2 7 S E P 2005 1 LI QUI D CONTAI NER, | NK JET RECORDI NG APPARATUS, APPARATUS
AND ~ METHOD FOR CONTROLLI NG THE SAME, APPARATUS AND METHOD FOR DETEg?&&E@ZU
Ll QUI D CONSUMPTI ON STATE 5 TECHNI CAL, FIELD The present invention retates Q%
a liquid container having a piezoelectric device for detecting a
consunption state of liquid within the lilquid container, an ink jet
recordi ng apparatus for which the liquid container can be used, an
appar at us and, BOUED heoh i NER, domt retrl RIQORDENGS FBERARRTUSIN APRRAIUGS ARDD a

method for detecting a liquid consunptiaqn state. BACK ND ART A

i nk-j et-recordWEHQBpEPBtG(SN%%LwQU%@ ‘ac OFEPRGTVES w%%&e% on a-
carriage. The ink jet recopiEeerIReagdIosIprovisiad-TMN s1TESSUre generation
means for applying pressure to pressure generation chanbers and nozzle
openings for discharging the pressurized ink as ink droplets fromthe
nozzl e opgnings. The ink jet recongidigidpparaiys i s configured so that the
ink jet 20 recording apparatus is continyously printable while ink of an
ink cartridge is sUpy PESSERS: dANCpbERR diedgtreatr ¢ higsheentepperihqying
cartridge isaGNdidiiRd 5@ &svick BSr aktachahg e dohAbtht et sehedbe 1fikerut he
recordi ng apparatus so that the ink cartridge . is easily changeabl e by the
user at the VikBifhkhe diggifkcpataineeody ehk| 1ok SRSOREANICIRIFR Y WhAPFyY, as

a method of {RRAH 11tk ARghhK CANSHMRE 88n vof usde, apkappstiti®and 4 hetaoare a
met hod of managi ng an ink consunption bé perform ng cal cyl ati ons qf adding
up the rthbefoXofOnkkodlbps etiedrdtfar 884 PRoAPPAE2FEE 0RBANG REeihodndon

vol ume 30 of qbRkcaRagrHeti gl tdrdsmptabont efafee using a software, a method
of managing a point intine at which'the ink is actually consunmed by

mmounting electrodes on the ink cartridge for detecting an ink |level and the
like. As to the nethod of managi ng ErCRgROWEN@Pti on by 35 perform ng

G schargi ng i nk dr 85I SpE S7H EPAAUARY GPPARACUS it ik i REFSELRB: o

are somaspr dheadchihtedash ardaxriistje? ThSERk2PHO5 rgened dh¢ theddeis priokedédr m of

printing of TETJI:]teh lﬂosi’%rssﬁir%egeannéjraatilo%rﬂgans for applying pressure to pressure
generation chambers and nozzle openings for discharging the
pressurized ink as ink droplets from the nozzle openings. The

ink jet recording apparatus is configured so that the ink jet
20 recording apparatus is continuously printable while ink of an

ink cartridge is supplied to the recording head via a pass. The

ink cartridge is configured so as to be attachable to and

detachable from the recording apparatus so that the ink cartridge

is easily changeable by the us2r at the time when the ink is
25 completely consumed.

Conventionally, as a method of managing an ink consumption
of the ink cartridge, there are a method of managing an ink
consumption by performing calculations of adding up the number
of ink droplets discharged from the recording head and a volume

30 of ink absorbed due to the maintenance using a software, a method
of managing a point in time at which the ink is actually consumed
by mounting electrodes on the ink cartridge for detecting an ink
level and the like.

As to the method of managing an ink consumption by

35 performing calculations of an ink consumption by means of adding
up the number of discharging ink droplets and a volume of the

ink using a software, there are some problems that an error is



error is generated when the sane ink cartridge is nounted again. The error
not to be negligible is generated between the cal culated ink consg??tigq
and the actual volune of consunption due to the 5 use circunstance4 Phe 1005
nmet hod of managing a point in tinme at which the ink is consunmed using

el ectrodes can manage whether the ink is present or absent with a high
degree of reliability since an actual voltGne of the ink can be detected.

However, since the_dgt ctLon_ofHan 10, ink | evel depends on,the eleﬁtrical
conduct i vi t y 96PEFAKSd IGUFEC e Rk HobriRkelng 05 F EET 2H 2ngky Phge
structure of egkeetipdenerheeqnBsert AR fame VBkeONLFridddGR MOUWARLEN REaGI. OUS
metal having _a good conductivity, and corrosion resistance is used as a

material foFNEHETOIRYY Qe neghblghme A8 Gensigtedhebreemehefaloalatpdge 15

is incr easedinﬁ%éﬁﬁfnm i®n 8hACEné W 1RIaaCHS1 @he %;@‘ébh%@ﬁ@t%ﬁ dhE8AW tRd to
be nounted, the nunber of steps of manufacturing It 1is increased, and as a

resul t, tShe Hﬁﬁu?é&‘%“mﬁ@fg’%st is increased. Then, a method of detecting a
1quid Tevel of tNhenenfebiod 20 GRIMILinG0adp6 809 Of it S i dHREdanAR
using a piezoelectric_ device utilizZing a }[))I ezoelectric matertal 1s
proposed. | nisigensyredotsigly gbeetredrs aanrgiiagewisiihest thadnknks pseagnt

pi ez0el et i g ARENE Ry WNSHEH OG-l SIPIASAN O i ALS A a L8Ry PG RGO
in a high derree gf rleY}?abi rc'l{lty&]{ e se%lflng s'?'r_a@ttre o} Etl e .Zjiji 3{’]§ctrodes
are not to & ipkenasihe clafiastednd Havevatangisceuthafdaetenatism phean nk

cartridge i SixlﬂE’Viex}@l"‘%‘é?(end'b Noh h&é%ﬁ%c‘ﬁ’@%ﬁﬁ@@n%@@ﬁ?ﬂ J¢ §. gt‘?vicfﬁdé S

defective, the piezoelecCtric device iIs not nornal operdted an
erroneousl y Phdgks itenaernenbiniied s apaasentl 8hg shsestuketal sleot¥edes nk

cartridge. Thes&hes @omplekl RFdRRekydgtth-iatienyohréfiond MR tRi1CROS et ric

device is normally operated, it has an advantage “over the above. Mreover,!
in an ink ca? OPPEFENRNG Ly ig¥rand 9%?%%%{96?%1%“%@ lériu&'r‘?ﬁ(a\‘;‘(ﬂ Bakerial .
generated dugnt anehe1bEekedss Atthe RYRPAEHIThg 2958f of Nend Nk dAgEEife, 1t
is desired tpo be able to dete t hat .t he 1 nk

t by the piezoelectric devic
Cartr i dds | ShotMTEAAEH -vi T CRFOFR BINERC RIS oo BLOGFARESHATE o t he
def ect of thesedquikdd 28 ISERREARA} the number of steps of manufacturing it
is increased, and as a result, the manufacturing cost is
increased.

Then, a method of detecting a liquid level of the ink by

20 detecting a change of acoustic impedance using a piezoelectric
device utilizing a piezoelectric material is proposed. In the
method of detecting a liquid level of the ink using a piezoelectric
device, whether the ink is present or absent can be managed in
a high degree of reliability, the sealing structure of the

25 electrodes are not to be a complex structure, and the
manufacturing cost of the ink cartridge is low.

However, in the case where the piezoelectric device is
defective, the piezoelectric device is not normally operated and
erroneously judges whether the ink is present or absent within

30 the ink cartridge. Therefore, if it can be judged whether or not
the piezoelectric device is normally operated, it has an advantage
over the above.

Moreover, in an ink cartridge with a defect, the reduction
of an ink volume is generated due to the leakage and-evaporation

35 of the ink. Therefore, it is desired to be able to detect by the
piezoelectric device that the ink cartridge is not filled with
the ink of the predetermined volume due to the defect of the ink



cartridge. Moreover, even in the manufacturing an ink cartridge, if the

nmet hod can confirmwhether or not the ink cartridge is filled wth the ink
of the predeterm ned volune, it has an advantage 5 over the nethod W ERER H5
not capable of confirmng it. Furthernore, when the ink cartridge is

utilized again for recycling and the likeg the ink is refilled within the
ink cartridge. if the nmethod can detect whether or not the ink of the

pr edet er m nedc‘é@t&!ﬁﬁ LS actually present or not within the 10 ink cartridge
after the ink refi I?ng, the nmethod has an advantage over the nethod which
i s not capabl e of déogeovey,ieven Hiur thermareladiuyigglesi inbl@xorbdgeablid to
detect the ca k ' : 'gjgg_.i R0 |y - d. re
the ink jet r%g%oﬁrwdﬁcgd tgggad}a ulgﬁ{éﬂ%ra [ g%tfgg%é@eedf@% Célglf% g@%%n%gtr)ﬁ ﬂ/%g t he
liquid | evel.wilbrtbg, itheof nihg gredeterdingd apphume usit haspreey entvedthgem
performng a LNt | Accondi.ngl v, ject-of t. I e I nvention
iIs to prg’vi dgggin{é{]?g@&gﬁ%d a"‘(gﬂlhlg%lpzi’rgak'l ég‘ ?gpgg%ﬁtégl%‘?é\gﬁgﬁquiﬁﬂ%'et
recor di ng appar at us Foasbhdrooré hevhent bhadohlr esuttidde vlrethil iped 20aiot foher e
g app Ay
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cont ai ner capasieridigeonflifr thagné¢tiaid dae Hegect whetlher qr ecdt e¢hm el oHl une
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the presént imwecaranidge aftterptloyiok refildund, e aétierd bapan edghntage

det ecting t hab,the., predgler miied Yol HOP Sfphibfe IdK gl gontained in the

e to deféc e n

| iquid 30 conftarnef du s of guid contai ner or the
pi ezoel ectric devi cBurbtinernaxreyr oviidedas salhozl terls: ahlappadatest o cases

control | i ng %n%xf‘é(f&rf‘é irn‘?:c%‘}it%dggpfé it fﬂﬁ%‘}&&gmbnﬁtegegﬁ&t &He&@%éég ?‘;

ink volune. Still further, other jects o ' sent Invention are
provi de a |i gt Jednrerasding piHagagtsdes aptadignd .gbagedmn apprakddent ol d
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nounted, and to provide a nethod and 2 7 S E P 2005 4
prevented from performing a poor printing.

Accordingly, an object of'the present invention is to
provide a method and an apparatus for controlling an ink jet
recording apparatus based on the obtained result of whether or

20 not there is a defect of a liquid detecting function by a
piezoelectric device.

Moreover, an object of the present invention is to provide
a liquid container capable of confirming that the liquid of the
predetermined volume presents within the liquid container during

‘ 25 manufacturing the liquid container, and after manufacturing the
same.

Furthermore, other objects of the present invention are
to provide a liquid container capable of detecting that the
predetermined volume of the ink is not contained in the liquid

30 container due to defects of the ligquid container and/or the
plezoelectric device, and to provide a method and an apparatus
for controlling an ink jet recording apparatus based on the

detected results of ink volume.
Still further, other objects of the present invention are
35 to provide a liguid container capable of detecting a gradient
of the liguid container in the case, e.g., where the liquid

container is not properly mounted, and to provide a method and



an apparatus for controlling an ink jet recordi ng apparatus based on the
detected results of an ink volume. Furthernore, another object of the ,
present inventionis to provide a liquid container and an ink jet&é?%?qu?gJ
apparatus 5 capable of easily and precisely detecting an ink volu hi'h
the Iiquid container. DI SCLOSURE OF | NVENTION The present invention is a
nmet hod of controlling an ink 10 jet reco#di ng apparatus on which a liquid
container is able to be detachably nounted, said |liquid container having a

contai ner badya@entaiud Agr @onitguild iayRp iieH e? BedSEedIh Bppheadusibaekar gi ng
an ink dropl et f{oma nozzl e opening and a PI ezoel ectric device for
det ecting safB FPGuiRtRFEEH n“‘%‘dﬂd'—*t@r{t &fnéy cbl‘.‘iE]&l/“““@c)rrpr| sing 15 the steps

of : detecting a chapgeherinstes ypdttedfolSRicd ofi eREehLEIehe URMEMRG DY i
detection sectl on provided inside or out'side of said ink tltl,bn recordi ng
appar at us; j HEgIFRY WfeAnbidwid cRatadnpl awhrRCcHYR 16t BeGar %é‘ﬂ@i‘f%gs

predet er m neQa]tJQEDQ'cBE féhé%ﬂyaahﬂdﬁi@c%@@ﬁﬁ 'd%‘&e@ici\ﬁbdgﬂ ime i Rle Qutaife of
said 20 ink {:}@ recording apparatus; and-controlling said ink jet recording

appar at us sotBRat 1Guld ¢otdgictecording apparatus is set in an operable
state or in a non-operable state based on a result of said judging step.
Preferably, said detecting step'is executed at the time 25 that said liquid
container is nmounted on said i BRESCERSUBEQHI IVENDIKAY at us. Preferably, the

met hod further conppkSssederdl %mx@ntl%a%r5ﬂﬂeaa£c?rb$ﬂ%dt%l‘i%§”§n0in1§a' d
liquid within said liquid container until at_|east predet erm'ned vol une

by a medduri Mgt IFXRAIGh apravriEa ehsidEvp é&ﬂﬁi@@%t%ﬁi‘# ik apée to

recording Qﬂ@%félﬁa%abﬁ&elﬁéﬁﬁ@éd’; stahﬁ 1@5@951 dofibheercRAPihg @S c8ndi el . 1N
a case that said ink,jét recording Raratus is In sad non-operable

state, sel ec‘??%CQPFﬁéPlPB Arhi BB ﬁ“QE ded & B FECeBAd ngthgad QFSSBE‘%‘%&I&B i nk i

j et recordingn apRABRbES B Fid %hﬁaﬁ,@lé&!pbr{l(?{@r Qﬁ@r@%cl%zo‘élm&ﬁdﬁéﬂﬂ:é nk
star e erab , Sal

jet recordi nf a@p%ra%us to saé {?3 3| h onk .
char act er i sth?F JEFEECTRIARIY Lngntd ¥ LENSEE o508 61’18‘?5&'{ Y rsEPEPEH ARG of a
pi ezoel gstrithee! erepls obfsaidetecting a characteristic value of said
piezoelectric device by a detection section provided inside or
outside of said ink jet recording apparatus; judging whether or
not said characteristic value satisfies a predetermined
condition by a judging section provided inside or outside of said
20 ink Jjet recording apparatus; and controlling said ink Jjet
recording apparatus so that said ink jet recording apparatus is
set in an operable state or in a non-operable state based on a
result of said judging step.

Preferably, said detecting step is executed at the time

25 that said liquid container is mounted on said ink jet recording
apparatus.

Preferably, the method further comprises a step of
measuring a consumption volume of said liquid within said liguid
container until at least a predetermined volume by a measuring

30 section provided inside or outside of said ink jet recoxding
apparatus.

Preferably, the method further comprises a step of, in a
case that said ink jet recording apparatus is in said non-operable
state, selecting either to maintain said non-operable state of

35 said ink jet recording apparatus or to change said non-operable
state of said ink jet recording apparatus to said operahle state.

Preferably, said characteristic value is an element



pi ezoel ectric device. Preferably, said characteristic value is an
oscillation characteristic value of an oscillating portion of said z/\f

pi ezoel ectric device. Preferably, said liquid container is provided tSFﬁP AL}US
| east two said piezoelectric devices. Said detection section detects
oscillation characteristic values of saidat |east two piezoelectric
devices in said detecting step. Said judging 10 section judges a consunption
state of saighdtsniek iy nvadhd df qu dpeeptelsctrhased caera r elfat sy gl
condition of putual oscil]ation characteristic values of said at | east two
pi ezoel ect r i RIRRRELIE d8VdCPudgi ng step. The present invention is an

apparatus for contpgbféihB) shidi 8Kai&étELLH b RGiIdRPaALARHS0 88 i MEE oR
liquid container is able to be detachably nmounted, said |iquid contajner

havi ng a corffRAFRGFresiiccoNRANAI )L a A0 qASF ddpFingd PerkieBcoPli nitfHbad

di schar gikng p@afddiecdiydp! eevic@m a nozzl e opening and a pi ezoel ectric device
for detecting said liquid within said container body, conprising: 20 a

det ection secti on Fepferaidyti srichl taatAEPBERSNEE IRV sledyigh at least

pi ezoel ectr i-&qdj%_\éii%epié%él&%ﬁﬁ'H@Qié@gt.i@éiﬁ.ci’%ié%%d%&%‘ﬁi dedribpsifedds
outside of said_ink Jet recording apparatus; a judging_  section for judging
whet her or $ciddistionar aBpERFERT 84T udalygsi sPfessalir edet el®iied two

condi tion, $aiGdeidaindcseEhiieBsPaints2R PasYedethd Nsteg, OlQut Swlgyigly sai d
ink jet recording apparatus; and a controlling section for conttolling said
ink j et 1P ecHegitign éﬁéﬁ?ﬁ_tﬁsc%lb?‘%l%loélais&altﬁkogeﬁaiécb%‘&l‘ﬂh@ whpakased's set
in an operall@;ist atSnOdindtr apAHEd Ol ab| ecIhat fcbasnidich r8gulfutuht ai ned
by said judging section. 30 Preferably, said detection section detects
(osci | | ati on PSEHA-AELER sEPRIIAIISSIIC avVallugst Pho Y prlezodasty r itwo
devi ces whipdlzakgeatiashegvicesain daiiﬂugjddgﬂﬂgabﬂép. Sai d j udgi ng section
_judges a consunption state of, said.liquid wthi nr%al d_liqui cont ai ner

[ . ( d
based on a rel ati veccBREFEFOAYEPILRalS (¥ iARRRL SRS 350 HPt 2t H19 é%val ues
of sai dismt lie&sfetwequrelioel eppatrstwievinceRich Thd ipudteabntaveati b abdea
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cont ai ner bbdgly cmtaining a liquid supplied to a recording head discharging

an ink droplet from a nozzle opening and a piezoelectric device

for detecting said liquid within said container body, comprising:

20 a detection section for detecting a characteristic value of said
piezoelectric device, said detection section being provided
inside or outside of said ink jet recording apparatus; a judging
section for judging whether or not said characteristic value
satisfies a predetermined condition, said judging section being

25 provided inside or outside of said ink jet recording apparatus;
and a controlling section for controlling said ink jet recording
apparatus so that said ink jet recording apparatus is set in an
operable state or in a non-operable state based on a result
obtained by said Jjudging section.

30 Preferably, said detection section detects oscillation
characteristic values of at least two said piezoelectric devices
which are attached to said 1iguid container. Said judging section
judges a consumption state of said liquid within said liquid
container based on a relative condition of mutual oscillation

35 characteristic values of said at least two piezoelectric devices.

