 ink drqpped fromthe top face or, the side_face of the container
I Fig. 39 SHEAEDSA EROBAFIEIR roaiPd MbeAias agecand Goi RRPCpapey
recordi nghappanpat Eﬁk""@b‘i'ﬂr@@%é t Besagkdat or ydPNEvSAOVIBe tiudé Ot he 20ighid
plurality of ink cartridges 180 is nounted on the ink jet recording

appar at usonhathehawornplinganemenf3 §hief mheodesivdg 7RERbEFStTBISENdNEO

hol der 1@141e%%Cshié:eocr)%%%{)eoggrilggirggr &r,]etl“?éaggtﬁfator 106 does not malfunction

by the ink dropped from the top face or the side face of the
container 1.

Fig. 38 (B) shows the cross section of the ink container when
mounting actuator 106 on the container 1. A protecting member 361
is mounted on the container lseparately with the actuator 106 in
the ink cartridge of the embodiment shown in Fig. 38 (B) . Therefore,
the protecting member 361 and the actuator 106is not one body as
a module, and the protecting member 361 thus can protect the
actuator 106 not to be contact by the user. A hole 380 which is
provide on the front face of the actuator 106 is arranged on the
side wall of the container 1. A through hole 370 is provided on
the mounting plate 350. Furthermore, a hole 380 is formed on the
side wall of the container 1. Therefore, ink contacts with the
vibrating plate 176 through the hole 380 of the container 1 and
the through hole 370 of the mounting plate 350. The hole 380 of
the container land the through hole 370 of the mounting plate 350
together forms ink storing part. Moreover, because the actuator

106 is protected by the protecting member 361, the actuator 106



ink cartridge 180, respectively. Each of the plurality of ink cartridges
180 contains different types of ink, for exanple, different color of ink.
The actuator 106, which detects at |east acoustic inpedance, ii ?ﬁg on
the each of bottomof the plurality of8ink cartridge 180. The ggﬂgﬂ
quantity of ink in the ink cartridge 180 can be detected by nounting the
actuator 106 on the ink cartridge 180. Fig. 40 shows a detail around the
head nmenisen bk phetegked] dormetbediongsageacantectTheThakbpee péabedl g

apparatus,has an _i.nk pnptroducin nber . 182, | der 184. a_head te
SR I A e M S R T
i's fornmednoRhkhemBedzene! ahewh88n Fhg.i Bk (ant badugbng menber 182 has an
air supply hole 181 and an ink introducing inlet 183. The  air suppl¥dhole

181 suppl i es aFigto IHE)i nkhenpt ramigempgdimgne Ghat | aenprLerAg 4 nhetd183

i ntroduc i.nk fro he, i rtri.dge 8Q...The in artrjd 1 an
air intr% 5%?%82Fn?gb %Qgggngﬁcg%d%%ktgép% §u%§PF ?8%] T%% gﬁ? ?%??o Ecing
i nl et 18embbHimdneesa abldf sarutbarai sosuppl ysbdl asl8heobxbhplenkf the

i ntroduci ng nenber  182. The ink suppl ort 187 supplies ink to the ink
intr oducf“ﬁg‘ntilﬁﬁe%t{‘s%tﬁfet hé“?%l?‘q'iﬁf?\éHBEFHljen%%éfapﬁég‘.e BF tMAEPEALRP ng

air  froghhhg héky idddducido, meRReL 184c6P 168 i R L1 d0GekBAr 868 1Nk

cartridge 180 accelerates the supply of ink fromthe ink <cartridge 180 to
t he ink imrerbeioeeddnnenddrodyg?. Thkenhibd dembeg43 6 € drantiniroetesy ienklsappti ed

fromthe ink cartridge 180.1hrough the ipk intr.oducin er 182 to_the
hoad pi oratsgallbutltagi R LEGSHRLANS, W hRHORAGLAS TR hcldek %l e
cartridgee380vshowe2 if iki0ind9deTheTRE dadldohe By I35 41BNt €BMEOM dhehhot t om
face 194a which is forned to be slanted in vertical direction, of the ink

cartri dgéhegnald HeRIPS T afe DRISgEwR1 i ags exctandediardhithey 2REMRECOT9200 s
provi dedrgp Iepat E@Sthépg‘gééfﬁésshgﬁ the 86?&9&18&.18&9996?659@ folhel 1hes

bottom face o e I nsi e“1nk container 194 and also faces to the
act uat or shépei s heaitsipheinekt odnit@iitkt igd4 1gf £ ihéhenkol damembeig & 688@ith

secause LASLAThEAOr MG, L TR 0N NS of Runfl! Bh"Ehe!23n2heHbE% ' N
verti cal CARFBEPRENT - t HE T A% B
such that the actuator 106 protrudes into the inside of the
container 1, and the vibrating section of the actuator 106 contacts
~ with ink inside the container 1. The upper electrode 164, the
piezoelectric layer 160, and the lower electrode 166 of the
actuator 106 are protected from ink by the mold member 364.
Because the mold structure 600 shown in Fig. 38 does not
need the sealing structure 372 between the mold member 364 and
the container 1, the leaking of ink from the container 1 can be
reduced. Moreover, because the mold structure 600 has a form that
the mold structure 600 does not protrude from the outside of the
container 1, the mold structure 600 can protect the actuator 106
from the outside contact. There is possibility that the actuator
106 malfunctions by the contact of the ink which is dropped from
a top face or a side face of the container 1 with the actuator
106, the ink of which is attached to the top face or the side face
of the container 1 when the ink cartridge is shaken. Because the
mold member 364 of the mold structure 600 protrudes into the inside

of the container 1, the actuator 106 does not malfunction by the



can be inproved. A gap, which is filled wwth ink, is fornmed between the
actuator 106 and the wave preventing wall 192. The space between the wave
preventing wall 192 and the actuator 106 has a space such thatytrg %pace
does not hold ink by capillary force. ¥Wien the ink container EP 2003
rolled, ink wave is generated .inside the ink container 194 by the
rolling, and there is possibility that the actuator 106 mal functions by
det ect i ngnadiroppad dirombuhbl eopafsed obythde stwdaas afthéhenkonsaadneBy
provi ding the wave preventing wall 192, ink wave around the actuator 106
can be prevented so that the malfunction of the actuator 106 can be

prevented. Thegagt ugborhdRE & driddifterRAIdE bAgenk8OBrshDite idhdiagh inkl is
nounted on the side wall of the supply port of the ink container 194. The

act uat or je6reanrfengoapparhiors Whd i Heeqatihe asturiiatoAPfateowR HThE1Pnk
container, 194 _if.the.actuator 106 IS . n ; i y spert
187. Thengt u%t%}uﬁﬁ%lﬁg oprlex1‘]{erC arlt?f lr“flg%lr%’t gg%oggﬁhgg%%% eé?ﬁ]o tﬁgllkwj%? h
directi ore@britheyg idppLanied neiid94haBeaaysiatalki tiys sfipphkednteotiheiagt si de
through the ink supply port 187, ink and actuator 106 reli agly coglta ts
until t h@embeingg 162 omsl ienkoldgr 484 B¢Chr SPFaESEOrRd nIctRatdf €266 Réar by

the ink pl 43 187 .aqTh (- ac oL¢l anLekkablby dgiect
the tim ﬁ%&ofcsétxﬁgrlld nlese?r’ g%%fp%fﬁrlf\’tﬁgs’norggégyggr g\giedﬁngrt he gct uat or 106
near by t keritak doseppl 80 poohtdBTs théfseentbngypes tafonimf, t heraexaarde, 106

to the 71 .11 SEP 2003 copnectio oint on the carri.age.on the in .
cont ai ne 115%@5% CPePFab é‘rg%ri ﬂagﬁ%t%ﬁ?ﬁ BTPQGC'O {"Eﬁg ﬁiﬁge%%%tazfl Eeeras(t)_’n t he
cartridggcob@hder Qfpddnéal riadgmouhtelss Secarseebbl Iodl ilsdhitddr yoOf the

coupling between the ink supp{ﬁ%/ port with the ink supply needle is nost
i npor t aneluweiligyt bé tvliptangr ¥19¢ HBQ nk Thentapheradndguaiel BAreh dgec 11y f

0 s PR, S 900 U1 Pl ekl puptteesd ppatebiecpurt |

be | eakedosTonprerenink kiaxrtkiindieofl gor.obl ens, the ink jet printer usually

has a speci al %&gqch%r%hgg%tac%gtail around the head member of the ink
jet recording apparatus. The ink jet recording apparatus has an
ink introducing member 182, a holder 184, a head plate 186, and
a nozzle plate 188. A plurality of nozzle 190, which jet out ink,
is formed on the nozzle plate 188. The ink introducing member 182
has an air supply hole 181 and an ink introducing inlet 183. The
air supply hole 181 supplies air to the ink cartridge 180. The
ink introducing inlet 183 introduces ink from the ink cartridge
180. The ink cartridge 180 has an air introducing inlet 185 and
an ink supply port 187. The air introducing inlet 185 introduces
air from the air supply hole 181 of the ink introducing member
182. The ink supply port 187 supplies ink to the ink introducing
inlet 183 of the ink introducing member 182. By introducing air
from the ink introducing member 182 to the ink cartridge 180, the
ink cartridge 180 accelerates the supply of ink from the ink
cartridge 180 to the ink introducing member 182. The holder 184

communicates ink supplied from the ink cartridge 180 through the

ink introducing member 182 to the head plate 186.



accurately positioning the ink container during the nmounting of the ink
container on the carriage. Therefore, the positioning of the actuator 106
becones reliable by arrangi ng the actuator nearby the ink sup i iaha
Furthernore, the actuator 106 can be f@@ther reliably positi oﬁ @Eg’p
nounting the actuator 106 at the center of the width direction of the i nk
container 194. It is because the rolling is the smallest when the ink
contai ner roll|EBigl angskhowaxither ¢higodeméet off thiick ¢arterdee lgionehafn t he

wi dth directjon, duri the nounting of the ink nt ai ner_on_t he | der .

Bl o 45 SHOMS T B el Pe per SahBbd doe BPUPRe ok ik BPraGE L1881ty 42
(A) sShowgnachr PSSESARdd UMb He A ddtedam %%@cé@o@lreéﬂfﬂoﬁ' Jof42héBinighows
a cross section which enlarges the side wall 194b of an ink cartri dge 180C

shown i nc&rgrid@e(1§0A shawn 4in (td)e sf'hcg/vs 41p(®r)spebtw&/‘ee VPESVEeRbING hea Xk ont

of the s 0 e ink, cartr e 18 The se mcond nory
Sevi ve 87 3 hrov2a@adin FhEROSt e 8RS i e BRE R BRI Ol Tor Y
the ink feantthsgptiBRCrafs showe iihsfiide tAS {rB} owafta(l@er 1Reand also

sem conductor nenory device 7 is formed on the upper side of the circuit

board 6i8cearkr tthe actuater 106 insids e éﬁktwqwr dlie off thRelnk

sem cond de :s,gggaﬁ @%é) A th k
differ en?g%géégggﬁﬁg G\ﬁ&csasgsn%l:tn}%%? on the s e vvaqfé% s%ch ?hg% t he
di ff er entehypen€rrisy Abhtd iaundstibel ativattoiori0Ghe Arplimeglel by ik

caul ki ng gart 616 is fgrrred on the side wall 194b to couple the circuit
board 616°%i PR tHBTPRRAcont ai ner 194. By 72 11 SEP 2003 coupling the

circuit board ﬁlg y tQntibe i1k contdd neltH94nKsi ig fohteeWdd wbeDatke 616
and pushing the ferent-type Oring 614 to the circuit board 610, the

vi br at i ngcregion 076 and bbeusa e PrEOB®EAmcEAl Ack32 wi (TRe ARacgnge Gveehe
same ti n?h tvpa%é ?) eqf%n%f Pg Q%&i rka9é: El%rtlgg%cl %:%%J ?ﬂsfﬁ d§nca?g%3§'cges&f,ht he

i nk cartrl erm na are orma e sem con nmenory
devi ce Ehaﬂothaer epadet ieesarotc bnddcink byeoapy lievicEorce Thévtear wheainie12

transfer the signal between_the sem conduct.or rrermry devi ce and o S|de
t he i nkj 8PRFREBFHI F’la‘labﬁaf“gtlg? d, THEKs &5V iU GSHE TR RSt yln%]éizﬁ ‘gh

constit utgde Rynkher sem e aalctarn RO IRHeRCRE possibility that the
actuator 106 malfunctions by detecting gas or an air bubble caused
by the shock of the ink wave. By providing the wave preventing
wall 192, ink wave around the actuator 106 can be prevented so
that the malfunction of the actuator 106 can be prevented.
The actuator 106 of the ink cartridge 180B shown in Fig.
41 is mounted on the side wall of the supply port of the ink
container 194. The actuator 106 can be mounted on the side wall
or bottom face of the ink container 194 if the actuator 106 is
mounted nearby the ink supply port 187. The actuator 106 is
preferably mounted on the center of the width direction of the
ink container 194. Because ink is supplied to the outside through
the ink supply port 187, ink and actuator 106 reliably contacts
until the timing of the ink near end by providing the actuator
106 nearby the ink supply port 187. Therefore, the actuator 106
can reliably detect the timing of the ink near end.
Furthermore, by providing the actuator 106 nearby the ink

supply port 187, the setting position of the actuator 106 to the



be rewitten such as EEPROM Because the sem conductor menory device 7 and
the actuator 106 are fornmed on the sane circuit board 610, the nounting
process can be finished at one tine during nounting the sem gconductor
menory device 7 and the actuator 106 & the ink cartridge 1884 SEB28Bver,
t he working process during the manufacturing of the ink cartridge 180C and
the recycling of the ink cartridge 180C can be sinplified. Furthernore,
the manufastantiing gesimtofort hehe nkawardge doe 1BOCivnkncbatrédecebebongsse

t he nunmbers .of the parts can be reduc The actyat.or 106 detects_t.he ink
consunpt i lsatbéteugugﬁ_ggcféqe f“ﬁ&nfﬁf%gc%ﬁggﬁnje?kf@l&aﬁﬁéeﬁgﬁi %866?6?‘ remory
devi ce 7 1l1dASoritie baEQEHgte'.onI@fis! PcSUSE e peshdual i gyait tbypafingnk
detected by the actuator 106. That is, the sem conductor nmenory device 7
stores t Hetiwefesy rdts dmkr slvepdd Portheithathet dnkstsuppdar AeeCde 1§uBRS&s t he
character,sti ¢ of

det ect i nd'“{pr?éf Iarxﬂg %n!ﬁisr?n Pfegt??od rikjtr}(jc_:gc.r)%r ih%gfnlgsc%%tfa hhed Qﬁd %ﬁ%'{aatzg:élvl %. when

a € ~sem conductor nenory 7

previ ouslpf stenes itheveesenantallf cagyendy @f pvden tihek inksisdeplirenerkdle
container 194 is full, that _is, when ink is filled in the_ jnk container
194 suf f ivgildnbpyhuslk oTuRetira kg FEEHETIAR SBARaAH8 Tigw VileRe dpRRES s,

Nk TN UNS bRk GO0UBIGE1 190 N3RAASUNRG.DAR, ONE LBfi o RENANA BebBlicRid ©
par anet er. € resonant frequency when the ink inside the i nk container
194 is fand istlatist opreéndest asusltgnhbe st sl ivhkensthectuke cbhaki ven 73

11 SEP 2003 is unted.on the ink jet recording apparat for the first
Ui, NGRBOEEE hooraLammnst PEgLEME R IrE S e e Tonetine oF
cont ai nefc hE94nkScdntd i sd AloiSt RE @i US Thar-Feret, 0t Rd shiitipnihe of
manuf acturing of the ink container 194. Because the unevenness of the

det ect i orthsf agheatesilffabegomasingl g lienRy coir ansel _G FhEReE &l By "ePSHYng
the reso t.fre nt i Lnsi t j lLaer,d' [ ul |
st at us o% %e%n%lyétsg’tﬁgsﬁ%/ﬁg?ﬁé gg%@%ﬂ%%?’o?%ﬁeﬁgﬁ}gggg?@e@?agrbe%ifglégzh%ljand
readi ng al it ydgba i t@bneleby esonaning téguentyaabrt heéankthetcargenr difng

apparatus side, it can be accurately detected that the residual quantity
of ink itdeg¥erERSE4TESELRB P ftel?eeﬁv&g‘ gangeiner 194. Fe {8 peciust The

rolling is the smallest when the ink container rolls along an axis,
the center of which is center line of the width direction, during
the mounting of the ink container on the holder.

Fig. 42 shows further other embodiment of the ink cartridge
180. Fig. 42(A) shows a cross section of an ink cartridge 180C,
and Fig. 42 (B) shows a cross section which enlarges the side wall
194b of an ink cartridge 180C shown in Fig. 42 (A) . Fig. 42(C) shows
perspective view from the front of the side wall 194b of the ink
cartridge 180C. The semiconductor memory device 7 and the
actuator 106 are formed on the same circuit board 610 in the ink
cartridge 180C. As shown in Fig. 42 (B) and (C), the semiconductor
memory device 7 is formed on the upper side of the circuit board
610, and the actuator 106 is formed on the lower side of the
semiconductor memory device 7 on the same circuit board 610. A
different-type O-ring 614 is mounted on the side wall 194b such
that the different-type O-ring 614 surrounds the actuator 106.
A plurality of caulking part 616 is formed on the side wall 194b
to couple the circuit board 610 with the ink container 194. By



Fig. 43 shows further other enbodinent of the ink cartridge 180. A
plurality of actuators 106 is nmounted on the side wall 194b of the ink
container 194 in the ink cartridge 180[9 shown in Fig. 43 (A 9 g%gm
preferable to use the plurality of the Actuators 106 which is? ?n
one body as shown in Fig. 24 for these plurality of actuators 106. The

plurality of _actuators 106 .is arranged on the side wall 194b ;g/ith i nt erval
in verti €9uPdilngcthencipguibrPantd nng HEL R Jrht i3 GPnkeERsTorts 2188288 t he

si de vl l.p oAty Wi b POLET ¥Rk 1 YRR id S6lFeerkhe RS duThorant |ty

of ink can ete step by step. The ink cartridge shown in Fig.
43 (B) muontheacdatudtoboatdsc 6Mai, chhes viibmgtingveegiocal odi tbet Rohushorhe

side wall 194b of the ink contajner 194. ¥ e change, of tg resi dual
quant ity 10f CAR CSPREPEE St He tPnR€onfBAn8r 18% E3R°n& st e ?’Sdlggﬁglenﬁgusl y

by the a¢luatgr 808 MiigehiisS sk@ngdl B r¥ar biugaliadi bectheninkheakergtfeof
the actuator 606 is preferably longer than the half of the height of the
side wal | 194bA terminal«8lBRre ferned gat bhe GeailkanduRE O BRI FY FPYATEhe

b [ . [ :
The i nk daPEY it agResRBMRCE RIRFEOE ARV ey LG syl 8190

s aplurality o

act uat or g @@ rer the SidieaWaklkwt8abtioé dditi datdumdmmeanbriOdeviase tthendnk
cartridge 180D shown in Fig. 43 (A . The ink cartridge 74 11 SEP 2003 18CF
further eowsicscshe RekiksteIBFEVERRERPRATILUD?, THS K41+ CPYHGEOF RETEFYi cal

di rect | OheyAlang ddip ) 8808k Ll 24y BEGIELALNLEEE nSRIES WHidh Lha side

wal | 194b such that the wave preventlng wa aces directly to the
pl-ural it peofreantitator subdb6 asl EEHPROMir eBerabke tbeusemthenghgtalki mpmofyt he

actuators 1Q6 which.is forned. in one bo as .sho in Fig. 24 fo se
el Segtnel tbrbe Sopior Ao R Bt veRee ML h R Fae iR { bkl
bet ween the actHatunt 6y apeotdes Waua peevaRtiigipdvadld die. t Maeedveringt he

gap between the wave preventing wall 192 and the actuator 106 has a space
such t haPuntd ngahgoesmaePnABFECT NREBYTY aPeY @R y7 1t & PaNR&T Uehes HR e

h thaesie e _ Py fBice N _
contai nep, 194c! fnk AldAd-s ddik 1e3¢e 'ﬁogggﬁg?g SEhL NRL 19 PrldUe s o ARG

i
194 bytr?élrollng, a € 1S possi

the manufacturing of the ink cartridge 180C and the recycling of
the ink cartridge 180C can be simplified. Furthermore, the
manufacturing cost of the ink cartridge 180C can be reduced because
the numbers of the parts can be reduced.

The actuator 106 detects the ink consumption status inside
the ink container 194. The semiconductor memory device 7 stores
the information of ink such as residual quantity of ink detected
by the actuator 106. That is, the semiconductor memory device 7
stores the information related to the characteristic parameter
such as the characteristic of ink and the ink cartridge used for
the actuator 106 when detecting the ink consumption status. The
semiconductor memory device 7 previously stores the resonant
frequency of when ink inside the ink container 194 is full, that
is, when ink is filled in the ink container 194 sufficiently, or
when ink in the ink container 194 is end, that is, ink in the ink
container 194 is consumed, as one of the characteristic parameter.
The resonant frequency when the ink inside the ink container 194

is full status or end status can be stored when the ink container



actuator 106 nal functions by detecting gas or an air bubble caused by the
shock of the ink wave. By providing the wave preventing wall 192, ink wave
around the actuator 106 can be prevented so that the malfunct." @b:pe
actuator 106 can be prevented. The wav preventing wall 192 a gg‘% ent s
the air bubble generated by the rolling of ink to enter to the actuator
106. Fig. 45 shows further other enbodinent of the ink cartridge 180. The
i nk cart disdgeur8ed endke ink Fel. remeydntaprarplisaf ¥ heoff &t FLMEn

wal IS 213,0,836H .07 Ol che X4 SIS HONNUALY LEOI the 0D 1aCR:d 9 ofnhe

i nk cont al ner cause e wer” en the partition walls 21
and t he hatritemrfeacea oaf ishéul hkstattai oerend Bt adtas aapr bedestomededugapg t he
bottom part of the ink contaiper 194 conmunicates with each other. The ink
cartri dgé?hPB%aﬁégaStuﬁFBQal‘?{]yt@fe coRfai NG CHetnberd '213%%%& 69t he
cach of oyielidos el PRE! bkl oBcyBh! 5r 2l e Rl emdtilcyplor harpbunal ity
of the containing chanbers 213 comuni cates with each other. In each of

t he pl ur &e toprgfertsre ecoityai sti o h aribe r rédanthef vequenocy whes thembult ed
on the tqop face _194c _of the ink caoptainer_ 194 Jt is preferagble.to e the
plural i tﬁnﬁﬂ%tehg%ﬁcfﬁgt%?%tib%em%% Jiss%ufl(])[r ﬁ%ﬁjc}lﬁ %’ﬁeéorbcgdgy a}suss ﬁtgv\ngﬂi%n
Fig. 24 f@milResRdiidd abhbyyevidd vabpesiddbly Hivl aehdahar oddGHes dataanged
on substantially 75 11 SEP K/I center of the top face 194c of the containing

chanber Pf3the nefrenanikizeArarA¥ratghe e Jedl LRECHHIPASRRANARH fg9€hanber
218 1s = aif 28gefosiebu kel {8 VOLtEE Olal e AUAIMUNI £hAMIGYy ekdifk the

i nk suppl'y port S argest, a e volune of the containing
chanber 2E3 dgrradizalddy tde theases eaenidee véilsteance from the ink supply port

187 increases tqQ the_inner part_of the ink, cartrid 80G._.Therefor,e, the
space between &3&h %f %Wsa%flﬁ&f“&rr q e?seml?ﬂdgé'ﬁntag%t%l%eilﬁ}l{ Sﬁ‘ﬁgfffldﬁgrt

187 side1gpd bgGANES Iy B¥eLc@sat d A€ 18ist fReRntandh ted Bkasupply 1pept 187
increases to the inner “part of the ink cartridge 180G Because ink is

drai ned fofothehénki edntappty P tim 8he anl arrteidee sL§Ddmhdye diy Fig.
intr Oduci4gg(Ai)r]I e&t is preferable to use the plurality of the actuators 106
which is formed in one body as shown in Fig. 24 for these plurality
of actuators 106. The plurality of actuators 106 is arranged on
the side wall 194b with interval in vertical direction. By
arranging the plurality of actuators 106 on the side wall 194b
with interval in vertical direction, the residual quantity of ink
can be detected step by step.