The present invention is a liquid container comprising:

a container body containing a liquid; a liquid supplying opening



a piezoelectric device for detecting said liquid within said container |
body, said piezoelectric device being positioned nearby a liquid | eZVPgEFOfBBS
said liquid when said liquid is not 5 consunmed. Preferably, the |iqui
container further conprises an additional piezoelectric device for
detecting said liquid within said contaiger body. Preferably, said

addi tional piezoelectric device is 10 positioned nearby a bottom surface of

sai d cont ai neL..b f [4V4, i i i . i Vi is
posi ti oned ngé%bggégll%f%fe%o%felétqﬁi? ggggggg (gﬁaélall’ll ia cﬁ%{uelrlld%ﬁ\}e?ﬁahen
said |iquid a phenoshect ciontdéviare biory detendtingossuded igbddnyilthdat edid

bet ween sai d_pi ectri,c devi.ce and said. 15 addjtional .pie l. i

devi ce. Pref 8§3§%§§é§af°§5§r e%\éé'(iae&a%(?zcoegggﬁ%égarfgeq;slaled %%‘bﬁ?i ?r%%ll%%{lé&

pi ezoel ectri nedebyce haypeidsheddlatohgasiectliiopndidceheacsuig Witihidaisedotm

wi thin said container body, respectively. oscillation characteristic values
of said sci??g‘t"iuﬂ% Sections are detected. 20 Preferably, said liquid

contai ner is adaptegeferdislyputiiedl iguidncomiajratr ranorltknocappaistsisamhi ch

performs a recordin . a recordin headschi)ins hargi ng an.i,nk. dropl e, . said
Ui d i ¢ RS aRre e Beriae dnir et s Ba b i et aida.
The present sav@ntomynireraibodyk j et recording apparatus 25 on which a
liquid container ig_aple.-to be_d tacciﬁ 1.y unt ed aid liqujd.container
havi ng a cont ai ner1§Jr)%}c)f§/raé3 trai ifHY & Cﬁaﬁo&man@l%‘é%‘?i‘:i%ﬁje%t ﬁeé”ﬁgvi:'c% f or
detecti ng sapaksitipret webalrby asabdttomnswrfere ddysaichmpntaiingr dodgcor di ng
head receiving sai Figuid fro ai d. J.i.quid.contain nd. di schar.qi an
i nk droplet 30 frolgﬁr%}:eﬁgag%yé 05%1 ng‘-’!,ddéﬁ Oga%orEJr%fcfe?l:ecfaLc}‘rdlcco%terv&ng % an
operation stpdsitforss dehnky] sdid griczoeigcappardewusse saind indbnradol ierid
| ncl udi ng: .alélgéle%hbﬂnsa%_%cﬂ.@?%cﬁ Wtitﬂ?ihes%li'td‘goﬂgafﬁéf %%Ejgﬂdégl'qcc X&Q%eﬁ sai d
pi ezoel ectric device, said etection section being provided insrde or
out si de of skeihd nkogatedt hedawen ngabppaiaraeleatjidgideyisect pod fagid
j udgi ng, yhet ey « i QYnao ig%glggeﬁﬁgt@é‘}ﬁé'p val ue satisfies a predetern ned
condi tion, sal d‘ ] uélgl ng section being provided inside or outside 2 7 SEP
2005 7 of said i nEr§iarabdyerchiyrappachecst iadgvaceqnd said addEenadn
piezoelectric device have oscillating sections contacting with
a medium within said container body, respectively. Oscillation
.characteristic values of said oscillating sections are detected.
20 Preferably, said liquid container is adapted to be mounted
on an ink jet recording apparatus which performs a recording by
a recording head discharging an ink droplet, said liquid within
said container body being supplied to said recording head.
The present invention is an ink jet recording apparatus
25 on which a liquid container is able to be detachably mounted,
said liquid container having a container body containing a liguid
and a piezoelectric device for detecting said liguid within said
container body, comprising: a recording head receiving said
liquid from said liquid container and discharging an ink droplet
30 from a nozzle opening; and a controller for controlling an
operation state of said ink jet recording apparatus, said
controller including: a detection section for detecting a
characteristic value of said piezoelectric device, said
detection section being provided inside or outside of said ink
35 jet recording apparatus; a judging section for judging whether
or not said characteristic value satisfies a predetermined

condition, said judging section being provided inside or outside



for controlling said ink jet recording apparatus so that said ink jet
recordi ng apparatus is set in an operable state or in a non-operablﬁ %E‘Et ﬁDS
based on a result obtained by said judging 5 section. Preferably, t g k2
jet recording apparatus further conprises a storage device capabl e of
storing at least said characteristic valde. Preferably, the ink jet

recordi ng apparatus further 10 conprises a neasuring section for neasuring
a liquid conginkagd ok W wetbi-disgi dhpdeatvk camidahnesntirdll 18y s&@asiona
predeterm ned volune. Preferably, said detection section detects .
oscillation fPRaFBEEPIEINE SAlQdDkop et TREQEH P A0 RRAER i AR Wit said
devices 15 WHkCHefl gedbiRONEdpiRredud ikqeed £ANLA cﬁ[ﬁé;rab@é 4 ME8i07g in
section judges a consunption state of said liquid within said |iquid,

cont ai ner ba3dPRTPRLTF R LA Fhateditfed O 8freeN taloliddipedaby ofp1d Judging
charact erg st jgc¥ahgyes of said at |east two piezoelectric devices. The
present invention is a nethod of detect i,n% a liquid 20 consunption state of
a liquid contai ner PE8Ge¥delvn kRei i efiet a@dicHg 9apPlRPR¥/EYS s Hugthegui d
cont ai ner ha&bxﬂﬁ:ﬁsé@”& ?é'@@fag@f)@é/vfé@t(%[? B0 8ok | GHbHiSYPREI §dake Baiq
recordi ng head di scha_rql ng an ink droplet froma nozzl e opening and a

pi ezoel ect ri EhABITERILFIHC Y&l@€ti ng said liquid within said contai ner body,
conprising 25 the stepsr@ily, dehectinky 9&€i |ﬂe%61@1n%hadﬁ§é1€éh§é' Guy-ehges of

at least two said piezoeleéectric deviceS attached t0 said |iquid container
by a detldct i GPREEIFD T MEAFHY ¢ RGPS O HRABBI T Ebrld\ﬂudéd CORSIHENSr

out si de of s@bTrhétyikBin &eGaridiqhd PRRAAS: unelH alUdGistda prevRterit hed
state of said |iquid within said liquid 30 container based on a rel ative
condi tion of VetH®&1 oscillation characteristic values of said at |east two
pi ez_ogl gc_t ri pddEViBﬁtSfele_)bciJ@?,j ;ﬂi@hﬂgﬂe@:&ﬁ:&:@i@lﬂ, s&aitdohudgtegtseabi:@mébejfmg o
provi ded inside aor outside sai.d i t, recor.di ng apparatus. Preferably,
Sai d rol at | VAR S I6 YREHGF BEH 1RRPE YO 8ad A A I T PTAEST o
-that sasd ofitidi arecttecdhedctesndtildguial cestainaal daad Juehsing wection

pi ezoel ectri Vi ce oxh el Jal ch. r 7, SEP. 2005
The present :{Cunc\%enétiao?]coﬁgs‘%énﬁ%?%& jé&é'%m ‘rge{%rglg%g %%%‘é?‘gtﬂ%&w’? Sagd 115.?15
container based on a relative condition of mutual oscillation

(7))

characteristic values of said at least two piezoelectric devices,
The present invention is a method of detecting a liguid
20 consumption state of a liguid container mounted on an ink jet
recorxding apparatus, said liquid container having a container
body containing a liguid supplied to a recording head discharging
an ink droplet from a nozzle ope'ning and a piezoelectric device
for detecting said liquid within said container body, comprising
“ 25 the steps of: detecting oscillation characteristic values of at
least two said piezoelectric devices attached to said liguid
container by a detection section, said detection section being
provided inside or outside of said ink jet recording apparatus;
and judging a consumption state of said liquid within said liquid
30 containexr based on a relative condition of mutual oscillation
characteristic values of said at least two piezoeléctric devices
by a judging section, said judging section being provided inside

or outside of said ink Jjet recording apparatus.
Preferably, said relative condition of said oscillation
35 characteristic values is that said oscillation characteristic
values of sald at Jleast two piezoelectric devices are

approximately equal to each other.



on which a liquid container is able to be detachably nmounted, said liquid
contai ner having a container body containing a liquid and a plezoeﬂébBEHHMS
device for detecting said liquid within said 5 contai ner body, conprising: a
recording head receiving said liquid fromsaid Iiquid container and

di scharging an ink droplet froma nozzle %pening; and a controller for
controlling an operation state of said ink jet recording apparatus, said
control I er includi nie 3rdeient lmneﬁa@@nore fat idd geti Recd@desgi hppdiarus
characteristic v S of at .| east two sajd ezoe ectric deyv ces att ached
o sar a1 quith SR Aori SAd SO el hg S et £or 6B faberhE i on

state of sai Gdidqui 1&Mcbhmﬁlﬁérd1dv1% Qc@ﬁﬂlbih@@ﬂad@i}fi@é‘n@mm ﬁ@'aaliq&id
condition of nutual oscillation characteristic, valués of said . at .l east t wo

15 pi ezoel ectdkaderfaasdebidreianiye (o4 %Pir%?fa&mq/éaé@rﬂeﬁqq%wwléaﬁfl

oscillation Chadeke IRlayG @S sifigthatl SRlotdang Hedld arceiariagt it i C
val ues of sai d at |east two piezoel ectrl c devices are approximatéely equal

to each ot heriqyddpfyen sapdstRpid oQnepiprRANGGSierRarging a nEiOd®tng an

ink cartridggréaed RSz MN0op&RIRY; | 8d AOoRxaARhEr Bbackdnehenling @@1 one
enbodi ment of a liquid container according to the present invention; 25

Fig. 2 is a PPekashen mfade ik eaddriidde 3L aﬁ@?ﬁé?ln‘énﬁﬁﬁﬁhéﬁﬁsof spid

l'iquid contaicegiyagterdi fgciedifg: PreseRlceck AANT 588 i 951'013A RbcBngr e
views showi ng ink_cartri dges as other, enbodiments of the liquid contai ner

accor di kP t 0CERalpALieRt CHIrIGRARSIGE KEPdued (Qfa Fectieprl H'ew SR n

an ink cartrpdgeockRletbeic IdAM RIS atith8BEH O a:a%l@qtﬂqarideaaﬁﬂlam@i Qfndt Iae
| i quid contal ner accor dj resent invention is a._view

ng to th
showi ng an i AR SéPgr?’%‘@@CHg %tjﬂgﬂgn%a éfﬂﬂ?dﬁ“l?é?ﬁtonoﬁ‘-?h% ?:Fq‘iﬂ-"di ddAtdfiner
accordi ng towhibRifresemtli mlﬁdrﬂﬁ,lnﬁlrgbaﬁeﬂsoﬂ @efémﬁi\fé/@dﬂcﬁ.\ﬂlﬁﬁeﬁff rom

E)P ekibﬁgIS(s:)](c:l ei ﬁ u%inzg%%}}]]eq%:lon (g?)arac%rérllglélga\rré ue f Osngfci m‘ieas%' ‘E‘I;Ig ity

15 piezoelectric devices.
Preferably, said relative condition of said oscillation

characteristic values is that said oscillation characteristic
values of said at least two piezoelectric devices are
approximately equal to each other.

20

BRIZE_DESCRIPTION OF DRAWINGS
Fig. 1 is a view showing an ink cartridge used for mono
color ink, for example, black color ink as one embodiment of a
liguid container accordiny to the present invention;
25 Fig. 2 is a view showing an ink cartridge as another

embodiment of the liquid container according to the present
invention;

Figs. 3A and 3B are views showing ink cartridges as other
embodiments of the liquid container according to the present

30 invention;
Fig. 4 is a sectional view showing an ink cartridge in the

traverse direction as another embodiment of the liquid container
according to the present invention;
Fig. 5 is a view showing an ink cartridge as another
35 embodiment of the liquid container according to the present
invention;
Fig. 6 is a perspective view seen from the backside showing



enbodi nent of the liquid container according to the present invention; Fig.
7 is a sectional view showing the major sections of 5 an ink jet reéﬁgﬁggﬁ

apparatus using the ink cartridge shown in Fig. ]. as one enbodi nen Podf05
ink j-et recording apparatus according to the present invention; Fig. 8 is a
bl ock di agram showing a controller of an ik jet recording apparatus as one
enbodi nent of the present 10 invention; Fig. 9 is a flowhart showi ng a

met hod of cordr ohkicagtaidgerdorjtetiniagar gingadpparcat ksnds owhilgh ashendtutler

[ is a flowhart show n

cartridge shown i Fig. 1.is unted; Fig.. 10 11, ' i |
method of coREMEGtaRE 155 TRGO CERsPIRG AEAFHA08 of Wihe IRtk
cartridge shawventioni;g. 1 is nounted; Figs. 11A, 11B and 11C are views
showi ng an actuator_,jn _detail whi.ch &s one xampleu?f a_piezoelectric _
devi ce used in  t hdishedeht 1 MAHIOHAL BECRISODG ShE BRIGE SHowk HYI AT
actuator 4 n et ghk pOWecordihldppabhusl 1Biagdidd Grneagtreayevah@it in
circuit; Figs.. 13A and 13B are graphical representations showng the

rel ati onshi p FB&twderfd h%“@/o‘?’ﬁlﬁ%‘%é‘fer}tm@% R tlkn Jehk LESPIFLAGe SRR aLUS

resonance freguenrayngf tbnkna@nskedes GnvleatkiiBg; section; 25 Figs. 14A and 14B
are graphical representations show ng a nethod, of neasuring a waveform of
the residual oscil FdG-of 4% 2 Ho5Kt AARBF A RNVHEY EsFAREFOb5eY | Phtd RN 4f t er

the actuator je¢ r@de-Osy |dgpLekitdd Jaslond ambedSREst | vE View Fheveny a
configuration in 30 which the actuator shown in Figs. 11A, 11B and 11Cis
integraliy fBVRBHL98’a nodul e body; Fig. 16 is a perspective view show ng

anot her exanpl e of rig.npdig & lIQdMChEi:ﬁSSIzjc%?jﬁng b7Bedndd I9E€ curfeng18MBigs haw ng
W ng.one

still another .35 exanple.of a nodule body..Fig. 18 is a view sh
oxampl o of sl FEEATRGHES BRI ot KhiFh AN dplr caBtHIdes HsuE 18 b gs
19A and 19Bigtelviewsowiiewi;ng a circuit board nounted
Fig. 10 is a flowchart showing a method of controlling an
15 ink jet recording apparatus on which the ink cartridge shown in

Fig. 1 1is mounted;
FPigs. 11A, 11B and 11C are views showing an actuator in

detail which is one example of a piezoelectric device used in
the present invention;

20 Fig. 12 is a view showing an actuator in detail shown in
Figs. 11A, 11B and 11C and an equivalent circuit;

Figs. 13A and 13B are graphical representations showing
the relationship between the volume of inkwithin an ink cartridge
and a resonance frequency of ink and an oscillating section;

25 Figs. 14A and 14B are graphical representations showing
a method of measuring a waveform of the residual oscillation of
an actuator and the residual oscillation after the actuator is
made oscillated;

Fig. 15 is a perspective view showing a configuration in

30 which the actuator shown in Figs. 11A, 11B and 11C is integrally
formed as a module body;

Fig. 16 is a perspective view showing another example of

a module body;
Figs. 174, 17B and 17C are views showing still another

35 example of a module body;
Fig. 18 is a view showing one example of a mold structure

equipped with an actuator;



on an ink cartridge as an enbodi nent of the liquid container according to
the present invention; Fig. 20 is a view showing an ink cartridge apg gEp 700k
jet 5 recording apparatus using the actuator shown in Figs. 11A [|1B and
11C as one enbodi nent of the present invention; and Fig. 21. is a view
showi ng the head section and its periphet@l s of an ink jet recording

appar atus as one enbodi nent of the present invention. 10 BEST MODE FOR
CARRYI NG QUT THE | NVENMLI Ol alfer pdm ak-befiedd Shew 56 Bl c LAMEDE 1RRA rd hdured
descri bed through enbodi nents of the invention, however,_ the follow ng
enbodi nents &@F e iy EAETEEAYES ABt 2R FRbPodHEeRE gpk Bite thiauid ¢oRfEHEEEN

accordi ng toahereliaynte BRE FHésdit tiifregAiRnnations of the characteristics
described in the enbodi nents ‘are not necessarily essential for solvin

nmeans for the invedti®dnZ® Thé VigHaFRIWHII @dndBltCcartilgpragenn By dsti on
is to detgct r@cb'rﬁ%lhg &b Fatild A r@y +hEUAS EAY RISk aﬂcirs.lgé ng; 1A1€ 1180
presence or absence Of e liquid wthin the I'iquid container, a_ volune of
the liquid, &anfiddfdaseore @ibadiangnlyg@ifd thehprreaat shveneien nuakd and
conposi tions of thejld quid) ; 0y qutddiZi opkk | hatis0 Qf\reﬂﬂ{m . s 9QnMe
concrete nethods a?édco;ﬂs]i dé%)e a‘?sié"‘;rreﬂg%‘ggl%f Eggt é%{a:dngba I qui Rgt %?g

wi t hin the | pguilphesataicfean2Enbyiah reFerdgnamrpediatiugt Rsroph aIIRSiBRNt For
exanpl e, thepg {fe ? SEL DO Ayenihicgh el astic wave generation neans generates
an elastic wave w ﬁ respect to the interior of the liquid container and
detects 1® nediumwi thin the liquid container and a change of state thereof
by receiving a refl ect'F NS 18 887 19 § g A el or opposed
wal | . Moreover, apart fromt , a method of detecting a change of
acousti ¢ i npedance B8N REET osENR| RLEERNEN TSRSt vl ok he oescribefing
obj ect. As nehhed§h EhbsdimdrdlN® @ GRANGR Gt id8QUableveipedarcEoliBRIggare a
nmet hod of detecting a ch_ange of acoustic i ngec!anc,e by nmaking a 35_

pi ezoel ect r i EUARITE P hgthe piBYERF &R r e BPEmdAMiGy the "-o%q%l?q’l%{i%e

sectionief athuatoiowsriddratied, 16ubise@lerinlsy afBaslI idl 3k eombliahtions
el ectronotive f@{ ce energt ed _bjy thg | 27SEP2005 .11 . N :
of the cHaracteristics described in the embodiments are not

necessarily essential for solving means for the invention.

The fundamental concept of the present invention is to

detect a liguid state within a liguid container (including the

20 presence or absence of the liquid within the liguid container,
a volume of the liguid, a liquid level of the liguid, the kind

of the liquid and compositions of the liquid) by utilizing an
oscillation phenomenon. Some concrete methods are considered as
methods of detecting a liquid state within the liquid container

25 by utilizing an oscillation phenomenon. For example, there is
a method in which elastic wave generation means generates an
elastic wave with respect to the interior of the liquid container

and detects a medium within the liquid container and a change

of state thereof by receiving a reflection wave reflected by the

30 liquid level or opposed wall. Moreover, apart from this, there
is a method of detecting a change of acoustic impedance from the
oscillation characteristic of an oscillating object. As methods

of utilizing a change of acoustic impedance, there are a method

of detecting a change of acoustic impedance by making a

35 piezoelectric device having a piezoelectric element or an
oscillating section of actuator oscillated, subsequently

measuring an counter electromotive force generated by the



i residual oscillation remained in the oscillating section, and detecting
an anplitude of resonance frequency or counter electronotive force
waveform and a nmethod of neasuring an inpedance characteristic of g&QEPZWS
liquid or an admttance 5 characteristic of the liquid by a neasuring device
of an inpedance analyzer, for exanple, alkransmi ssion circuit and a change
of current value and voltage value or a change of current val ue and

vol t age val uerediielutad beegqleaciomhesmaameas dnl Lhei osiciBlapiidg edkeott o, hend

liquid. 10 it, shoul.d be noted t_haé cha];rjact eristic values of an_ act uit or as
one exanple &€ Cgﬂ'é‘?oe‘?récf"fnpélh‘é Fc & deSEF PR DeLSRIFREY udRE at“ P84St an

el ement char agleettirdinbeival feraadvanefosm) | hati on waiaTtef | fkhsuydhgieanAn
el enent characteristic value is neant %o tie a.characteristic val.ue of a
£i & -ﬁance

material itseMPeSaBCRaVFIRT A STdSbdFect VhardgPeH i 9l dbd 3k

act uat or .5 Focha@¥atBl st 80 oflt9fd 1i§u Ldpiyacheas st iy aeohcavvahtiageauatee or

current value, resistance value and an ele¢tric capacity, and n _optical
char act er i st PROWKERY c oFR¥ FHaMUSre Rt LERAREBHEE HR C%ﬁfﬂuﬂ%é‘q aaﬁgllaingﬁ #b an

actuator canclgrkhst vfuefan@sedliRfd 08148 cihar dedyd olf euipbhe v ueeany to
be an oscillating characteristic "of the oscillating ,s%%; i,on changi ngecll)ased

on the chang¥Ct398chiie AuehOd{KEELBDEY t ¥ eh At IRfge 1R 12 Mddi aRPL
contacting Webhthéheigstdl) I ating section included in the actuator. For

exanpl e, an oscillating frequency and an anplitude of the oscillating 25
section an be i stléd.sr‘l%hllgdgiiet i %%‘}eda 'Eﬁ'aFaE BFPSERELShIGe iueﬁhé’fco%%t er
el ectronot i vactesaesr aensi@bganpye bifea psekbbaétoniotievibe dsaitiiaid pglsection
is included in %E(? osc{‘:i I#at ion_ characteri sbi c‘vgl ue. Fig. i S a_sectional
wvi ew of one tHBOWFFeRT of €AFL | AR SOt r CAGEGEEHLPEC ottt tol 8P i for
exanpl e, bl as&ctblariomkchdmmoderdsttibevpiesent anngtanent chaappteetstin the
present enbodjnent, in Fi.g.,1, a,not-consuned state .S shown.i ich. ink
M thin the i TSR FEBBE 1D Rie APEERGFBBR T FontnG PEch Ity it b oLt
(simladby ahaeing #FipdezRelbrongh dHiggastardihcguded)in Hre 8% uatiorcarEad dge
o sl | I SeHBARSD AP dindisqdl URaNELDOR Ol O3 6ok 140 v Clipndm e dl. | cast
acoustic inpedance by making the oscillating section o‘f a piezoelectric
devi ce osci | tueRNta R ldchs sgaeatapce valgEPapgposn electric capacity, and .

an optical characteristic when constant current or constant

voltage is applied to an actuator can be listed. An oscillation

20 characteristic value is meant to be an oscillating characteristic

of the oscillating section changing based on the change of

acoustic impedance due to the change of a medium contacting with

the oscillating section included in the actuator. For example,

an oscillating frequency and an amplitude of the oscillating

25 section can be listed. In addition, a characteristic value of

the counter electromotive force generated by the oscillation of

the oscillating section is included in +the oscillation
characteristic value.

Fig. 1 is a sectional view of one embodiment of an ink

390 cartridge used for mono color ink, for example, black color ink

to which the present invention is applied. In the present

embodiment, in Fig. 1, a not-consumed state is shown in which

ink within the ink cartridge is not discharged from the recording

head (similarly also in Fig. 2 through Fig.5 and Fig. 18). The

35 inkcartridge of Fig. 1 is made so as to use themethod of detecting

a change of at least acoustic impedance by making the oscillating

section of a plezoelectric device oscillated and subseqguently



12 nmeasuring a counter electronotive force generated due to the renaining
residual oscillation in the oscillating section out of the nethods 2%3§ﬂ2M5
descri bed above. An actuator 106 is used as a piezoelectric device. e
ink cartridge of rig. 1 is equipped with a container body 1 containing ink
K, an ink supplying opening 2 for supplyibg the ink Kw thin the container
body 1 to the external of the container body 1 and an actuator 106 for
detecting a aensifingoa ceuaterokltberomdke e L&m&etMQp@m@d n@lic besiytlle The

contai ner 10 body 1 of the ink carfri aqcor he resent enbodi ment
has a Suppl y IHUBABNEP S A SF HeL AN 3616760 CRRRARSEABS: ARC LTI ng
opening 2 is df aticdg@dadds anesteetedihdfe OpRASaELehter Yab! 14 0dSe@RiOS ng
to the supplying opening formng side wall 1010. 15 In the ink cartridge

according t o RRFOSAESERLCefBbtF%ent, the actuator 106 is provided and
arranged on the i nt‘l@fé@hk“@éhu&%e Hlemgp%epb Heflg ppdd wi@h5aasdbntafirdie

internal walls of the container The actuator 106 is electrically
connected to bogly] b&d’f%all@lm11UH%ﬁetfr‘fhﬂ-rlhgs‘ﬂ?!él}@ﬁ’ﬁb§ﬁﬁnénae2 WK suipply ing

Moreover, 20 (@l €i¥1§ceknﬁhl.h§ﬁ ”U?@' cédftaifeMised afb (ke extednpl WA lenef the
opposed S|de wal | . 1015 so_that the external termnal 107 is electrically

cont act ed t 0oCOR&a[LEEY hadel1and amackea o 406166r ded-§5teIca F TR gRged

on the opposedagidgrvaid i¥idx wﬁ‘&ﬁ@i’ie{he éck}ﬁ:a[ﬁfé}* Hoegr and ﬁ%'dﬁﬁfﬂa&%e@f an
el ectrical signal to and from 25 the external can be perforned

electricd | ybééﬁn%cctﬁ F’rBet ok W@lgﬁﬁéﬁn'&?c?ﬁ%ﬁ%ﬂo the Rﬁ?éﬂn'éﬁ@%%l#“ﬁnﬂ:he

external of 'hElQ a AEANIeY B?Qﬁ!:uhg fﬂﬂlﬂﬂgeméé%éml 8 ¢hlol onMRn EeN efhe AR
actuator 106 is Iocated ition of the liquid |evel of the

ower
ink in a not Sﬂgﬁayé?‘&to@eé‘flngnz |‘fﬁ<PEBY%$‘?‘Eg’é‘daﬂHlﬁP‘é‘3‘#d9e‘dj ARCBPSFT SAgEd

nearby the |gquidlbeyelpmfsimie tionkheThepplping dpenimpcidih@indG iSRCva@D Of
t he actuator %‘ﬁl)g Is positioned at the slightly |lower position with respect
totheliqw&i vel of the 1ink. The actuator 106 is not protruded to the

externalisby 35 pr mmiidimgnkrmhzam:aﬂ@ agcondixh@ ﬁmth!enj_ai:ema:hﬂ: enfbotdiment,
o e o e Tac DU 208 1L - APREAT 206C a0 ah0Eal 4 R {Heldgahouans

approxurately samevm F tne s |neo an |n
of the opposed side wall 1015 out of the internal walls of the

container body 1. The actuator 106 is electrically connected to
a lead wire 111 penetrating the opposed sidewall 1015. Moreover,
20 an external terminal 107 is mounted on the external wall of the
opposed side wall 1015 so that the external terminal 107 is
electrically contacted to the lead wire 111. The actuator 106
is provided and arranged on the opposed side wall 1015, however,
the receiving and delivering of an electrical signal to and from
25 the external can be performed by electrically connecting teo the
external terminal 107 which exists in the external of the
container body 1 via the lead wire 111. Moxeover, the actuator
106 is located at the lower position of the liquid level of the
ink in a not-used state of an ink cartridge and provided and
30 arranged nearby the liquid level of the ink. Therefore, the
oscillating section of the actunator 106 is positioned at the
slightly lower position with respect to the liquid level of the

ink.
The actuator 106 is not protruded to the external by
35 providing and arranging on the internal wall of the container
body 1. Therefore, the appearance of the ink cartridge is

approximately same with the outline of an ink cartridge in which



2 7 SEP 2005 13 the actuator 106 is not provided and arranged except -that
the external termnal 7 is protruded. Therefore, a large nodificat, |
¢ B3k

‘desi gn such as the specification of a holder of an ink cartridge o

jet recording apparatus is not 5 acconpani ed by physically changing the
outline of -the ink <cartridge. Mreoverl3 a hole perforated on the internal
wall of the container body 1, that is, the opposed side wall 1015 in -the

present enbagiemagtubtolalge BNGLEh pFuohdehaind hertaaedidyedpt thltpenetrates
through the hole. Therefore, it_is, not. Qchsgary to provide a i

conpar at i vel%f'FaPge hbFENERAL hel silfe REPFIBFSthe’ JORE&ITREF bodly F2F#Cor der
-that the agbdatfr9rat®oni n REGRER ghesach HNeBe EPEcinEinidn &f bheoTastai ner
body 1 is maintained in a fluid-tight manner, the | eakage of the ink within

the contai n8f 85 BB#ycartidge ki ndik iXetorerenddng ABPATREYSI £5 D¢he ink.
cartridee ageebfbadibe bie pHyRsean1ghedingghl daRs H@tLIRAUDES LR COTRI ex

sealing structure. Moreover, “since the conpl éx sealing structure is not
necessary, EREtHEdAGEacturing cost becones |ower. Mreover, the el enent.

characteristic valye6@8rbes qgl@‘p%@fo%@t@&_@q@ﬁlﬁ/é NG tRradlll @Rl 1208 Mokt age
to -the actuator 106 via the extérnal termnal 107 and the lead wire 111

Fur t her mor eCoNRainer predent, diiddiifentther RePagetdapsde 19811 5013 obtdhe at t he
| ower posit |,pBs8ht -l d iinfékd ilsel/&fg@ferfofﬁ%h' Biichi thé e yead siaberpf the
ink cartridge, and since the actuator 25 106 is provided and arranged near by
the Iidf d Pevetrates fdroyeh thidivlene Thaedarer dfels HMraREFEEEAF R Dr, the
i nk cartridgeovsder gC¥ehpldravhed Rer 1 g OhotdcoRr eHet aiabnedi1voldsmef the
ink is actual [%/Jét{l)rgsent within -the ink cartridge can be detected.

Fur t her nor eSORFR BReThinadt ﬁ?i?fgjj‘%lhéh?ﬁkte*;ér‘?‘?li‘{?g@r ddé 8 BeReLEitt of
the ink cargehdge, tidanteakateopftideonnkingd hd@®y evappaahtained ime i nk
may reduce %\ﬂe.%ol uqrﬁa_ of the ir]k. | n, such _glcase, si.nce {zpe actuator 106
can detect WhetHieriBt HePDERe th5t dGaKETH He dPCol B i N kB COMEERRT i t hi n
t he i nkscarbodylge, tot haedekeetrnal tibeprekendetit i dye aamwebelal saldetient ed. 35
Mor eover, i he. case where an ink. cariridge.is.left i al one for. a | ong
period as i%aégﬁ%%eaaﬁgf)? S%re’% tscf ar{t%ée, p?ﬁ%eéﬁall Cfdején entstug%egsm\g/ s]%eoa(s{ﬁntlf and
the |ike ofathmpilak sealibg gistactug~worke eover, since the complex sealing

structure is not necessary, the manufacturing cost becomes lower .

Moreover, the element characteristic value can be detected

20 by applying a current and voltage to the actuator 106 via the
external terminal 107 and the lead wire 111.

Furthermore, in the present embodiment, the actuator 106
is located at the lower position of the liquid level of the ink
in a not-used state of the ink cartridge, and since the actuator

25 106 is provided and arranged nearby the liquid level of the ink,
when the ink cartridge is manufactured or, the ink cartridge is
recycled, whether or not the predetermined volume of the ink is
actually present within the ink cartridge can be detected.
Furthermore, after manufacturing the ink cartridge, due to a

30 defect of the ink cartridge, the leakage of the ink and the
evaporation of the ink may reduce the volume of the ink. In such
a case, since the actuator 106 can detect whether or not the
predetermined volume of ink is present within the ink cartridge,
the defect of the ink cartridge can be also detected.

35 Moreover, in the case where an ink cartridge is left it
alone for a long peried as it is in a not~used state, the qualities

such as viscosity and the like ot the ink may be getting worse



2 7 SEP 2005 14 by the evaporation of the ink. The actuator 106 can judge
whether the quality of the ink is good or bad to sone extent by de?‘?CgE'Pnl@US
that the predeterm ned volume of ink is not present within the ink
cartridge. 5 Furthernore, in the case where the ink cartridge is not
properly nounted and/or in the case wherddthe ink jet recording apparatus
i s gradient, although the ink cartridge is in a not-used state, it can be

det ect ed tha;b the éVipeeddidige vhe aijladi ent dtu@H 106103 {hegexpesHee of
t he actuat or 106 framthe liquid |evel 10 of the ink. To the contrary, it

may be al so Ht sveddtinaf lths?elnkrﬂka §2PEr3agadi k0 GO exteny hgekst edosur e
of the actuajpdt tl@pﬁ%@&bbﬁlhéﬂ%@ldﬂ%’@f ifk wenwiptﬁslsté?ﬂygﬂrmg the

predet erm ned vol unmg of I's consunmed. By changi ng the hei ght of the

act uat or 10&%@@3@@&@& 15 to the liquid level of the ink, the volune of
the ink to be Tillpgdenbiia 6 kR EREENITGR Gale DouChaR quganﬂszﬁé@ the
reduced vol une of e ink for ju |ngagra|e of t eln reri

that the i n@lcga:rqnlm@@un&ﬁoan@mm l@ahh@elaﬁﬁjwllee@ the Brogled r@@om@sﬂ that
the actuatory O[{]F%dé%sgbé g?ﬁd@laﬁ‘e ‘é%%%oﬂéh%lé&ﬂf%%%@%g%%é“%ﬁ%sné?{-d%@d

medi um by pr oscil I'at1 ng” means separate ows anot
enbodi ment oftadiei mt canthe @?@éecaedoiﬂmmgileolnhecq)mlsme iipv greplaent iy t he

nk car t ri dgen AaanY il bR BTESERL LARIIER AR ARLYARG IR

provided and arrang e oppose wa Si m ar to'the in
cartri dye a@nfortdnengnite tTee t@@b@@ﬂﬁﬁﬁﬂoflw@y be pdsphdetaktedathat ddwe

according t JES C t el
arranged at QL“L F‘L@ﬁ@@ﬂé §§b§ﬂ{1 posﬂ’t |H£%t1% hBﬁ %&p%gﬁ él‘:eve g?a%aﬁ'e ink in
thé case whéidé tfﬁ@muwv@ clelmrlﬁdé@ve% of; fhg hl‘é)'i ajlé‘éwugfafcée BoedeEeImingde

present enbQdiinkit oraink! egeRdnshrdfcteristic value can be detected by
applying a current and voltage to the actuator 106 via the external

termnal 107 and tBYe Gheag@ifgr heheiqyr &fvdhe pRTEAECEALR6 e FesPacik

cartridge | $oNghe 14! gaaar 1¥vap it etk iand ixe Uhe umasSer Wher enk e betrinaear di ng

35 apparat us i r ent, althaqugh the ink cartrjdge . is_in a not-used state,
t he gradi enf"’lbf’ ?’ Eh?rﬂ&‘&éﬁrhlc}ég ScGRAN e FeDgesy BPd AtFRcet iy J‘teﬁélceﬂk

usi ng the aeblaimer of0bhe ink for judging a gradient of the ink cartridge
or that the ink cartridge is not good can be modified. It should
be noted that the actuator 106 might be also used as only detecting

20 means of the medium by providing oscillating means separately.

Fig. 2 shows another embodiment of an ink cartridge
according to the present invention. In the ink cartridge
according to the present embodiment, the actuator 106 is provided
and arranged on the opposed side wall 1015 similar to the ink

25 cartridge according to the embodiment of Fig. 1. In the ink
cartridge according to the present embodiment, the actuator 106
is provided and arranged at the slightly upper position than the
liquid level of the ink in the case where the ink cartridge is
in a not-used state.

30 Also in the present embodiment, an element characteristic
value can be detected by applying a current and voltage to the
actuator 106 via the external terminal 107 and the lead wire 111.

Moreover, in the case where the ink cartridge is not
properly mounted, and in the case where ink jet recording

35 apparatus is gradient, although the ink cartridge is in a not~used
state, the gradient of the ink cartridge can be detected by

detecting the ink using the actuator 106.



2 7 SEP 2005 15 1 Fig - 3A shows still another enbodi ment of an ink
cartridge according to the present invention. In an ink cartridge ?
according to -the present enbodinent, a plurality of actuators 106a JHEPZM5
1.06b are provided and arranged on the opposed side wall 5 1015. Moreover,
the actuators 106a and 106b are provided amd arranged at the slightly | ower
position than the liquid level of the ink in a not-used state of the ink

cartridge and near bﬁh thg Qﬁiﬁﬁdéféﬂp%h\&%@laerﬁ%&ﬁﬁ@rﬂubf%ﬁ?lhﬁ A Ltl*l%lgp
cont ai ner body 1 and -the opposed side wall 1015, respectively. 10 A
simlar effedCording ae? uiher MGG %Ih‘é?@mm meAR G Enl. caxiidgepe

obt ai ned. - On sddar Aherohgnd: pladiie iRASRALLNG plikapnd Werfthedkak | s

consuned, the actua rovi SO that t contacti n& W th
t he act uat or 10@@bangisl erhangeoprdm@}adt ardjancang achengdse oppesetios igle wahd

act uat or 1064 (Gan dleshel S dfte Jakiaends Thes eleqe ndl la,ef e jduougnt of

whet her or not the o’rs ave d ectron of
whet her or ao?uram;edpaEdéhersﬁxgelewollcpweloposﬁreJ onkthan nrmémmwd Rexmed he

I nk cartridg tegtio
provi di ng an a?g%nggﬁgdr?m%glgt ﬁg ors g%é E‘lﬁe%g%t Egpors %daeedd%pf%ggbgs t he
enbodi nent ofhEi jouBdarwhredoween, at bet comsunsgiioeollanet ofhe koritekingnt hddyt he

ink cartridge n t S condition of
mut ual char agt e?llastt?% %’?85%? Qi qaaggt Egtlofs’%%%%éggﬁy 06b 25 More
particull® |y, seni @ostwmtlar esftfecigel ndmnaciugtoredann blse,ldmlmdmgent of

char act ot i st bgyal Usaiplnd BB aghual obpL0R2 slaidicteta, Mhen-tb icarlger i ned

vol une of the e 1nk car was conéume i nk was
absent on t hénpesnpmbeyeothe Hak as:tqspawme@ca@ahemmattﬁé 1/%1¢1@1e190p1@§m1¢41 ating

characteristig @%W@Héemégfﬁmté?%t%%ﬁ.'iﬁlg%lé@@?led‘ét:@ﬁéﬁof51(%?5)

equal to the value of the osc ating-characteristic val ue oflthe actuator

106a det ect efrandhe hokitskthagaghs chhexafatts pbeigsHampost 19 caic dekd ot
106a, itscan-he imedasgsthat the liquid level of the ink passed through the

actuator 106b. Since the actuator 106b is 35 provided and arranged near by
the Iiquid level ofPEReLP¥Rk: a2llipE thendugpment Phk “BEYLEE Che RUNtHiSier

body 1, whenadheapsssad®a and 106b have defects, the detection of whether
or not the predetermined volume of the ink is present within the
ink cartridge, and the detection of the ink end can be carried
20 out by providing and arranging two actuators of the actuators
106a and 106b as the embodiment of Fig. 3A.

Moreover, the consumed volume of the ink within the ink
cartridge can be also detected based on the relative condition
of mutual characteristic values of the actuators 1l06a and 106b.