The ink cartridge 180E shown in Fig. 43 (B) mounts a actuator
606 which is long in vertical direction on the side wall 194b of
the ink container 194. The change of the residual quantity of ink
inside the ink container 194 can be detected continuously by the
actuator 606 which is long in vertical direction. The length of
the actuator 606 is preferably longer than the half of the height
of the side wall 194b. In Fig. 43 (B), the actuator 606 has the
length from the substantially from the top end to the bottom end
of the side wall 194Db.

The ink cartridge 180F shown in Fig. 43 (C) mounts a plurality

of actuators 106 on the side wall 194b of the ink container 194

as the ink cartridge 180D shown in Fig. 43 (A). The ink cartridge



185, ink is consunmed fromthe containing chanber 213 of the ink supply

port 187 side to the containing chanber 213 of the inner part of the ink
cartridge 180G For exanple, the ink in the containing chanmbgr ggﬁmm
is most near to the ink supply port 18% is consumed, and durihng k

| evel of the containing chanber 213 which is nost near to the ink supply
port 187 decreases, the other containing chanber 213 are filled wth ink.
When t he 18RK furnthere commrdisssnghe aisepreysnihngtwakl f9dt vedehti® 1ABII nk

| g aHseE: PG ARSI n
215 whi cht iR Ry SRR Foontiedt a8 Vel ior  Pra AL Ap LR FRATO L

in the sepand wothathe NG ddhaElar 1218 sscheghatitlge Wavee predestiivd sallhat
the ink |evel of the second containing chanber 213 begin to decrease. At
this tinme22i dRGes i1k ih §hetheoRLEFALAGY cREMST WP KHhi £¢6 i s Thi L8 or

nore tha ' i At i nk
i's consu%é%lﬂﬁrg%ggttﬁgag%ﬁ%ﬁ %{Lﬁgé%gg%ﬁ?r(t@%%gﬁﬁgﬁ&%sﬂ%g%ﬁ%galrm ?gwtaﬁg i nk
supply paroné8jody adesleont dnnFng . chanber 2ESanplorals tiyapff aotuahersnk

supply port 187 in order.. .Sho ove, because the actuator 106 is

o P anged 186 - Hhoatopht Gha 9 Sl e Wil LRk T8 OanRer DYSHER A ACEROLPZY o
each of j1hBeaf@NiRe NNk Prarier idBwal he1 a8t uaidie KRG CahedgbpChetBeerd 6 11
SEP 2003 decrease of the ink quantity step by step. Furthernore, because

t he vol utiBeofate @nsymerdiinicnyadhahde gl Bhgeaagtastesr L0GMaHe isPRCesgpphy

port 187 t i pner,part_qf .t tal ning. € 3 uakly, 1he
time int (t-:-_’lb\g/‘gl pﬁ%eﬁ%ﬁ h%cpeasctnuoa (?ro %Oggge%cljf%ﬁg&r%e%?%%ésé g{]\h %?lhghfen&nk
quantitycgnadiiaklky1decrieased letherieflornaved hiss demeaetey Dhside th& dquRntity
detection can be increased as the, ink end_.is draw ng{sqgﬁlrl.itThe in

|

k
cartri dg€oREOShowA%i AY Frige Rt ¥ B)9 h&dhDideFsr it PO ¥15b¢hi Ehe

extends dewnuerd fd&MalFRinceR sy He Rfidd§ak e 200 Aii@h194auBegause
| ower end of the partition walls 212 and the bottom face of the ink

cont ai neby184ehalveclk of etlee etk neavespady, provadbogt bhepaprveobrevent ARy

cont ai nef 194, gormipi cates Wblgaehe QLDELeoINBokKaRELr LHG5AEAH DES tWo
that the malfunction of the actuator 106 can be prevented. The
wave preventing wall 192 also prevents the air bubble generated
by the rolling of ink to enter to the actuator 106.

Fig. 45 shows further other embodiment of the ink cartridge

180. The ink cartridge 180G shown in Fig. 4S(A) has a plurality
of partition walls 212, each of which extends downward from the
top face 194c of the ink container 194. Because each of lower end
of the partition walls 212 and the bottom face of the ink container
194 has a predetermined gap, the bottom part of the ink container
194 communicates with each other. The ink cartridge 180G has a
plurality of containing chambers 213 divided by the each of
plurality of partitionwalls 212. The bottompart of the plurality
of the containing chambers 213 communicates with each other. In
each of the plurality of the containing chamber 213, the actuator
106 is mounted on the top face 194c of the ink container 194. It
is preferable to use the plurality of the actuators 106 which is
formed in one body as shown in Fig. 24 for these plurality of

actuators 106. The actuator 106 is arranged on substantially



and 213b divided by the partition wall 212. The bottom part of the
cont ai ni ng chanbers 213a and 213b communi cates with each other. The vol une
of the containing chanber 213a of then%gk supply port 187 siqq $BpP lmgoer
than the volunme of the containing cha r 213b which is located in a inner
part of the ink cartridge 180H far fromthe ink supply port 187. The

vol unme of the containing chanber 213b is preferaply smaller than the half
of the vEEGEToPLtHRe tIMIAT AJ46hakbehe aaatainiRg FMAPRGr 2266 OfstiBunt ed

on the tqpuf B6RL1946.01 okNe TROVA MG LD RLIR 1 BUCHIGHRDr 91331 Ul T er

214, that 1s a groove for catching the air bubble which enters to the ink
cartri dgerrid8gelddsuichg thmhutaet upilngeob£ft hbei nkntaihindgehadbeyr R33fofned

on the contai,ning chanber 213b. In Fig. 44 (B) , th uffer.214 | or med

as a gr0538 é?%é%ﬂ%@ﬁgbﬁﬁF' ﬂ%|ﬂ%§ﬁ§&%cﬁfﬁéﬁ%tigﬁﬁfogh?hgo}Pﬂﬁ SgnF% ner

194. Becgus@aliRenbubhgfmnéis cat dNe, aldc il $ o LRIRS Silkhsinde Ehem

cont ai ni ng chanber 213b, the malfunction of the actuator 106. bg det ecting
£

an i nk endewhah eapphiyngorheldir ibalbheescan bbepinunent partrFaft heenbrk, by
providin%aagtuat%r #@g on the top face 194c of the containing chanber
213b, ink3¢&A*68%cdM5 etely consumed by conpensating the ink quantity,

which is nmeasurgdrbfeme(7thé SERcE0B3tivBendebent bontht tbeunbbrendsubsi |
t he conpl ete consunption of ink, with the caqrrespondi ng i nk consunption
status ofifREt @bntheniiRl EHBRHEr P2Y8al8dl Sdifgt @Bdf PERPIRE BHBTTEYEARt BF.

Furt her : LUSE] : c i k y
changinSEF%edFéﬁgghgo€f§ﬁéhﬂﬁ€g$£§F58?§i%gggaﬁg?tfgﬁnﬁgﬁggqgﬁgbef%ggsﬁk
quant i t ypafricchf cialme bienke aresumredigaf 180Gt heBdeaeseiork iof dded riatk feeth the be

hanged. . The i nk cartri 1801 shown in Fig. 44(Q. fi.ll b
216 Lt HEACBHIBH Y ‘chn T 2 E36 SRThS 1 EAPLH UG8 HERbH SROMLER i g

44 (B) . 18Be pAKOUS ABABEhedlfrd® HHd |RehiAiSdR) dHeneantainicrg tekamhrr
213b fromthe top face to the bottomface of the porous nmenber 216b. The
porous NEHBERY2RETEohBACEEde) th theeantaidtisls rhenbrterd 3 €fathesirBeFity

.tﬂi.t dghteﬁg&‘c“%ffortlﬂe%inﬁaééyﬁﬂéé’é‘s198@?heFSQt QLfB12f, e affix bufblRe
containing chamber 213 which is most near to the ink supply port
187 is consumed, and during the ink level of the containing chamber
213 which is most near to the ink supply port 187 decreases, the
other containing chamber 213 are filled with ink. When the ink
in the containing chamber 213 which is most near to the ink supply
port 187 is consumed totally, air enters to the containing chamber
213 which is second by counted from the ink supply port 187, then
the ink in the second containing chamber 213 is beginning to be
consumed so that the ink level of the second containing chamber
213 begin to decrease. At this time, ink is filled in the
containing chamber 213 which is third or more than third by counted
from the ink supply port 187. 1In this way, ink is consumed from
the containing chamber 213 which is most near to the ink supply
port 187 to the containing chamber 213 which is far from the ink
supply port 187 in order.

As shown above, because the actuator 106 is arranged on the
top face 194c of the ink container 194 with interval for each of

the containing chamber 213, the actuator 106 can detect the



cont ai ni ng chanber 213b when the ink container fall down or when the
cont ai ni ng chanber 213b noves back and forth with the carriage. |If the
porous nenber 216 is provided on the cggtaining chanmber 213b 'igg g@ﬁous
menber 216 captures air to prevent entefing of air into the Qc F %06.
Furt hernore, because the porous nmenber 216 holds ink, the porous nenber
216 can prevent the actuator 106 to nmalfunction as detecting the ink end

status aSleFARA38RI 8 Btk GHANEH tYsSEERSRY HheRit t EERFRGTEPTENEPPARER t he
act uat of (130, WhERe LECADKCGALANG SAeS JHe RULAUSRIIen 248 LAk
ed In the contal ni ng chanber | est

preferable to e provi 13 having a sna
vol une. skppllepoptelsbytpriove dimgpenagauat af 0 conthéntiag themb&®4213f

t he contai nin hamber 213b, .ink can be consuned to the_end.b
conpensa??ﬁ&ugﬁiyvnﬁ Guéﬁ?@t&nﬁﬁFEﬁTi¥gﬁﬁa§5?eacFPaﬁPFhéoge?EgFFBﬁ £Bf the

ink end wabirbakBe £@H ShR RONSURS H2R30610 PhaeFteEd fi8s NOMGere o ,NKhe

quantity which can be consuned after the de?éctlon of the 1ink near end can
be changédehyeadiyusti nget tmk vohamtpi f deteectciom aian g dhareased1ss bye
changi ng.t he Igpgth and.interval of the partition wall 212. 7 8 11 SEP
2003 Fi g*"44°PP) *8hShEYARY RR*Eartri dge 180J, the porous menber 216 of

whi ch is constrhataek byritwa dgendsonfsHunmis Mmenbeny B 18ds oaedpdibBthasi ng a
different hole dianmeter with each other. The porous nenber 216A_is | ocated

on the uppél 31Yevich wxtemdsusonanper fraBEherkorbreed dhed the LRE
Crmer "ETIEe BP0, Thdenl PR3 i, W0l b ARSI S al e s emeniging

chanber arger t e porous nenber
whi ch i sthedattacbmofacthef tbhaemkscoet @fnéha Sedm e aiprpeddiaeimel 8Bac&he

por ous e 216A can be formed by the ne rrwhich has a |lo affinity
Por i GEPE PRERORHRSEF oF 1 (ot aih A O (é FOTDUPIMRLeR POERscPRB
porous neihek.21fk Because theyCapidd s iQicCeocatatiRenpoEBEfbeFBMRERa216B,
whi ch has snmall hole dianeter, 1s larger than the Cgﬁé | ary force of the

porous nmepder12R6Alviviedhbyiashe apaet hoten wibinetlet ., PRItPAR PRet of
Cont o PR A9y L AR 2 BRI, T A0, Lot e o
menber 2TEB. vdhenefof eeheOremtaining chamber 213a of the ink supply port
187 side is larger than the volume of the containing chamber 213b
which is located in a inner part of the ink cartridge 180H far
from the ink supply port 187. The volume of the containing chamber
213b is preferably smaller than the half of the volume of the
containing chamber 213a.
.The actuator 106 is mounted on the top face 194c of the
containing chamber 213B. Furthermore, a buffer 214, that is a
groove for catching the air bubble which enters to the ink cartridge
180H during manufacturing of the ink cartridge 180H, is formed
on the containing chamber 213b. In Fig. 44(B), the buffer 214 is
formed as a groove extended upward from the side wall 194b of the
ink container 194. Because the buffer 214 catches the air bubble
enters inside the containing chamber 213b, the malfunction of the
actuator 106 by detecting an ink end when catching the air bubble
can be prevented. Furthermore, by providing actuator 106 on the
top face 194c of the containing chamber 213b, ink can be completely

consumed by compensating the ink quantity, which is measured from



the air reaches to the actuator 106, and the actuator 106 detects the
non-ink status, ink does not reaches to the actuator 106 again so that the
actuator 106 does not mal function to detect the ink exist stag E

Furt hernore, because the porous nmenber 7216B which is far from uﬁ§ gé@@ator
106 absorbs ink, the drainage of ink around the actuator 106 inproves, and
the quantity of change of the acoustic inpedance during the detection of
the ink tkesdeheetipncpéathe. iMsrenderntby PROVFATRLEEHCARSWERBIOR 0B on
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t he endlBy conpensati nmeasure omthe
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Furthernore, The ink guantity which can be con uned after, the ction of
the ink RBAENEKEOESN B¥ éﬁ&H@Eanﬁytaﬁjﬁg%PW@ Phethg of e bR1EG S % & ni ng

chamber 2133y ANANIDY Hae) LEGOLN,ARthe LALEEYAL OF chHASpRBEL L ban,uR]

212. Fig. cross sect an 1nk cartridge 1 which 1is
further Quberthabbﬂkn@mantﬁtyfwhmcﬁ:mmu&x:dgesmﬁed ghben the7detdgt8mP 2003

Fig. Eg . The p us ne 216 i.n the ink cartridge 180K shown in
Flg 45 HQ@lQﬁEdeg ch2Phaf FH@naFéa of the cross section on the

horizontal pl afge0fnkheatoMeigardoPfsidin per eugy.mealtey £216si a gorpuessed
to be decreases gradually to %he direction to the bottomface of the ink

cont ai nemembar Ihéréﬁoﬁbe chetpdnéngdrhamber ai3bhef peheuinierdEtr 249
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the containing chamber 213b moves back and forth with the carriage.
If the porous member 216 is provided on the containing chamber
213b, the porous member 216 captures air to prevent entering of
air into the actuator 106. Furthermore, because the porous member
216 holds ink, the porous member 216 can prevent the actuator 106
to malfunction as detecting the ink end status as ink exist status
which is caused by attaching of the ink on the actuator 106 when
the ink container shakes. The porous member 216 is preferable to
be provided in the containing chamber 213 having a smallest volume.
Furthermore, by providing actuator 106 on the top face 194c of
the containing chamber 213b, ink can be consumed to the end by
compensating the ink quantity which is measured from the detection
of the ink end until the complete consumption of ink. Furthermore,
The ink quantity which can be consumed after the detection of the
ink near end can be changed by adjusting the volume of the
containing chamber 213b by changing the length and interval of
the partition wall 212.



i ncreases. Therefore, the error, of which the actuator 106 detects the non
ink status as the ink exist status by the attaching of ink on the actuator
106 nounted on the top face of the ink__cartridge 180K by rol Hnngf lank,
can be prevented In the ink cartridge 1%0L shown in Fig. 45 (B) and Fig. 45
(C , to conpress to decrease the area of the cross section on the

hori zontal plane of the |ower part of the porous nenber 216 gradua%l to
the direction F&gt hid bl t efac ok Keritdld dent &0Her theoROTPHE BFBASH t he

Cross secti.o ri t opt-al Al C g ally
decr easegat%ogﬁ‘gh{d&r?e%%i%ﬁ? oﬁ%%tgé&t?& ;Efcv)vr% gcl:lg%o?tft Egk?%ﬁ; @%ﬂ?giiﬁe%@?%4. ‘
Because thd bhobe Wiabkies difféhent dwedre phramedfert he ghoeawh wehiber. 2TBe

reduced by the caonpression, _ink is col]ected and_hel t he | ower, part of
e por BYECHBMAAETR 81 S A ARAERE TFoRBS HHAE B13¢ RS phY Gisd GHs BRroE8 ] 6

whi ch i s hap fromyihe achater JOBhaRSOFdSs b1 BRaiaae i sof obakear ound
the actuator 106 i nproves, and the quantity of change 80 | | SEP 2003 of

t he acousti thenpepencel derdhd e eadadatingn chiambes 2ARBbestpsianger than

i ncrease Therefore, the errar, of which the tuat or. 10 e non
i nk statEgeagoiﬁe8+%ﬁeﬁﬁfs?£é§hﬁLﬁ?ﬁﬂ?ﬁIm?%g: a%ﬁﬁ%bwgéf%ig gﬁggﬁéaaéﬁuator
106 nountgd PHwd P& itRPoftacre Hordthe ity chambelrdgessd 80lTHy poelbluisngenbet nk,

can be prevented , Fig. 46 shows other enbodinment of the ink cartridge
using tR&6Aceantlr foenedHey itie mambeydizhoRashawhoVRTFR§EIREtYAFORas a
first paptiti I r.avi_de 1 i ShdsSy dame e ol ARt he
top faceﬁ%?hkﬁg:ln t%é%%??&%é%géggfq@%%%ggéf;E2§§£|s a predetefﬁined space
bet ween pbeoheweembad 0fi6Bhe Beécstsparhe teapilivaty RE&2candft hkeebporowsf ace

of the ink cartridge 220 [nk can__fl]o i,nto the ink suppl [ 0

t hr ough Pﬁ@gSBtgﬁﬁgfaW lAb bﬁﬁ SWﬁﬁlcg?¥siﬂb%m§é6£! %?sgéggﬁ¥pgg?Pt€§% val |
224 is feppediguohrotbat of hens asorshidadniddron1wal,| whdernexbendarypwastef rom
the bottom face of the ink cartridge 220A on the nore ink suggl port 230

side of themetest bhaetink dm kel copbaipieauchkanpry 233 ds gPedecerHl hed
space bet-:wseﬂlo ctll?s 'f’lr%rereggGQflé&%escfSRn&gﬁroueg Q93e of the containing
chamber 213B and held by the porous member 216B. Therefore, once
the air reaches to the actuator 106, and the actuator 106 detects
the non-ink status, ink does not reaches to the actuator 106 again
so that the actuator 106 does not malfunction to detect the ink
exist status. Furthermore, because the porous member 216B which
is far from the actuator 106 absorbs ink, the drainage of ink around
the actuator 106 improves, and the quantity of change of the
acoustic impedance during the detection of the ink existence
increases. Moreover, by providing the actuator 106 on the top face
194c of the containing chamber 213b, ink can be consumed to the
end by compensating the ink quantity which is measured from the
detection of the ink near end until the complete consumption of
ink. Furthermore, The ink quantity which can be consumed after
the detection of the ink near end can be changed by adjusting the
volume of the containing chamber 213b by changing the length and
interval of the partition wall 212.
Fig. 45 shows a cross section of an ink cartridge 180K which

is further other embodiment of the ink cartridge 180I shown in



wal | 224 and the top face of the ink cartridge 220A, ink can flows into
the ink supply port 230 through the top face of the ink cartridge 220A. A
first containing chanber 225a is formed on the inner part of t?s Eifﬂl?dt
partition wall 222, seen fromthe ink dpply port 230, by t hd ¥ PEE;
partition wall 222. On the other hand, a second containing chanber 225b is
formed on the front side of the second partition wall 224, seen fromthe
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first containing,chanber .2 i a n I e
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space, whi checanrgenertateplbaecapi thar yopbenpaenoof beewpenotihemémbst
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i nner paph of-ibhe seeRNdhowANtial PiRY §haRPenhad2abriseqRiEhOmEt Beolileauppl y
port 230, the 1ink in the second containing chanber 225b is consumed after
the inkohnthResifesvatbnefihag dhamdrRizEsa 1% sonsompdesPheéhgci GUESr 106
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225b of tb@elrniastppkytperporaddd meémiser s acBeatwsel @hedbbeet ditimetenk
consunption status inside the second containing chanber 25b.d g?e rgsidual
quant i t yofoft ek lawerndatitni A &hesPTET hBSRE Ineat® eGSR et BEt ed

stably b is39nt he nact 1 deoWalHe Alovdie p2@40BE th
containiﬁa E%% E%NQZE % %ﬁ?%ﬁ%%%§€%?q%§@§ﬁ§ngiﬁgaiﬁz ﬁ%igh of the ©
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of ink around the actuator 106 improves, and the quantity of change

of the acoustic impedance during the detection of the ink existence

increases. Therefore, the error, of which the actuator 106

detects the non ink status as the ink exist status by the attaching

of ink on the actuator 106 mounted on the top face of the ink
cartridge 180K by rolling of ink, can be prevented

In the ink cartridge 180L shown in Fig. 45(B) and Fig. 45(C),

to compress to decrease the area of the cross section on the

horizontal plane of the lower part of the porous member 216

gradually to the direction to the bottom face of the ink container

194, the area of the cross section on the horizontal plane of the

containing chamber grédually decreases to the direction to the

bottom face of the ink container 194. Because the hole diameter

of the lower part of the porous member 216 reduced by the

compression, ink is collected and held by the lower part of the

porous member 216. Because the lower part of the porous member

216B which is far from the actuator 106 absorbs ink, the drainage

of ink around the actuator 106 improves, and the quantity of change



residual quantity as an ink end can be freely set. Because ink is sullied
fromthe first containing chanber 225a to the second containing chanber
225b by the capillary passage 227, the actuator 106 does not j'ggw?@ﬁd by
the rolling of ink caused by the rolli of the ink cartridge , d
actuator 106 can thus reliably neasure the ink residual quantity.

Furt hernore, because the «capillary passage 227 holds ink, the capillary

passage 227 can prevent ink to fl ow backward fromthe second containi ng
chanber ©2356 %Olew'el?ilfrwﬁewa%ﬁh@e&ﬁ&%% eesy! Ogtckf%&ﬁlﬂv%?f_ %%%is
provi ded; 98-dfiged 0P TRE@ePbrENe dHK o£AGE! T dge wiAA dhE lRakiaRer0f1ddk
outside of the ink cartridge 220A caused by the rolling of the ink

cartri dgéeReoys ¢dre hen ipvesented dFy thieel wheokd statvat 29y FhetHeranhting t he
evaporatipn, _of ink fromthe in artri 220A, can be preve by.
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Pressurérace of the ink cartridge 220A on the more ink supply port 230
side of the first partition wall 222. Because there is a
predetermined space between the upper end of the second partition
wall 224 and the top face of the ink cartridge 220A, ink can flows
into the ink supply port 230 through the top face of the ink
cartridge 220A.

A first containing chamber 225a is formed on the inner part
of the first partition wall 222, seen from the ink supply port
230, by the first partition wall 222. On the other hand, a second
containing chamber 225b is formed on the front side of the second
partitionwall 224, seen from the ink supply port 230, by the second
partition wall 224. The volume of the first containing chamber
225a is larger than the volume of the second containing chamber
225b. A capillary passage 227 is formed by providing a space,
which can generate the capillary phenomenon, between the first
partition wall 222 and the second partition wall 224. Therefore,
the ink in the first containing chamber 225a is collected to the
capillary passage 227 by the capillary force of the capillary

passage 227. Therefore, the capillary passage 227 can prevent



inside the ink cartridge 220 exceeds the pressure of the check valve 228,
the val ve 232 presses and opens the spring 235 to introduce the outside
air into the ink cartridge 220 and then closes to namintain the gegative
pressure inside the ink cartridge 220 gto be stable. The ink 3at SE 08 220B
shown in Fig. 46 (B) has a porous nenber 242 in the first containing
chanber 225a instead of providing the check valve 228 on the ink cartridge
220A as 0 in_Fig. 46. h orous nenber. 242 hol.ds the i.nk inside the
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t hrough such as tube. Moreover, the actuator of the present enbodi nent
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head and an_ i nk co [ ne re.formed as on b an possi bl e be.
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containing chamber 225b. Furthermore, by changing the height of
the mounting position of the actuator 106 on the side wall of the
second containing chamber 225b, the timing to determine which ink
residual quantity as an ink end can be freely set. Because ink
is sullied from the first containing chamber 225a to the second
containing chamber 225b by the capillary passage 227, the actuator
106 does not influenced by the rolling of ink caused by the rolling
of the ink cartridge 220A, and actuator 106 can thus reliably
measure the ink residual quantity. Furthermore, because the
capillary passage 227 holds ink, the capillary passage 227 can
prevent ink to flow backward from the second containing chamber
225b to the first containing chamber 225a.

A check valve 228 is provided on the top face of the ink
cartridge 220A. The leaking of ink outside of the ink cartridge
220A caused by the rolling of the ink cartridge 220A can be
prevented by the check valve 228. Furthermore, the evaporation
of ink from the ink cartridge 220A can be prevented by providing
the check valve 228 on the top face of the ink cartridge 220A.

If ink in the ink cartridge 220A is consumed, and negative pressure



t he nodul e 100 and the container 1. In order to achieve sealing by the O
ring, the nodule 100 is preferably equipped with a cylindrical portion
described in Fig. 32. By inserting a tip of the nodule 100 inside the
container 1, the ink inside the contaipger comes in contact w4h $gwe20p3
actuator 106 via a through hole 112 of "“a plate 110. Since the resonant
frequency of the residual vibration of the actuator 106 differs dependi ng
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the air outside the ink cartridge 220 is_introduced into the ink
cartridge 220. The check valve 228 shown in Fig. 46 (D) has a valve
232 formed by rubber and a spring 235. If the negative pressure
inside the ink cartridge 220 exceeds the pressure of the check
valve 228, the wvalve 232 presses and opens the spring 235 to
introduce the outside air into the ink cartridge 220 and then closes
to maintain the negative pressure inside the ink cartridge 220
to be stable.

The ink cartridge 220B shown in Fig. 46 (B) has a porous member
242 in the first containing chamber 225a instead of providing the
check valve 228 on the ink cartridge 220A as shown in Fig. 46.
The porous member 242 holds the ink inside the ink cartridge 220B
and also prevents ink to be leaked outside of the ink cartridge
220B during the rolling of the ink cartridge 220B.

The embodiment that the actuator 106 is mounted on an ink
cartridge or a carriage, in which the ink cartridge is a separate
body with the carriage and mounted on the carriage, has been
explained above. However, the actuator 106 can be mounted on the

ink tank which is mounted on the ink jet recording apparatus



formed in the elongated formextending in the vertical direction against
the liquid surface of the liquid inside the container. O a side wall of
the container 1, in a supply port side wall 1010 where the inagfﬁggjxmfort
2 is provided there is provided an elgggating opening in the i-ca
direction with respect to the liquid rface of ink. The actuator 106 is
so arranged that it is engaged with an opening provided in the supply port
side wall 1010 in_ a fluid-tight mapner. e end of the actuator 106 is
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body 6 apespibteded be ekh®angkdsupply port 2. The packing 4 is engaged
with the ink supply needle 32 communicating with the recording head 31 in
a fluid-tight FiEnnd?.SHAES\AFLHHFEPE I oiEEhOty takd1e aggPEaFPﬁr
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supply needle 32 is I'nserted, the valve body 6 is pressed by the ink
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the ink therein, an ink SU£p|¥ port 2 which supplies the ink, and, an
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liquid iBéhggrates a side wall of the container 1. In a contact face
between the side wall of the container 1 and the module 100, there
is provided an O ring 365 so as to keep liquid-tightness between
the module 100 and the container 1. 1In order to achieve sealing
by the O ring, the module 100 is preferably equipped with a
cylindrical portion described in Fig. 32. By inserting a tip of
the module 100 inside the container 1, the ink inside the container
comes in contact with the actuator 106 via a through hole 112 of
a plate 110. Since the resonant frequency of the residual
vibration of the actuator 106 differs depending on whether o not
the periphery of the vibrating portion of the actuator is liquid
or gas, the consumption state of ink can be detected by utilizing
the module 100. A module used is not limited to the module 100,
and whether or not the ink is present may be detected by mounting
the module 400 shown in Fig. 34 or the module 500 shown in Fig.
36 to the container 1.

Fig. 48 is a cross sectional view of the ink cartridge

according to the present embodiment where the ink cartridge is

cut along a longitudinal or vertical direction. The packing ring



the container 1. The actuator 106 conprises an el ongated nenber which
extends in the vertical direction against the |iquid surface of the
liquid. O a side wall of the container 1, in a counter side wall 1030

| ocated counter to the supply port sidg, wall 1010 where t he @ 1 SEPSHBHI y
port 2 is provided there is provided an“el ongating opening in the vertical
direction with respect to the liquid surface of ink. The actuator 106 is

so arranged that it js _engaged wth _an openjng.provided in the_counter
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Fig. 49 the actuyator 106 is _provided in _either of the supply port side

p
wal | 101BCoFhendnkodREdrlesFie & FAX63699€nhe actuator 106 may be provi ded

in both the supplyinROrhrEifgg¥ahtcdPdIngndot bRe CRHBEEAL SEMBOWRIENE030.
Fig. 50 is a cross sectional view of the ink cartridge according to the

present eabpdigeata canthénkatd whdchdiowseeshieoink shegedss anrigdt F8APLYn t he
present enbodinept,.of enclosi Sk l.ls 1 Ob,.(nat shown)
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side wall 1020a. A One end of the actuator 106 is positioned in the vicinity

of a the container 1. The actuator 106 comprises an elongated member
which extends in the vertical direction against the liquid surface
of the liquid. Accompanied by forming the actuator 106 in the
elongated shape, the vibrating portion of the actuator 106 is
formed in the elongated form extending in the vertical direction
against the liquid surface of the liquid inside the container.
Of a side wall of the container 1, in a supply port side

wall 1010 where the ink supply port 2 is provided there is provided
an elongating opening in the vertical direction with respect to
the liquid surface of ink. The actuator 106 is so arranged that
it is engaged with an opening provided in the supply port side
wall 1010 in a fluid-tight manner. One end of the actuator 106
is positioned in the vicinity of the ink supply port 2. Other end
of the actuator 106 is positioned in the vicinity of a boundary
of the an top face 1020 positioned adjacent to the supply port
side wall 1010 and in the upper direction with respect to the liquid
surface of ink and the supply port side wall 1010. 1In the present
embodiment, the actuator 106 is élongated from the vicinity of
the supply port 2 to the top face 1020. The length of the actuator
is preferably greater than a half of a distance from the ink supply



boundary between the bottom face | a and encl osing side wall 1020a. O her
end of the actuator 106 is provided in a position far up froma m d-point
between the bottomface la and a top face 1020 positioned counter thereto.
In the present enbodi nent, the act uat% 106 extends fromthe 3i1c$E\Ft2903of
the bottomface la to a position farther a m d-point between the bottom
face la and top face 1020. However, the length of the actuator 106 need

t b ified. Thus, t t ugt or 106 tend.f he. vi ci nj f
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| engt h of chhenastuaher adébfatsrpreferably greater than a half of a distance
fromthe bottomface la to the top face 1020. The actuator 106 shown in
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direction of the 1nk supp rt 2 1s not limted thereto. Thus, the ink
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comprises a container 1 which houses the ink therein, an ink supply

port 2 which supplies the ink, and an actuator 106 which

continuously detects the consumption state of the liguid inside

the container 1. The actuator 106 comprises an elongated member

which extends in the vertical direction against the liquid surface

of the liquid.

Of a side wall of the container 1, in a counter side wall

1030 located counter to the supply port side wall 1010 where the

ink supply port 2 is provided there is provided an elongating

opening in the vertical direction with respect to the liquid

surface of ink. The actuator 106 is so arranged that it is engaged

with an opening provided in the counter side wall 1030 in a

fluid-tight manner. One end of the actuator 106 lies adjacent to

the counter side wall 1030 and is positioned in the vicinity of

a boundary of a bottom face la in a lower position with respect

to the 1liquid surface of ink and the counter side wall 1030. Other

end of the actuator 106 is positioned in the vicinity of a boundary

of the top face 1020 positioned adjacent to the counter side wall

1030 and in the upper direction with respect to the liquid surface



to the bottomface 1011 and the supply port side wall 1021d. Thus, the
actuator 106 extends fromthe vicinity of the ink supply port 2 to the top
face 1031. It is not absolutely necessary for the actuator 106 to extend
fromthe vicinity of the ink supply pogt 2 to the top face 19315ERWBver
the actuator 106 is preferable to have a length greater than half a

di stance fromthe ink supply 2 to the top surface 1031. As shown in Figs.

48 - 51, hy. providing the actuator 106, _the ink .consunption status from an
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port side wall and the counter side wall positioned counter thereto,

D

the actuator 106 is arranged in the enclosing side wall 1020a.
One end of the actuator 106 is positioned in the vicinity of a
boundary between the bottom face la and enclosing side wall 1020a.
Other end of the actuator 106 is provided in a position far up
from a mid-point between the bottom face la and a top face 1020
positioned counter thereto. In the present embodiment, the
actuator 106 extends from the vicinity of the bottom face la to
a position farther a mid-point between the bottom face la and top
face 1020. However, the length of the actuator 106 need not be
specified. Thus, the actuator 106 may extend from the vicinity
of the bottom face 1a to the vicinity of the top face 1020. However,
the length of the actuator 106 is preferably greater than a half
of a distance from the bottom face la to the top face 1020. The
actuator 106 shown in Fig. 50 may be arranged in the side wall
1020b instead.

Moreover, though the actuator 106 shown in Fig. 50 is

provided in one of enclosing side walls, that is , in the enclosing



in the ink supply port 2, the actuator 106 can detect the liquid surface
of ink after the liquid surface of ink reaches alnost to an interior end
of the ink supply port 2 in the container 1. Thereby, the actqats& #8? can
detect the liquid surface of ink at thg-; position close to t he'di _8 3 so
that ink inside the ink cartridge can be consuned out w thout waste. Fig.
53 shows an enbodi nent of an ink cartridge which houses plural types of
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and 14 amglfionmeda especied eliiosing shder agpactioe®@bi.nk housi ng chanbers 9,
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where the ink supply poit 2 is provided. One end of the actuator 106 is
provi ded tihe vheticelndiyeotieactidf ragnscr tpothe hPquid suwface ot ABK end
of the actuator 106 is positioned in the vicinity of the top face (not
shown) positioned counter to the bottomface 8a. In the present
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han hal 1ok d et aRee Tram RS T Rk BaoS v oport 2 e ace Pace “Frg. 54
shows a Pfocesdeofaldet @djangnt ho d bqutdmsigdeatel i on whitle shieyinlt epppaner
accordin%oE% Ehfse$%%§£%xﬁn%%%iggg&atégtIOG is arranged in a supply port
side wall 1021d lying in the side of the ink supply port 2. One
- end of the actuator 106 is positioned in the vicinity of the ink
supply port 2. ’Other end of the actuator 106 is positioned in the
vicinity of a boundary between a top face 1031 positioned counter
to the bottom face 1011 and the supply port side wall 1021d. Thus,
the actuator 106 extends from the vicinity of the ink supply'port
2 to the top face 1031. It is not absolutely necessary for the
actuator 106 to extend from the vicinity of the ink supply port
2 to the top face 1031. However, the actuator 106 is preferable
to have a length greater than half a distance from the ink supply
2 to the top surface 1031.

As shown in Figs. 48 - 51, by providing the actuator 106,
the ink consumption status from an ink-full state in which the
container 1 is full of ink K to an ink-end state or in-near-end
state can be detected accurately. Thus, erroneous detection such
as one judging to be ink-end or ink-near-end by the actuator 106
even though the ink remains enough in the ink cartridge can be
prevented. Moreover, mistaken detection such as a case where the

actuator 106 erroneously judges that enough ink remains in the



us | abel a sensor situated top anbng sensors as the first sensor, and
second, third and fourth in this manner. Before the first sensor detects

and judges that the ink is enpty, the liquid surface |evel Ii n
3§60 A6

the ink-full level and the first sensog, After the first sens
and judges that the ink is enpty and be?ore t he second sensor detects and
judges that the ink is enpty, the liquid surface level |ies between the

first sensor and the second . sensor. In the sim|/ar nner . the, 1. qui

surface FBUERIRSH ﬁ‘éend‘é?‘éﬁ?lédtﬁ?mﬂ@t‘ﬁﬂ/ec%l?%’ina%ﬁl%%c? Dha® b%/gf:bljbﬂr{g%%e%sor s.
For exangle;niatn gt nd\daf bk préafntddPosaeirBal, , t Aetiigithg defiset @ puts
a signal indicating that the ink is enpty while the fourth sensor outputs

a signal bEnEr@‘aﬁnhgdt hat the ink is 90 Il SEP 2003 present. Then, we can
tell that the {_,1 ui 2S!t'£fS‘pgﬁloSXeéeJ:ﬁfénafe%%@?nofh@héhiﬁﬁi ég?é?id?ﬁd t he
W enp e

fourth sensor. i eover, I'n a scope o resent 1 nvention,

posi ti ongekotBeni gui @nsuhtacempeyihenopt eheed thef inkhsupgéyapbed 2nanner.
Nanely, the level of the |iquid surface is obtajned between two sensors.
For exanpPepliegdits Ken thguersieahearrevdPn il B&SPECne? L8 hs®H dn an
el apsed (] tef shhex! 1 ayid;ayr $8190% cynendei @l
liquid s%??g%gglog\r/é%&n%y gﬂgiéjégjt{i %g@?dy Eg?ﬁgﬁg%g?ﬁ?r nmet hod(.:JFo? exanpl e,
the |iqusHapearf atereqost tiim tlse catk aEdy psed Drtkepe i i i pipaidgmta by

utilizin sof tware. Thes ructures_are included in the step-hy-
det ect | ogUBP?YﬁéO?%R’a Hﬁsgﬂé{)i%{‘?er?eﬁew 8flaisﬁlicc‘8ﬁ‘§§ﬁﬁtsi%c§1% e %%]?‘%%P]
utilizi ngnthe-nipfznehoet 14 ordrmided offefrei ihag WwAdk sefhkeg. il thanhoéhlew val

di st ance ampng plural elastic wave generating nmeans 41 - 44 is such that
the int eevaindgiceinéeki fUpRéYupPEE gosi?h%r%umlwomwm 290 that in

the |ower ROSKU{ ONSye A% %glg%gg)ybwe gogs dewnuey 4.; Vgg,ruohlramegegwea@at

sensors DEcones narrt ower. a detection inter ecomes narrower
when t heitesaabsngffnknRnbuat desthewcokrtgind? 1| vhstrehesinkogarheidge

dot ot o1 REruel fan Lot etuel gl the, &L 0 4oLl a5 d goabe 8 gaked and
the recording head (not shown) provided in the ink-jet recording
apparatus, the ink supply needle (not shown) breaks through the
supply port valve 200 so as to be inserted into the ink supply
port 2. Since the actuator is arranged on the inner wall surface
in the ink supply port 2, the actuator 106 can detect the liquid
surface of ink after the liquid surface of ink reaches almost to
an interior end of the ink supply port 2 in the container 1. Thereby,
the actuator 106 can detect the liquid surface of ink at the
position close to the ink-end, so that ink inside the ink cartridge
can be consumed out without waste. v
Fig. 53 shows an embodiment of an ink cartridge which houses
plural types of inks. A container 8 is divided into three ink
housing chambers 9, 10 and 11 by walls. In respective ink housing
chambers, ink supply ports 12, 13 and 14 are formed, respectively.
In the respective ink housing chambers 9, 10 and 11, there are
provided actuators 106 in a manner such that they come in contact
with ink of respective ink housing chambers via openings provided

in the container 8.



narrow. Here, conpared to a case where there is enough ink left, the data
on the consunption state is nore inportant when the ink remaining anount
is low. Then, the consunption state is preferably detected in a detailed
manner. The consunption state is commaicated to a user or is JqesEr oy
controlling the recording device. According to the present enbodi nent,
provision of the sensors at different intervals, can conply with these
requirements. _Fig. 55A and Fig..55B show containers,suitable ting
| Caui @ sensor sTRBAETAISF S APRRAFFLgL crea Ty Sllionpiehns RmiBHs 62,
in a contatReisW |1@lishpsad whithehvugengtiy retehbetipks sBpPhY $©Ordné00.

It is to be noted that, fromFigs. 55A and 55B 91 || SEP 2003 on, the
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vi ci ni t ycoft hdadddeGiltephy adof fom 8 pdet v¢ | itk housiigng 6Bambeth 2held nk
supply port 800 and the |iquid sensor 802 are provided on the sane
vertical@Wal 11806. The |l i quid sensor may be provided in another verti cal

wal | (not show) pilf spRasednyesdd &ilodt Q olhesVertakdda Wal lth%p§u%>€Yy%&Mi di ng

the liquid sensor 1™m the vicinity of the ink supply port in i's manner,
t he fol | swrhgcadvei ageoss thepewht surpley potrdi Rets duovjelsst.al Ong engrPidegr ee

of PoSLi R0 08 BECULary, 3, Lo 428 L1 A0S PURDLY, B (oo @0 e BBy O 1S
posi ti onpBP Hrod J U andandl. a qRireeh8dopafiie Attheitd5€06i L8 pdrost idmsd ng
are provided. By providing the liquid sensor in a wall  section in the
vi ci ni t yinf tltlﬁevisgbpi\yymg tthe R faemi MPstFRRIYr PoFirienes KPP YDort
al so funchi QRS s coR¥ddd U NOTA! LHE!BEESLAE otibSalhdil § SR0RLendrsi ngl @
positioning structure operates on the “supply port and the [1quid sensor.
The posiloénexigends theon itdel dicsensyprofarhdenleauprdy bprassifgl &3 and
struct urleil t%eékelgtgo%nfgggyr a.[c}}/e length of the actuator 106 is not specified‘
by the distance from the vicinity of the supply port 2 to the top
face. However, the length of the actuator 106 is preferably
greater than half a distance from the ink supply port 2 to the
tope face.
Fig. 54 shows a process of detecting the liquid surface in
a step-by-step manner according to the present embodiment. Let
us label a sensor situated top among sensors as the first sensor,
and second, third and fourth in this manner. Before the first
sensor detects and judges that the ink is empty, the liquid surface
level lies between the ink-full level and the first sensor. After
the first sensor detects and judges that the ink is empty and before
the second sensor detects and judges that the ink is empty, the
liquid surface level lies between the first sensor and the second
sensor. In the similar manner, the liquid surface level can be
detected among five divided sections by four sensors.
For example, at point A in Fig. 54, suppose that the third

sensor outputs a signal indicating that the ink is empty while

the fourth sensor outputs a signal indicating that the ink is



can al so be inproved. Figs. 56A and 56B show a structural exanple for
positioning the supply port. In the periphery of the supply port (not
shown) di sposed on the bottom face of the cartridge, a quadrangle

posi tioning protrusion 808 is providedy The positioning protru 1 SEPRM i s
engaged with a positioning concave par? 809 in the recording device side,
in a sealing manner. The positioning concave part 809 is of a shape which
corresponds to the positioning protrusion¥808, Such arpange . the

nt. o
liqui d sBRESETFs sTheRdblYe aedipt kel li Hdhet ol + 1 1Y BEhERCenbo¥r eSS Fig.

10 shows,gRQLREr th¥Pthakq gXAEBLe 0k the Bk €M kELdge. conprised of a
plurality of liquid sensors. In this configuration, there is provided a

slanted wal | Morebeepot wokhpor &i eropa of the poesanheinv@hsishanthd wal |
may constitute p of ,the,container. In this slanted wall, a ural .ty of
o st o BROECIERE APl HEhe R Aeaay e ShFpIRGRAT Siedin Rt 4bie
various mahgeyal syafyly "PHEEENEVEY &I ShStT UGhid esurfdhCe | DK SOESLMEE T ON
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cont ai nebekyeRbrivoALABOTS - si gk @xaswisunpdiesn idwest biguhd essdmacal eyebe

det ect edmgg?@é & Qe e PhULER! &Y a%fef%géé’é Sciﬁn%' Qr@té‘{:r 99 %ﬁf’face
contrary, Since the Sensor is arranged in the sfanted wal'l>~1n fthe present

enbodi mehts phBeedoasBEREDLEN STl edewvdni bel Tl At @ Bdcel Lesadl shepsbeven
t hough the sensor is provided in the bottomface. The slanted wal |l makes
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consunption state can be detected at a plurality of desired steps by

arr angi ngoétwansor DresensorectEregs &fe stnwkuden tirerthelvaeRgeyust eRpect s
by utili zi he slapted.wall. Su se_that_the |iqui ur f myes by a
AeRdck A8n StaPbEcafRorroitPBRIsa’ 18, uieh, ofi ek, S5 RaBLTEY

di st ance i Stance ong with the

sl ant ed watkc8i6ni atgneatag thanptbeoadvesent desiasce x in the vertical
direction. Uilizing this fact, nore liquid sensors 812 can be arranged in
the vertical dREERYTHRIRATK tRolidH - the 38 FRteBrah %J&Fﬁﬂceb@“@nﬁn%?rﬂg

space iSeihet$aTRavLERVLErihE hdend AU A4 is such that the interval
distance in the upper positions is set narrower than that in the
lower positions. As the position goes downward, a pitch between
sensors becomes narrower. Thereby, a detection interval becomes
narrower when the remaining ink amount is low. Fig. 47 illustrates
how the detection interval (an interval of the liquid surface to
be detected and an interval of time (printing amount)) becomes
narrow. Here, compared to a case where there is enough ink left,
the data on the consumption state is more important when the ink
remaining amount is low. Then, the consumption state is
preferably detected in a detailed manner. The consumption state
is communicated to a user or is used for controlling the recording
device. According to the present embodiment, provision of the
sensors at different intervals, can comply with these
requirements.