25 More particularly, semiconductor storage means 7 stores an
oscillating characteristic value of the actuator 106a detected
when the predetermined volume of the ink within the ink cartridge
was consumed and the ink was absent on the periphery of the
actuator l06a. When the value of oscillating characteristic

30  value that the actuator 106b detects is approximately equal to
the value of the oscillating characteristic value of the actuator
106a detected when the ink was absent on the periphery of the
actuator 106a, it can be judged that the liquid level of the ink
passed through the actuator 106b. Since the actuator 106b is

35 provided and arranged nearby the liquid level of the ink at the
time of the ink end of the container body 1, when the passage

of the liquid level of the ink was judged, it can be judged as



of -the liquid level of the ink, was judged, it can be judged as 2 7 SEP
2005 1. 6 the ink end. Mreover, according to the present enbodineng Etgz‘ﬁs
not necessary to measure oscillating characteristic values of the gt tg
106a and 106b in the manufacturing processes when the ink is absent within
t he contai ner body 1. Therefore, 5 the mapefacturing of the actuators 106a
and 106b or the ink cartridge becones easy and the nmanufacturing processes

can be shortgpednxFeRd hekpREBvel-! a&cﬁrcﬁo‘n%r e@lﬁaé fgaicéém afbyaleest 106a
and 106b are manufactured in the sane | ot nunber. is because. owing to
this, the chdadidy NECRESABY EhdneRTUIR &Scl@éataﬁﬂ @hérigtﬁé%%‘él%r"aﬂ@@@ are

Lot bd by SR actifitbBE Y0&4 dhd A6ty ERE! hafifalely By HiKcEREL

detected by enpl oyin e actuat or e actuat or
char act eri st Whenat-ge arpipm@xabateei—w@dum thei gonBairto WP dihdt hePharafodienent

of an inks cay g, n v i I p.the .
cartridge’ aé’t(]:or?ir%%uf%étggmé ?g L£1%etat3§ fg ?[8%% QQE EBGPnErcé’?lfer? g}ge
accordi ng tocahrér&d‘gedbﬁeme@feéﬁng aIISiAtihg mesufaohenln@apmcams a:@mubztaor

106a. Th bt 0 d
so that the FREEERRES, (FUEREHIBLE SotP piRgekiB e FRRITURE pRE02L0EE1085) 02
and t he act uandr1Q68mnshnanufaetingd dar the dgand $otoumtlesl onIthes |1:r¢|zapee

recordi ng. aPRgsakUE, O, NGnb S ABLDB T UDSE L ARt Bech N PRRLY | doe

is normally on"t'he recor n par at'us. fe” act uat or
det ect s tthat acheatnk Iwhmapphremmheelmemlnﬁge igk rmumned the dnkt he

ink jet reco L
normal | 'y mu%gkggv\/ﬁgga%%g tor el%gGEggggg%{l W?}% ﬁ];ﬁdﬁiﬁm ac@gggg?]t
t he ot her hahB86awhéndt héhEnkaeréﬂﬂtDugelOﬁb nwhased @hanfn@teﬁksrewre@mdu ng

- apparatus, ig.bPsx RSt fa100th of the actuator 106a and the actuator
106b det ect tﬁ%t %{he 3oﬂ?nkcﬁ] I'S present, it is judged that the ink cartridge

is not nornal |y nBadtedB EhoWSeranaiher tavbodikesdr ff Rye LBXnHaKLE&IN t he

ink jetsrecordbrg@ippabatite preddift CASPaNRIE. bom q;fhet hmacz:a@t@iége 106a
and 106b detect that  the ink is absent, it can
pr edet er m nedCTFHRI gt t56h ot &S RELRRLRT N 19ﬁ€ Pﬁkué}ﬁ ééﬂ‘t FF‘HE’él‘?l%e not

filled or t h@:w&«ﬂmg bl dBe, eltRliaRintabBr F 2d/30r isapdEstP: iddd Welab- b33t Hdi 0.
7) has a def e Luator 106a. The positions of the actuator 106a and the
actuator 106b are designed so that the liquid level of the ink
20 is located between the actuator 106a and the actuator 106b when
the ink cartridge is mounted on the ink jet recording apparatus.
Owing to this, it can be judged that the ink cartridge is normally
mounted on the ink jet recording apparatus. The actuator 106a
detects that the ink is absent when the ink cartridge is mounted
25 on the ink jet recording apparatus and it is judged that the ink
cartridge is normally mounted when the actuator 106b detects that
the ink is present. On the other hand, when the ink cartridge
is mounted on the ink jet recording apparatus, in the case where
both of the actuator 106a and the actuator 106b detect that the
30 ink is present, it is judged that the ink cartridge is not normally
mounted. Further, when the ink cartridge is mounted on the ink
jet recording apparatus, in the case where both of the actuators
106a and 106b detect that the ink is absent, it can be judged
that the predetermined volume portion of the ink within the ink
35 cartridge is not filled or the ink cartridge, the actuator and/or
a sub-tank unit 33 (Fig. 7) has a defect.
Moreover, when the ink is refilled in the ink cartridge



Moreover, when the ink is refilled in the ink cartridge 27SEP2005 17
according to the enbodinent of Fig. 3B, the ink nmay be filled until g %
l'iquid level. of the ink is | ocated between the actuator 106a and t Ad SEP 2005
actuator 106b. It can be detected that the ink is filled wthout any
shortage and excess within the ink cartrigge 5 by detecting the absence of
the ink using the actuator. 106a and detecting the presence of the ink

106 i n 1 ho "SREadAente FPertintf R b3Cn) CEROCLIR RN MO IRRE,

on the opposedtsildehedlilquidiEvdionévigrg inheladboated bedBfenl 06a,adtt®alosh may

be provi ded arranged on the.s Lyi g d 10

Mor eover , %s%% ?191&? gf‘.c Lotrhggg%t ug EBSLE}%Q%B e% }’83 d@am*m @,

arranged on tfié ladewivlad it langas bortogpe afhndt lamccsmm:aﬂner Lbedynli Cd‘sﬂ:tnﬂdger |n

t he case e tuatqrs 06 are ovi.ded_ and ran

are posi t%né@' éw?ﬁﬁ“ﬁ ?Faﬁ?ooq g‘\rl?gl 1 t%%’&%ﬁe} ?g‘l‘?ﬁ f@éﬂ an veI

a;] thehl nk, kd&ll,&&emgl yh@qeleﬁeriddte ofctchiet ank dHOngetiestscie@asl B8b.t he ink
en the ink cartri gels rovi rran in a ie

can be detected thdt- FR8Y} IPE'C dgga}?stlb‘? g‘éﬁdtélﬁttorﬁ &88' Q@%%"B];b%i’eéfh onal

view i 3 t he th@r@mm@t{]sectmmlq?.olorfo Fiigl. I3andwgn—oembedlamntax%ngb@ i nk

cartridge accordin o t resent ention, con |

Bt et ven ng. SRS BePBSeHOSHE HAGL IOy PREEPEEN S BGERRERTE R SupBhar ng

openi ng 1 ¢ or DAY naiydiee thld@d@ln@%ﬁgﬁlc_@d an le ety dtriaeob di11sd Fpk-mi g

opening 2 is_provi ded th osed_si de wa 015 Fi

opposing to ?ﬁ U;l%ﬂg'o r?&e%m?ﬁﬁ:‘ Oé'“rndénvé)r ié eh'? r?%tt%g:oﬁri:g%nt

.enbodi ment, mag Mtpuravmtlea%d snrmangedemh &he apenmgdd lonataé lmsp @fvend ng

si de wal | es di t J‘O ed

g‘g{?@?h’lé&s}‘:}%g%ﬂy ﬁB\EA:g‘F“sUBQ Pihe é.‘see% B Gio (]?ci datots (gf he

and arranged”a poél I on than t |qU|
i nk in a notarggubwideceanfl atmwangad eartlnatlgma)rwoh@re rncearmalonml Iatolthe he

i nt efvegsng Shfl 1"‘&} idtQe%81 Vﬁlggé»é&%%cgﬂétﬂ uiP8 RS Be I%B"irﬂé‘d and
arranged as 1n Fig. throu h Fur errmr I N the presen
enbodi ment , $hececniat @rnelgg tlse qﬂwt@@@ e @ek@m@acﬂm g@ﬁeorntbwgm ng

si de wal | 1%9&%@*1@5 cla%teme af 15 'ﬁdﬁcﬁé’d’%nﬂd‘gr%hﬁﬁe&’ahhsa PW&{T; it

may be provided and arrang on t he "ot her intervening’side_ wal
manner, it can be detected that the ink cartrldge is gradlent

Iig. 4 shows a sectional view in the transverse direction
20 of still another embodiment of the ink cartridge according to
the present invention. The containex body 1 has intervening side
walls 1020a and 1020b intervening between the supplying opening
forming side wall 1010(see Fig. 1) on which the ink supplying
opening 2 is provided and the opposed side wall 1015 (see Fig.
25 1) opposing to the supplying opening forming side wall 1010. In
the present embodiment, the actuator 106 is provided and arranged
on the intervening side wall 1020a.
In the present embodiment, the actuator 106 is provided
and arranged at the slightly lower position than the liquid level
30 of the ink in a not-used state of the ink cartridge on the internal
wall of the intervening side wall 1020a. However, the actuator
106 may be provided and arranged as in Fig. 1 through Fig. 3B.
Furthermore, in the present embodiment, the actuator 106 is
provided and arranged on the intervening side wall 1020a which
35 is one of the intervening side walls, however, it may be provided
and arranged on the other intervening side wall 1020b.
Fig. 5 is a sectional view of an ink cartridge on which



Fig. 5is a sectional view of an ink cartridge on which 2 7 SEP 2005 the
single actuator 106 whose oscillating region is long is provided and
arranged. The vibrating region of the actuator 106 extends from thez7 SEP 2005
nei ghboring of the liquid | evel of the ink before the ink is consuned to
the bottom surface la. 5 According to the present enbodinment, all of the
judgnent of whether or not the actuator 186 has a defect, the detection of
whet her or not the ink of the predeterm ned volune presents in the ink
cartridge, anthéheinglecictomiair this iwhosndoail lae irearvdggicbrouts byoddeis
single actuator 106. 10 Mreover, a consunption state of the |liquid wthin
the Iiquid cBfRWIRE 2R dribebadd 1851{39 Teskgn P&o%%a%%aﬂphgw
characteri stigxvaddesron theen@tgiushong d0&her tyu it leval RET 8PEGIKVISe fhew
seen fromthe backside show ng one_enbodi ment of an ink cartridge
containing a Hherks tyf GOPRIRRY testlyr I?WOIW%ud‘@ﬁleailﬁer 8 is divided into
three inkschanbers fecdiiiaRdtdlihy paddddt enpvaihent ) mEaer ik shagherr ink
supplying openings 12, 13°and 14 are forned, respectively. Actuators 15,
16 and 17 ar ehrd\atded anonek r‘é?ﬁgé‘&"—ﬁﬁi-f’hel%@d}ﬂ%i%@leéﬁé?ﬁirnéhef@??ﬁ%%]i de
wal I's 1012, 104 3aRthet0sf ndeSRRCnKELY - tHA S relicteiHahBHSvd Pumd Bosibnk s May
be provided and arranged on the other side walls included in the container
1. Fig. 7 is i dd& iigKarayLeidgaovinity thee detssdirenpfobhe htnk edregiohE ons
of an ink | et 86Qdicnd BPP@H@an:%Ié vhitelatoe 10Nk cartridge shown in Fig.
1 is used. A carriage 30 capable ot 25 reciprocally nmoving in the traverse
directioh®of a recd‘%}l. 19y S¥hedt COPSUBREL PP P Hib-tid W itey. the
recordi ng head@lid Sonid Dye€lednose tjb@gle@wséwbha@@ 1Hadithews Wisd antatufigt 33
. Moreover, an ink sug_gl,élggl needl’e 32 IS.BI"OVI_ded on the side of an ink
cartri dge moGHARGEEGLLPLE e Yudng &RkUARPES3390Furthernore, 30 in the
case }A/nerﬁ at |gaStFin_'laﬁ d@t«?@déi‘tspécvﬂb@&i@ﬁfl écgtgnogebma&m badR6ideehonihg f
satisfy the predeterm ned condition, a ne .as _an output sectiqn ftor
R cat i ng. aRnBSRod Bt Bt S PR eaf b en 6 pe vttt SESIbRE: ng
apparatuss Obf ankextyenabntabnépud iserdividled2580ocohneetimg dimnmberasd,
conput er 300Q_.na 35 provided.in.the ink_jet.recording a ratus so as to
i ndi cate anggrzr%dr qgnmf ealh(%tlogowne{r;i&tse'r G Cglflrtﬂﬁé:7@9?5%@?’9&%“%’@3%8 be
noted that tbhpeeingsnkdd, t1érandald 20 fonked, respecelivelyicaldtpators 15,
16 and 17 are provided and arranged on the supplying opening
forming side walls 1012, 1013 and 1014, respectively. The
20 actuators 15, 16 and 17 may be provided and arranged on the other
side walls included in the container 1. '
Fig. 7 is a sectional view showing the embodiment of the
major portions of an ink jet recording apparatus in which the
ink cartridge shown in Fig. 1 is used. A carriage 30 capable of
25 reciprocally moving in the traversedirection of a recording sheet
is equipped with a sub-tank unit 33. A recording head 31 is
provided on the lower surface of the sub-tank unit 33. Moreover,
an ink supplying needle 32 is provided on the side of an ink
cartridge mounting surface of the sub-tank unit 33. TFurthermore,
30 in the case where at least characteristic value of the actuator
106 does not satisfy the predetermined condition, a panel 2000
as an output section for indicating an error is provided and
arranged within the ink jet recording apparatus. Or, an external
output terminal 2500 connecting to a host computer 3000 may be
35 provided in the ink jet recording apparatus so as to indicate
an error on the host computer 3000 of the external. It should

be noted that the external terminal 107 in Fig. 7 is electrically



2 7 SEP 2005 19 or optically connected to 'the external output term nal 2500
via a cartridge holder (not shown in Fig. 7) of -the ink jet recording
apparatus and the |ike. Wien the ink supplying opening 2 of the contingap 7005
body 1 5 is inserted along to -the ink supplying needle 32 of -the sub-
-tank unit 33, a valve body 6 is set back against a spring 5 an ink. pass
is formed, and the ink within the containgr body 1 flows in-to an ink
chanmber 34. After the ink is filled into -the ink chanber 34, the nozzle
openi ng of the tpEDESlNG digadcdedi so Lhcsuhieehal dxphhetachinal afsolegahi ve
pressure, ink is dis habgﬁd fromthe repordinghhea_‘Sl,apd,the rqutding
operation i sAcCERTHetH9DHPLIARE SMHuPROBR Hbf éd -t hafli e HBXehBb FiSrentngf

Fig. | throughpafhfusSagdeik qildd, when the ink, cartridge is nounted on
-the ink 15 je? recordi ng apparatus and the ink is filled into the ink
chamber 34, it is"Hesf Eﬁabwt RRPLYABIpBRERIRY DP L hEe RAMA L F6dYnY  t he

volune ofs thegi Rksehealen1 Sy ak® Ges| GNed§H1ialy heeqhkadbdor! enel s@h-t he
ink is positioned at the position shown in“thé Fi'lg | through Fig. 5 and
Fig. 18. TheFerbranit B8 4 equndve dwslys 6ofs 209 heaGinRrI3hBRR # BEGGI B/t & ough
Fig. 5 and Figy 008 AOhnét Ma¥a i enkaYRInA thB&dit@indy! &) 1deibRg
manuf acturing of  -the ink cartridge. Wen the ink is consuned Tn the

recor di ng hedt@1amyinlnechamhas; didng Bperhttilm, ink dge filAdegr aasar Ehefink
downst ream sidgmobr 78, arhk! Moyah¥eo eﬁih§ @l reddi@lily Meat@l e %6 is
opened. Thus, the ink 1n the ink chaiiber 34 flows into the recordi ng head 31
via an Mk sEppISFERA fasEhsactinn pRNegR ke paeearRer BYEyS1disrBaRITHt o
the sub-t ankethh tndSred@rd 8y hBkaSUPBhY ivhe: PESEL&iRY opRESOIPAMS BErMdd the
inflow of the ink to the recording bead 30 31, and the printing is

'repeat ed. Fiﬂqt8 is a block diagram showi ng the controller of an ink jet
recordi ng appar at ust ¢holun@ B¢ as€8& thaveir BB eniiRlimets&3f Figcar €¢highgh

oppalatue of L e el e o0 oo 3y S0 e 02 00 e k1 e
700 for 16eci jeogatbydimyidpparbeusanel dhadnkhead i102di intohehé riaetisenber
direction (i n SCAUNEDAALIER A the bDE:EEER"SH WhletatBd 765 i
; the volume of the ink chamber 34 are designed so that the liguid
level of the ink is positioned at the position shown in the Fig
1 through Fig. 5 and Fig. 18. Therefore, the liquid levels of
20 the ink shown in Fig. 1 through Fig. 5 and Fig. 18 are not always
the level of the liquid level during manufacturing of the ink
cartridge.

When the ink is consumed in the recording head 31 by the

recording operation, since the pressure of downstream side of
25 a film valve 36 is lowered, the f£ilm valve 36 is opened. Thus,
the ink in the ink chamber 34 flows into the recording head 31
via an ink supplying pass 35. The ink in the container body 1
flows into the sub-tank unit 33 via the ink supplying needle 32
accompanying with the inflow of the ink to the recording head
30 31, and the printing is repeated.

Fig. 8 is a block diagram showing the controller of an ink
jet recording apparatus of the present invention. The ink jet
recording apparatus of the present invention has a recording head
702 for discharging ink droplets on the recording sheet and

35 printing, a carriage 700 for reciprocally moving the recording
head 702 in the traverse direction (main scanning direction) of

the recording sheet and an ink cartridge 180 for supplying the



27 SEP 2005 20 ink to the recording head 702. The carriage 700 is connected
to a carriage drive notor 716. The carriage 700 and the recording J}eegh %92
reciprocally nove in the traverse direction of the recording sheet by
driving the carriage drive notor 716. The 5 carriage notor control neans 722
controls the carriage drive notor 716. Theé actuator 106 nounted on the ink
cartridge 180 is controlled by piezoelectric device control neans 720. A

characteristi gnyaldienef réde-digiguaban 06 comnd rlrhadgey7bbeisl @opirreeekagd ric
device control neans 720 i s det'ected by a characteristic value detecting
section 810. FSTAIEIAYS ripy Myl Yilhy tHE cansiane (RY gk the rreCHE it or
by the piezoehesd 162 HEY1SHGANY HovEBaNS 10, tigh g M i pddiUign] | S e @
pi ezoel ectric elenent contained’in the actuator 106 is detected by the 15
char act eri st i el H et hY 96eVive Y10 cagtlage srifesmotps 716. The

charact erisSti &, Maj 4 IS(F@%EBHE%%?%EHE BICAAL AN O chbeiabeShAkR sl ue

of the piezoelectritc enent . reover, the characteristic”value detecting
section 810 néyfdetect the electrical capacity of the piezoel ectric el enent

by utilizing 20 themal deeaaldno sr G 884 Iife SeHCartieagbAnap! gl stic
val ue detecting section 810 may detect ~an oscillating characteristic of the
oscill ati ng suttiredled thie pdepaalertuds. deyicex Lok hamepnezodllbct rikc

device contrQly,,iRaRs i £29-aRRhLes dhe ! gty t1gs acbHal-8i1496nyangt he

25 characteristic value detecting section 810 detects a counter
el ect rondfi v@iesoed egénaratday I8F t RENEEPhI MOAGSr ed2Quals O6EEFEaHi Y i @ the
oscillating geghleRepisthe 48188t QEtdOGing QUAGHP g1 .5, Foie ShAAR, ebystic
val ue detecting_section 810 can detect resonance frequency of the residual
osci | | ati on &PPLY309tHhe SERTiantdecbraqsh ko HHGRTIANITRY SRt \RZFNGE L 1R r
charact eri st igeviekUsrtfrdinfeatd vab Pfa d@er&at €816 fl1Bwhhin aGhidR10Est EC
val ue detecting section 810 is sent to a charactg’;istic val ue ;]g iﬁge

t

section 820. SOFMERE SONRIREAd, 11 hEhe p ASTUELPRi P coRdidSETRE
char act er3 st chayatuer il almesdet et yimpeechden Preyvi ouwdny s otleis,| mhehe

horo0e ot AR Rer e, PUBSFLOIER BN A 0s TRy DR el ggbsar g o
resistance value of the piezoelectric element. Moreover, the
characteristic value detecting section 810 may detect the
electrical capacity of the piezoelectric element by utilizing

20 the alternating current electric source.

The characteristic value detecting secticon 810 may detect
an oscillating characteristic of the oscillating section of the
actuator 106. Tor example, the piezoelectric device control
means 720 applies the voltage to the actuator 106, and the

25 characteristic value detecting section 810 detects a counter
electromotive force generated by the remaining residual
oscillation in the oscillating section of the actuator 106.
Owing to this, the characteristic value detecting section 810
can detect resonance [requency of the residual oscillation and

30 the amplitude of the counter electromotive force.

A characteristic value of the actuator 106 detected in the
characteristic value detecting section 810 is sent to a
characteristic value judging section 820. On the other hand, the
predetermined conditions that the characteristic value should

35 satisfy have been previously stored in the storage section 850.
The predetermined conditions may be set according to the
characteristic values. Tor example, in the case where the



2 7 SEP 2005 21 characteristic value is a resistance value of a

pi ezoel ectric elenent, the specification that the resistance val ue §f §€%

pi ezoel ectric el enent should satisfy is defined as the predeterm ne 1 2005
condition. Moreover, for exanple, in the case 5 where the characteristic
value is judged as a resonance frequency 20f the actuator 106, the
specification that the resonance frequency should satisfy is defined as the

predet er m ne%h&%éﬁmm-r%lﬁte%@g@ §é‘§£é {HhBY388d8 £t Q?Pé@@@]‘:é‘dﬁﬁl&ed
conditions to the characteristic val ue UE&I n&gectl on 820 10 correspondl ng
to the tim nflerenthetlnaspesiiontiony 4t s igdapeet ved vl ®idédect s

{he, har act el i denalue o ohBhenaotiborg 100y Tho cHBr agierisd! fyskne sent

to the characteristic val ue section 8 ared wth t
pr edet er m ned)lt@iﬁil&ﬁllﬁmecbﬁoaldd{bﬁpaﬁ atMereqwsiidelth 1 reitam@leﬁ thatrhfttC@ﬁﬁst ic

val ue | udgl nguagel A8 Halackay Be16 388 JaheE SubieaGRL dekenbskECialeey

j udgi ng secti es t e Charac stic val'ue 'does not” sat
the predet e néhec@mltcﬂs,l(lﬁhe Wiear apeet fsealcioral thay utdhengressaeanicen 820

sends an er rgseamgftgh% L QULRNE o gctji_son éﬁ%gne%h%}sﬁotﬂgt EFL}_LSI gnaljlm(mﬁ: 40

out puts the e error cor espon e err
out put sect i oorBUdiion. f dheeshippiage BhaeLlpan@IbOZCﬂE@dand:llmqnmd@emln@dt put

term nal 2500, n Fi 0, S
connected to tﬁﬁﬂhogltn clbc?rpﬁl%%r g%g% so acaﬁéie)\!rﬂér' 05 s%%l 5%‘2‘298% 820
out put t et t o ccharezposdiagnaio hbke sdmpogewiBIOOth@ncheractersptay ivelae

di splay i ndyealdy g Vgh%IchiSn' §0 GRI ac{t‘ig%hl%aﬁhﬁrgc‘?{%fisL%é‘%zlﬂhe rEﬁédge

shoul d be exchange aracteristic val ues e results of the
the charact ePE§tiREO¥al dé6-udgi ﬁ@eseé?hii@ﬁCBQQJ ahéct healye kesemhe ‘éﬁr o?-he

di splay may B@aghe@ciBansc! 95119@'&3fc1%tm@;9 skb8ibn382 8Nk RAH IRl WA'RCERET NT
voi ce. Moreover, the characteristic”™ value judging section 820 sends an

non- oper abl ePEPIRERIFANGD @ARGIGILogeckY o 75®NPREatASN- Biekadid silgnkheis a

signal foy oRkirAgtkbRestik y&lud epRIgdndd seBpabat ggoa state where the ink jet
recording appar at us does not car the operations such as 35 the

out
printing, cleaning ™ Fa8MA5G W%E IanCFF?&L"F%c Vedherid M9 ERETIAR j et
recordi ng appapatjudges ahaorcippehabbetei-abeic Thel bdkiodsehotesardstg the

apparat us mb%gdgggnhfﬁgcliv%%nggglgr%] p O%ﬁreabchealacterlstlc value Jjudging
section 820 sends an error signal to an output section 840. The

20 output section 840 outputs the display of the error corresponding
to the error signal. The output section 840 is, for example, the
panel 2000 and the external output terminal 2500 shown in Fig.