Fig. 55A and Fig. 55B show containers suitable for mounting

liquid sensors. Preferably, aplurality of liquid sensors 802 are
provided in a container wall disposed in the vicinity of the ink

supply port 800. It is to be noted that, from Figs. 55A and 55B



sensors 812 are arranged at a sane interval, the slanted wall can detect a
smal ler liquid novenent (in the vertical direction) conpared to the

vertical wall. Fig. 58 shows another exanple where the |liquid sensors are
provided in the slanted wall. Part of % cartridge bottom secti @i SERQpi3S
projected toward the interior of the c dt ai ner. This projected part 826 is

provided in the vicinity of the ink supply port 824. A slanted wall 828 is

formed in the projected part 826, . liquid, ,sensaqrs 822 are .provided.in the
sl anted V&'l té%.é%lé’omt W[lﬁg &eojsé’étté‘tﬁ’slﬁaﬂﬁl@ retesh 4 e RISt of
the bottgmsestion 11 SEP 2003 93 820 when viewed fromthe front-rear
direction in Fig. 58. The bottom section 820 is comrunicated to the supply
port 824 via &efeoundiongodticabbAparis iok $hpepby goett 860 pieg Po8261iosedt hat

the projected part 82 es pot prevent.the ink,from bej di schar.ge
ther e 1 ofE i SRR O LE55 S v TBFor 1L FERCR P O S BEPTLARY (e
slanted wal b @MeScd]l SRI 1t Qi 3gyanbageens A8peRt by JDEBRVERk suspldepekitbed

above, an advantageous aspect is obtained in that the positioning accuracy
i s i npro®dd® -byRpEevirdnagta Figuis® .sdesdr ther iBbnswpRlY Pame 8Akamc Fhef t he
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sensors 834 arranged is so set that it i nar.rower near the supply port
832 whi | &1SPosedy Vgt icg! ftrooﬁﬁh@hé’erﬁﬁﬁﬁy “ﬁgrlt 8882. Thereby, as the

remai ning |iquid 3ARYAL;RECPABS1 14O £88s98t £61HING itigliMa} JIeeP@Ink
narrower. As deScribed before, data on the consunption state at the tine
when t he siupiplyempeinti ig tahsumaninsl, owhies frdd eviingortdyanteapgeushesPels si nk

is rather._ful .and it_is desirable, to, dete t con L. in a
ot o) oqarenkkeaifl ! | ph GARSA Lok On G EELe LIPS A aBEAK RN B
these requ resriiredrforTRhdEUPRLE ROl ised ianperdalisnfing stensanse Fig.

44A i s ar;%ttgesrf exanpl e where a plurality of |]i %ui d

ying this requirement is provided. For example, a
positioning protrusion and a projected portion for use with
positioning are provided. By providing the liquid sensor ina wall
section in the vicinity of the supply port, a positioning structure
for the supply port also functions as a positioning structure for
the 1iquid sensor. A single positioning structure operates on the
supply port and the liquid sensor. The positioning of the liquid
sensor can be realized by a single structure. Detection accuracy
can also be improved.

Figs. 56A and 56B show a structural example for positioning
the supply port. 1In the periphery of the supply port (not shown)
disposed on the bottom face of the cartridge, a quadrangle
positioning protrusion 808 is provided. The positioning
protrusion 808 is engaged with a positioning concave part 809 in
the recording device side, in a sealing manner. The positioning
concave part 809 is of a shape which corresponds to the positioning
protrusion 808.

Such arrangement of the liquid sensor is suitably adopted
in the following other embodiments. Fig. 10 shows another typical

example of the ink cartridge comprised of a plurality of liquid



sensors are provided. In this enbodinent, a liquid sensor such as the
actuator 106 is arranged on the top wall of the cartridge. 1In this

enbodi ment too, the consunption state can be detected at plural steps by
utilizing partition walls inside the cgptainer. Next, referrindj$R8° 2303
Fig. 32, Fig. 32 shows the nmounting nodule 100 integrally formed with the
actuator 106 serving as a liquid sensor. The nounting nodul e 100 i ncl udes

i whi ch h 106 h [ Fi g.
50" Shows SAEPPCt uf AIC i OT LEBRBFLSBa DFSSC prLPAPTE 9o ot TPl Lehbor o

842 (act yat ehs)best &g poid is@lid wrothaDesht AinS4. 1rHeER 1202 awedulesa40.
By utilizing the nmounting nodule 840, the liquid sensor 842 can be
pr ot ect eGoNEsitotespast 8§ GbscerpEainaBsve. InNphEdvelanta@ ¥dbhti®g of the

liquid s I s faciJd : el no ' Ois
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recycl i ngtpesfsent brgraibowhonseaval s UCtBY anpeagpt énwhtdries atpliotakety of
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odul e 851, Thegend Gt PRSBLSoBRhALentaiRe i sHagfAllyai tsihgie

mount i ng nodul e 851. This nounting nodule 851 is nmounted to the in
cartri dgeonknmphisnpsestnt canbedisgpntiallyl healekeqgtied dempdts o©dnabe
mount ed with_ease, and assenhly. therefaor .can.be .further inpraoved Fj
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20. The actuator 860 conprises a single vibrating section 862. The

vi brati n@hge%@m%wnmlzonisfréw%nabﬁiie%@at&q ptcplayet staprisysn eheedhode
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shown) is sposed ween t ase plate and a piezoelectric elenent.

Thi s vibaaptegepéamEnédnamgb@swrth[ﬁHﬁpe&k,thethbbharﬁngntsécdinactinnthe

base plake 803 Lhere honREoXLIRE 2 o ' 4 BR%Red) SR ckOablite so
that the consumption state canbe detected at a plurality of desired
steps by arranging a sensor or sSensors.

Fig. 57 shows further advantageous aspects by utilizing the
slanted wall. Suppose that the liquid surface moves by a distance
x in the vertical direction. A movement distance y along with the
slanted wall 810 is greater than the movement distance x in the
vertical direction. Utilizing this fact, more liquid sensors 812
can be arranged in the vertical direction even though the size
of a sensor or a mounting space is the same. Moreover, if the liquid
sensors 812 are arranged at a same interval, the slanted wall can
detect a smaller liquid movement (in the vertical direction)
compared to the vertical wall.
Fig. 58 shows another example where the liquid sensors are

provided in the slanted wall. Part of a cartridge bottom section
820 is projected toward the interior of the container. This
projected part 826 is provided in the vicinity of the ink supply
port 824. A slanted wall 828 is formed in the projected part 826,
liquid sensors 822 are provided in the slanted wall 828. Moreover,

the projected part 826 is provided in part of the bottom section



In Fig. 62B, a plurality of liquid sensors 860 are arranged on a
connecti ng nenber 864 common to the plural |iquid sensors 860 This
connecting menber 864 is nounted to the ink cartridge. Thus,: g
structure is advantageous in that it sgyes tine for nmounting pIu aﬁm?rqurd
sensors and facilitates assenbly thereof. In Fig. 62C, a single liquid
sensor (actuator) 870 includes a pIuraIity of vibrating sections 872. Such

aliquid r 870 be t he | jdge. obo this case,
each vib?gﬁrw CNSYLEYD ﬁﬁ?m 5598 dt58%a sE%% éé ?ﬁqﬁ#g'sgﬁéor.
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nodi fication to the liquid container will be described. In the present
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As the ipketrafikonf the ink-jet recording apparatus there are so-called an

on-carriage type and an off-carriage type, %ge ab ve descri bed
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the present 1 nvention ca al so be applied simlarl o the off-carriage
type i nkasadksckhnbetihabovaseant hévenragedge aspetie lﬁkObaﬁkne@ proviated on

a fixed _portion (such as a _housing, nd so of t e

appar at uEReTEPr%s’cta’r‘tI?t%é‘CEMatcﬁel? %é{)a%lr%yjeg%%% gt‘i‘l é;(Ql[lgléube or
the |ikeorTBenkbgHi ﬂnseﬂéo’(flb&nQE?Vbﬂedhénsﬁ b5y T psed. cartrl dge Fig. 63
shows an exanple of the off-carriage type in cartridge. A head_ 882

nounted to a cBE®:a%R %Hﬂws'ﬁﬁéﬂ%uﬁ?QQh?r ﬁ§a@BﬁﬁeEFé&1F6nﬁhEth§1%%F? |dge

886 b f e riate
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setting 562|Whpoh augpbee@rthe(ﬂﬂhulﬁzrqnwhabbatﬁamngrofThéelﬂ@ntéin¢rdge
886 inc| Hdeinge gial I tghe sen glrg 35238£§a§§ed is so set that it is
narrower near the supply port 832 while it is wider far from the
supply port 832. Thereby, as the remaining liquid amount becomes
low, the detecting interval becomes narrower. As describedbefore,
data on the consumption state at the time when the ink remaining
amount is low is more important than when the ink is rather full,
and it is desirable to detect the consumption state in a detailed
manner when the ink remaining amount is low. In this embodiment,
these requirements are met by setting varied intervals for sensors.
Fig. 44A is another example where a plurality of liquid
sensors are provided. In this embodiment, a liquid sensor such
as the actuator 106 is arranged on the top wall of the cartridge.
In this embodiment too, the consumption state can be detected at
plural steps by utilizing partition walls inside the container.
Next, referring back to Fig. 32, Fig. 32 shows the mounting
module 100 integrally formed with the actuator 106 serving as a
liquid sensor. The mounting module 100 includes a mounting
structure which mounts the actuator 106 to the cartridge.

Fig. 60 shows a structural example comprised of a plurality

of liquid sensors 842 (actuators) using a plurality of mounting



Fig. 64 shows still another nodified exanple of the container. 1In this
enbodi nent, a plurality of liquid sensors 892 are nounted to a sub-tank
890. The sub-tank 890 are also shown in Fig. 3 and Fig. 4 (refﬁéggée
nuneral 33). The sub-tank 890 is provigdgd in the vicinity of 4 J@Bding
head and is communicated with the replaceable ink cartridge. This sub-tank
890 may be regarded as an ink tank so that the liquid sensor 892 can be

nounted in.the -tank 890, This dification ca e lied to. both the
on car i BRE IS B4Ry OFY Bt 1AL (e Bevactay SotelS 488, fe Hhigttd
Mor eover gehB8ri B2t aRk BRYpha¥eckast Frbanoikehaes whi eBsceivedeabbee.
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decreasing direction, and in the present enbodinment the liquid surface
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conpri seshanefaodi cahi bg pupchss tmpro¥8d4, a printing operation control

unit 1816, an ink rgggenishin process unit 1818, a cartridge re gqg£ng

process unit 1B38SantPR HAhErAySd5at BRQY ofdPus types of structur

the actuator as the liquid sensor. Fig. 62A shows a similar
structure to that shown in Fig. 20. The actuator 860 comprises
a single vibrating section 862. The vibrating section 862
includes a piezoelectric layer, an upper electrode and a lower
electrode. In the present embodiment, a vibrating plate (not
shown) is disposed between the base plate and a piezoelectric
element. This vibrating plate functions as part of the vibrating
section. 1In the base plate 863 there is provided a cavity disposed
counter to the vibrating section.

In Fig. 62B, a plurality of liquid sensors 860 are arranged
on a connecting member 864 common to the plural liquid sensors
860. This connecting member 864 is mounted to the ink cartridge.
Thus, this structure is advantageous in that it saves time for
mounting plural liquid sensors and facilitates assembly thereof.

In Fig. 62C, a single liquid sensor (actuatoxr) 870 includes
a plurality of vibrating sections 872. Such a liquid sensor 870
may be mounted to the ink cartridge. 1In this case, each vibrating
section may be regarded as a separate liquid sensor. Thereby,

further small amount of ink can be detected.



process unit 1822. These structures will be described in detail. Wen a
drive voltage is applied to respective liquid sensors 1802 - 1806 under
the control of the neasuring process unit 1812, the liquid sensor
vibrates. In a nethod described above, _the change in the acotisk BEP 2003

i npedance acconpani ed by the ink consunption is utilized. The residual
vibration after the liquid sensor is driven, is detected. In another

nmet hod, after the elastic wave is generated by the vibration, a signal
correspondi ng ¥ext h@odidicaéies tatBedgauist C‘P’K‘éaje‘F%’%f“’iléﬁv%‘?/ge?grébgaut.
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or not the |jquid surface.is higher than sensor a . detection, si.gnal of
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process Rkt R8¥e ga8ciudeg wpsthsr ipk sgttihe@géiquid surface of ink has
passed. t he each sensor. The detection process are periodically perforned
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surface is_ | r-{han_ the sensor_"jink- aLer I S i ich
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t he |i qutHe5dac @epagsbedl itbSEtert s | lde sdetiettioanhsedden methahgesade om

the "ink-present state" to the "ink-enpty_ state". _In the Bresené .
enbodi mefR, LA EHHRIASE tAPRhiEk TRECTIRRd Nameiyce thEsCPRES AT fretths

this det g%waeaeo%&m 85521 k68! Urie, @bnkBa SRl 6890, RR BILnCEBA can
measuring process unit 1812 Swtches the sensor's detection position along
t he |i quatisosie famel idet sdasilegldi tectherrthreaspioral yneo imkpEagkessIBf t he
i nk cons ion. After the cartrid i S .nmounted, . i pkzful |
sat e, thggg{iqﬁ?ﬁeSe%lg%rcﬁw ‘?f$§d{?ség‘?‘ \F\ﬁgg %%Zgl?!r)ﬂ\éidlgé g@n%u’?re CEgmd
the |iqupdrsiibhacgupnssesat HBusENGoand 882, ofiheof | gl thisensorrd882d ey ect s

the ink-enmpty state. Responding to _this, the neasuring process unit 1812
swi t ches@PBRarfabksdet’Erg icgatridge and the recording head are connected by

a tube or the like. The liquid sensor is provided in this fixed
cartridge.

| Fig. 63 shows an example of the off-carriage type ink
cartridge. A head 882 is mounted to a carriage 880. The head 882
is connected to the ink cartridge 886 by way of a tube 884. The
ink cartridge 886 is fixed on an appropriate setting position (not
shown) of the ink-jet recording apparatus. The setting position
may be provided in a movable manner. The ink cartridge 886
includes a plurality of liquid sensors 888.

Fig. 64 shows still another modified example of the container.

In this embodiment, a plurality of liquid sensors 892 are mounted
to a sub-tank 890. The sub-tank 890 are also shown in Fig. 3 and
Fig. 4 (reference numeral 33). The sub-tank 890 is provided in
the vicinity of the recording head and is communicated with the
replaceable ink cartridge. This sub-tank 890 may be regarded as
an ink tank so that the liquid sensor 892 can be mounted in the
sub-tank 890. This modification can be applied to both the

on-carriage type and off-carriage type structures.



position to a mddle stage. Nanely, the ink consunption is detected by
using only the liquid sensor 1804. Ina simlar manner, when the liquid
sensor 1804 detects the ink-enpty state, the detection positiQﬂ iétf
switched to the | owest stage (the |iqui sensor 1806). Accordi b 2082
present enbodi nent, since the detection  position is swtched dowward in
sequence, all of liquid sensors are not necessarily operative constantly,

so that operation of | | SEP 20M 98 the |jquid sensors can be reduced.
Ther any, ' dat HCBEGTESS fBE ARulerinee MITRaBRE NG G B BU TPy S ED can

be reduced~viMar ep¥el ntéPidheMdraseninenhnd replurbner ged eclipibe s, caHancy
i ncreases corresponding to the change in the 1nk liquid surface. It is

pr ef er ablay plvaelilty @bt déigudd fseagoesc pabe bei peorvdised 49 thesgePddiodn

position is shifted downward. Namel.y, he interval of the detec
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ink liquid surface is higher than the 1liquid sensor 1802, the anount of

ink is | ®g¥idse apkurdertey o 1heuidnAedisnns nedBSsFeYSUmP PR At atfeOofi qui d
sur face' i_NQaq T et.ect.i r i et t relatively
smal | nu%%g?%iuﬁgﬁﬁriﬁg&iF%ﬁ?ﬁggéﬁs%F%%§32%g§?§%¥g ?ﬁ? %ﬁkggﬁgfsegtate. On
t he ot hendianduadfityer the |iquid surface of ink has passed the liquid

sensor 1804, the next sensor to detect the jnk surface's passin is the
T auid sensor 1886 o ABONEGLF ORLEN SY SEEOET SUBSa Pt GsRAE LS SPPBRELES

posi ti ona2eedrdehects the drdcdiraemeBdipbate (TiHradichyuidedndiorappeoaches
t he conpl ete consSunption of the ink). The |iquidsensor 1806 preferably
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provided at different positions in the liquid surface changing
direction relative to the ink consumption. The liquid surface
changing direction is typically a liquid surface level decreasing
direction, and in the present embodiment the liquid surface level
decreasing direction is mainly presupposed. These liquid sensors
are controlled by a measuring process unit 1812 of a recording
device control unit 1810. The recording device control unit 1810
further comprises an indicating process unit 1814, a printing
operation control unit 1816, an ink replenishing process unit 1818,
a cartridge replacing process unit 1820 and a printing data storing
process unit 1822. These structures will be described in detail.
When a drive voltage is applied to respective liquid sensors
1802 - 1806 under the control of the measuring process unit 1812,
the liquid sensor vibrates. In a method described above, the
change in the acoustic impedance accompanied by the ink consumption
is utilized. The residual vibration after the liquid sensor is
driven, is detected. In another method, after the elastic wave

is generated by the vibration, a signal corresponding to the

reflected wave against the elastic wave is output. The time



a smaller nunber at other states. After the necessary data are securedly
obt ai ned, the nunber of detection processes can be made snall as a whol e.
An advantage of the present enbodinent is obviously significanq{geErasd

to a case where there is provided a siggle |iquidsensor. Suppose that
there is provided only a liquid sensor™ 1806 which detects the ink-near-end
state. Then, in order for the liquid sensor 18 O 6 to early detect the

arrival of the liquid surf ace, 99 11 SEP 2003 it is_necessar Q
const ant Iy FEFEY %F?E & eEF'r%gﬁcg?Blc(‘3’§¥eaFoareﬁP§H_ f“?gq% na‘?.t\é_f:%etdhe |
present amRedIERLtIdY GeRLE2ShgtdIR! Bl @zoe BBl l B lidHeRORSY I haBpdeas not
progress so much, it suffices to detect the ink consunption at a

relatively | owSdacecthenacensgienioypedanas |duastd amdy ichengeseRssed1802 and
(ne'l | i epsor 4804, Thus e ity o gpegel: o3.Lhs L semsors

can be g escri according to thé present

enbodi medet ectthenc @iguapt odn thkatl@qafid Bknear befebisci eBatydaod wbeurately
grasped with a relatively small anpunt of detection operatjon. Q
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unit 1810. For exanpl®, en the printing operation continues for the |ong
peri od ofletientiion prbaege-scalmerietoral hg myfaratads att bepnedbeerofined
measur i n%,Pnr,ocesses during the printing operation can be significantly
made smalt™freover, in the present embodinent, it is not always

necessary to chapge the detesfiion krgduengywwhenevee thgudat eciifade is
position is switched. For exanple, the liquid sensor 1802 and the liquid

sensor 13owerntheg. ths mepsest sénkrREPLHksEahslinphidA at sSteke danwhich
det ect i oghf r&

detection tr e%%{gir:&céuggégﬁg%e?%%% gg%%oﬁpﬁgéggéfﬁhgﬁ%(r_a%]s'ﬁ%%tgng%%% ierlrle'nt ,
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liquid sepsors or nmore, The _distance between adLﬁgeggnLi_g%i Sepsors my
not be eﬁ&épgepoﬁrom the “ink-present state” to pty
In the present embodiment, the detection in which the liquid
surface has passed means this detection result.

As a feature of the present embodiment, the measuring process
unit 1812 switches the sensor’s detectionposition along the liquid
surface decreasing direction corresponding to a progress of the
ink consumption. After the cartridge is mounted, namely, at an
ink-full sate, the liquid sensor 1802 only is used. When the ink
is consumed and the liquid surface passes the sensor 1802, the
liquid sensor 1802 detects the ink-empty state. Responding to
this, the measuring process unit 1812 switches the ink detection
position to a middle stage. Namely, the ink consumption is
detectedbytmingonlytheliquidsénsor1804. Inasimilar manner,
when the liquid sensor 1804 detects the ink-empty state, the
detection position is switched to the lowest stage (the liquid
sensor 1806).

According to the present embodiment, since the detection

position is switched downward in sequence, all of liquid sensors

are not necessarily operative constantly, so that operation of



exanple, it is preferable that the interval of the Iiquid sensors be
narrower as the liquid surface becones | ow. - These nodifications can be
applied in the foll ow ng other enbodiments. Control of the ink je% p
recordi ng apparatus based on the ink nsunption state F@ferrila Ec@upo
Fig. 65, the recording device control unit 1810 conprises an indicating
process unit 1814, a printing operation control unit 1816, an ink

repl eni shj ng, process unit 1818,, 100 -11 SEP 2E1 cartrjdge replaci.n
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exterior thereof. The functions o the control unit™1810 in part or whole
may be pFlwieley, i phannexbernaf deleetciosubdcamesohpas eas andwibhke| (kee
connecteg %g t he r&cordlng. apparatus. The indicating process unit 1814

i ndi cat es° % Lo TBSHORUIRY’ to the 1iquid sensor which has detected the

liquid surfacess easgiing. whenafhé ndicatigdddeansaca 1B sl rlBRenatiek a
speaker 1832 are used. The display 1830 is, for exanple, a display panel

of the rbi@wid Rerpparkiis. theeaubspra9t 1830 iy aygca §6rEBAC bRetfels
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other hand, after the liquid surface of ink has passed the liquid
sensor 1804, the next sensor to detect the ink surface’s passing
is the liquid sensor 1806. The liquid sensor 1806 is positioned
at a lowest position and detects the ink-near-end state (in which
the ink approaches the complete consumption of the ink). The
liquid sensor 1806 preferably detects the liquid surface’s passing
at an early state. Thus, the detection frequency of the liquid
sensor 1806 is set to a larger number than that of the liquid sensor
1802. By controlling in this manner, the detection frequency when
the detection of the ink consumption is required in a speedy manner,
is set to a large number while the detection frequency is set to
a smaller number at other statés. After the necessary data are
securedly obtained, the number of detection processes can be made
small as a whole.