7. The external output terminal 2500 is connected to the host
computer 3000 so that an error signal can be outputted to the

25 external host computer 3000. An error display is a display
indicating that the ink cartridge has a defect, the ink cartridge
should be exchanged, characteristic values, the results of the
judgment in the characteristic value judging section 820 and the
like. The error display may be also means for generating light

30 and means for generating voice. Moreover, the characteristic
value judging section 820 sends an non-operable signal to a
control section 750. The non-operable signal is a signal for
making the ink jet recording apparatus a state where the ink jet
recording apparatus does not carry out the operations such as

35 theprinting, cleaning, flashing and the like, that is, for making
the ink jet recording apparatus in a non-operable state. The ink

jet recording apparatus which has received the non-operable



2 7 SEP 2005 22 signal does not carry out the operation or stops the

operation. .En the case where the ink jet recording apparatus is in a
non-operabl e state, it may be designed so that the user can sel ect P S
option for making the ink jet recording apparatus operate 5 (not shovvng %n

the other hand, in the case where 'the characteristic value judging section
820 judges 'that the characteristic value<Zsatisfies the predeterm ned
conditions, -the characteristic value judging section 820 sends an operabl e
signal to thestgl aloesOnseatamy db0. 'tﬂ'élmmemabheosiw:-t tilee apsignedn f or

maki ng a stat ere the ink jet recording a tus can_ca Qut .t he
oper ati ons h{\{i‘g Bf‘Fﬁt ?”hf&rejclﬁ iJnrg, Wiashgﬁ Js?%naBPaﬁﬁE]L1¥hé"’l iKe,? t hat
is, for maki r‘rg:rt—hqa&ﬂ'ﬂb]je&tt_attﬁﬁ,oﬁ.dim Bemﬁrsat;us:dmb ahaopdreabber csztraselec“n'he

i nk jet recor ghpar tus ch has r CE] ved the .15 oper abl ﬁp elat.e

start or rest ?et Jt°§’ RN %ﬂb ]%tjaﬂ% ek l@lcotlglf’ﬂe BBara
Furthernose, (it digingy notifying that t he out put section 840 satl sfies
t he predeterm ned condition

di t
operabl e state and Yhehq P[&Eeﬁabaﬁér al%o %&{C%f?g Y eg?o g gtlgt%ﬁ“:ﬁgcﬁjt?&tlet he

characteri st i gadg@hgcsécﬂguﬁe@tmoo ud§éd weiteehe tharabeeatteissidlaeval ue
of the actuator e‘%/ (&en at the tipe. when bhelnk cartrllgels
mount ed on tﬁ@ﬁw-‘*%s h¢ BES %t%’@“léb?ﬁgfsat‘@l)sth\ﬂﬁfeti grharacher isd 1EVET S ¢ he

time when tgftdgﬁlﬁgc@&%lttﬁbhl @0V elende maweragt@e%tug@aw&@ RS Wt rdd the
pr edet er m ne

vol.une rti nof t thin the i cartridge is

Gonsurmedt ) ThéSatrPy? R SHBRL O FoP THES hei ok PSBAHPSR 830
measur es t hatwhicie ﬂt@ﬁtﬁquefﬂ meb:mngmppmath% cah ca\mwtmt the dpdkradohsi dge
is consunmed will be des rlbedln nor e |nkc nsy ICIOI’I
ol o moasuRtioY Seatid B30 1SN SRaSh i SCORANNAT o A LAER LHBS nk
cartridge by izqdifng mapiag vtdteurmtlofjemlredomphagsammal.ggmfermmpdreb;te
[pCor i 19 NoagocBnd A0E LR auel Mg AE Al Lhayaede YnfF Aol clgnnhao and
cal cul ated wepeahae beemalresgursdaiin Ot:.heseshkrtccannsimpiri an sigindlyy weaseri ng
ifﬁteir Oﬂaﬁg? ;b?%é?nﬁo tBeldPerNnACH AL Sidiatd, Und YAGLAG ySEEEL BP: B¢ Pnafn the
the output section 840 satisfies the predetermined conditions,
the ink jet recording apparatus is in an operable state and the
like may be also outputted.

20 The timing that the characteristic value detecting section
810 detects the characteristic value of the actuator 106 may be
even at the time when the ink cartridge is mounted on the ink
jet recording apparatus. Moreover, it may be even at the time
when the ink consumption volume measuring section 830 measures-

25 the predetermined volume portion of the ink within the ink
cartridge is consumed.

The timing when the ink consumption wvolume measuring
section 830 measures that the predetermined volume of the ink
within the ink cartridge is consumed will be described in more

30 detail below. The ink consumption volume measuring section 830
calculates an ink consumption within the ink cartridge by adding
up a volume of ink droplets discharged from the recording head
and the ink volume actually used at the time of cleaning and
flashing. Information of consumed volume of the ink

35 mathematically calculated which has been measured in the ink
consumption volume measuring section 830 1is sent to the

characteristic value judging section 820. On the other hand, the



2 7 SEP 2005 23 predeterm ned conditions that the consunmed vol une

mat hematically cal cul ated shoul d satisfy has been previously stored |% pq%S
storage section 850. The predeterm ned conditions may be set correspon i ng
to the volunme of ink droplets discharged fromthe 5 recording head, the
frequency of the cleanings and flashings,23 the position where the actuator
1.06 is provided and arranged and the like. The storage section 850 sends
the predet er pragdtecenigéd conaipieys enat st @cbz@ﬂuﬁ@i vBeusd aizadepnisthtlyal ue
judging secti The ﬁﬂsracterlstlc val ue judgjng section 820 enits 10

a signal to Ff CE@‘?\%‘F%I shaetq oPATEDI AT PRThsnRY A e BT ed het i Hhe

mat hemat i cal ¥ ogad € UbatEertbra@H Y eshé herddadatinBdne@ndi@ioiB Byt Pe ek
consunption vol une neasuring section 830., The piezoelectric deV| ce control

means 720 of CORECTRARG 19 SECERBIOLNE GppHY ATOBILEE A bTCHHE] KETo e

act uat or 5106y é@éf@ﬁrﬂj’ﬁ%a&g Jth'é the%uéhélﬁaéf fﬁl%ndl%rﬁﬁh@rsaﬁhér FPhERiYgd ve
j udgi ng section 820. the characteristi¢ value detectl n

section 810 t]@@t%@@ﬂpﬁe‘"ﬂé@é@ %@e‘?‘i’%‘ﬁ’@%&péel%ﬂﬂpﬁéd&étm grrapged|andhoul d

be noted thatnas)fige, t N@nkolwR gt hetiBk @sePIRiRis arkk t PRedOt &R t he
ink actually used at the tinme of "cleanings 20 and flashings _which have been

previ ously |GRE@HiqNg HéthRu%bY@&ﬁia?ﬂdﬁ’ e G@éﬁﬁé@ﬁﬂﬁhb" SEitconuEEmY

errors conpag&s v B2ot heretHal-hye & sahay 0hNEe YRIYRIgOEed Pifon Bl gaged ed
due to the wuse circunferences nay arise in many cases. Therefore, it is

pref er aBle tHhatigd- feddeeFRPhERL cBReli tambr X oihed AnCPREURERr¥eEims ofect i on

850 is made @ge aivel e Heamariicah 13 k:latlbh@a@éera@ldgéxryé@mh@rpﬁedméﬂwﬁr@aer
reducti on |scglrformad to i{oma extent. Moreover, in the case where the

“charact eri stYel Wi dB e ARk CRATHIRTLON0EC 1Ee qispsErdaaRAC 1 8RRk (& ri dge
i's mounted g diweliedicrjiet deﬁrec—@rdmmgr@pmasraa@szot BE €RBSCERErYD| e ioh t he

i nk th d t djt t t he st t 850

be set s 2oS PRLY e VPHEAPEOY bRS MRt o ATURACar J0 Sas PR Rer
nount edisn tdte anedgpal nfromg mmglcharhotesjmtimgfaﬂh@ redgidgngediensh 8202. The
G o2 1S R el oh0san. ARSI IA BT £1021h8 Actubing S RAL{Q Bt e

cl eani ng of %hozzi e openi ng recordi ng receliving the
supply of t ebssgast the phessoterigidic diadaleardi hhet hetualkotrb@ﬁt he whol e

nozzle of the r ecof@jsﬂguﬂfﬁg noted that as for the volume of the ink droplets
and the volume of the ink actually used at the time of cleanings

20 and flashings which have been previously Jjudged in the ink
consumption volume measuring section 830, errors compared with

the actually discharging volume of the ink occurred due to the

use circumferences may arise in many cases. Therefore, it is

preferable that the predetermined condition stored in the storage

25 section 850 is made as a value to which a little over addition

or a little over reduction is performed to some extent. Moreover,

in the case where the characteristic value of the actuator 106

is detected when the ink cartridge is mounted on the ink jet

recording apparatus, the consumed volume of the ink as the

30 predetermined condition stored in the storage section 850 may
be set as zero.

In the ink jet recording apparatus, a cap 712 is further

mounted on the non-printing region for sealing the recording head

702. The cap 712 is connected to an absorbing pump 718 via a tube,

35 performs the cleaning of the nozzle opening of the recording head

702 by receiving the supply of the negative pressure and

discharging the ink from the whole nozzle of the recording head



2 7 SEP 2905 24 702. Moreover, the flashing is perforned by positioning the
recordi ng head 702 at the cap 712 and di scharging the ink from -the whole
nozzl e of the recording head 712. These -tim ngs of cleaning procegéféE 005
flashing processes and a timng of exchanging 5 fromthe printing st E&
the non-printing state may be timngs for detecting -the characteristic

val ue of the actuator 106. It should be 4fbted that the characteristic val ue
detecting section 810, the characteristic value judging section 820, the

i nk consunpt 782 -voManeovemas urlie gf Sedtingn B3 @etfoenedt Pyt oedttioning0tB40 and
e T a0e Secklban.fo0-RYRY Lovhdeth 2N ALLANGEd: sl ot Alnd MGy Bk e!
recordi ng apparatus, “for exanple, provided an arran e"contro
section 750, tbe whylbenngi&(nﬁithajraapmdmggdhémdthk2deﬁm@@aMMLmhngs of

provi ded and Si ext.ernal h = .
Conputer . - prorePanng brifsBhEs, BB A Eo e hid g SIS Pshoing,
charactemlstIromwahuprpndgn@gnsﬂmaLonjﬂiﬁontp31mnkn@Qnsumpmapnmymhmmngq
measuri ng ﬁctl 830 I’LS put ectl n 84 and%ﬁ qﬁ stora ﬁ@l on 850
whi ch are coh@&r ?E%CYW ]iagﬁlc ferfLﬁ l‘f) S 0EF & & P& pr ovi ded
and arranged in thagtigHowlarbe ndged ﬁlﬁamohelcdﬂmt:rt@nu%@mfvéhﬁe dasecwhmge

ric device are.out, of

nmb f th I
working or dereCFioh 1 oPBratheredhen RHe yBFERpaTLd i SRATRRLPEE" e
able to be eithmmgﬂahn@tlonhmlsmméamxﬁg Bbetmn@ﬂgetbé ditgritnkection

tridge. FRurth h h t ect t 8 0 t
25 char 38t ert'b) ABOIIC S ik RECEERR Pon Tty PEREAAG: 20 Akt B )
nmeasuring sezf i‘dme 83tk Jiete recbpding eapparatdd( dodt emhmplebopagelde@tamh 850
whi ch I

|ch are Cga[kcfér% H*Eﬁlﬁpﬁ{étdo%% %fl 58 tlcgr& &h%pgth?tsxﬁé}g b%t g%% d s |nk i et

provi ded an he T ecordin
recordi ng amaarmg@i tigy therﬂ@mmmmmhdlhesnewmm?b anchdrirengedi dleLsaJthac habl e

and det achabl 3 Inakﬂ:leg gid (?qexlc%r%‘i iulag‘é‘cﬂgﬁm%ﬁtﬁ?owﬂgeﬁe 1 ge

controlllngt recor apparatus to fhe n
accor di hy t@lta@czstrﬂ;@@itn:énvabﬂe Fcla}ecrtlmg ATty 810, téﬁo@h@%tﬁfm%dct hat

the ink car Malqg@aﬁeggﬁglmﬂl%no@.@oofuiéﬂgnﬁ%&maﬁ.qwm §02hnEfkadtifbouoh

Fig. 6 may be used instead k, cartridge according to the enmbadi nent
of Fig. 1. Iﬁeg:ué’fi 834, fm'tﬁ/\EHéPFtsfh%‘\?\‘H@" W@n@mﬂﬁ'é“estséﬁéa\%ﬁe?%c?h%“laﬁf)

which are concerning the operation of the piezoelectric device

are provided and arranged in the ink cartridge. In consideration

20 of the case where members concerning the operation of the

piezoelectric device are out of working order, it is preferable

that these members are configured to be able to be exchanged at

the same time of the exchange of the ink cartridge. Furthermore,

the characteristic wvalue detecting section 810, the

25 characteristic value judging section 820, the ink consumption

volume measuring section 830, the output section 840 and the

storage section 850 which are concerning the operation of the

piezoelectric device may be provided and arranged on the recording

head which is mounted on the ink jet recording apparatus to/from

30 which the recording head is easily attachable and detachable.

Fig. 9 and TFig. 10 are flowcharts showing a method of

controlling the ink jet recording apparatus to which the ink

cartridge according to the embodiment of Fig. 1 is mounted. It

should be noted that the ink cartridge according to one of the

35 embodiments of Fig. 2 through Fig. 6 may be used instead of the
ink cartridge according to the embodiment of Fig. 1.

Fig. 9 is a flowchart showing from the stage where the ink



27SEP2005 25 | cartridge shown in Fig. 1 is nounted on the ink jet recording
apparatus to the stage where the ink jet recording apparatus is in ?WSEPZM
operabl e state or in a non-operable state. An operation of an ink je 5
recordi ng apparatus will be 5 described below on the basis of the flowhart
of Fig. 9 while referring to Fig. 8. An2b5nk cartridge is nounted on the ink
jet recording apparatus. Wien the ink cartridge is nounted, the ink jet

recordi ng appat-ffudqgd efeaRi 2es fikat 1t he hélnead ten dgge 1ink PRuNtGorleags for
recogni zing that the ink cartridge is nounted 10 is not particularly .
linited. For2BRAAPIES LohEhROTMINFHeret Bee ik Je4r FRPeERIRR IR S AT zed

by detecti ngiﬁhgns%;@l RGHQfe %&Oﬁﬁgg.ﬁ’@ draiyvigded-and arranged on the
ink cartridge using the ink jet recording apparatus. Mreover, a, rg{jectlon
(not shown) is prdRidedraniahed min dart rji@drgé”ﬁménnﬂhéppﬁkaéuﬁtwnﬁlg 85 is
nmount ed, ct he j ' S Sl t Vi l; rovifed on
the ik et 0 nor i TRIRHE LR, e b b £ G TS P Rb IRt of s, B ENLES
appar at us neyefecoinyg e Fhat &-heAnninlcanrtridee ismopnieddobyths dakrjeal |y
conducting t g 4 . n LK eRN L L 08814 S 5 BOH t he u may
input it to ]F‘ﬁ%é%%\lkﬁgp% baw%éomigﬁgug%ﬁg?ca%%% by ém} ma&\@@e%i&?x . "t%ﬁEe

pi ezoel ect ri fetdexeayrciong regiparedns TR0ogrhzes aphat| bheninkharbersddstis

detecting signal.dpr ﬂ@&ﬁg%ﬁ}%%bﬁﬁﬁzg%@}th&@%ﬁg%rﬁg i:§£££iagigli§eﬁ$uh%

actuator 106 to the actuator enent characteri st tecting
signal 8, fig motapprsicalaslyulimiedhndrar veamyge, Shissagueting, of il g.
9(A), the A st I : | 1+QN.. e : : nt
characteri sﬁ{.}?g \%&S% 1§ btclﬂééfa}%:%l}%t% %&ﬁ%ggga}?ﬁﬁ%@cﬁ%&agﬁ Fear|§%Itﬁ:ll':‘r(::gﬁc\lka tﬁl{e}?

(j udgi ng sectSIrEEONLHNG s Pravided fust ashanged o shecink gpgéridgel it case
where an el Qﬂf‘éﬁirﬁp%‘é%f:tr_%&b%&ﬁ.ﬁgV@;B[S'@fé'—lfué.heb’logﬁé@)ﬁé%Pra %ﬂ&%idkpt(xﬁt' sfy
the predeterm ned condition, thée ‘error O is displayed on the output section
840. For exdlsvd) tfcPr@ridnd on shaildpt spE8rbfgehahrmdhe200l A idaspl ay
secti onisprod feen s | Reel it JRit ioBCRishidifa aRRidc PSot Ghotin )t eewrdu@nial 35
host conputer 3000 connected tp the external output term nal 2500 ROV ded
on the ink jPé’P"Hé@Sr‘a’i‘ﬁg’eabBErié‘%hﬁcﬁ ding Appargius. Owing to this, the

ink jet recording apparatus may recognize that the ink cartridge
is mounted by electrically conducting the switch. Or, when the
ink cartridge is mounted, the user may input it to the ink jet

20 recording apparatus by any means.

Next, the piezoelectric device control means 720 sends an
element characteristic detecting signal for detecting an element
characteristic value of the actuator 106 to the actuator 106.
The element characlteristic detecting signal is, for example, a

25 current and a voltage. Subsequently, in Fig. 9(A), the
characteristic value detecting section 810 detects the element
characteristic value of the actuator 106 and the characteristic
value judging section 820 judges the element characteristic
value.