An advantage of the present embodiment is obviously
significant compared to a case where there is provided a single
ligquid sensor. Suppose that there is provided only a liquid sensor
1806 which detects the ink-near-end state. Then, in order for the

liquid sensor 1806 to early detect the arrival of the liquid surface,



detects the liquid surface's passing, a blue long bar figure is displayed.
The simlar figure may be displayed prior to the detection by the liquid

sensor 1802. Next, when the liquid sensor 1804 in the interneihséf §hﬁp
detects the |liquid surface's passing, gn internedi ate | ong an P bar
figure is displayed. Mreover, when t A& liquid sensor 1086 in the | owest

position detects the |liquid surface's passing, a red short bar figure is
di spl ayed. . The display may be of node such.that an LED or the Iige are
directlyt iSSEPC%EQrXO‘iOU%%‘a?t%?&dﬁa?@??d: e g’ie%cﬁ%é’éogﬁﬁscﬁ ndi ng

the col on;and e Ehgene,f or raetal LSS daia eniddf i GRATUAPE LRt shaterRbrepk, can
be notifiéd to a use”in a clear manner. Mreover, the indicating process
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speaker %ggﬁ?t?%g gﬁga% £8 %WQ31 g ﬁtr305§gﬁgévggga}grhggkeg%é8 er or a
speaker (f&e@ﬁe%&:y%ﬁ ltiéﬁ@&hgtwe suglliasehaMyb erand eRaECIfd d Sehber
recordi ng apparatus. Preferably, the notifying sound is nmade different

accor di ng 804 -t hBhiis gut e sewsber ®breberrtingithe higwi@reeefabf eCad kRe a

sound sign hiﬁﬁcg%khfygg%u%%%nd. Synt hetic voice indicating the ink
consunption state isygenerated by speech synthesis processing. The, the

content of a nmssdgecribadgebozecondcbogdtingt he thk preeaht ehbhbddisenthe
liquid sensor which detects the Iiﬂuid sur f O her strgctures

. ace' s, passing.
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sensor (I806, Fig. 65) nounted in the |owest position in the ink cartridge
det ect s RAtrrodesginy doafldfcy sheaesisng inPirrderes pkibndili cenbe vedeedr e
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Operatiogp%ggkggk-gg;giégég Eégeim}q%ngrgggggg of time in a large-scale
recording apparatus, the number of measuring processes during the
printing operation can be significantly made small.

Moreover, in the present embodiment, it is not always
necessary to change the detection frequency whenever the detection
position is switched. For example, the liquid sensor 1802 and the
liquid sensor 1804 in Fig. 65 may detect the ink consumption at
the same detection frequency. Or, the liquid sensor 1804 may have
the same detection frequency as the liquid sensor 1806.

In the present embodiment, three liquid sensors are provided.
However, it suffices to provide two liquid sensors or more. The
distance between adjacent liquid sensors may not be equal. For
example, it is preferable that the interval of the liquid sensors
be narrower as the liquid surface becomes low. These

modifications can be applied in the following other embodiments.

Control of the ink-jet recording apparatus based on the ink

consumption state

Referring back to Fig. 65, the recording device control unit
1810 comprises an indicating process unit 1814, a printing

operation control unit 1816, an ink replenishing processunit 1818,



operation as the | owink-anmunt counterneasure process, by controlling the

printing apparatus 1834. Thereby, the printing operation after the ink is

depl eted can be avoided. The printing operation control unit 18 na
)fggpt%

prohibit a printing maintenance oper altqd)n (cl eaning operatio

| ow- i nk- anbunt count erneasure process.” 1n the present enbodi nent, an
object for the printing maintenance includes a print head. At the tinme of
perform ng nmai ntenance_on.the print head, a relatively 102 11 SEP 2003
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apparatus.

The indicating process unit 1814 indicates data
corresponding to the liquid sensor which has detected the liquid
surface’s passing. As an indicating means, a display 1830 and a
speaker 1832 are used. The display 1830 is, for example, a display
panel of the recording apparatus. The display 1830 may be a screen
of the computer connected to the recording apparatus. Preferably,
display mode changes corresponding to the liquid sensor which has
detected the liquid surface’s passing.

Fig. 66 shows a processing example where the display mode
differs. When the liquid sensor 1802 in the highest position
detects the liquid surface’s passing, a blue long bar figure is
displayed. The similar figure may be displayed prior to the
detection by the liquid sensor 1802. Next, when the liquid sensor
1804 in the intermediate step detects the liquid surface’s passing,
an intermediate long and yellow bar figure isdisplayed. Moreover,
when the liquid sensor 1086 in the lowest position detects the
liquid surface’s passing, a red short bar figure is displayed.

The display may be of a mode such that ah LED or the 1ike are directly



at | east one | ow i nk-anobunt countermnmeasure process. For exanple, as |long
as there is provided the ink replenishing process unit 1818 or the
cartridge replacing process unit 1820, the printing operation £@Hp ghg unit
1816 may not perform stoppi ng process oJ the printing operation. Moreover,
there may be provided a structure by whith to avoid the i nproper operation
due to ink shortage, which is not of the above-described structure
perform ng the | owink-anount counterneasure process. 103 . 1 1 SEP 2083 I t
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‘changes according to the ink amount, t P q
which detects the liquid surface’s passing.

Other structures such as 1816, 1818 and so on of the recording
device control unit 1810 begin to perform a low-ink- amount
countermeasure process when the liquid sensor (1806, Fig. 65)
mounted in the lowest position in the ink cartridge detects the
liquid surface’s passing. The low-ink-amount countermeasure
process is a process by which to stop or suppress the recording
apparatus operation such as an improper printing operation and
the like in the light of the fact that the ink remaining amount
is very 1low.

The printing operation control unit 1816 stops the printing
operation as the low-ink-amount countermeasure process, by
controlling the printing apparatus 1834. Thereby, the printing
operation after the ink is depleted can be avoided.

The printing operation control unit 1816 may prohibit a
printing maintenance operation (cleaning operation) as the
low-ink-amount countermeasure process. In the present embodiment,

an object for the printing maintenance includes a print head. At

the time of performing maintenance on the print head, a relatively



Gasp of liquid surface | evel by scanning the sensor Fig. 67 shows a
recordi ng device control system according to another enbodi nent of the
present invention. An ink cartridge 1900 is of a vertically Hoggg?ﬁﬁ
shape and is, for exanple, a so-calledhfixed type ink cartri se
with off-carriage. The ink cartridge 1900 includes seven |liquid sensors
1902 - 1914 along wth the liquid surface decreasing direction due to the
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detection process, l'i quid sensors 1902 - 1914 are used. For exanpl e,
the liquid senMorsowpenaae another exdmpléroﬁlthe MQwennhsambqu|d sensor

1902 to the | t t f, t d
sencor) COSTbRETEIETA PEFECTT qUitE arPRc0) SORTST Fo8 BN PHE SEhEor

1910 andmayhgrbhayii@ §eﬁ§thiﬂé2prbBeBB| $r6aSBeihfeshiapvid 66N6RESNANO2 -
1910 detect the ink-enpty state. On the other hand, the liquid sensor 1912

and the Prantdngeproresrfteat a@entrdin pRipEésamragess endshusThenebyi qui d
surface ﬁg"@én io%&%tascé’éxa} el )éfoﬁéﬂa]gfﬂ% \P%Dcfe%% €ko tél?arﬁ’%eec%' 90,1 O Wwhi ch

the liqu sensor scans na erse di‘rection e’ measuring
process Uﬂipriﬁianabfn@anéﬁcébefkbmubdlngemﬁﬁétShPWEdChndehecmédsthe
|l iquid surface's passing. For exanp in Fig. 67 the liqg #d se sors 1902

- 1910 are S|tﬁﬁt@leWnlpﬁeaﬁgPBEtFBHHES§W?P8H§emHEP€eFﬁe F auFH surface

has al ready1cR2asgdg Hig%%egaeiglbl gutemgg%a&iyr%ﬁmehlQﬁegseﬁef 9hkt he
detection process. he |iquid sensor as detected the

i nk- enpt garsradgefwith hekrhYe@@tl@rCPrlh@@lg tineberk sepleneshimyg davioelgded from
a detectbﬁ rBE9C6§E'n%r93£§ﬁ§ Clherggxlnﬁhq | i qui d sensor(s)

As a low-ink-amount countermeasure process, the cartridge
replacing process unit 1820 automatically replaces the ink
cartridge by controlling the cartridge replacing device 1838. By
this countermeasure too, the printing operation can continue.

As a low-ink-amount countermeasure process, the printing
data storing process unit 1822 stores the printing data prior to
the printing operation, to the printing data storing unit 1840.
Thereby, the printing data prior to the printing operation can
be prevented from being lost.

Not all of these structures 1814 - 1822 may be provided in
the recording device control unit 1810. It suffices to carry out
at least one low-ink-amount countermeasure process. For example,
as long as there is provided the ink replenishing process unit
1818 or the cartridge replacing process unit 1820, the printing
operation control unit 1816 may not perform stopping process of
the printing operation. Moreover, there may be provided a
structure by which to avoid the improper operation due to ink
shortage, which is not of the above-described structure performing

the low-ink-amount countermeasure process.



which is (are) obviously situated above the |liquid surface can be excluded
fromthe detection processing object. The neasuring process unit 1812
preferably increases the detection frequency when the nunber of liquid
sensors not used in the detection process increases. That thel hi&BPe200pf
liquid sensors not used in the det ect1®h process increases neans that the
| i quid surface beconmes further low. Wen the liquid surface becones |ow
and the ink remaining anount is |low, the ink consunption 105 11 SEP 200 can
be detected fadit By PaefessPig thatdéhecebenef LleyuéRbyamPHBL since the
number. of. RERINE Al Gl BN he R RARY BlrE LNEHLATE qully LA Lor the
measuri ng process unit °HE MoniFrrim us, accor |ngqto this

enbodi nentos iwhidreds Uppitéss ilogekhe pbedteanedetecksadhef 1ihaidesetfaon’s
process, the ink consunption can, be_detected as fast as possible e

n
the-i nk M&FEiMich§IEnDanPT PSSP PR A 45Tt &t @B P P DS AR ng
di rect i Oy afediiild d 9RBSOpeaBRebR: UL SHET: URADUafBENEY OgEESS Of the

ink consunption. Fig. 68 shows a swtching process of the scanning
di recti opriAtimedésesati tedauletrecintoheds rigwn chespir i mthi hewalourg20apgbtanni ng

direction switching |level) is set.in advance. In this. .exanple he, swi tch
lever 1056 FanPbnty el e rRaSnaioh o SERET S orhtidmaeopet Sehed
liquid semzon ilRQ& istirFialdeat ed approximately in the center of the ink
cartridge. Wien the liquid surface is above the switch |evel 1920, the

scanni ng di recRederriggdsenfiégd. 6 Thudhati ithe lgudd sepren iL§0PdIsERSEP 1902
operates ; ARl @%&hﬁﬁr'-égﬂ' Qt%x‘?Q?OfA %ﬁtxﬁ%ﬁ’nd@tt UeS s dpuanaLd ar degelhe
S the other

sensor operates. and, ‘when € I nk consunption progresses
and t he Itihguild gsuir¥ aseasloavalsolbe detrestiselcbw fLlhgusdi salrfakevel pd@2adnonanel v,

when the _liquid sensor 1908 detects the ink-enpt ate, .the scanni ng
di rect i oRCGPTERET tQuitdSs BAESENES © @ﬁ@&'taggﬁg Ebﬁaﬁ&kdﬁﬁe?Pfﬁ I Then,

the |iquicdrnsenser, A8hé1y0PLfeéLSHd ik i6N8Belings I & =5pBE@AEL1AI2the
operates and in this upward order the sensor operates. Here, when the
| i quid sdoWadaki-ameugly, comatergerguser baogess can be performed.

The above “predetermined additional amount” may be defined
as the number of printed sheets. For example, the number of
printed sheets is set in advance after the liquid sensor in the
lowest position detected the liquid surface’s passing and until
the low-ink-amount countermeasure process is performed. In this
embodiment, performing the low-ink-amount countermeasure process
in the middle of printing a certain page can be avoided. Stoppage
of the printing in the middle of printing operation and the start
of cartridge replacing process in the middle of printing operation
can be avoided. Thus, the low-ink-amount countermeasure process
can be performed at a proper timing.

Grasp of ligquid surface level by scanning the sensor

Fig. 67 shows a recording device control system according
to another embodiment of the present invention. An ink cartridge
1900 is of a vertically elongated shape and is, for example, a
so-called fixed type ink cartridge for use with off-carriage. The
ink cartridge 1900 includes seven liquid sensors 1902 ~ 1914 along
with the liquid surface decreasing direction due to the ink

consumption. The operation of respective liquid sensors is



can be detected faster if the liquid surface is searched in the downward
direction. On the contrary, when the liquid surface is |ow, searching the
liquid surface in the upward direction is faster in detecting,th #i id
surface. Thus, in the present enbodi the liquid surface ﬂévgﬁ be
efficiently grasped. Moreover, in the present enbodi nent, once the liquid
surface level is grasped, the liquid detection may be term nated even

before conpletin e detection at all schedul ed, detecti on, SEP 2003 .106
poSi t i on?ﬁ%g(?tani N &Ne; ﬁa§ec§§etgﬁtl eft & Snﬁn@PaémSPtF?B?’W%m &Pe the

liquid sysfacg deyglrisg ffp%@@svghﬁﬁ_iﬁh@eii Qihh 198RS 05 eé&@@_'@ﬁ}i%ggéﬁga,@

i nk-present state, then the detection procesS may be term nated.

appar ent af dohve heoldtlrne, dedcrepeivms aacountemgelect hemopies divraenybdichent ,
the liquid surface |evel can be found faster efficiently and the wastef ul
oper at i off 35t SFHFE ?é’%?b’i(gs) can be reduced. The switch level 1920 may

not be in the geat eeaglirifg peabbbkdgaitMiseoveereths puiriehikbayel, $820 nmay
not be at the sanme position as the sensor in the center. Sensor usage

limt dudiifgiigh isneifegeopesation ofr ankr al ¢ Prreefreagdinedy Measirdndpr ocess
i s chang rdi t t - %Bq K-J.et 41 rdi a Sis
inthe m gg’f&g’%qt'he?gﬂ%(% Ci(}%{eerc.z@a{%%g% rlénég} tt]ﬁl:e p}rli(a%gidglsgglg%glrga{i?g%, t he
nunber of the4l agaivssdnsox erahplasethéol igel @ddrmdors odandtteedn Thies i s
a process in which smaller nunber of liquid _sensors tﬁg}n usual 'gs used in

the hopeCFREE HHIM FESHRRHGU L LGUIEARBIAT AL F DRPENLYHRHRT dAIFECul t

can obt ak@pkb §664d3LaanWE £ 6‘%@r£’9§<§1i1 bbe vrhae. ey, t Bepbbaui d
sensor (see Fig. 67, 1914) in the |owest position only is used during the

pri nti ngtopér ahieodiquidi Buxifaget heveli daed bebweeni hheheehsawsi opOsknfon,

thether Bhe L9k icgH el T "SrUBYRL phe ML al o iR Lot
1910 detect the ink-empty state. On the other hand, the liquid
sensor 1912 and the liquid sensor 1914 detect the ink-present state.
Thus, the liquid surface level can be accurately obtained.
Moreover, the direction in which the liquid sensor scans may be
in the reverse direction.

The measuring process unit 1812 may not use the liquid
sensor (s) which detected the liquid surface’s passing. For
example, in Fig. 67 the liquid sensors 1902 - 1910 are situated
in the detection positions where the liquid surface has already
passed, thus these liquid sensors may not be used for the detection
process. Here, the liquid sensor which has detected the ink-empty
state for the predetermined number of times may be excluded from
a detection processing object. Thereby, the liquid sensor(s)
which is (are) obviously situated above the liquid surface can
be excluded from the detection processing object.

The measuring process unit 1812 preferably increases the
detection frequency when the number of liquid sensors not used
in the detection process increases. That the number of liquid
sensors not used in the detection process increases means that
the liquid surface becomes further low. When the liquid surface

becomes low and the ink remaining amount is low, the ink consumption



according to the above-descri bed process. Next, advantageous aspects of
this enbodinent will be described. It is desirable that the |oad for the
i nk consunption detecting process be nade as snall as possigle E%@n
exanple, the recording device control it 1810 in Fig. 67 Jn§$ |45™t he
detection process and the printing opé#%?ion. There is possibility that
the detection process may affect the printing operation. It is considered

that the printing process proceeds 1li, SEP 107 faster if the detectjion
process FenRepesecsefckrsh byhngreashia thendar aeht o K& sehersi-on GRSt he

liquid ser ' (44U & 1 $aked;
q Efﬂﬁefgstfﬂééaéﬁﬁrgaﬁe&ﬂ%k%ﬂgéﬂ Bn @& 3n0eeUhELSs, Lés?f)'é%l@_@fe iREBease

obt ai ned, th e detection process during the printing operation
can be nadelsadl forAshkomersdesngf prheesensoitopét it benwingampinousThus,
nodi fi cations . .are possible. FEor exanpl the |iquid sensors_are suitﬁgly

thinned BECATSHRE B A TRSBBREd TSPt od Y Rk & ERPT FH S8BT oPSTE8RY tay be

used. Mgguess thiReqabt dut dos PR tRhe UNPEHABSHpt PBAI ddPBeodbiect b8
|l iquid sensor in the center only or the liquid sensor in the |owest

posi ti onaenfgshapsbeogseédbleMshenvehe ‘ths remgihdngeasounbnig wWakWeh is
expected to detect the liguid surface' .s assing_next ¢ sed. t he
#H il %re%%rig% ? err'if)ocf‘i(f'nent t@le gSCtagléllglél d gcpftoﬂ 89 ti‘ig

exanpl e shown hi's™~Ccase, ‘durin nting operation the

liquid sengaidlBéAserky cahsbeseditERel aaunhgr sRaspreghbssover theninke
present enbodi nent, the following process wll be performed as a
pri nt er - FARPUBBLAPE: meBkdr £8 FYYHG SHIRSPiRI RFPCESEnPEr RBESBFRNELESr di ng

to the phgsent;gbod Pllueclrnshiohiact £k foh Aitlechionlsi { adncaids bhat the

i quid sensor detects™ the ink-enpty state while the black circle indicates

t hat the(sbhquﬁdgs@hsectﬂemeﬂnttdhﬂnglﬂewﬁdéséﬁtssteﬁnaadMﬁnﬂﬂmmnIhthhé

Statce. PRGTBRCY B0 Cobr A RD L8pid006: Gt dct 474 6 SOk BFeEhne

state. Howgues, skheoki iibbsli arhdl seReDd 44080t heood ops 19fugles@ct s the

i nk-enpty state. The two |liquid sensors from~ L
approximately in the center of the ink cartridge. When the liquid
surface is above the switch level 1920, the scanning direction
is downward. Thus, first of all, the liguid sensor 1902 operates
and then the liquid sensor 1904 and in this downward order the
sensor operates. On the other hand, when the ink consumption
progresses and the liquid surface level becomes below the switch
level 1920, namely, when the liquid sensor 1908 detects the
ink-empty state, the scanning direction of the liquid sensor is
switched to the upward direction. Then, the liquid sensor 1914
operates first, then the liquid sensor 1912 operates and in this
upward order the sensor operates.

Here, when the liquid surface is high, the liquid surface
can be detected faster if the liquid surface is searched in the
downward direction. On the contrary, when the liquid surface is
low, searching the liquid surface in the upward direction is faster
in detecting the liquid surface. Thus, in the present embodiment,
the liquid surface level can be efficiently grasped.

Moreover, in the present embodiment, once the liquid surface
level is grasped, the liquid detection may be terminated even

before completing the detection at all scheduled detection



the bottom 1912 and 1914 detect the ink-present states. Then, it is
considered that -a fail occurs in the liquid sensor 1908 or the liquid
sensor 1910. However, which one of the two causes a fail inqHeSHEP aud
sensor can not be know. Thus, in the g{ sent enbodinment, it is judged that
the liquid surface level lies bet weert 1he l'iquid sensor 1910 and the

| iquid sensor 1912. This nmeans that the quuid sensor in an upper side
causes a fail . when a possibility of fail S, a a_pl allt qui d
sensors. PPA3t19N8EP %eglwﬁ%@q Ag: ﬁnCPﬁ?s Ofakier - MR %%C{fu Efaéé

| evel 'Swﬁékbnﬁh@dllhﬁ BeshQ?aE@“@éVQTeist@Hﬁnhh@hbhltﬁgffgﬁugaeséﬁsér
possi bl e erroneous égenent can be mnimzed. Figs. 70A and 70B show
still an09hérdenbodsnehe ahktbeesnkt shatei dgbehothhi datehbipnepeacess
invention is applied. Fig. 70Ais a cross sectional view of the ink
cartridg®® anFhEeEHFPaﬁF ortion according to the present enbodi ment. The
ink cartridge ﬁﬁca?ﬁbﬂgnttQrbﬁetﬁéeésabeeﬂb@@kﬂpeﬁonln@busealﬂgtthUEé hol e
isin the bottom face la of the container housing the ink therein. The
bottom psreesh erbedément oughe Holaic siisfegpet euchycam heofonrer 2856  The
t hr ough arr n pr.av n t face
2 of 't naceont ankey” 2hRTREY, blaBe B e ThEE -2 BTG bR A EG i 0e L RBRE R) O PoC
t he i nk barteddgedby way of the through hole 1c. The ink cartrldge and the

actuator 1650 are nounted_in _a fluid-tight panner. A bottome f the

t hrough hol e | ERRagwatchyleyeed pardl May Pettﬁé iRqthg SGRESEeC gf fik and is
so for m?éarwéggéhe n&segyal, idie wpul dnnalyd e hly s bhraughdighgelc.
Fig. 70B s a detailed cross sectional view of the actuator 1650 and the

t hr ough hobkétlionshewthien sengor7@A. tﬁegceﬁoerls a plan view of the actuator
1650 and the t-rou-h hole_li shg . ]. 0B, Ihe, tor 1650 incl udes
a vibrating pl ‘ i HE—EHEfE 7 on the vibrating
plate 72. The Pﬁéfd&éﬁ&ylGEQel &eésﬁeﬂngncbherbmt pem:éaeelef chhegednt ai ner 1

such that the piezoelectric elenent 73 is_disposed cqunter to the through
hol e | c B§CREGiBE tRewhrbP&ri Ry PPht Bhe2inkdl BheTBSSEIpRgt @PPATALUS 18

in the midst of the printing operation. During the printing

operation, the number of the 1iquid sensors to be used for detection
is limited. This is a process in which smaller number of liquid
sensors than usual is used in the hope that the recording device
control based on the detection result can obtain limited data
within a possible range.

Preferably, the liquid sensor (see Fig. 67, 1914) in the
lowest position only is used during the printing operation.
Utilizing this liquid sensor in the lowest position, whether or
not the ink remaining amount is low only is judged. If not during
the printing operation, the other liquid sensors will"be used
according to the above-described process.