30 In the case where an element characteristic value of the
actuator 106 does not satisfy the predetermined condition, the
error 0 is displayed on the output section 840. For example, the
error 0 is displayed on the panel 2000 as a display section
provided on the ink jet recording apparatus, or on the external

35 host computer 3000 connected to the external output terminal 2500
provided on the ink jet recording apparatus. Or, again, an

instruction S0 sending an element characteristic detection



I nstruction SO sendi ng an el enent characteristic detection 27SEP2005 2G

signal to the actuator 106 may be returned to the ink jet recording 7 PIDU
apparatus. In such a case, it may be set so that the display of the2 eﬁ’f:oz Q)
is outputted in the case where although the elenent characteristic
detection signal is sent a nunber of the s predeterm ned tinmes according to
the instruction SO the element characteristic value of the actuator 106

does not satisglghahhg +RELRLRLENEE xﬁ%{'%tﬂ&%rfé&%@%ﬁ{@iﬁc Sleke 1w01%ﬁt so

that the displfay of the error 0 Is outputted in the case where the average
val ue of t he agiparattsechdmastehi sdaseval bawbioet Bet a2 ddwdr theedispting £inot

gat | sty the predglermngd 88@%&%8&‘;‘?&*‘@&5&@'%% aJ.gﬂg{lgrfét-ﬁE%%J{- ent
etection signal TS Sent a nunbér of the predeterm ned tImes. Furthernore,
it can be judhedabsseisbic wedeheioonr gignalhe imax$emin val nember off athe

plurality. of el N racterjstic,.val yes,is.ip. the. t erm range,

br "whet o - EEeEPERbp fATAREE A oratd FE VS thBe bR BOEFR nEf M by RR e,
di spl ay of thhaeacteristiy el difspheyaovtatyt ng0®rdoes awtoeaurisdiycghef an
error to the_us

Pr ef bl v....the di_spl f th 0 i i spl
i ndi cating tﬁﬁ?géﬁgrég?%%fm}é%téoﬁs I@%F%éwgre{’ e g\%&ﬁl&ﬁt‘g elétﬁgga@ﬂ%{)itg%i c
val ue, the réssplsyeff the eifiqrudgneatitpiuttdd iohahaactasd shézevtatmavjemdgéﬂg
e

Tk et rectP R NEs s RReRE A Y AR IRER R i S AREE 10kt on
840 muy 1di spiiagsthat ddieidMK thet pregeteirmined paoratilsidns whieh aheorlepenabl e
state. Mor eover t,héa. st.or agg ,geg%i on 8§0na y 25 sstore ghat the I nk. ngt
A A A A S A SR AR S
ata o ep ¢Bdrmian imgps .appar bhegnose s nibes a s at
oo onc" Sl B ks LRLSHERAP RSk b RETF AE AN PR OReE 2

recordi ng apparatusis i np eover,
30 appar at usclncacthmnig ttic vatues dsenth Enbpdiedentringned @mpn- opewbhdt ler

L e chlt o e S RIS STl (PPt fhpeaipidos | o,
new i nk cartridge, Thadispdaynaf therexiey Ospapdid ard taplahaotikyipgiomgliade
by the user aiidhrilhbebse 1P cdese it AkeL. CaTNvrkBIY, VeHle dfsiRlyCts
of the elenent characteristic value of the

of the error 0 is a display indicating that the actuator 106 is

not good, the elelment characteristic value, the results of the

20 Jjudgment in the characteristic value judging section 820 or the

like. Accompanying with the error 0 is displayed, the ink jet

recording apparatus is 1in a non-operable state. The output

section 840 may display that the ink jet recording apparatus is

in a non-operable state. Moreover, the storage section 850 may

25 store that the ink jet recording apparatus is in a non-operable

state. Owing to this, the past data of the ink jet recording

apparatus 1s stored. It should be noted that an non-operable

state is referred to a state where the an operation as a recording

apparatus is impossible. Moreover, even if the ink jet recording

30 apparatus according to the present embodiment is in a non-operable

state, it is in a statewhere a signal for moving the ink cartridge

into the predetermined position in order to be capable of

exchanging it into a new ink cartridge, and a signal for the

selection and the like being made by the user, which will be

35 described later can be received.
As defects of the element characteristic value of the

actuator 106, the defect of the piezoelectric element and the



actuator 106, the defect of the piezoelectric elenment and the 27SEP2005 27
defective contact of the wiring to the piezoelectric elenent are

consi dered. The defect of the piezoelectric el enent occurs since th%7SEPZW5
el enent characteristic itself of the piezoelectric elenent is defective.
The defective contact of the wiring to tle 5 piezoelectric elenment occurs
since the electric contacts of a piezoelectric |layer 160, an upper portion

el ectrode 166e£écLW@rcor1Q%fu OP tBL8F F QUL t&6Ghe gaoaee%cepié'énrbﬁlﬁ%@de

termnal 168, a lower electrode termnal 170 and an auxiliary electrode 172
in Figs. 11T¢pnsidered. 1100 defgotiel thegticizoed oAt &€ cdlemend aFFUIRYS10CEr om
the actuatory e I e t1.n, A

broken. The u%%r Ieéxh(l:é‘h{.L c@%@gﬁ%f ?:%(% 1(::'L r%‘?i@g&%ﬁ@éﬁﬂf&%ﬁgﬁ %?:ts!‘pr?%yéi%{'&éﬁe
error. 0 whiie rﬂarﬂat:ameng fThe sicfiestiler e:cuﬁ@crl:nk:lj ether wioidigng-capplae at us

b : I
an i nstr ot DA e Sk rERY e Nl R ek P ar b e e She 1
an oper abl e piet@elsing.c Lhpenlindadyn wqueﬂ:eﬁ:rhkam&ﬂtecit.dgée T, iankoyeat

T 0o B Y 15808 b6 aPRGEAE, Dot TbE P DGR, o
I ncl ugi ng Eﬁ ]ejvgrgrﬁlecdtabale gt EEmimaTzl vmhm@gud)hnb\ggitéamhngt eledObotm\iel been
char act er 1 Uit T9SFac - g Mt d e othd AR Rebhrefsth b uiF ing
condi ti on, mlanpelrlmlanmwa;ncgna]mﬁ chselriﬂefcr:hmmadmamLsezmnelmtue cdeteat tCng

control nea 2 0 e tor 106 (see Fig. 9(B)). The actuator 106
receives tk%seectz)%ierafglltgnaglgglﬁg&gﬁn the case where the actuator 106 is not

defective, the actliz erserOéxphahgesisn hokpradet sige bededpenathendispdayt he

ot her hand, o h N at or
1. 06 does notIEn Héf orm ?h\ghpr gcliét Q?%ﬁ%%%ﬁg%%lﬁ?l on. -Q%TO%%CIJNE Lcilé m%}kagl%%
whet her or rr@com@nacapaanatm&qaen ar ned-operalple ditaday n@l:l, op‘erlaﬂy &% can

be j udgegd b%eéugg' E‘ﬂai‘.""ﬁ%é‘%ée?rﬁ:é}?tseﬂe% Shaf Rl diﬁtdnfcsﬁa.li_ﬂeofi&éﬁcrtha%g

section. 810 detects the oscillation characteristic he act uat or
using the &herids RGO NHINGAPRAIG W 588RI06NLB2D. OBF dd FEate(B)ingi n t he

case where the aéltﬁ@édﬁf #OEn Rl f ORKS cab-heipgedet el nagk opet atidbrdting

di splay of g};n)pg;rrgg{ls caluf be in an operable state by the instruction S2. It

is preferable that the past errors and the contents of the

20 instructions including the element characteristic values of the
actuator 106 have been stored in the storage section 850.

In the case where the element characteristic value of the

actuator 106 satisfy the predetermined condition, an operation

signal is sent from the piezoelectric device control means 720

25 1o the actuator 106 (see Fig. 9(B)). The actuator 106 receives

the operation signal. In the case where the actuator 106 is not

defective, the actuator 106 performs the predetermined operation.

On the other hand, in the case where the actuator 106 is defective,

the actuator 106 does not perform the predetermined operation.

30 The Jjudgment of whether or not the actuator 106 performed the

predetermined operation can be judged by judging whether or not

the characteristic value detecting section. 810 detects the

oscillation characteristic of the actuator 106 using the

characteristic value judging section 820.
35 In Fig. 9(B), in the case where the actuator 106 performs

the predetermined operation, the display of an error 1 is
outputted to the output section 840. In the case where the



outputted to the output section 840. In the case where the 2 7 S E P 2005 28
actuator 106 perforns the predeterm ned operation, again, the inst rZ(L;;C%EmelS
Si sending the operation signal to the actuator 1.06 my be returne t he
ink jet recording apparatus. In such a case, that is, in the case where
al though the operation signal 5 is sent ggnunber of the predeterm ned times
according to the instruction Sl1, the actuator 106 does not perforns the

operation, |t be t so.that the display of the errar 1 is_outpytted.
The di spl ay 3?1:‘?%%0@1@ PELfRF e Lbedplsﬁ‘ﬁ‘g%/ejﬁ%]tq ORG A" aRIBER ur'tEnce of
an error to fhetumsetioPrsaf eeadlyg tileeogespt ayn sli@refll toectes @tubtbs 306

di splay indi catid:r;% t hat trae ink cartridge is defective, or that the actuator

106 provi ded"@RdPErSYEEd £° Ehe 1Mk 18 tecageing AYpRERFIR, dReSUCH a

characteri steégsepltitat tikg ineské teasdl whiee) AUamth ithel Bpeghanant £1dretli C
val ue judging section 820 or the like: 1t can be displayed that an ink
cartri dg@ 15-®dnSeRt ch FHEPecfatde ReedeserBingd obimes 3SCHied D Ehe i nk

jet recordi nghapRRELdS S B thethSRIA001 06 R BNMFR pdribimb 1 Laseratiear,e the
actuator 106 does not performthe predeterm ned_ Operation, the ink jet

recordi ng apparBtude §etnsa Wt diher dipplagtaf &hes apgPrr AsifHeuerHded: is

di spl ayed. 20 The 4gergieplagngesnanelrér qai'h&j’rilﬁgﬁ RLHAH) RBLEPyihE ordiyspl ay
of the error 1 while the nonh-operable state is left “mai'ntained as it is.
Mor eover, i tA@FpEr&sreset tHheryRE tRdhe sgaTselfeefargdlynsthacdisdag2 in

order t@onaker ifhd Rx@roperabheqi Shrle riiratling 8haeatie Dyt &h1ikge
cartridge. The ink jet 25 recordi ng apparatus can be in an operable state by
the instructiDReLSSLiVe, | Qr fhete A A IO RBO gAY g PEdaREY #PERY &8t i ons

have been siiy eihi Raliteigher ageasesdd 9, 820e bRaFhtediBicivalhe ease

where the actuator 10 erforpns  the pr det er m ned gper.ation, it . is.] udged{
whet her or A&RSHHE CS% ﬁ?ﬁ tJugdomend Il}’gt"ﬁ’tﬁl sttt difc W@afe lilﬁlﬂéjf’ﬁed

fromthe resetitalonosZ0 biratheoDikies ectethnye Hhigpasy sattda 1P i satdafuraggehe

e e L A A -

waves Wi t hi njettheepoedengampaedths s pedisslay3bfaie eerperl odInnthe cahe

predet er m el eRTIGc CLHRYES: PE5E Ads DS | Dher Ol 2cRRUNRIaR ROV Ve
operation, the ink jet recording apparatus is in a non-operable
state as well as the error 1 is displayed.

20 The user exchanges an ink cartridge according to the
display of the error 1 while the non-operable state is left
maintained as it is. Moreover, it may he set so that the user
can select the instruction $2 in order to make it in an operable
state using the already mounted ink cartridge. The ink Jjet

25 recording apparatus can be in an operable state by the instruction
S2. It is preferable that the past errors and instructions have
been stored in the storage section 850.

In Fig. 9(B), in the case where the actuator 106 performs
the predetermined operation, it is judged whether or not the

30 initial oscillation characteristic value obtained from the
residual oscillation detected by the actuator 106 satisfies the
predetermined condition. As initial oscillation characteristic
values, there are a resonance frequency, an amplitude, a
wavelength, a number of waves within the predetermined time period,

35 a time period until the predetermined number of waves pass and
the like of a counter electromotive force generated by the

remaining residual oscillation in the oscillating section of the



remai ning residual oscillation in the oscillating section of the 2 7 SEP
2005 29 actuator 106. Mre particularly, these are shown in Fig. 1147 SEP 2005
through Fig. 1913. Mreover, as to the predeterm ned condition, the actual
measur enent value may be included in the range where a certain little over
is added or reduced to an expected valueJmy of the initial oscillation
characteristic value or in the range where a certain little over is added

or reduced tg.th t u % te .char risth.e va
previously gr%%%%%@% i\;ﬁe'n F]Egéa %ﬁg?%l?y%%ﬁa% mt”hedl"%k s@%&‘?ﬁr fagleﬂigf eiﬂ?
manuf act ur edthteughdlilod beBnotedephat, t & Yor edetjpredaisdiihecbrdntliioiomay be

o3 in tnetbacl il BRREPolEbE VR hay i acTugkd i AR m okl it o0
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ection 840. in.the case
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aher e (he 1 Pt e SBERR} Ao P e REF A T e VGBS ot apedry e
pr edet er m negheondi dedtaingaintlanovastisiciddes 3 seddoed @b theesaiuzin

signal to the actuator 106.may be returned to the ink jet recordin
apgar at us. |rp|ewmden&:asgialp?ycoﬁ B?i‘ej u"gl&%]aa‘b%%%’cﬁ'% o#ateiﬁg alEF | ue,

the maxi mummedsiaredl wiken mchemavaluse of06 aaplurgid t ynkf dagitididlge are
oscillation characteristic yalues tai ned by performng the operation a
number of tHEBt u&Eﬁ’i'ned}ﬁi‘t isﬁpéﬂglts)i]ﬂ‘a R ctEé?Br ’6’6.1?1??@?’?2 - wher e
the average amidia,ion ey risiamaondat iien amh iidhedet hihes nena}l twheotippep! ki ty of
initial 25 oscil.l ation c?ara&teri stic values is not in the predeterm ned

range, it caff be'%set®sE thRt t he di splay of the error 2 is outputted. The
,di spl a%/ oI ht he er rmP mfgrray(?ge, aimitde ayxlseowhé?de n?e)wla)lumﬂgﬁptherﬂn' ni¢e adf an
error to the usern. ,.Rrefer Lhe p error i.s .a.di sphay

i ndi cati ng t%%tsﬁtlﬁé'lf)ﬁk gzzjalllrg1 %Sfﬂdéggsg% i s'9 Jélf“gct%iegfs tﬁ’etchéslﬂzzgfse[g'i s?:h%

val ue, the resdeteivfineiecgndddriom, the thispdhgral tidve sricr\Zalaeoyumidgited
section, 820 . ke, t [ ri.yrd | odi ca: : t he
di spl ay1§ of % Elgé;?}%{’bg%e?@%g?é% 2‘?[””{%‘%‘%'a%tﬁﬁeéiéaée“%ﬁ%%?%%?%‘léqﬁ?éui d

| evel of thesaillasdennochpsachersstie pédlue ondeest haotct gatdst3s tbe since

the predet egjﬂéa%@emhﬂg@ ebndeidnk dgaiipl di i M&Nonl RY ISEhaaaEt Bhdge is
manuf actured, the case where the ink 1s not .
operation signal to the actuator 106 may be returned to the ink
jet recording apparatus. In such a case, it can be judged based
20 on the average value, the maximum value or the minimum value of
a plurality of initial oscillation characteristic values
obtained by performiﬁg the operation a number of the predetermined
times using the actuator 106. Inthe case where the average value,
the maximum value or the minimum value of a plurality of initial
25 oscillation characteristic values is not in the predetermined
range, it canbe set so that thedisplay of the error 2 is outputted.
The display of the error 2 may be a display notifying only
an occurrence of an error to the user. Preferably, the display
of the error 2 is a display indicating that the ink cartridge
30 is defective, the characteristic value, the results of the
judgment in the characteristic value judging section 820 or the
like. As defects of the ink cartridge indicated by the display
of the error 2, for example, there are the case where the liquid
level of the ink does not reach to the position of the actuator
35 106 since the predetermined volume of the ink is not filled when
the ink cartridge is manufactured, the case where the ink is not

present on the periphery of the actuator 106 since the ink



present on the periphery of the actuator 106 since the ink 2 7 SEP 2005 30
cartridge or the ink jet recording apparatus is gradient, the casezwhggpq%P
the ink evaporates by leaving the ink cartridge unused for a long tine an
the liquid |l evel of the ink does not reach to the position of the actuator
106, the case where the ink |l eaks 5 or evadporates due to the defect of the
ink cartridge and the liquid |evel of the ink does not reach to the
position of thig-@stid o Lh@6ﬂ11kh9eeals&erﬁ ta&s@ahakugaﬁérgflg&me theed is
nmounted again on thHe ink jet recor aratus and the Iike. In the case
where the .rﬁatﬁc—awhsgemhea#nlwvmméﬁérms5) ﬁévwwéledb@% q‘?ét‘l»lé-ﬁlgﬁs‘ﬂ&ﬂ‘?@ t he

predeterm neq’&o%dﬂbh@ntnh«geaﬁdi‘li,lieetln gear ﬂé{?‘%ll 2&?%@ ';{%kll_ oek &t reach

non-operabl e state as wel he error 2 1s e user exchanges
an ink cartr |td-‘g§hﬁcﬂ>,QﬁJd+Jﬁgl 96 ttlweaatgptray w,thbe@ras@rwlgem.uh@ ink leaks
non- oper abl e t so
That Lhe tsert qEaRoRe ] Qe BACLBTRCERS bregnic iR adFe nd FRE IRAET

oper abl e st atleviedi p§ the ially dedy noumesdh bk Ua&tpdaigtaonThé thnk E}Célua Lor
recording appafeat EﬁeCt:aa&&%11[39@%1@Hﬁﬁc@éﬁtltsfcg&eeo%etliﬁd I8! hYGAE R agggn ' t h

is preferabl e tHat fhe past errors and 1 ns t1ons been stor
st orage sect p@ntlgs@nkz@h refprdingg gppaiatehendddw Wheze (Ihetlincasawhere

oscillation g@a&ﬁ%%iSé*Eli’féL%ﬁ%ﬂaifac‘%% &Q%BW&'E}@@&%@%%EE@? the

ink jet recording apparatus 1s 1 n an operable s
f | owchark? whéhet peedekenuinad ¢gadiisiapurithad mbrﬂ@iheecﬁkdjleg alwaiquﬁglo

apparatus iss;sh t hakt ed out
pp 62 Q‘Aﬂon"l‘aﬁﬂ\@i’@he & gflh%%. gkt R 5139:r92 df e

i medi atel y fore the ink jet recording apparatus starts tion.
Moreover, the floWRartSeaT eriqlangesn\albelinr ¢aeer ige v@@pxd@q nko j Bke

recording aH@@fs%&'SoESth@ @rop- of w&&wgtﬁbahgn_ggéw@wvé@méhgsfi@f\@hart
of Fig. 9 may be carried out when the cleaning, flashing and w ping 30 of

the recordi n§2hBERLRRE Ferilorifed MEERIHRITMEeNaY haets Ynctathatofthe ¥5€Y my

be carrijgd oghnidelde: tthaelxl@@uwtawzﬁszomldmé@tto akE it0ih irfobkpawhar t
fromthe stage where. at tg ﬁgen t he redeterm ned volune of the ink is
consuned, t hetaERarSendr FRE E‘lirﬁf" BPu?T'u‘é atPhafRFtitoes detect®a J¢% the

stage .35 wheee€oidind Akphehtiuecandhé@nappapetalsle sthte &y ﬂnetiﬁbLeu&tfﬁre An
operati on ofsﬁhe Itnl:fsjpel:[efr %r 4 Pﬁa@%aer Ség evl\:drchrsbe eJ.SnCsrtrl?J% ions have
been stored in the storage section 850.

20 In Fig. 9(C), in the case where the initial oscillation
characteristic value satisfies the predetermmined condition, the
ink jet recording apparatus is in an operable state.

In Fig. 9, the fiowchart when the ink cartridge is mounted
on the ink Jjet recording apparatus is shown. However, the

25 flowchart of Fig. 9 may be carried out immediately before the
ink jet recording apparatus starts the operation. Moreover, the
flowchart of Fig. 9 may be carried out when the ink jet recording
apparatus is in a non-printing state. Furthemmore, the flowchart
of Fig. 9 may be carried out when the cleaning, flashing and wiping

30 of the recording head are performed. Furthermore, the flowchart
of Fig. 9 may be carried out in the time period previously set.