Next, advantageous aspects of this embodiment will be
described. It is desirable that the load for the ink consumption
detecting process be made as small as possible. For example, the
recording device control unit 1810 in Fig. 67 controls the
detection process and the printing operation. There is
possibility that the detection process may affect the printing

operation. It is considered that the printing process proceeds



71. The vibrating plate 72 is elastically deformable and ink- resistant.
Dependi ng on the ink amount in the container 1, changes the anplitude and
frequency of the counter electronotive force which is generatgq SF gﬂg
residual vibration of the piezoelectrifbﬁdenent 73 and the vibra R | at e
72. Though the through hole is is fornmed in a position counter to the
actuator 1650, the bottomend of the through hole Ic includes a-face
parallel to the |liquid surface 109 11 SEP 2003_.of ink. Thus, .residual .ink
is not c 4 A f hBetfe gt FRIRFAESS FieFeByler heé]’c‘ﬁ%f?wgfzs‘1 it RESERBFi t ude
and fr ?ql&%ﬁiﬁeﬁth&@%?'%&%'tio%&@Eh@'f[[itdu\i@i §ors6rdatkesd edr-byl ddeiast wat or
1650 wi Il be significant due to the consunption state of ink. Thus, it
won't happengehdhetthasedudadata BgB0CHeREBES, tthe Aoadaken tdendehpELSAT

state of ink. On the other hand, .it may_be .designed s th
predeterﬁﬁ%ﬁf%ﬁnﬁmﬁ;Q% i Hﬁ&ﬁt?gﬁapﬁ%gg%fggﬁﬁ%g'%ﬁ ﬁ%getﬁg%&gh hol e 1c.
Even in the cagag rberRdeshs£dpkesdndedopaRERE oak, Ivirisus fedignedttionsenai n
as residue in the through hole Ic, the ink-end state can be reljably

det ect ed arfe messitdeat | Barchiprmpler i shecligridhecnepust 8Fe 1880 aRLYr ni ned
by the ink. qggq ich DS t 1 dwﬁé . agdhed N
advance. Qﬁlg‘ tdlo\g\plé pgﬁgg%%%?v%ﬁ%éeéﬁ#gw%ﬁé{] 1 %ﬁo?ﬁeﬁruqﬁegn%odi rﬁent of
t he act uatmdry. mAy deowsedn Rigredier artleetluaturd EETBdrs iar targegpenm@st

sl anted face 2001 ovided at the bottomface |la of the.ink artridge. An
openi ng B603 S OTPBITdetd i XH SPARERE FRIdDEOTLeH SORE ol Tont2Eas) a

The act ualfsolb4Q; ithefNYRRRE W thibe PNeNmRY P02%s-d.a fbykdvekghthe

manner. Thereby, the actuator 1670 is arranged so that it is slanted with
respect tldaquid seysdd onldinfwleech dfs expected sovdetesthehackimtisl susfeceis

contact w_th.ink inside ,the_ink i d hg. I S _AaLCLOoS hopa
view i n tFfEVE Hlef{)%/ %“flyt%eeusgaboﬁ%%%goggﬁrgghgfSlg eIll ﬁrﬂf%%ht?g %Lg{r: wgen t he
modul e 1Q@s¥hodiring the printing operation the liquid sensor 1912 only

is used.

Fail countermeasure

Moreover, in the present embodiment, the following process
will be performed as a printer-fail countermeasure. Fig. 69 shows
a fail countermeasure according to the present embodiment. A
white circle in the figure indicates that the liquid sensor detects
the ink-empty state while the black circle indicates that the
liquid sensor detects the ink-present state. As shown in the
figure, three liquid sensors from the top 1902 - 1906 detect the
ink-empty states. Fourth liquid sensor from the top 1908 detects
the ink-present state. However, the fifth liquid sensor from the
top 1910 detects the ink-empty state. The two liquid sensors from
the bottom 1912 and 1914 detect the ink-present states.

Then, it is considered that a fail occurs in the liquid sensor
1908 or the liquid sensor 1910. However, which one of the two -
causes a fail in the liquid sensor can not be know. Thus, in the
present embodiment, it is judged that the liquid surface level
lies between the liquid sensor 1910 and the liquid sensoxr 1912.
This means that the liquid sensor in an upper side causes a fail

when a possibility of fail lies among a plurality of liquid sensors.



in Fig. 32 is nounted to the container 1. The nodule 100 is so nounted
that it penetrates through the side wall of the container. |In a coupling
face between the side wall of the container 1 and the nodule 100, an O
ring 1365 is provided, so as to keep fJ]ui d-tightness between thd SERIgte and
100 and the container 1. 1In order to seal with the O ring, the nodule is
preferably conprised of a cylindrical portion as described in Fig. 32. By

insertin atip end of, the nodule 100.into_the |nterior _of the contai,ner
1100 1 B pugeBng tn b frARe Ao tBant ANER SRR N Sdoreaet e otng

act uat or £ 106 +¥ied] Swd PIRG e BOL @ hEL) Pfe & RItal8e FHa pAdia Idher 686888t

frequency of the residual vibration of the actuator 106 differs
cor r esporfadggmeatwicenhde tteiperieghery of the vibrating section of the

actuator 106 is,.occupied b |.qui.d or , _the cons ion, st of, _j nk
can be detect eglgﬁ'uﬂ)gi %‘Xgﬂ%?lhﬁﬁ’dﬁfsgﬁoﬁm ?50?/‘%?%)&”??% sOfﬁ%?‘el ﬁrrhkt ed
to the nedwteidge ebaneicrartheobhesefDdnvintshilie appyibe. nory ed oroithe

container 1 so as to detect whether or not the ink is present. Fig, 73 is
a cross SeerPongest kandf wiew phkthariy ggetradaeuse the Poditgl BOESLESR,

e.g. bla I rdj an & [.ent f. I LAR. In

t he cont%?ﬁggdgkﬁhﬁéﬁgﬁ%hggggﬁﬁk, g&%ﬂfé EP%viéggxﬁﬁﬁﬁh e%hg%?gh%ggt 2
whi ch | oitBstivé pblreaentnémbsdppéyt naediladels 4 hdroedr dohg lappardteubottamt he
bottom face la of the container, _ an actuatoriééSG is nounted so that it

can cont 48€¢ et REi ke FONge itk bONEAPHef By EHETERE - cohtGi RRF EO%he

act uat or 51106 5hS Bl Q¥ededl bR 8GR HBNAGT cbhaked BHAaHMWBLEROXCOBERCES
with the actuator 11106 changes fromink to gas at a stage where the ink K
i s al nosTheorsupedhdwele dandbyarnange@oimie slapnhed Fake mzavidefl dfathe The

cont e L IR, BRI ARS GRS, oM phent nasteaagp 1Al o
sl ant ed taeea202&ithhisk ihbedyithatinlg dagixkgd hheagcofatae th86ugh
arranged_such that it is tilted with respect to the liquid surface of ink
inside~tﬁ@leihR-céFh?i%ﬁﬁacartrldge and the actuator 1650 are mounted in
a fluid-tight manner. A bottom end of the through hole 1lc has a
surface parallel to the liquid surface of ink and is so formed
that the residual ink would not remain in the through hole lc.

Fig. 70B is a detailed cross sectional view of the actuator
1650 and the through hole 1c¢ shown in Fig. 70A. Fig. 70C is a plan
view of the actuator 1650 and the through hole lc shown in Fig.
70B. The actuator 1650 includes a vibrating plate 72 and a
piezoelectric element 73 fixed on the vibrating plate 72. The
actuator 1650 is fixed on the bottom face of the container 1 such

- that the piezoelectric element 73 is disposed counter to the
through hole 1c by way of the vibrating plate 72 and the base plate
71. The vibrating plate 72 is elastically deformable and ink-
resistant. _

Depending on the ink amount in the container 1, changes the
amplitude and frequency of the counter electromotive force which
is generated by the residual vibration of the piezoelectric element
73 and the vibrating plate 72. Though the through hole lc is formed

in a position counter to the actuator 1650, the bottom end of the

through hole 1c includes a face parallel to the liquid surface



In the present enbodi ment, the slanted face 2025 which is tilted with
respect to the liquid surface of ink is provided on an adjacent face 1020
which lies adjacent to a supply port formng face 1010 on which the ink
supply port is provided. However, the anted face 2025 is nofl 9 SEPt28® to
bei ng provided in the adjacent face 0. For exanple, the slanted face
2025 may be provided in the supply port formng face 1010 so that the

actuator 1106 |s 11 SEP 2000 .arranged on the s] anted face 2 ided in
Ehe-ouppPE PBEL S T o TA0e L1005, LMot CPLSE haf C06( sl Brie. Face

2025 is RAokrkd ethéR?&Aﬁd{@Qn Houaug1, i dl el %'h@bﬂ‘eqhéﬁc?léﬁ etheanghatet the
slanted face 225 is set such that the tilted angle of the actuator 1106

Wi th respéeptr@mpheVblé@w@esdﬁtécéedfankhesa@ﬁyﬁ@ﬁtﬁﬂﬁé@yw3@1 e&grees to

60 d K I d8n
packi ng PG 4 SRECACHE! v Bt B AP ARBuRC P ReFh. T3 (ENBHCREngeR Fng 4

i s engagedppehhthhe thk é@@ﬁéuoﬁeﬁxﬁaeéﬁké&ﬂ&nﬂuaanduamgd:hcohbampemondlng
head 31 in a fluid-tight manner. The valve body 6 is elastically contacted
with thespa&Eri § g 4 by the spring 5. Wien the ink supply needle 32 is

inserted, the ¥gl ‘éﬁebBQ)éﬁQ h'aﬁdprgﬁsﬁgg be Bl BESh EeﬁUBQLf}S ppedl g 32 so as to

open the ink passage , I nk insi e con alner is supplied to the
recor di ngrkdadermiacidhembnktsoppink pemnt r@mand aheremkdwmppiyhneeUteugﬁ On

atop |l of the_ contain 1, the sem condyctor ns nDunted
Shi oh st BPee UGt o FERT THE FARE IS0 o, RECHRkCERI HFAGEOTRD 9 §r 3%
single aateﬁil?ﬁédlégﬁr&ﬁﬁﬂn s EE2AQEEGiA RHNEnrbUkhCBbL &I Hge thléomﬁkeéndt he
nunber of acfuators 1106 is not limted to a specific nunber. Thus, a

pl ural i t pteteacenaber selieblyndgtbetadr aﬁgébeoﬁlbﬁétspanf:barﬁaé@réﬁtﬂﬁe i nk
cartrldge 14 1s S o of, an t i ng
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to still na s uni t |nc uding a contalner

34 housi ig thk thebeigh, hedkt 1ef whbemadpacedt ihaedvads@. which is adj acent

to a supply porggtogq]g% Laggrégggtigemgkga gﬂow1ng still another
embodiment of the actuator.

As shown in Fig. 71, an actuator 1670 is arranged in a
slanted face 2001 provided at the bottom face la of the ink
cartridge. An opening 2002 is provided in the slanted face 2001
of the bottom face 1la. The actuator 1670 is engaged with the
opening 2002 in a fluid-tight manner. Thereby, the actuator 1670
is arranged so that it is slanted with respect to the 1liquid surface
of ink. Moreover, the actuator 1670 can contact with ink inside
the ink cartridge.

Fig. 72 is a cross sectional view in the vicinity of the
a bottom portion of the ink container when the module 100 shown
in Fig. 32 is mounted to the container 1. The module 100 is so
mounted that it penetrates through the side wall of the container.
In a coupling face between the side wall of the container 1 and
the module 100, an O ring 1365 is provided, so as to keep
fluid-tightness between the module and 100 and the container 1.
In order to seal with the O ring, the module is preferably comprised
of a cylindrical portion as described in Fig. 32. By inserting

a tip end of the module 100 into the interior of the container



ink supply port 35 is provided is slanted with respect to the liquid
surface of ink. An actuator 2106 is arranged on the slanted face tilted
with respect to the liquid surface of ink of the adjacent fﬁfﬁ 2050.

Ther eby, the actuator 2106 is arrangeq_ a manner tilted w $5%ﬂ85t to
the liquid surface of ink. In the presen enbodi nent, the actuator 2106 is
arranged on the adjacent face 2050. However, the actuator 2106 nay be 112

SEP 2003 _pr ov ded 0 adj acent face 2060 dIS osed counter. to t acent
Face 2058, Frsiy e Thi S s S hoGPer| 11 dHOTIAE® SHESUEENECHiaERE  § nk
cartri dg‘io%80v1£\ A6 10F 8 Ons1 80 Flod S frdwRd 1.2 ghidecwehk red8dbntn a

manner such that it surrounds the actuator 106. In the side wall 2194b,
t here arérﬁqunnayaopluhalreyl@mabamﬂhxagpqnnnﬁnuhe eLt6uatosr 466 dbfEenmect a

o ned. WOk TERECT AR Eohpal RREAST adhe B IR ot O T tBER Cas, Sang ohe

exterior o(fftlﬁél%dﬂikaw tlrasdgg o@é\ﬁklvié& Hyntlegues 6f ddie ithie eansumggeonr e
kept in a fluid-ti manner. while a vibrating region of the actuator 106

can cont &etegk hngr‘ﬂ@n Rp Fedesiteoday §ﬁé%zﬂﬁgﬁ}§ megal el O-heMPFRVAE -
embodi ment., ; %%tciiﬁyté?qg@ftge%gdﬁfe lb”éfg k&d}%@ﬂeg mOED JeNAbguil 1S

tilted wth respect to urd sur ce 0 here t he actuator
106 is amagngednomnEedldd(ﬂhdnnmmﬂayme&hlresp&sttd(ddﬂurd|wmauhe$uotanetof
ink. Figs 76Ak 76B, 76C and 76D show still another enbodiment of the ink
cartri dgEDesdnk| hSt RESFRREcartri dge 180M shown in Fig. 76A, a plurality of

actuators 106 aig.aytached GRdhgestdenyl IriewlSf s ltdkech@lsr@agbataer
2194. A plurality of actuators formed integrally shown in Fi 0 are

pr ef er abbpesidd asnfﬂa@wmm &l 9. dvtask epsorp@cmysinaEPtan emb%a@ma%r s
106 are %%ré‘ﬂge;?r%%ﬁ@ %m'? ﬁ 19811 21940 'c%nttg?ml\ég ;1: ?%fikcﬂ' hE6ELaN; fRaced

at various or By providing a of "actuators 106
in the vaerecak ﬂrbeiﬁedna&panedsappap parernawhithejbmhsr@mahnanglaknunt
can be detected in_a step-by-step nmanner.
supply needle of the recording apparatus. In the bottom face 1la
of the container, an actuator 1106 is mounted so that it can contact
with ink inside the container by way of the container. The
actuator 1106 is provided in a such manner that a medium which
contacts with the actuator 11106 changes from ink to gas at a stage
where the ink K is almost consumed out, namely, at a point of the
ink-near-end state. The container 1 includes a slanted face 2025
having a slanting degree against the liquid surface of ink, and
the actuator 1106 is arranged on that slanted face 2025. Thus,
the vibrating region of the actuator 1106 is arranged such that
it is tilted with respect to the liquid surface of ink inside the
ink cartridge.
In the present embodiment, the slanted face 2025 which is
tilted with respect to the liquid surface of ink is provided on
an adjacent face 1020 which lies adjacent to a supply port forming
face 1010 on which the ink supply port is provided. However, the
slanted face 2025 is not limited to being provided in the adjacent

face 1020. For example, the slanted face 2025 may be provided in
the supply port forming face 1010 so that the actuator 1106 is



In the ink cartridge 180N shown in Fig. 76B, an elongating actuator 2606
in the vertical direction is nounted on the side wall 2194b of the ink
contai ner 2194. By providing the elongating actuator 2606 in t1h13 EE%Cal
direction, the ink remaining amount iy,{he ink container 2194Lca§
continuously detected. The | ength of t]he actuator 2606 is preferably
greater than half a height of the side wall 2194b. In the Fig. 76B, the

actuator has a length,113.11 .S 003 ering. axi mately the top.end
S the 1 Haered U e e RS A R 3 R ol
180M showorntirld FacébA0lion the ink cartridge 1800 shown in Fig. 76C, a
plurality of actuators 106 are nounted on the side wall 2194b of the ink
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with ink is forned between the actuator 106 and_the wave preventing wal l

192. The WittemeaPasdt Wt end i€ sprd@est afg 1R 1152 PePrsd mate lac t3fat or

106 is pry.ded suchd hplgrddie ink will not be held there by the capillary
force. Wien the 1nk container 2194 is shaken by a rolling, a wave of ink

is generated Mogiedwetrhe iimnkcheonnd sepp2y9dorso 2t hergasrer paghiildednieght be
det ected by .t.he actuajor 106 due to _.such shock and _t.hat _t act uat or
i oht - opEE I FERE Syt AR e bR | A RASER RS Ag Vg PoSHE5S
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of the actuator 106 can be grevented.and_the erroneous_operation of the
act uat or theeregrreéngphegdnd &din Mofdedar tighe naveepr evERe i VR WRINOR162
preven
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Then, ink inside the container 1 is supplied to the recording head
via the ink supply port 2 and the ink supply needle 32. On a top
wall of the container 1, the semiconductor memory means 7 is mounted
which stores data related to ink inside the ink cartridge.
In Fig. 73, a single actuator 1106 only is arranged in the
ink cartridge. However, the number of actuators 1106 is not
limited to a specific number. Thus, a plurality of actuators 1106
may be arranged on the slanted face of the ink cartridge.
Fig. 74 is a cross sectional view of a sub-tank unit according
to still another embodiment. In a sub-tank unit 33 including a
container 34 housing ihk therein,.part of the adjacent face 2050
which is adjacent to a supply port forming face 2040 in which an
ink supply port 35 is provided is slanted with respect to the liquid
surface of ink. An actuator 2106 is arranged on the slanted face
tilted with respect to the liquid surface of ink of the adjacent
face 2050. Thereby, the actuator 2106 is arranged in a manner
tilted with respect to the liquid surface of ink.
In the present embodiment, the actuator 2106 is arranged

on the adjacent face 2050. However, the actuator 2106 may be



provided in a slanted position with respect to the liquid surface of ink.
By providing the ink cartridge shown in Figs. 75A - 75C and Figs. 76A -
76C where the plural actuators 106 are arranged in a slanted 'Eﬂsééf% on wWith
respect to the liquid surface of ink, j;the ink consunption anmotint 2008
can be detected steplessly or in 114 | 31 SEP W a step-by-step manner.
Moreover, the ink can recede snoothly and preferably. Figs. 77A and 77B

h i nk tridge - I .ont ai i t till
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or vertical direction. Fig. 77Bis a cross_sectional view of the ink
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el astic wave based on the anpunt of I The el astic wave generating
means 20084is Thefodratliy boavdddad is jdined eiitiht fhefinheontlkivepp?i9por t

2. Moreoyver, the elastic ve peratjng neaps_ 2003 be_ . provide

di rect| ybgn'_j[“?lé:ﬁ R PFPHor gf@ tglﬁagf({g%r%\ﬁgeo% éf‘f{nﬁaﬁféﬁjngg‘iow
nmay be ppadi €ed iMceyrohe e tilleRrkeaSgenBRe &epPRhyappIhidof Dy face
1010, adjacent faces 1020a, 1020b and |l a, and an opposed face 1030.

However , "pAngrywehie anererating zeaiqn wfyvéhgenstaptry ABansSa20pR LRt
arranged_ I p,.a fa t S r4: forgg adj acent
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faces 10 Ob "an el'asti ¢ wave generating ans 2003 is
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generatiggsﬂg%q t%gpaikﬁ gééggggqxgghe 1iquid surface of ink. Thereby,
the actuator 106 is arranged in a tilted manner with respect to
the liquid surface of ink. '

Figs. 76A, 76B, 76C and 76D show still another embodiment
of the ink cartridge 180. In the ink cartridge 180M shown in Fig.
76A, a plurality of actuators 106 are attached on the side wall
2194b of the ink container 2194. A plurality of actuators formed
integrally shown in Fig. 20 are preferably used as these plural
actuators 106. A plurality of actuators 106 are arranged on the
side wall 2194b in the vertical direction spaced at wvarious or
fixed intervals. By providing a‘plurality of actuators 106 in the
vertical direction spaced at an interval, the ink remaining amount
can be detected in a step-by-step manner.

In the ink cartridge 180N shown in Fig. 76B, an elongating
actuator 2606 in the vertical direction is mounted on the side
wall 2194b of the ink container 2194. By providing the elongating
actuator 2606 in the vertical direction, the ink remaining amount
in the ink container 2194 can be continuously detected. The length

of the actuator 2606 is preferably greater than half a height of
the side wall 2194b. 1In the Fig. 76B, the actuator has a length



t he adj acent face, the elastic wave generating nmeans 2003 may be provided
in any face anmobng the supply port adjacent face la, the opposite adjacent
f ace 102 Ca and an enclosing adjacent f ace 102 . In Fig. 77A it is
provided on the bottomface l'a. In the present enbodinent, t H& 1L8ER 0068 f ace
la is the supply port adjacent face ra: However, in any case where the

el astic wave generating neans 115 11 SEP 2003 2003 is arranged in any face

anong the suppl ort adj acent ace opposite cent face
1020a anGOYﬁgP”e\%@FR%‘T%@%ﬁ % FSE ‘g?@ﬁf the ?‘é%’fled“gv&& gﬁ%rﬁe’fﬁ%. ng
means 200311S2psoyided in the vicinity of the ink supply port 2.. Figs.

78A and 78B show an enbodi nent of the ink cartridge where the el astl C wave
generati ng nea®snPDAB tics tmeownlﬂecdamlrldme M%B?Ownrlnfl"ol@n Ag§Af at® WmR0.
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contact DRLYEENthe ink container 2194, so that gas or bubble might be
detected by the actuator 106 due to such a shock and that the
actuator might operate erroneously. By providing the wave
preventing wall 2192 according to the present embodiment, the
undulation of ink in the vicinity of the actuator 106 can be
prevented and the erroneous operation of the actuator 106 can be
prevented. Moreover, the wave preventing wall 2192 prevents the
bubble caused by the ink shaking, from invading the actuator 106.
As shown in Figs. 76A, 76B and 76C, in the present embodiment a
side wall disposed counter to a side wall in which there is provided
an ink supply port is slanted. On the slanted face of the side
wall, the actuators 106 are arranged. Thereby, the actuators are
provided in a slanted position with respect to the liquid surface
of ink.