Fig. 10 is a flowchart from the stage where at the time
when the predetermined volume of the ink is consumed, the
characteristic value of the actuator 106 is detected, to the stage

35 where the ink jet recording apparatus is in an operable state.
An operation of the ink jet recording apparatus will be described
based on the flowchart of Fig. 10 while referring to Fig. 8.



based on the flowchart of Fig. 10 while referring to Fig. 8 27 SEP2005 31
As for the flowhart of Fig. 10, in the operation of the 1ink jet recording

apparatus, for exanple, the flowhart nay start in every tine when 29 22@%
is altered, in every transfer to a non-printing state, or in every ;5
time previ ousl y set. 5 The ink consunption vol unme neasuring section 830
measures the volume of the ink dischargetl fromthe recording head by
counting the nunber of the ink droplets discharged fromthe recording head
and t he nunber of Uimrﬁmothaaflﬂmimrctepffbigexﬁlmlm Lhehepz(zia’shd:nng};’ ahé t he

cl eani ngs, recoverin i.ng,. of t z| oV n.the_ ..
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head 31, efera‘g%; hat I|ttIe over. i s ngStOthe r.ef erence or

t he refér nc’e\ 17‘ GE?{/ 3 It FgcoBding dheadnpnd Hhe, MEChgd CSacei ves an

operation signal..The ddesnasentwheles ifetbe twslhoie d@6the imdd dde&ﬁafgeyce t he
M_t he, ot her

actuator 106 erf s t he pre mned oper. at q
the case wheFEoMHRAE BT g l&efaggtr émalfﬁgy a%?ﬁ%%ﬁFERBGWﬁ é ?1
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ere the actuator d
measurement value of the consumed volume of the ink reaches to
the predetermined value, the ink jet recording apparatus sends
an operation signal to the actuator 106. It should be noted that
20 as for the predetermined reference value, in consideration of
the difference between the actual consumed volume of the ink and
the measurement value of the volume of the ink discharged from
the recording head 31, it is preferable that a little over is
added to the reference or the reference is reduced by a little
25 over.
The actuator 106 recelives an operation signal. In thecase
where the actuator 106 is not defective, the actuator 106 performs
the predetermined operation. Ontheother hand, in the case where
the actuator 106 is defective, the actuator 106 does not perform
30 the predetermined operation (see Fig. 10(A)). The judgment of
whether or not the actuator 106 performed the predetermined
operation can be performed by detecting whether or not the
characteristic value detecting section 810 detects the
oscillation characteristic of the actuator 106 by the
35 characteristic value judging section 820.
In FPig. 10(A), in the case where the actuator 106 does not

perform the predetermined operation, the display of the error



performthe predeterm ned operation, the display of the error 2 2 SEP 2005
32 3 is carried out on the output section 840. Moreover, in the casé 7 YEreieE
the actuator 106 does not performthe predeterm ned operation, again, an
instruction S4 sending the operation signal to the actuator 106 may be
returned to the ink jet recording 5 appargtus. In such a case, although the
operation signal is sent a nunber of the predetermned tines according to

the instructBofs cefribll dut: 88UHPoEARt Retdbar] AY. Ofiol86vEF] A Bhd Sase
outputted in the case where the actuator 106 does not Eerformthe i
operation. THBegesphgy agturererldp doray N apel Epimythet iFmadegesniped10 an

occurrence oOf,afn.; r the - : | i " or 3
is a displ aySF%g?E%?hgbt%ﬁ?f %Iﬁgﬁ%kﬁa{ég%{ll géenégﬁ celt'fhe%g(!i)%%?@%%%‘g ﬁ%gt or
106 provi dedtanthar aakgriePy nl dhenanikbe gatiutingge tios tef doki jer tiesordkng et
recordi ng ap is appad . hStlc -V . r of
the | udg%entgﬁ}[’?\Jrétfﬁ’(]aé '15§£:]har acta ec'}ellsrséta’i %ng%@?jtllj%géﬁ%lés/&gic#fgrl]bg% %?H%é}g
like. It canabwmmidirspf dynedpradeteheingk tdaesracys-dimgvpcthe hesactobionr 106

| iz o ik _ | o 1
of the error ¥ th e tact mare Pho kifial AFF 10 AR ofi Ry B O @
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recordi ng apac@festdan, behe madmadesr 4bb eompaidechgndhar rangad dex tha T 1t |
is prefer ablceafﬁlaitdoc{@fs elégéc?w@! %h@}%kjé_‘@&éé‘@f(ﬂ%a&ﬁ!ﬁa@@@ﬂssé%fs@d',n the

storage section 850. 30 In Fig. 10 ( ,_1n the case ere_the actuator 106
performs tHOHraPeRSRrdEd16p¥raPonthet YesultRigel et hedanthokn dhe

|t or megh al @1aRGiddcaisen ool @ RS hiCo e tith @DbA AR 1oRe 1 gt as il
oscillation detecte b—Y the actuator 106 satisfies the predeterm neds
condition (EIFPIRYES) FhaksthRt eplechidtie e dlcPRaD bRecASHERERY i K14 ¢
val ues, themstaprowidedonanneunte@pentys iak jepl rbodedifg Wied eagish asa
nunber  of m%vg:?sﬂiéﬁior} the error 3. In the case where the actuator 106 does
not perform the predetermined operation, the ink jet recording

20 apparatus is in a non-operable state as well as the error 3 is
displayed.

The user exchanges an ink cartridge according to the
display of the error 3 while the ink jet recording apparatus is
maintained in the non-operable state. Moreover, it may be set

25 so that the user can select an instruction S5 in order to continue
the printing using the already mounted ink cartridge. The ink
jet recording apparatus can be in an operable state by the
instruction S5. It is preferable that the past errors and
instructions have been stored in the storage section 850.

30 In Fig. 10(A), in the case where the actuator 106 pexforms
the predetermined operation, it is judged whether or not an
intermediate oscillation characteristic value obtained from the
residual oscillation detected by the actuator 106 satisfies the
predetermined condition (Fig. 10(B)). As intermediate

35 oscillation characteristic wvalues, there are a resonance
frequency, an amplitude, a wavelength, a number of waves within

the predetermined time period, a time period until the



the predetermned tine period, a tine period until the 2 7 SEP 2005 33
predet er m ned nunber of waves pass and the |ike of a counter electronotive
force generated by the remaining residual oscillation in the oscill atji§gp 005
section of the actuator 106. In the case where the initial oscillation
characteristic value is 5 neasured, it is preferable that the internedi ate
oscillation characteristic value is sim33ar kind of the characteristic
value wth that of the initial oscillation characteristic value. Moreover,
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previously measured or the actual measuremem, value of the

characteristic value previously measured is reduced by a certain

little over when the actuator 106 and the ink cartridge are

20  manufactured or in the range judged by the relative relationwith

the other characteristic value, for example, the ahove mentioned

initial oscillation characteristic value. It should be noted

that the predetermined condition may be a condition which defines

only the upper limit or the lower limit. Moreover, the

25 predetermined condition that the intermediate oscillation

characteristic value should satisfy may be identical with the

condition that the initial oscillation characteristic value

should satisfy. Moreover, the initial oscillation

characteristic value and the intermediate oscillation

30 characteristic value may be one or the other of at least two

oscillation characteristic values detected from the single

actuator 106. Furthermore, the characteristic wvalue that the

characteristic value detecting section 810 detects and that the

characteristic value judging section 820 judges may be a single

35 kind of characteristic value, or a plurality of kinds of
characteristic values.

In TFig. 10{B), in the case where the intermediate



In Fig. 10(B), in the case where the internediate 2 7 SEP 2005 .14 .
oscillation characteristic value does not satisfy -the predeterninqq7§Ep2w5
condition, -the display of the error 4 is displayed on the output section
840. Moreover, again, an instruction S6 sending an operation signal to the
actuator 106 nmay be returned 5 to -the ink jet recording apparatus. In such
a case, it can be judged based on the average val ue, the maxi num val ue or

the m ni mum og’&‘w?aeioﬁ pEHéf%&%é’rfg'tJﬁé‘e VALGE meghal e asel | ls%tl:ii%% the
characteristic values obtained by performng the operation a nunber of the
pr edet er m nepredeabsrméned cond iidpnatidre ddeplap ahsheterrse inherdiaieyader age
val ue, the [ | - hRk MU / 0 .pluraljty L

ot er medi at eobs i1 SR Yecin i o MorlBIVHE, “aadift 0 iidiaflonit ¢

pr edet ei m nedendbngidrn operationns bmaslettosbhe attudmmildpl myy dbe thekuvenedr 4

is outputted tp the output Clal, 40, 15 The_di y. 0 e error may
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judgment in YAR'€haPhct 8ri 8LV A e PldgithG séQECEReE38YSr OFE k8. As
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The het uat or MIBEEE o Ehd BRSaRREERIDOT ifbs 5 R e Aaldl 188 (e
app?r _afj ue itscagsad'ﬂ?ne theheverage witleres, tthe makiism mlwpﬁd it fipimarine ink
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di schar ged d‘ﬂaeLP% (?%e ef g%{?g%?f@ﬂe égcogﬁl ng\{ﬂgégméagal'%e h‘éﬁgﬁlaiﬁl?rhe
case where chwragiteristdicat vabses| |dassonnoharset B3yt itheyapueddbesmiped

satisfy the 1 1 ned Ltlion,.t i-nky. ek i t_s.-'sin‘
a non-operabﬁﬁgﬁaﬁﬂag%v\g ﬁ”lg% g;t e er E%Fa IL4{§I|11§= aémﬁg%]f %%%égugelré
exchanges t HaripiCteal ttoi de aueprdi sertien tHd- display of the error 4 while
-the inkgjet recorglidg;apRayal s neSerdi At AhPesk b%ié[%fa}ﬂ%%t%&?riﬂglcﬁllgi ate.
Moreover, it may be set "so that the user cah select the_instruction S5 in
order to resiTaFCCYSTEREC PR ARt BERCTSThFin8sar r e P ifsidhtlod FhR ¢b¥RYaYdge.

The ink |etoff agRs érR@rappasaj Usi sy e rdican iapecabtechbal Bk byatheidge
is defective, the characteristic wvalue, the results of the
judgment in the charactéristic value judging section 820 or the

20 like. As defects of the ink cartridge indicated by the display
of the error 4, for example, there are the case where the ink
is present on the periphery of the actuator 106 since the ink
cartridge and the ink jelt recording apparatus is gradient, the
case where the ink is not supplied from the ink cartridge to the

25 recording head, the case where the ink is not discharged due to
the defect of the recording head and the like. In the case where
the intermediate oscillation characteristic wvalue does not
satisfy the predetermined condition, the ink jet recording
apparatus is in a non-operable state as well as the error 4 is

30 displayed.

The user exchanges the ink cartridge according to the
display of the error 4 while the ink jet recording apparatus is
maintained in the non-operable state. Moreover, it may be set
so that the user can select the instruction S5 in order to restart

35 the operation using the already mounted ink cartridge. The ink
Jet recording apparatus can be in an operable state by the
instruction S5. It is preferable that the past errors and



instruction S5. It is preferable that the past errors and 2 7 SEP 2005 35 i

instruct ions have been stored in the storage section 850. In Fig. ;0)(5%? @an
the case where the internediate oscillation characteristic value s i
the predetermined condition, the ink jet recording apparatus is in an
operable 5 state. Only one of the nmethod¥> of Fig. 9 and Fig. 10 may be
carried out for controlling the ink jet recordi ng apparatus. Moreover,

both of the metstadstdbnki §ave Beeh FBi@rat0 imayhbesearijedcatiics 85 .Series

for controlling the ink.jet recordinp par at us. 0 Fig., 11A, Fi 1113,
Fig. 11C and Fig. 12 shéd-t nd (Fovait Lglﬁd %%ﬁﬁv&’llgﬁfe cﬁ‘l? thnL(SafL%\eﬂéme

actuator 106 dMdigh aitSoanehaxasPeeistdic ardihe? GRlEGMies daw ?ﬁed&%e@ﬁ‘iﬂ@@or
referred to herein.is enployed.in a nethod of detectin | east the change

of acoustic GopseddRBe hHE é%e&??n’&%@dﬁ@urﬁﬁﬂa&ﬁ‘ §?atlg o a1 PRSFA WL hi n

15 the ligui &gq@t.ainer. Particularly, it is enployed in a nethod of

detecting at |east the change of acoustic inpedance by detecting resonance
frequency from t he GrEie?R® ﬁ% e mprhedeelaty - detistFilag 1 Baudmperbiedtat e

of a liquid WutthIBrtéEﬁ]ﬂfo‘l‘l'ﬂg 00 tﬁa‘k”?ét fchrdihd) hpparat ar gedeptan, vi ew
of the actuator_ 106 g shows™ a sectjon taken along the line B-B.
18

Fig. 11C shoh®thaofcEhs s l@énoﬁlel@ Pnand i g 16, meyirkdSaigried ppg.aa2 (A

and Fig. 12@13)91%9%59%&%@@'1@1 ttﬁbr ¢Hkt§c@fréck& Q'I?U%b%rarétgﬁ
Mor eover, Fig. 12(C and_ Fi i:% show_t he act uat or its
peri pher® s and an aqui Vit e tlgcl #EBi tFlitthel b6raRthdd 9t hé2isiew g hiesdetra kg

within the i akacaqhivaigamt £epeeet iohYe anchdticdr 108(Fhicané bing ed@ifle show

t he actuator 106 and its er| rals and an  equival ent circuit thereof when
the ik Ts aBlemtPAFERTEAIE fevichr | Aitge CPLOReC et Eren hebSEStatgt 106

has a substr alhplayé@ imay ine@ hddcd £ aelatt ind aapeasy thelckdndgd prroxcamiteicent er
O L a0, O ShbLabho0 B et 5n i AOREnE0 805 Eled I LTSS AR Al o
161, alpi ezbke ecitquicl bayealmrangeﬂtmnuldmelw de 06 emsloed dncaafedivel
O e ot SHE R B AP AR UL RR 96 o000 Arbld®pgpron
detecting resonance frequency from the remaining oscillation and
detecting a consumption state of a liquid within the liquid
container. Fig. 11A is an enlarged plan view of the actuator 106.
20 Fig. 11B shows a section taken along the 1line B-B. Fig. 11C shows
a section taken along the line C-C. Furthermore, Fig. 12(2) and
Fig. 12(B) show the equivalent circuits of the actuator 106.
Moreover, Fig. 12(C) and Fig. 12(D) show the actuator 106 and
its peripherals and an equivalent circuit thereof when the ink
25 is filled within the ink cartridge, respectively, and Fig. 12(E)
and Fig. 12(F) show the actuator 106 and its peripherals and an
equivalent circuit thereof when the ink is absent within the ink
cartridge, respectively.
The actuator 106 has a substrate 178 having a circular
30 opening 161 at approximate center of it, an oscillation plate
176 arranged on one of the faces (hereinafter, referred to as
surface) of the substrate 178 so as to cover the opening 161,
a piezoelectric layer arranged on the side of the surface of the
oscillation plate 176, an upper portion electrode 164 and a lower
35 portion electrode 166 sandwiching the piezoelectric layer 160
from the both sides, an upper portion electrode terminal 168 for

electrically coupling to the upper portion electrode 164, a lower



fromthe both sides, an upper portion electrode term nal 168 for
electrically coupling to the upper portion electrode 164, a | ower Z ﬁEEZMS
2005 3; portion electrode termnal 1.70 for electrically coupling to Z

| ower portion electrode 1.66, and an auxiliary electrode 172 provi ded and
arranged between the upper portion electr de 164 and the upper portion

el ectrode term nal 168 and electrlcally 5 coupllng both of these. The

pi ezoel ectric |

| de 4 d th
portion el ecPPSg‘ OPG %%0 (%Eﬁ‘éﬂ?iofﬁ) fgllgﬁ {’gl‘ﬁif%\‘ 2 & 18

respectivel ylolee pogspest ielectirbas! a66poahtions qu:&lnetapyem@cet@ordec 17ayer
160, the upper partion _electrode 164 and the |ower portion electrode 166

10 forns thePEPEigﬁﬁeﬁ?@l%lEﬁQﬁﬁﬁuh? VR 6§€|PPE?F0HObFé?% e todelfdd so

as to cover hhg tABeHHPEr 6drofbr @ew&ba@eL@imihglsyW&ﬁ el ritBgigavity
162 is forned bi t he portion faC|n% t he opening 161 of the oscillation
plate 176 an@°¥BR 16%éﬁﬂﬁb°@éilﬁﬁoth heypiaeee BECERLC Juysir 468, 1819 PPPerThe

face of the gagﬂaﬁyeﬁé@@r&d@rmnahaeLhe Nefl 88 tQoaSe1E8VEERE TaCBhvel a
pi ezoel ectric el ement of the substrate 178 faces the |iquid container side,

the cavity 182 GiFREari gREdionsca hat Malece¥ylamse E6APEEESVMYh aTlPRqui d.

The oscill at{-88pell e cﬂ@u‘l%tﬁ%ﬂﬁﬂus"‘btQl{eeﬁﬁ?é%eiécﬁﬁfc qubehr e 148 in a
20 fluid-tight manner so that even if c&ﬁ enters wthinthe cavity
162, the |i qEPHCHJIEY HAN BdgRTEEde Hé%anﬁa*e dicgeroporhéon iR rade 16@ The

Iomer part i OfohECEiOGE dRfelcrtracatedments he surface of the oscillation
plate 176, that is to sa on the face of the 25 caontrary side of the

liquid container, ZR& ??gF%l?h&Hﬂeﬁﬂ%ﬁ?thﬂﬁ ighdogBRtle£00 St K8 EPVELI Bhe
portion whi %éﬁlﬁ@qm&bﬁmwrshwaceczif tehe é@mgtl@@é t1izan etﬁétdaQ;EiQ 1662 and

t he center of t e o n|n rox mat el ste wth ach ot her.
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50 thaL the cavity 162 contacts with a liquid. The oscillation

plate 176 is mounted with respect to the substrate 178 in a

20 fluid-tight manner so that even if a liquid enters within the

cavity 162, the ligquid does not leak to the surface side of the
substrate 178.

The lower portion electrode 166 is located on the surface

of the oscillation plate 176, that is to say, on the face of the

25 contrary side of the liguid container, and it is mounted so that

the center of the circular portion which is the major portion

of the lower portion electrode 166 and the center of the opening

161 are approximately consistent with each other. It should be

noted it is set so that an area of the circular portion of the

30 lower portion electrode 166 is smaller than that of the opening

161. On the other hand, on the surface side of the lower portion

electrode 166, the piezoelectric layer 160 is formed so that the

center of its circular portion and the center of the opening 161

are approximately consistent with each other. It is set so that

35 an area of the circular portion of the piezoelectric layer 160

is smaller than that of the opening 161 and larger than that of

the circular portion of the lower portion electrode 166.