By providing the ink cartridge shown in Figs. 75A - 75C and

Figs. 76A — 76C where the plural actuators 106 are arranged in
a slanted position with respect to the liquid surface of ink, the

ink consumption amount of ink can be detected steplessly or in



termnals provided in the ink-jet recording apparatus and the elastic wave
generating neans 2003 is shut out due to the displacenent between the

el astic wave generating neans 2003 and the ink-jet recording_ap ar at us
will not result. Thereby, the normnal S%yrse of the elastic wh %%ﬂ@?ating
means 2003 operation can be kept, so at erroneous operation does not
occur. 116 SEP 2003 Figs. 79A and 79B show an enbodi nent of an ink

cartridge where the elastic wave generating neans 2003 js provided on the
encl osi n§ SFRCOATS TR BTEESD. ?ﬂP‘g'.gOVQJA' e o h‘éaﬁlrﬁ@‘“c%#q rs?@@é'hg% %@\%d
fromtheylakbtydipal direction or vertical direction in the cross
direction.. Fig. 79B shows the ink cartridge according to the present

~ enbodi ment vi efedsf r oAt Ardl BABI shdwnah tihkecéronidge ast AngerampPHR¥ECt i on
in the vertical direction. In Figs..79A_ .and 79B, ..t he el astic e,
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however, c{B8s@lcattiichateyewdSNehatinkdcABeASd4O T TRy e Jarvedssd Dient her
encl osi ng adj acent face 1020b. However, the elastic wave generating neans

2003 is tpkenialend a lPraiiedhnal difreachd onnRT PP cPo Pl rectifnri gF1F7A and
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head 31, in a fluid-tight manner. The val ve body 6 is const nélé and

el astically coff@ct®l ferthadgacRFRgraBy ?%etg%rPﬁ§S%9tvﬁ OfKEenE nk

suppl y ngggbei 3és!= cbRe8ihed 1668 NRIMPOY thdr iR eanethibuppls boke
supply needle 32 so as to open the ink passage, so that ink inside the

cont ai ne? whiehsapppl éest dnkheor eber ekhgrhendoBithei eorbeinak s0ppl3nPort 2
mount od PhecSeRFBrtatt oo RErergonbantsy> i cnflaehr 8eCREE PER.FRY (0 Tk
i nside tBensompBiserstatEi gasi88Athe aopeaspectivesvi ethofelaerimkwave
cartridge housing plural types of ink according to an enbodinentteyégmed
from a reégperating means 2003 suitably detects the consumption sta
ink K based on change in the traveled time of the elastic wave
based on the amount of ink K. The elastic wave generating means
2003 is preferably provided in the vicinity of the ink supply port
2. Moreover, the elastic wave generating means 2003 may be
provided directly on the ink supply port 2.
The elastic wave generating means 2003 may be provided in
any one of three faces among a supply port forming face 1010,
adjacent faces 1020a, 1020b and la, and an opposed face 1030.
However, in any case where the elastic wave generating means 2003
is arranged in any face among the supply port forming face 1010
and adjacent faces 1020a, 1020b and 1a, the elastic wave generating
means 2003 is provided in the vicinity of the ink supply port 2.
When the elastic wave generating means 2003 is arranged on
the adjacent face, the elastic wave generating means 2003 may be
provided in any face among the supply port adjacent face la, the
opposite adjacent face 1020a and an enclosing adjacent face 1020b.
In Fig. 772, it is provided on the bottom face la. 1In the present
embodiment, the bottom face la is the supply port adjacent face

la. However, in any case where the elastic wave generating means



side. The container 8 is divided into the ink chanbers 9, 10 and 11 by
partition wall. In respective ink chanbers, there are fornmed 1ink supply
ports 12, 13 and 14. In the bottomface 8a of the respective jnk chanbers
9, 10 and 11, the elastic wave generatjn nmeans 15, 16 and 1733rSER3WAt ed
so that the elastic wave can be 117 ETM'SEP 2003 transnitted to the ink
housed in each ink chanber via the container 8. The container. 8 conprises
at least two ink housing chambers 9, 10 and 11 which house different types
of ink t&%Relgnd¥Ferged e angk faggpapopartze BAPPLY RREt12d3R66NEeERFR t he
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2003 nmay be provided in any one of ink housing chanbers 9, 10 and 11. The
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detected _by the elastic wave generating means 2003 since the elastic wave
gener at i A4ORFakbe2888itydppali dégeraioReoyi erapeydadrechionnRistippl y2kport s
12, 13 o . n ti - he, | L t | k-4 i
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| ongi t udi nal direction or
supply port 2 in the supply port forming face 1010. Preferably,
the elastic wave generating means 2003 is provided at approximately
midpoint in the cross direction of the ink cartridge.

When mounting the ink cartridge to the ink-jet recording
apparatus, the user inserts the ink supply needle into the ink
supply port 2. Thus, the ink cartridge is usually mounted to the
ink-jet recording apparatus accompanied by rotation about the ink
supply port 2. In that case, even if the ink cartridge is rotated
about the ink supply port 2, displacement of the elastic wave
generating means 2003 against the ink-jet recording apparatus will

- be small since the elastic wave generating means 2003 is provided
approximately in the center in the cross direction of the ink
cartridge. Thus, for example, after the elastic wave generating
means 2003 is mounted to the ink cartridge, that the contact between
terminals provided in the ink-jet recording apparatus and the
elastic wave generating means 2003 is shut out due to the
displacement between the elastic wave generating means 2003 and
the ink-jet recording apparatus will not result. Thereby, the
normal course of the elastic wave generating means 2003 operation

can be kept, so that erroneous operation does not occur.



the vertical direction of the ink cartridge (rotation about an axis of the
i nk supply port 2) , the rotation about the latitudinal direction or cross
direction of the ink cartridge or the rotation about the height of the ink
cartridge. In order that the ink supply . needle (see Fig. 81) 4dnSBR 2003
correctly inserted into the ink supplfjfﬁ8 111 SEP 2003 port 2, the
rotation of the ink cartridge is usually designed such that it becones a

rotation. with_the ink suppl¥ needl e serving as the_axis, Thus, thgre are
cases where i nFadposi PRoAlHel 8Bi TBPY aRa§ ™ ProRFTheOt nk:stbhl F2pbF92° of
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arranged”in the ink-jet recording apparatus and the el astic wave
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wave generati. nmeans, 2003 and. the_ipk-jet, re din pparatus after the

i nk cartPF8§é8g§ ﬁBuEPSlefﬁgﬁggy?f EES éPESFFﬁg&gV gﬁgngfating means 2003
woul d not be abheri®. kegp arid ¥ier.i gisRal thpesatk g anchdnt endrbeusalve
operation mght be caused. Provision of the elastic wave generating means 3
in the PPEYNF 3reProNe degk 1Bubpt \iPosrPly1POTE R or REILTXINFZ ENEEIP0 have

79A and 79B, the packing ring 4 is engaged with the ink supply
needle 32 communicating with the recording head 31, in a
fluid-tight manner. The valve body 6 is constantly and
elastically contacted to the packing 4 by the spring 5. When the
ink supply needle 32 is inserted, the valve body 6 is pressed by
the ink supply needle 32 so as to open the ink passage, so that
ink inside the container 1 is supplied to the recording head 31
via the ink supply port 2 and the ink supply needle 32. On the
top wall of the container 1, there is mounted the semiconductor
memory means 7 which stores data related to ink inside the container
1.

Figs. 80A is a perspective view of the ink cartridge housing
plural types of ink according to an embodiment, viewed from a rear
side. The container 8 is divided into the ink chambers 9, 10 and
11 by partitionwall. In respective ink chambers, there are formed
ink supply ports 12, 13 and 14. In the bottom face 8a of the
respective ink chambers 9, 10 and 11, the elastic wave generating

means 15, 16 and 17 are mounted so that the elastic wave can be



friction with the ink-jet recording apparatus becones rather snall

Mor eover, thereby, prevented is that the contact between termnals
arranged in the ink-jet recording apparatus and the elastic wave
generating means 2003 is |ost due to the, displacement betweenth8EPBstic
wave generating neans 2003 and the inK-jJet recording Il SEP 2003 119
apparatus after the ink cartridge has been nounted to the ink-jet

recordi ng appar.atus. Thereby, .the astic.wave generatin ans_. 2003 _can
keep its%irﬁglsf’ﬁ&tégob%ltgﬁbﬁ’,‘h%‘steﬁla’rnr‘?@%’r?]ﬁﬁg’ﬁ r-Y%gLFI SCORFALEST he
di spl acegent between the elastic wave generating neans 2003 and the ink-jet

recording apparatus is relatively small, nmounting the elastic wave
generati ng neafbhe2008tatmer Hecomriaesriddeasantve iuddoassyg ahambeEsur se

of manuf act yr.in e.dn artridge Nanel when t.here i i ement ,
due to n Paéggr#ﬂg‘”l@}%&,’o‘i‘%e t‘%ets%erﬂr?nt ﬁ?siog i tcl)rl?"?{o? “t relgeggél%gf\?vave

gener at i MheMBARSsHHIB, d@AiIURS L 2t hes idtkd qar prbtgeedchmttdnt redplictiiercynk

bet ween the el astic wave gener at i n% means_ 2003 and the term nals proyvided

in the i MeWsangr eharbprg Appdt @ngs 1k PHPRYY i dyom thes regPestdvants i s
ted i | NG ROSI-t | ASLi i 2003
create gqﬁsutst{wﬂg&b@gs p&,sgfdggadg%as tta&nghgogéé £ YBY hRICT 34icNg1 gERDS

agai nst el cartridge. nments where the
el asti c wave ggerenatinggmeeass 3apeecaprangdedi int hkei Wi csopplyy ofiothe?.

Referrin to Fi,g. 80B, the_elastic wave_gener.ating neans 2003a and 2003b
maybe pr%\??é?@&til?feaﬁ%tsé‘i)%l POSESt Hé /| r]rg 808pt§ -port 2. Referring to

Fig. 80C the glpsiik yaue rOeRerREiHdh T2Re 0] 200364 By nbeig.
provided in an inner wall of the ink supply port 2. As in the elastic wave

gener at i B§AnbBaASC2008a AN IXGG3h wherent Be reeldl ¢ iwavichgepgrat 1Rgl Mesnst he
ly! 2, .t t 205, . j ndr.j cal
SUPPTY. POl st DE2HRELY R e%agﬁlcp&?L§&$$+gf§%%§?cﬂ@éﬂﬁ“ﬂdﬁ% m ?agﬁeso

as to have reover, | Ces provi de one o
el asti c paveidederat ahg omeans 20R@3apu2@Adbchafbaesand 2003dd NMor.eoVlee, the

el astic ve generating neans 2003a can _detect the_cqns tiop state of
TNk i nsi BLaPkd CBAS HEPCTA5AROWREARE: 2087 AGtPTRBLARR PE PPBSEnPTFniPhe

i nk suppb¥cRObE 2hedRnkl §8ul8ng chambers 9, 10 and 11.

When the ink inside the container 1 and ink housing chambers
9, 10 and 11 is consumed, whether or not the ink is empty in the
vicinity of the ink supply port 12, 13 or 14 can be reliably detected
by the elastic wave generating means 2003 since the elastic wave
generating means 2003 is provided in the vicinity of the ink supply
ports 12, 13 or 14.

When mounting the ink cartridge to the ink-jet recording
apparatus, the user inserts the ink supply needle (see Fig. 81)
into the ink supply port 2. Thus, the ink cartridge is usually
mounted to the ink-jet recording apparatus, accompanied by the
rotation about the ink supply port 2. For example, the ink
cartridge is mounted to the ink-jet recording apparatus while
accompanied is the rotation about the longitudinal direction or
the vertical direction of the ink cartridge (rotation about an

- axis of the ink supply port 2), the rotation about the latitudinal
direction or cross direction of the ink cartridge or the rotation
about the height of the ink cartridge. In-order that the ink supply

needle (see Fig. 81) can be correctly inserted into the ink supply



detected. Thus, by providing the elastic wave generating neans in the
position of -the elastic wave generating neans 2003a, the ink consunption
state can be detected in a step-by-step manner by a single elastic wave
generating neans. 120 11 SEP 2000 Eacg %f the el astic wave gerfpda8Emgmseans
2003a, 2003b, 2003c and 2003d is pre é ably extended from one end of the
cartridge in the inner side to the other end of the cartridge in the outer

end. Fig. 81 is a cross sectional view of j or, parts _af &he_ iné-éet
recor di ngOHppar &NEsT bR E B ©Tf bRe tiek CAR tEACEF; @%H%§i¥ PREMGE. ueh
80A. A capbiage R0-&anahl 8oL i 8A! R PRARAG AKX shB%éyCheéﬁlél sesving £« the

printing paper conprises the sub-tank unit 33, and the recording head 31
is provitded arishe | ower face of the sub-tank unit 33. The ink supply

needle 32 is provided in an ink cartridge _munting.sid ub-t ank
unit 33. Fig. §12u§ho€3%e’ée s SAEER YOITAS el B?Séﬁlé%gﬁf%%%?g%f ‘?‘%’%?g |
i nk-j et el €haY RPRAUPIYS paeeos db A RO e cRreseAbel BHENklastic Avead Ii age

250 capable of reciprocating in the cross direction  of the printing paper
i ncl udesgenerebidgredrad@52has 2 Hangswwegiprackn WiHECh ditr hagel 5o 1971 udes

a sub-tank unit 256 . n the upper ..fac re i d T,
o b CanBEriBeh e itk e, YPBSEaihatEeietifs PIUALAAARNR] eRere T )
The sub- taBksUmhér236 teirnehdllesr athd Nk keuppl theneddlse i25d¢aiva @enerkting

cartridge mounting . side. The ink supply needle 254 is inserted tqQ the ink
suppl y pBeEnsSo30Qhds grnEartefdydth dhd | PESERAKTHS Sﬁrtstl’fédlgr?koga'fk??i dge

to the ggegordi ; [ v [ NERESe Hawden .
B ﬁ%h%%ﬂ%%ﬁpgggtﬁg%é & ¥BVEnganerattign

provided iIn e su 't 256 instead of being provided in the ink
cartri dgghefotherdnpkéc wavesjenarahiAggne8s 20R8 & asrradefavel yeherhl i ng

means 2003a be_arr ed i-n a fac jacent, . f is i nk
suppl y pBWFYnf%Qr%%\P& mn %&P&r}yan’rgh%V\&?Je ?ﬁ%s%}égﬁ ¢ é/%\%ggg\gﬁg%a%?%éé neans
my be appangRdsi & Pohge diatidite tihe whikhsupphysporicoiohhbeswubenatike uni t

256. Moreover, as shown in Fig. 82, the elastic wave generating means
2003b r'rag';nbejg‘r:r:éq,»@@gdlng apparatus. Thereby, there is Concern that the

elastic wave generating means 2003 be worn out and damaged.
Moreover, in a position relatively away from the ink supply
port of the ink cartridge, displaced distance between the ink
cartridge and the ink-jet recording apparatus becomes relatively
large when the ink cartridge is mounted to the ink-jet recording
apparatus. Thus, it might occur that the contact between the
terminals arranged in the ink-jet recording apparatus and the
elastic wave generating means 2003 is lost due to the displacement
between the elastic wave generating means 2003 and the ink-jet
recording apparatus after the ink cartridge is mounted. Thereby,
the elastic wave generating means 2003 would not be able to keep
its original operation and an erroneous operation might be caused.
Provision of the elastic wave generating means 3 in the
vicinity of the ink supply port 2, 12, 13 or 14 a distance to have
frictionwith the ink-jet recording apparatus becomes rather small.
Moreover, thereby, prevented is that the contact between terminals
arranged in the ink-jet recording apparatus and the elastic wave
generating means 2003 is lost due to the displacement between the

elastic wave generating means 2003 and the ink-jet recording



inside the ink supply port of the sub-tank unit 256. In any case, the

el astic wave generating means is preferably situated in the vicinity of
the ink supply port of the sub-tank unit 256. 121 11 SEP 2003 , .% giyghoms
an enbodi nent of the ink cartridge mhqy% actuators 2106a and 21 éB

provi ded on the ink supply port 2. 83A shows an ink cartridge
according to the present enbodi nent V|emed fromthe latitudinal direction

or vertically in the cro rection. of the ink cartri reover,, the
6t vt or SDROEAHHS DE: FB A HE ] e Hak PPRBGESWRF e b o8 i o &
types of rbpkrakfg ﬁ@PA@uSth%he%%kgateheZéﬂéstﬁév@nﬁy?§he&akgngﬁné£@s
el astic wave genérating neans 2003, nay be arranged af the point P where

the el asP@3wane kgepertsi Agtrenasc20p8rasipnsi spohbdt Moweaéfunrhiene case
of prOV|d|n t he ct uat 2106 r.eferabl e .t hat, a enl be

ot ovi ded ERUTRE | e | Hr g T A Tt o U T AR core i n
contact ghaeirakindanekis ao0o0er dhagthe Qfmoﬁlbﬂﬁﬂééoﬁﬁlhﬁeabpﬁ!ﬂhduéoItsal ner
according to the present invention, the liquid container conprises

cont ai neFeg\ﬁFéﬁeF\Mlﬁﬁ%llh@OPPﬁﬂpﬂ té)ﬁ%i adtFistH h¥ave w%tﬁ?ﬁ MegR s ?910%1
| over si 98 t%gaaﬁﬂﬁt ﬁté‘:end ubgn%lérrfn ge%f ?'Hﬁ? thﬁqgélgrséolf %Sfaéfz@?lﬂg port

whi ch suppliest to the e erio contal ner, and
pi ezoel eﬁmmld@dxﬁ:&*ﬂdge@ deteelyg, tWileen (mmmamtsmmmﬂamﬁenmedheqmd and

which is provided in the corner ortion or in,the v ity_.of the corner
porti on. mgP‘é\Fl@FEHFﬂrngt?Féro’f:'oﬁf’a?lﬁgﬁ“%’él%ﬁ’gélﬁépp ‘Pﬁ G ellé'\ﬁérlcs‘i’%l\ée

agai nst geﬁekhgyh méHﬁEa§609fa§Q§n£tthQ 1ﬁﬁdc59€rPH§éerSﬁEéb€ device is
arranged in the base wall. Fig- 84 shows still another enbodi nent of the

ink cart @pfyeiencydrciivren bhe heelpisetsmwammmmmm@elams 2203 mindyiehe
acoor 0 ngerhaA08 BL8REakasTROPKITII 9%, o SLank £ 805, 2040 e e

act uat or o83486. i SI‘l'p.[sDVIadedlleﬁrahbe $& atit el A cin 3:01430moi|ihuingt pesiatbuabdr

3106 is EFOVIded in a mnner that it is tilted wth resp L
he elastic wave generating means 2003 against t e in

cartridge.

Figs. 80B and 80C show embodiments where the elastic wave
generating means are arranged in the ink supply port 2. Referring
to F;Lg 80B, the elastic wave generating means 2003a and 2003b
maybe provided in an outer wall of the ink supply port 2. Referring
to Fig. 80C, the elastic wave generating means 2003c and 2003d
may be provided in an inner wall of the ink supply port 2. As in
the elastic wave generating means 2003a and 2003b, when arranged
in the outer wall of the supply port 2, the supply port 2 is
preferably of a cylindrical shape so as to have the outer wall.
Moreover, it suffices to provide one of the elastic wave generating
means 2003a, 2003b, 2003c¢c and 2003d.

Moreover, the elastic wave generating means 2003a can detect
the consumption state of ink inside the container 3 and whether
or not the ink is present in the ink supply port 2 can also be
detected. Thus, by providing the elastic wave generating means
in the position of the elastic wave generating means 2003a, the

ink consumption state can be detected in a step-by-step manner

by a single elastic wave generating means.



to the liquid surface of ink. In the enbodi nent shown in Fig. 84, thereis
provided a through hole Ic on a plane face. Thus, it is relatively easy to
provi de the through hole Ic in the enbodinment 122 1 1 SEP 2003 shown in
Fig. 84. Wen the actuator 3106 is arranged away from the bas®1v8ER 2808 of
the container, the ink remains betweerd?‘he actuator 3106 and the base wal |
| a when the actuator 3106 detects gas or the liquid surface of ink. On the
ot her hand, when the actuator 3106 is arranged in the corner portion, the
act uat or 3106 Eagh afethe s¢pgedcivpvinhgeRrERRLRY “tﬁart%q%%‘%ez\ﬂﬁl-”%l?aqo%us,
when th C r. h I L f i

| evel of g??q%?gggu%géggeg&?ﬁiigég?%tﬁ)es% gﬂ%@%% t he agcel%wa %%%%ége 85
shows a tnotslse semieoraldevitewthe sthél embtdfertheewbatdridoe oh the outer
cartridge in the latitudinal direction. The <container 1 of the ink
cartridg%ngccording to the present enbodinent includes enclosing side

wal I's 1020a anﬂ-%QZQP Y‘Qighcrgé'gé’?ftigﬁafuppéﬁ PP thaOF r‘%/%ﬁtg‘%f 8R40 (see
Fig.. 84) and tﬁ opposed side wall 3015 (see Fig. 84). reover, the ink
supply poktjetiseqroVinedpparatheasungabaenter the ting pastehdgentloelitent ,

the actuatar, 3106 js vided in.the corner_portion 300la situated ..in a
boundar y P eidi DA mebpEt hes 2CE St 2P ShaP L he e RerO8T RG S e PGe a1
1020a. Thdsssavieredhiash bifethakraidirfgapes ¢bhpeisdd tHhgubFeaakdimEct i on
(in the direction of arrow mark Z) in Fig. 85, the actuator 3106 can

5
det ect thes spRfatnenroperdingeread s3holsipkoyaded i tHee ckRwer nerca of t er

it Letel y. - b i ded
It 1s Coeﬁg@ﬁo%nwmggg%y %%ﬁéﬁﬁ%%@y&khﬁﬁéﬁﬁH%é’ﬁiﬂa@@wﬁﬁ)ég enPLpVI de

in the corner portion en the ink“cartridge is
tilted i inkheartevégsemduneihgonidé ohethersubrbakk Zunite3act uator 3106 can

detect the situation ere there is no jnk J]eft in the container 1 after
it is consumed® b9t LHnPrRYRIF. CEPFS %%Cfsh%%i ah s i%n?“q%cfé%rﬁ%n? n'“?<g

cartri dgghdSinRg §leWOre ASEABLP EPpafB t BBRRAE IR NYNE @ el e S6hH HIahYEeR taba . Used
inthe ink cartridge according to the present invention will _ be described.

In the phesartiaadodbhermpabhe oftiretPEocabbad i B106Hrese dHFeGRtRR in
the cor gt AN %ﬁr}ﬁ:i?h%olﬂpéqdiﬁgg&aegfatpgcé)lpcﬁ’ﬁfqlead 252 in the lower

face. The carriage 250 includes a sub-tank unit 256 in the upper
face of the recording head 252. The sub-tankunit 256 has a similar
structure to that of the sub-tank unit 33. The sub-tank unit 256
includes an ink supply needle 254 in an ink cartridge mounting
side. The ink supply needle 254 is inserted to the ink supply port
of the ink cartridge, and supplies ink from the ink cartridge to
the recording head 252. The elastic wave generating means may be
provided in the sub-tank unit 256 instead of being provided in
the ink cartridge. For example, as shown in Fig. 82, the elastic
wave generating means 2003a may be arranged in a face adjacent
to a face having the ink supply port. Moreover, though not shown,
the elastic wave generating means may be arranged in a face having
the ink supply port of the sub-tank unit 256. Moreover, as shown
in Fig. 82, the elastic wave generating means 2003b may be arranged
inside the ink supply port of the sub-tank unit 256. In any case,
the elastic wave generating means is preferably situated in the

vicinity of the ink supply port of the sub-tank unit 256.



side wall 1015, respectively. The actuators 3106a and 3106b are both
arranged in approxi mately sane height to each other with 12 3 '"11 SE P
2003 respect to the liquid surface of ink in the container 194 JTSEPei03

when the liquid surface of ink reachest?d predeternmined liquid level, both
the actuators 3106a and 3106b al nbst sinultaneously detect it. Thus, ink
consunption state can be highly reliably detected. Mreover, when the ink
cartridge is tFiged8Bnshhescanssmbdiimentonf bhe ohktperhridaeorbede06a and

3106b detects. firs at re.is_no_ink.as .the ink..n the container 1 is
ot adual | gecsrbarear bR and o S Binpss Eog1 08 A ¢ T GOpEISt EBr T Fat
there i sFag. ¢33 shBwa fH L HhRIGHE AildieN8cebriingt® Phe pilasriry embed eatst
accordingly, it can be judged that the ink cartridge is tilted. Moreover,

i nst ead Fiepeeviupng-hadaddtusioed dinsatiny 3106 gty ilm the cxafe

hei ght wist b r Ct .t h I gui ace of ink as in the present
enbodineﬁ%?efﬁgggckgagg%sgﬁgyggggﬁggégded at different height to each

ot her. By proviMdiregvehe ahtuatouatditO0faoansaglbébmoattddf ter ehe hekght with
respect to the liquid surface of _ink the ink in the containef 1 can be

det ect edCPALA 1808 WY Bt BRURRANBI X akoF ¥BFEr Ot ABKcorBRMptF PP e at BIOf i nk
can be dgheaked idk NbeM o8t aPLEEIE thb®1dbiAd Wade RRRAAAINPmLARY

showi ng still another odi nent of the actuator. In e present
enbodi mreA0 03t hmayabeuaroengéd0atottbei pesngé Powbave phet eleshiingwbase pl ate
80 and a ghezo n,_one side, of the concave gart O%orm’ng

l.ectri | t.82. In
base pl af §6?géﬁgc%%§8§esg§$t1§1pP§1F6?H§ by ARG ehi Hy SRt AR

od or the

I i ke whi beoondehBethsifecddtrPizazes! eet i 5Cped fekible Fhdts auvpeadngl Bet he
concave part formng base plate 80, a bottom gortion of the concave part
81 oper aP&ESVaded e ilhf FREFHRIge THUSTrdstetinbridhe MG TUai9n 280 & RRM

actuatorcgggoihscgﬁggggdtﬁg @nxperi phery of the concave part 81. Moreover,
the structure of the actuator 3670 is anal ogous to that which is forned

integrally wi tKamehg, baseopliahe id8emhddimenvsbofittihhg piguedlZénbaiheund in

the actuator .106. Therefore, the mapufactyri process i.n _manufacturing
the ink BAFOFRABESQERCHE S LREGNT Sgny fifle | Fghid contaiher CompEises

a container which houses the liquid and which has a corner portion
in a lower side against the liquid surface of the liquid, a liquid
supply port which supplies the liquid to the exterior of the
container, and a piezoélectric device which detects the
consumption state of the liquid and which is provided in the corner
portion or in the vicinity of the corner portion. Preferably, the
container has a base wall in the lower side against the liquid
surface of the liquid, and the piezoelectric device is arranged
in the base wall.

Fig. 84 shows still another embodiment of the ink cartridge
according to the present invention. The ink cartridge according
to the present embodiment has a slanted face 3040 where the corner
portion 3001 is tilted against the liquid surface of ink. The
actuator 3106 is provided in the slanted face 3040. Thus, the
actuator 3106 is provided in a manner that it is tilted with respect
to the liquid surface of ink. 1In the embodiment shown in Fig. 84,
there is provided a through hole 1c on a plane face. Thus, it is

relatively easy to provide the through hole 1lc in the embodiment



cost therefor can be reduced. Mreover, the side face of the 124 11 SEP

2003 actuator 3670 has a tapering face 3083 which is tilted by a tilt

angle 01. Referring to Figs. 87B and 87C, the actuator 3670 fi I | s up t he

t hrough hol e provided in the contai ned22. Thus, the vibrating. 1r§§ 028030 f

t he actuator 3670 can cone in contact with the ink contained in the

container 1. Moreover, the concave part 81 can operate as a cavity.

Mor eover shohe aotBidors4d06 when baef acnedtonr alsismllsaarrmnged avay t freom

actuator 3670 of Fi gi.é87A - 87C such that it fills up the hro%rc[]h hol e of
h

the cont&RRePade VA appPEskht oot Heht Elﬁ%\/\hn]i‘nr LN RLCYERIT RS at or

3670 is gouniedrfioe %‘Hdstﬁg Bdee GNthiahBefhdn tiaNeVRhatiRes1086!det &kt 3670
and the container 1 may be so designed that it can be nmounted from i nside

t he contgaaeorltlae Lhquhé subbaceenf Shiown On rti g:tl&hchawi,eoms&r,l tthee

actuator_ 3670 be arranged cont ai ner edd i he

hr ough AEPUSpo b Ui S IR b e AR e O nmB Gy i 0ts 4 A LR 1RFE 1 and

the act ughRIba8GAbvAI&S l&eptchkenv@cihytgl bF Ohe YL wallne 160Nt @hA€] whém the

ink cartridge according to the enbodinent shown in Flg 87B has a cutting
ac

pl ane 90the 4%@%@%&10@&%%&8@? loac &hed 1baviderurhacBoff obitml th¢ a and
t he oppo ) h; t spec om
wal | f%@ I%lvég%gc} JsQ%‘%ac\%:b% )%or :@:go%é |e}szldr?§u%1§egh%ﬁb%%§ ‘Lc)%ﬁl ng

pl ane 90 SO tlha_i; t &g yhbwatan:grm@glmbﬂfomah vhee cHnstacil wendtheénk i nside
the container,1 and the interior of the container an.be kept in_ a
f1uid-tigRPodimeRrt af the @%?%F%B%@g?ﬂé{tFﬁéqquu&W?é alﬁfcliflg{‘he%l'é%eri ng
face 3083,be,equal 118rt PRetihk SRPEEIQde Qécéjf@lﬁé'tﬁbnghé"?f'@sgﬂt Ther eby,
the bottomwall la or the opposed side wall 1015 and the tapering face

3083 caremeodbnemrd incbudee e@@lmsm@r@ldamebberlozm FohtH92@p vhight he
K cartel a5 acaol dhiith$ p® TR 199848 (B! f5gB76a P00 G LI N0
opposed side wall 3015 (see Fig. 84). Moreover, the ink supply
port 2 is provided in a leaning manner. In the present embodiment,
the actuator 31706 is provided in the corner portion 3001a situated
in a boundary region between the base wall la and the enclosing
side wall 1020a. Thus, even when the ink cartridge is tilted in
the cross direction (in the direction of arrow mark Z) in Fig.
85, the actuator 3106 can detect the situation where there is no
ink left in the container 1 after it is consumed out completely.
Moreover, the actuator 3106 may be provided in the corner portion
3001b. Thereby, even when the ink cartridge is tilted in the
reverse direction of the arrow mark Z, the actuator 3106 can detect
the situation where there is no ink left in the container 1 after
it is consumed out completely.

Fig. 86 shows an embodiment of the ink cartridge using two
actuators. An embodiment where two actuators are used in the ink
cartridge according to the present invention will be described.
In the present embodiment, the actuators 3106a and 3106b are
arranged in the corner portions 300la and 3001b of the opposed
side wall 1015, respectively. The actuators 3106a and 3106b are

both arranged in approximately same height to each other with



corner portion 3001 | ocated between the bottomwall |la and the 125 11 SEP
20 opposed side wall 1015, which is tilted with respect to the bottom wall
la by a tilt angle 02. The actuator 3670 is nounted in the i face
of the bottomwall |la and the opposed 123de wal | 1015 of the ?3855%
Thereby, the vibrating region 82 can come contact wth ink inside the
container 1 and the interior of the container 1 can be kept in a

flui d-tighepeehtte the 1sapidiardsice of Hatk dhethe |qordrmgine0l - of Thereek¥peri ng
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the cutting plane e "act uat or can’be
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respect to the |liquid surface of ink, the actuator 3106 can detect the

process inkip# dhftfh@entqmmrworaéeomﬁ ofrictistees dstenbpenanrdimna i qui d
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art without departing fromthe spirit and the scope of the present
i nvent i oreight to each other. By providing the actuators 3106a and 3106b

at different height with respect to the liquid surface of ink,
the ink in the container 1 can be detected in a step-by-step manner.
Moreover, the consumption state of ink can be detected with high
reliability.

Fig. 87A is a»perspective view showing still another
embodiment of the actuator. In the present embodiment, the
actuator 3670 comprises a concave part forming base plate 80 and
a piezoelectric element 82. In one side of the concave part
forming base plate 80, an concave part 81 is formed by an etching
method or the like while on other side the piezocelectric element
82 is mounted. In the concave part forming base plate 80, a bottom
portion of the concave part 81 operates as a vibrating region.
Thus, the vibrating region of the actuator 3670 is defined by a
periphery of the concave part 81. Moreover, the structure of the
actuator 3670 is analogous to that which is formed integrally with
the base plate 178 and the vibrating plate 176 as found in the
actuator 106. Therefore, the manufacturing process in
manufacturing the ink cartridges can be shortened, so that the

cost therefor can be reduced. Moreover, the side face of the



which is defined only by the appended clains. For exanple, sonme 126 ~11 SEP
2003 enbodi nents descri bed above enpl oy the actuator whereas the others

the el astic wave generating neans. However, the substitution 0§ 4 %ﬂpz&ﬁtmo
devices can easily be realized as the bt®sent invention mainlt [o S
the position of a liquid level or ink |evel detection device. 11 SEP 2003
127 WHAT IS CLAIMED IS: 1. Aliquid container, conprising: a housing

cont ai ni rgtukhcoei A670ghad; a &dpnauing faosl ¥ 083ewhaghf bs nedl ted $ui @ Bodsi ng
through which liquid is supplied to the outside of said housing; and a

det ect i 0Rf"@e®i 8& -havi ng a pi ezoel ectric el enent and attached on said
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liquid contained in said housing, sali et’éction device i's forned: B a
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el ement forned on the 13t plane of said vibration plate,.ngt at .the outer
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vibrati ng arganegt jhegst SohchMidF all NHo2EBFekS tHe CONEARE PMAd ginkan2.
The Iiquid container according to claim1 wherein said detection device is

f ormed wopkrateawist p waivdltyopens to an interior of said housing, said
cavity contacting |iquid contained ipn_said. housing, .3._The Jliquid

cont ai ner acco’&‘&?%ﬁvfa 'c&é‘? rﬁqtu&tof, igﬂé?aéf Hes ?Jan%%tl&?is&mll@}\/pggner

i ncl udes t@ntﬁéoéf@ﬁﬁéﬂﬁlr\d@(ﬁtdmﬂ'iﬁ@gi o forg7@ckuahl yhdet £etfig & ugoBhenuous
decline of the liquid level. 4. The liquid container according to claim 3,
wher ei n §&raushohgaei p§ thebcantaanedgilon extends in a vertical direction

with respect to_t | Lguj e i qui aigher ot di Q
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cl ai m 5, pehfs@hie§ a kb iRfs3ldeOBhE &b ainer 1 as in the embodiment shown
in Fig. 87C. Moreover, the actuator 3670 may be arranged in the
container 1 by embedding it in the through hole provided in the
container 1. In any case, the container 1 and the actuator 3670
are kept in a fluid-tight state.

The container 1 in the ink cartridge according to the
embodiment shown in Fig. 87B has a cutting plane 90 in the corner
portion 3001 located between the bottom wall la and the opposed
side wall 1015, which is tilted with respect to the bottom wall
la by a tilt angle 62. The actuator 3670 is mounted in the cutting
plane 90, so that the vibrating region 82 can come contact with
ink inside the container 1 and the interior of the container 1
can be kept in a fluid-tight state. It is preferable that the tilt
angle 01 of the tapering face 3083 be equal to the tilt angle 62
of the cutting plane 90. Thereby, the bottomwall la or the opposed
side wall 1015 and the tapering face 3083 can be formed into the
same plane.

Moreover, the container 1 in the ink cartridge according
to the embodiment shown in Fig. 87C has a cutting plane 90 in the

corner portion 3001 located between the bottom wall la and the



has a length equal to or nore than a half of a distance fromthe bottom
face to a top face of said housing. 8. The liquid container according to
claim 3, wherein said vibration region is slanted with respectyg §f

liquid level. SEP 2003 128 9. The |iqgh?® container according W)éfg]ﬁ!‘%
wherein said housing includes a slant face with respect to the liquid

| evel, and said detection device is attached on said slant face. 10. The
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of detectihant tienbels anglarfrnrgedhat thpeeivng fabet hesslwntediarle.tol4helhe

l'iquid container according to claim13, wherein said slant face is forned
in the vitdilti apgde &acd thewud tdmgppyaneen ng Thereby ,di ke anoe: ey wdemet he
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menbers are arranged on a single coupling nmenber which is attached to said
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In the present embodiment shown in Fig. 88, since the
actuator 3106 is arranged approximately vertical to the liquid
surface of ink, the vibrating region of the actuator 3106 can be
positioned approximately vertical to the liquid surface of ink.
By forming the vibrating region of the actuator 3106 in an
elongating manner in the vertical direction with respect to the
liquid surface of ink, the actuator 3106 can detect the process

- in which the liquid surface of ink decreases.

Moreover, the liquid container according to the present
invention can detect when the liquid level of the liquid reaches
the bottom face of the container, so that the liquid inside the
liquid container can be consumed out completely until the last
stage of the ink consumption.

Although the present invention has been described by way

- of exemplary embodiments, it should be understood that many changes
and substitutions may be made by those skilled in the art without
departing from the spirit and the scope of the present invention

which is defined only by the appended claims. For example, some



el ement, and said nounting structure is attached on said housing. 19. The

| i quid contai ner according to claim 11, wherein each of said plurality of
detection nenbers includes a mounting nmodule formed integrally 49 ISEPt 63
respective piezoelectric element. 20. ¥fe Iiquid container according to
claim1l, wherein said plurality of detection nenbers include a single
mounting nodule fornmed integrally with a plurality of the respective

pi ezoel eemppdimeafemeascribedrabove@upl ohhaiamuadcsovdengasdhe athetsor 2,

wher ei n id_detection device detects a change of an acousti.c i npedapce of
the 11 quidese TeEE T SRS GLtE0 MoimHev BOTSYRF UoTe FOPR LaoHEaRE Phn
degree othbevetwolddvitidsdcaantaé NP Heh resalideloals ivke basedneni sakdtrdehect ed
change of an_acoustic inpedance. 22. The liquid contalner according to
claim1 @ﬁlg}YME@ﬂ@ﬁﬁnﬁﬂghﬁi gopdtéent afnar liquidnlewrlcart indgéeisint ed on
an ink jﬁétgékgéﬁrdeg§ A met hod of detecting a consunption status of
liquid contarned in a quuid container on the basis of a vibration status
of a detection device having a piezoelectric elenment, conprising steps of:
preparing a detection device having a plurality of detecting positions;
nounting the detection device on the liquid container; swtching a
detecting point to at |east one of the plurality of detecting positions of
the detection device in a direction of a change of the liquid |evel while
consuming the liquid;, and detecting the liquid | evel by operating the
detection device, wherein said detection device is fornmed: by a vibration
pl ate having a 1St plane and a 2"d plane; and a piezoelectric el enent
formed on the 1st plane of said vibration plate, so that the outer

peri phery of said vibration plate is fixed and its inner area becones a
vibrating area, at |least said vibrating area is in contact with ink. 24.
The method according to claim23, wherein the detection device detecting
the liquid level nore frequently as the liquid | evel goes down. 11 SEP
2003 130 25. The nethod according to claim 23, wherein sal- detection
device preparing device includes a plurality of detection nenber each
having a piezoelectric elenent, and said switching step includes a step of
switching a detection nenber to be operated to the next one when the
current detection nenber detects a no-liquid condition.



26. The nethod according to claim25, wherein said detection step includes
a step of operating only the detecting el enents which do not detect a
no-liquid condition. 27. A nmethod of detecting a level of liquid contained
in aliquid container by operating a detection device having$d SEP 2003
pi ezoel ectric elenent, the nethod including steps of: arranging a
plurality of detecting points on the liquid container in a direction of a
change of the liquid | evel while consumng the Iiquid; operating the
detection device; and judging the Iih'{ﬁ d level by detecting no-ink status
of each of said plurality of the detecting points, wherein said detection
devi ce | svHamMedcLAMWEDYShration plate having a 1st plane and a 2nd pl ane;
and a piezoelectric elenent formed on the 1st plane of said vibration
plate, so that the outer periphery of said vibration plate is fixed and its
inner arda bedolididcoptainet, oo ritsdag: at | east said vibrating area is in
gont act W Ejh iraakho&&lng Ibﬂaffﬁh@:bﬁbr%fﬁﬂﬁdﬁd?g to claim27, wherein the
etection devi ge;j ral i . t i er 1avi ng a
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f-requent| - t(@e |I§1J}_‘ |.evel ,gogé own. 31. The nmethod ac,;or |ngl§§ﬁo claim
27, wher &°R'Y'AR FB’l‘ SPH NPYSIBg: SR dRILEHPT §VicsoeiPEmaeLh Sy BRI P top to
bot t om witéingre 11'i pigne and\ac2"’i planbpaed a pigreelettsicniieserddoread omtht t°Ect i on
changi ng digvebf aaid \ipetiahasafe, @ that tTbu@r peRphdyesT ddi¢ vibratibll phRyed i s
bel ow Sa'f&eega%%eh@ﬁm%}%qeggg%%% Jlbf %é'a%ac 3094"% g L Y&l g?eia e
met hod according to clarm 2/, afeln th Opératron o1 e de] 8¢ I ng
poi nt's st%ﬁ?qtﬂaﬁhi"éﬁel y when the liquid | evel is judged. 11 SEP 2003 131
33. The nethod according to claim27, wherein the detection device detects

pedanac of 1 noe RIS bEhT A heelRuRah S FuDRINSAR adRcfeRUBIIE s | s
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contacting liquid contained in said housing."

3. The liquid container according to claim 1 or 2, wherein said detection
device includes an elongating vibration region for actually detecting a continuous
decline of the liquid level.

4. The liquid container according to claim 3, wherein said elongating
vibration region extends in a vertical direction with respect to the liquid level.

5. The liquid container according to claim 4, wherein a lower end of said
vibration region substantially reaches a bottom face of said housing.

6. The liquid container according to claim 5, wherein an upper end of said
vibration region substantially reaches a top face of said housing.

7. The liquid container according to claim 5, wherein said vibration region
has a length equal to or more than a half of a distance from the bottom face to

a top face of said housing.

8. The liquid container according to claim 3, wherein said vibration region
is slanted with respect of the liquid level.



a signal representing a residual vibration status of the detection device
and detects a liquid consunption status on the basis of a change of said
residual vibration status which changes with a change of sai dé'“1 ui d
consunption status. 35. The method according to claim27, wher

liquid tank is an ink cartridge for an ink jet printer. 36. The rrethod
according to claim35, wherein the opeddBion of the detection device is

suppressed during agpri nt'h% 1191?1 ﬁtgpnepf cE%%nd&nlt(oJ ehmp%' %l?e'}elnsgald ln)gxsing

met hod according to clai °hdl execut

~ pr edet er mi nedintloves mk}aanfauclwmhcms]ieetrtmhs ligeidf¢et and sanehatebtnm dm&r 1srwsthed
detecting point (ﬁiel;tﬂﬁctqu a no-ink status. 38. The nethod according to claim
37, wherein st {8k anount  count er neasure process is executed a

pr edet ermned tine period after the | ower nost detecting point detects the
no-i nk status. L . . . ) .
10. The liquid container according to claim 3, wherein a lower end of said

vibration region positions on a plane where said liquid supply opening opens.

11. The liquid container according to claim 1 or 2, wherein said detection
‘device includes a plurality of detection members each having a piezoelectric element said

detection members are arranged in a direction which the liquid contained in said housing

decreases.

12. The liquid container according to claim 11, wherein a distance between

the lower two adjacent detection members is smaller than that between the upper two.

13. 7 The liquid container according to claim 11, wherein said housing
includes a slant face with respect to the liquid level, and said plurality of detection-

members are arranged at interval on the slant face.

14. The liquid container according to claim 13, wherein said slant face is
- formed in the vicinity of said liquid supply opening, and a distance between the two
- adjacent detection devices closer to said liquid supply opening is shorter than the two far

from said liquid supply opening.

15. The liquid container according to claim 11, wherein said plurality of
detection members are arranged on a single coupling member which is attached to said

housing.

16. The liquid container according to claim 1 or 2, wherein said detection

device is disposed in the vicinity of said liquid supply opening.

17. The liquid container according to claim 16, wherein said detection

device is disposed in said liquid supply opening.
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18.  The liquid container according to claim 1 or 2, wherein said detection
device includes a mounting structure formed integrally with said piezoelectric
element, and said mounting structure is attached on said housing.

19. The liquid container according to claim 11, wherein each of said plurality of
detection members includes a mounting module formed integrally with the
‘respective piezoelectric element.

20. The liquid container according to claim 11, wherein said plurality of
detection members include a single mounting module formed integrally with a
plurality of the respective piezoelectric elements.

21. The liquid container according to claim 1 or 2, wherein said detection
device detects a change of an acoustic impedance of the liquid surrounding said
detection device and detects a consumption degree of level of liquid contained in
said housing based on said detected change of an acoustic impedance.

22. The liquid container according to claim 1 or 2, wherein the liquid containeris
an ink cartridge mounted on an ink jet printer.

23. A method of detecting a consumption status of liquid contained in a liquid
container on the basis of a vibration status of a detection device having a
piezoelectric element, comprising steps of:
preparing a detection device having a plurality of detecting positions;
mounting the detection device on the liquid container;
switching a detecting point to at least one of the plurality of detecting
positions of the detection device in a direction of a change of the liquid
level while consuming the liquid; and
detecting the liquid level by operating the detection device,
wherein said detection device is formed: by a vibration plate having a 1% plane and
a2"! plane; and a piezoelectric element formed on the 1% plane of said vibration
plate, so that the outer periphery of said vibration plate is fixed and its inner area
becomes a vibrating area, at least said vibrating area is in contact with ink.

24. The method according to claim 23, wherein the detection device detectingthe
liquid level more frequently as the liquid level goes down.
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25. The method according to claim 23, wherein sai~ detection device
preparing device includes a plurality of detection member each having a
piezoelectric element, and said switching step includes a step of switching a
detection member to be operated to the next one when the current detection
member detects a no-liquid condition.

26. The method according to claim 25, wherein said detection step includes a

step of operating only the detecting elements which do not detect a no-liquid
condition.

27. A method of detecting a level of liquid contained in a liquid container by
operating a detection device having a piezoelectric element, the method including
steps of:

arranging a plurality of detecting points on the liquid container in a direction

of a change of the liquid level while consuming the liquid;

operating the detection device; and

judging the liquid level by detecting no-ink status of each of said plurality of

the detecting points,
wherein said detection device is formed: by a vibration plate having a 1*! plane and
a 2" plane; and a piezoelectric element formed on the 1% plane of said vibration
plate, so that the outer periphery of said vibration plate is fixed and its inner area
becomes a vibrating area, at least said vibrating area is in contact with ink.

28. The method according to claim 27, wherein the detection device includes
a plurality of detecting members each having a piezoelectric element.

29, The method according to claim 27, wherein said operation step includes a

step of operating only the detecting elements which do not detect a no-liquid
condition.

30. The method according to claim 27, wherein the detection device detects
the liquid level more frequently as the liquid level goes down.

31. The method according to claim 27, wherein the plurality of the detecting
points are operated from top to bottom when the liquid level is above a
predetermined detection direction changing level and operated from bottom to top

when the liquid level is below said predetermined detection direction changing
level.

32. The method according to claim 27, wherein the operation of the detecting
points stops immediately when the liquid level is judged.
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33. ‘The method according to claim 27, wherein the detection device detects

a liquid consumption status on the basis of a change of an acoustic impedance of the

liquid surrounding the detecting device.

34. The method according to claim 27, wherein the detection device outputs
a signal representing a residual vibration status of the detection device and detects a liquid
consumption status on the basis of a change of said residual vibration status which

changes with a change of said liquid consumption status.

35. The method according to claim 27, wherein the liquid tank is an ink
cartridge for an ink jet printer.

36. The method according to claim 35, wherein the operation of the

detection device is suppressed during a printing operation of the ink jet printer.

37. The method according to claim 35, further including a step of executing
a predetermined low-ink-amount countermeasure process when the lower most detecting

point detects a no-ink status.

38. The method according to claim 37, wherein said low-ink-amount
countermeasure process is executed a predetermined time period after the lower most

detecting point detects the no-ink status.