Is smaller than that of the opening 161 and | arger than that of the
circular portion of the |lower portion electrode 166. 2 7 SEP 2005 37 On the
other hand, on the surface side of the piezoelectric |ayer 160, theZupikrii
portion electrode 164 is fornmed so that the center of the circular portion
which is the major portion of it and theygenter of the opening 161 are
approxi mately consistent 5 with each other. it is set so that an area of the

circular portion of, t{ie Hoper, ROkt an &l gﬁﬁa&?g&sﬁ% 48 cpE) | Sod N Likose
of the circular pOI‘r%I on of the opening 1 and the pi'ezoelectric lTayer 160
and | arger t Hayerhab 0pftlitchepper quiriopoel éohrede tliitd fovisrrmasbisoi bhakltdéet r ode

166. 10 Ther K e  Qr. tion_of .pk.e ri-c .| . 160- has a
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si de and baclenfdatbescertdyy dtheéhrappeniiny tliédn aref appeoxpperelpo iarsriséleatt r ode

164 and the nmj.or rtion of the _|ower portion. electrode. .
'respectiVvel W'll‘gln @hgtﬁFEZO«J}LeJd PP “Ps'ﬁ%@é‘." S0 §§ntlbee8é%$g%?¥\¥’éﬂr} 1on

def or med and odr tkenupgdre poiitdohael equrddeo 64 wWhs cmadrlert hhamafloosparft kbhas of

t he piezoelectric.,layer . .7.60, the upper p i.on, el.ectrode 164 and.the. | ower
portion el eEtLF“SHéafd%?m?Jeqsnpgét?@%I%P%%FBF%?Q ?Z@e?h%t@%%zoe?]e?’?éﬂtjsc flﬁ'yfgﬁe
actuat or 10616BAsaddstarfed whovehat-hefptReoeieciidx wienen of0 thenfaves with

the oscillatjon (IJatell76.?fl\/br ver, the largest area is the area of the
openi ng 161 E%ES PhElEr et %rt®8srtion  of the upper portion el ectrode 164,
the circul ar porti cheakfohe, fHiezecoecpprtidnyef WEH picrecdectoliar 1ppeti on
of the | ower rii el ectrode 166 .a . QPeNL.r . DWW LS.
tructurer t REOHAS R eGP B Fo fapenEfie ds” BOE Ol Bt Sl BrbBidhdd ac
i176 i s det eEntmedtheyfrohe Hpenisigelsid bokebayee sisienby the majosupartigorti on

O nkar oot e PN ORAhFALO, e LRl 0 M PELE o YR BRD
of the openi Hgwas porthenoslgdtradeckt G0rpspeet 176ly sandrideniergedsetriat i ng
Mor eovier, YRGS P REhNGe éﬂﬁc%aegy#a&emcpanafdm%ﬁj r gHlaE i pQitdon of
t he upper portion electrode 164 an he | ower portion electrode 166 for
el ect ri cal | yPOEpHT MhAghvikeh thadsicaz BT BEeRT @1 BhePipgoclerérar ek
portion of 1d@, | ener uppeti pBrel st E0detdbGe | scsMBhletheTheRRHOrSoriifte 35
circular poreti(gcntlpc]:det Q%Gl, Or\Aéesrp c?:rigrleg?r,t"orrrpn B?Llezclng?eégrdgce%fe?n%nts in the
actuator 106. As described above, the piezoelectric element
20 contacts with the oscillation plate 176. Moreover, the largest
area is the area of the opening 161 among the circular portion
of the upper portion electrode 164, the circular portion of the
piezoelectric layer 160, the circular portion of the lower portion
electrode 166 and the opening 161. Owing to this structure, the
25 actually oscillating region out of the oscillation plate 176 is
determined by the opening 161. Moreover, since the circular
portion of the upper portion electrode 164, the piezoelectric
layer 160 and the circular portion of the lower portion electrode
166 are smaller than that of the opening 161, the oscillation
30 plate 176 is more easily oscillating . Moreover, when comparing
the circular portion of the circular porticn of the upper portion
electrode 164 and the lower portion electrode 166 for electrically
connecting with the piezoelectric layer 160, the circular portion
of the lower portion electrode 166 is smaller. Therefore, the
35 circular portion of the lower portion terminal 166 judges the
portion of the piezoelectric layer 160 where the piezoelectric

effect is generated.



portion of the piezoelectric |ayer 160 where the piezoelectric effect is

gener ated. 27SEP2005 38 The upper portion electrode termnal 168 is forned
on the front face of the oscillation plate 176 so that it electrical 2y SEP 2005
connects with the upper portion electrode 164 via the auxiliary electrode
172. On the other hand, the | ower portion 3eﬁl ectrode 5 termnal 170 is formed
on the front face side of the oscillation plate 176 so that it electrically
connects with the I ower portion  electrode 166. The ugfer .portion el e%grode

164 is formed on t h&hef RRET PREE PRI FLLANe prERLBRectYS &5 A9ERCI6 L8R t he
way of connegibig Fhdd dMendRRR i Nt oA a6 trarect enat nal i@ rikall $y10
necessary to have a step difference equivalent to the sumof the thickness
of the pi ezoeFEBREFES |vEyidy theMRRRYK PREVEANGIREEAste 10Aeviavidie papdldary

el ectrode 166¢1kbtfsadif7d Cubh tif TN Rafia, SEER Tividen@as oy by rbhe
upper portion electrode 164, if 1t 1s possible, the cornnection state,

bet ween t He uppemipal tli7énissfamest paddiel dronhdfatr sdgeert jdia peF1dllatiende
term nal 168 TN ' t.0: e Ut oot t he
upper portio fé?‘g?? r6o;c’i‘5eq;%€hf Jéll"n‘éﬁ!ts Egrﬂ%%%ﬁggp En F%Ese eég{ta}' ggel?‘";egr}?nF ﬁg?i&l%
are connect edebgcermpdeiohy tThe SOREYiRALLisneel pebieodq A 64s 1safpEusd onatle
menber. By deal.J | jsta3d N£S - bk S S c £ hat
the piezoel ec*ti'air(:')f(i:ltgl]\<{1¥§>/é‘e(%| éi%igj gg y\g{glﬁas t_ﬁecl'e J'ecctzl(rgi e gg'rét'igﬁ gf‘%c%’%g%f 164
i s supported ®ynnertingmiitsr Yhe appetr peret 1 elerdrgds Feamimehdfitcalt is

strength ;gan Il?@c@gﬁhp%g’ha\?é‘% 5Pep CRFFTneR Qz‘f&ﬂ*@eﬁéﬁﬁ"%oueﬁérsnﬁ% R }e
el ectrode 164 and t upper portion electrode termnal 168 is capable of
being 25 secHtigkngss he PéecretRrYHeR kveriléPoandcthpctBiekBais aHd t he

oscillating reg oy eelkYohasl g idiR Risez0et€dly e ralien® et teUkorRftifte
oscillating plate 176 are the oscillating section for actuall ?{éoscg |lating

in the actuat®reR WELeNEREEVRRLY iRY LESIBPRPEIRAEMAN FHECTHENGel ¢ oft dithed
in the actuatpy gdésiisie, NMRIIHHNEAILHE G ) eb Wetive@neadle Aipiir Jheion
"treatment of the actuator 106 becones easier by integrally. faormng the
act uat or 15106 EUFORE ek 819 RS WRRER RO T 51 BHETTSF FETBIRARASE By omes
enhanci ng t hefisigigrgt thelet hey sbhdsd ratssc 48 heSpaei.f | Tidtegfoty, IThenippaei ng
the strength p%crt}irc])% gffgé%£gé§ 1]6748 angn‘{:l){e tJbepeols %io_lrltﬂainnglectrode terminal
168 are connected by employing the auxiliary electrode 172 as
an auxiliary member. By dealing with it in such a manner, it
20 becomes a structure that the piezoelectric layer 160 as well as
the electrode portion electrode 164 is supported by the auxiliary
electrode 172, the desired mechanical strength can be obtained,
and the connection between the upper portion electrode 164 and
the upper portion electrode terminal 168 is capable of being
25  secured.

It should be noted that the piezoelectric element and the
oscillating region directly facing the piezoelectric element out
of the oscillating plate 176 are the oscillating section for
actually oscillating in the actuator 106. Moxreover, it is

30 preferable that members contained in the actuator 106 is
integrally formed by burning each other. The treatment of the
actuator 106 becomes easier by integrally forming the actuator
106. Furthermore, the oscillating property is enhanced by
"enhancing the strength of the substrate 178. Specifically, by

35 enhancing the strength of the substrate 178, only the oscillating
section of the actvuator 106 vibrates and portions except for the

oscillating section do not vibrate. Moreover, the purpose for



section of the actuator 106 vi brates and portions except for the

oscillating section do not vibrate. Mreover, the purpose for 27SEP2005 39
maki ng the portions except for the oscillating section of the actuatdr? 386005
not vibrate can be achieved by making the piezoelectric elenment of the
actuator 106 thinner and snmaller and the ﬁd | lation plate 176 thinner in
the contrast to by 5 enhancing the strength of the substrate 178. As a
material for the gl ezoel ectrjc |ayer referable to enpl

zirconate titBR&LEI(BRT)POYlaDs Ieé‘r‘f?ﬁémgﬂ‘?fz} P‘EO‘P\%‘F a4 e PeRTY O(%OTJKF ead

I ess pi ezoel egblibbtoki | 10g Nnvki GhiH@AR | éaﬂOtbéISQ@hL@K}@daSbﬁ el ther
the substrate 10 178, it is preferable to zirconia or almna.
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el ectrical conductixity, n\a‘E'ér? AMpLe the ?ﬁ@lgé%ﬁé g@ V& Sidoverst capper,

pl ati num al um num nick and the like can be %cm The act'uat or~ 106
constituted asrebtedlilrRdtaboveriaan Eb@adamdm%matt@ até ar@er( B8N scokkad ni ng

a liquid. Forl%’f@m&n AiReondPedCiUdiNe (20 2R Sﬁl s so Venpl?95e§g?tflcdge
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25 container so that the cavity 162 is contacted wth a |liquid contai ned
within the |ifflR dhaomsgiddatirh phate ki mHdr 5t peeferghile te SOPIPEitdRt |y

¢ontai ned W tdpne tiderdrhigul %1%ﬁnk@abn@hbstkaeel mterl orroof t hdrenssast tyokGénand
outside of it is filled with t her hand, 'when the liquid

within the |iShRTERSSCHH aH@rlqvgech%mﬁta e&ﬁﬂtﬁ”ﬁéellﬁcﬁﬂ BN QPPIeT] ROTIH 8 ed
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by this change 0t 13 §4#ECcal"bd%mployed.

The actuator 106 constituted as described above can be
applied to a container for containing a liguid. For example, the
20 actuator can be mounted on an ink cartridge and an ink tank, or
a container containing a washing solvent for solving a recording

head and the like.
The actuator 106 shown in Fig. 11A, Fig. 11B, Fig. 11C and
Fig. 12 is mounted in the predetermined position on the liquid
25 container so that the cavity 162 is contacted with a liquid
contained within the liquid container. In the case where the
liguid is sufficiently contained within the liguid container,
the interior of the cavity 162 and outside of it is filled with
the liquid. On the other hand, when the liguid within the liquid
30 container is consumed and the liquid level is lowered to the point
lower than the mounting position of the actuator, a state where
either the liquid does not exist within the cavity 162 or the
liguid remains only within the cavity 162 and gas exists its
outside appears. The actuator 106 detects at least difference
35 of acoustic impedance occurred by this change of a state. Owing
to this, the actuator 106 can detect whether or not it is a state

where a liquid 1is sufficiently contained within the liquid



to this, the actuator 106 can detect whether or not it is a state where a
liquid is sufficiently contained within the liquid 27SEP2005 . 40 corﬁﬁi ner
or nore than certain volune of the liquid is consunmed. Furthernore, ot P 2005
actuator 106 is capable of detecting a kind of the ink within the liquid
container. Now, the principle of a liquid,klevel detection by an 5 actuator
will be described below. In order to detedf a change of acoustic inpedance

of the nedium an_ inpedance property or adm ttance property of the medium
i's measured. TARERENRROE MPe? £han ?%%bl’hé’@lw“@ﬁ fofieot 1ay, 4% §EE§‘“|B?‘6per ty
i's measured, FQFCRXAMNE, thel AGAESS1108 18 &g o?aﬂe@@cﬁiﬁg ld 28d4 A¥

transm ssion circuit applies a _certain voltage to the nedi umand neasures
the el ectric Eerbmt wiipm FwgliguidecoRErR UMDY changing the frequency. or,
a transmssion cirgylt sHEPLLS £erbai g gligethl 9.8 ¥ dc? py B um
"and neasures the vo té_ge ap lf:yﬁ(r:\%?to tﬁe rre&:aum by echangl ng 1%%3
frequency5 A atirfeoniwiddr bendegarilecdrbadsdiage val ue nmeasured in the

transm ssion circui i?m&artﬁsd@té@@’}g%hﬁégea&f 61%-&1@%1@%8%11%%?%% : d

change of frequency Wwhose  current” va or voltage v econes naxi mum
or m ni num imebat.esn dmphdagee piropesty Krcdmigddaesepr QeeSapal dthe edimm he
above- descri bgd HEEQ@F%OI?” 3Gt UalPr o580 ARLEClard iﬁﬁ@&&n&é @%8;5%%3 or

i npedance of "a | qui y enploying only a change of"resonanCe frequency. As
a net hod of wdnitdiange propengy of measssred, | hpedewwerbd, 2 | fxpnsnigdione is

a_met hod, ot hats Iy khe. £ASg. Wet e1 £ &g 0nace, Lreanentyn | 8;deheet edhye25 o

measuring a counter ectronotive rce generated by a residual ““oscillation
remai ni ng i n AAYEEA VPateag tethiporediiue prdiecaytes [t RYESBELE grIgiendn
actuator, f_()rsugz?ﬁﬁ g ® PLEZORLESLA! By @lﬁ'ﬁ%&hgf?%ﬁué’eﬁﬁ%&éﬁ@ﬂ Aor, a .
pi ezoel ectric element” is an element {or genérafing a counhter "el ectronotive
force by resildi@SMdgsaeBi FHEYdn SPRRALAT iy CPRLARD FBEGT 1T FYTEEBEI BhtHP the
actuator,  aplcRli9ANessnehsfrEOWRLSIo19aeRt S ineetd eneandyi @ L@t angude of
the oscillating section of the actuator, erefore, the larger” the
anpl i t ude® of Hive RIS ng A EHAGT S1E tREE Ul dtG sOT ¢ HELtadSi ERLNE i s
detected. Mpeeyeieda gyl ofraiMNigisiont Reldmitargenestedf £ounkRte of
el ectronotive for%e s chgnrgced b¥1 f,reguenc P
acoustic impedance. Moreover, change of frequency fm whose
current value or voltage value becomes maximum or minimum
indicates a change of acoustic impedance.

20 Separate from the above-described method, an actuator can
detect a change of acoustic impedance of a liquid by employing
only a change of resonance frequency. As a method of utilizing
a change of acoustic impedance of a liquid, there is a method
that in the case where resonance frequency 1is detected by

25 measuring a counter electromotive force generated by a residual
oscillation remaining in an oscillating section after the
oscillating section of an actuator, for example, a piezoelectric
element can be utilized. A piezoelectric element is an element
for generating a counter electromotive force by residual

30 oscillation remaining in an oscillating section of the actuator,

a largeness of a counter electromotive force by an amplitude of
the oscillating section of the actuator. Therefore, the larger
the amplitude of the oscillating section of the actuator is, the
easier it is detected. Moreover, a cycle of changing the

35 largeness of counter electromotive force is changed by frequency

of the residual oscillation in the oscillating section of the

actuator. Therefore, a frequency of the oscillating section of



of the residual oscillation in the oscillating section of the actuator.
Therefore, a frequency of the oscillating section of 2 7 SEP 2005 41 the
actuator corresponds to a frequency of a counter electronmotive force.

t he way, resonance frequency is referred to a frequency in resonance %t?dEB 2005
of the oscillating section of the actuator and the nediumcontacted with

the oscillating section. 5 In order to obtgai n resonance frequency fs,

Fourier transformis perfornmed to a waveform obtai ned by neasuring a

counter el ect Q%gq}dﬂg,goqu VS e § Cf'lob‘%bheg o%?&kbﬁﬂlé?%lté&%ro%gw@ are

in a state of resonance. Since an oscillation o act uat or acconpani es
wi th not only fergef orBmthewayn chrﬁ@ndmcedfu&wcmm relfepradvar & dirpduency

def ormat i ons_SicheasadpElectian o X ensham anti hediith dd dies dReyaroety

of frequencies’in r esonance T requéenc e resonance
frequency fs mad ]Lhdgmddblym pwrflmcrharﬂgmbhrtbe osankioring (ﬁezchrxmnef orm of the

count er ct rom)tr c?eer \Mpgn c}ﬂl% | ezg %rﬁeﬂ:ﬁéé cfel g{{gg& rdes Bl?&é’?d' um

are in a s ate of sona ce and speci yrng requency
conponent. A f:rraqaéorzy isn plenfme&da o equerveyfoatn bbdaaune@ bhemetbhering a

i i mum  SuppSSIECT casnrouCr L eR ey T8 SRy e F btk ar fe
subtle error w’aﬁhmn%rpreom eostmsm)rmefnarestbnemrencﬁlhse dy aficalldetition bbssn or
mechani cal | 032 tcEJf" gcggg%gﬁ%ey%w%%%dt oﬁi?%edE{f gﬁﬁx%{o%ugsﬁfrge 1r8c g.’le?]}lceir al |

resonance fre'a frequency m ac N
frequencyt of m bst eﬂesm aocsdimtyr ef cledioceat iegaencyh aadiefs:lenttlmfer exterhualon

actuator 25 106cafdetgct al Leash agousty CokMPEOGNGE.IY | IR Ld{Yh dhe

out put of the actuator ran Ssi on |rcur
proved by theresgezneeniragvencyhdee ilkengeppdhe m@sanaheeeﬁteq@emweefs is

resonance fr eré@elg?{fcﬁﬂnﬁ%q G shed td% rfggﬁturtron% i ey

or adm ttance pr I'um and measuri ng frequencx in an a
resonance fr e@merkﬁyr elgsErPPel ivg fePFr?e‘Et WhenothergipdedgetEdonahenent éggency

fs by megsurigyg nﬁec&%ﬂh%é Shestdiormt b‘feréé’é:@&ug@%fda%ﬁgc:% &ﬁé'@h‘é"most
oscillation in the oscillating section of an actuator. The 0Oscillating

regi on of théERIFEGNT FECRYCHCHFPIRAIPETESS conposed of the cavity 1.62
determ ned by the omentaifhelel @ut déhotes a frequency at the time when the

admittance of the medium is maximum or the impedance of the medium
is minimum. Supposing resonance frequency is fs, frequency fm

20 generates subtle error with respect to resonance frequency fs
by dielectric loss, or mechanical loss of the medium. However,
since it is troublesome to lead resonance frequency fs from the
frequency Im actually measured, in general, frequency fm is
replaced by resonance frequency and used. Where, the actuator

25 106 can detect at least acoustic impedance by inputting an output
of the actuator 106 into the transmission circuit. ‘

It has bheen proved by the experiment that there is almost
no difference between resonance frequency specified by a method
of measuring impedance property or admittance property of the

30 medium and measuring frequency fm and a resonance frequency
specified by a method of measuring resonance frequency fs by
measuring a counter electromotive force generated by residual
oscillation in the oscillating section of an actuator.

The oscillating region of the actuator 106 is a portion

35 composed of the cavity 162 determined by the opening 161 out of
the oscillation plate176. Inthe casewhere the liguidcontainer
is sufficiently contained with the liquid, the cavity 162 is



the oscillation plate 176. In the case where the liquid container is '
sufficiently contained with the liquid, the cavity 162 is 2 7 SEP 2005 42
filled with a liquid, the oscillating region contacts with the quui2|75EPm5
within the liquid container. On the other hand, in the case where the
liquid container is not filled with the liguid, the oscillating region
contacts with the liquid remained in the 5 cavity within the container, or

the oscillating.reai on, does, .not. . coptact wi-th .the Ligujd C. 1 ith
gas or vacuumr%g‘llr%%ghglgét%;ﬁ&u%&g% ?%Ceﬂplr%sle%t rf“h@%ht?%% %Qut():ig@l t§ 9@‘ 162
i s provided, Qvigadgdtweithis,thé¢ liguddscgnedisert hat thetdiehewdwnd atinnghe
region of the actuator 106, .a li.quid within .the |igui 10. cont.ai ner._ .
renai ns. The F@&?oﬁéemyaéér 1A PP LR RG: lﬁeﬁlgﬁd?ﬁ%f%% %@h{hlhegﬂﬁggﬁgfon
and nounting angl eés¢lldeing irggidnagitaiow wothtiiee ddguddoremd heed iigqutbei s
attached to the .‘gsci_l_l~ af i n_%tere ion of the glct uat Qh gl.t hou%h. t he, | iquig .
level of X heCPVAGY " HFH AEReTPEARGE 1 Bht BN &GS 1RGREP TR&HPR HiPepsno
nmounting posi tbataet #henh agiaatiouid,nabieceasgcwherecl kg achuat@uundet ect s
the presence or absence of the |IQii goﬁgl){ big the ,Eresence. or .t he absence
gp ot difePF

of the liquid in théPo5RfIIIHGH FEEMH 1NN 8'e [AVALY
osci |l ating regpohsoprdiiat! Watiolg RbngrLs, iit id awsdieeidseby thateghi tiget he
presence or absenﬁﬁ%of the |iquid. 20 For-egiggl e, .in a st,aie v@}erﬁ.the
liquid I evel PSCHLIRTIRNZRILAR CTihmerhgahositPorf LHAFHE WALHEa 1S iguthe
liquid cant ai 6efithsnes Vet ing .F eThenanrionzg wiipyarenthef réhtowitgi age and the
like, the liquid il% Wavgd and the {:lqui d draplets . are a_étached to,.th
oscillating region, "EREPAER A ALFOBPF SRERATY 4 T0gaS PRI HHE 3894§ 4i e
sufficiently Ekiwid curithiinetrhef [tiguadtaatbaj ndre lidhedeforattachddheo the {
contrary, by posifively providin cavity . designed to precisely.detect the
presence or acgss%h%ieatolfryq ﬁéeqﬁoang %é\?/e%cﬁalnait%é é'gsr@%ﬁﬁgr gﬁ?h%lﬂl ﬁige‘?eglnai ns
there, if theofiguedligeid aviEin stisswitgieit ¢drecdingi dd elsler stivay edie
mal functhen 30, gi 4 pé‘git'f&%quhf% Q@x-[xpa{%"ﬁ”t fﬁth‘e’héé& ?h%@é! t@b@agf@é'@g ng
an actuator having cavity, malfunction can be prevented. reover, as
shown in Fi g.deieqle) the presease whebeende ofi e diggidiendytbwithie presrndd qui d
contai ner angyt BelduidndabE RhR IRfid {A¥Hd SAHRINAST PERLAS, kel DRpGAVI tY
162 of the actuator 10.6 35 1s_nade as threshold. Specifically, in the case
where the |i@fitgched to the oscillating region of the actuator hinders it
from precisely detecting the presence or absence of the liquid.

20 For example, in a state where the liquid level is lower than the
mounting position of the actuator, if the liquid container is
swung by reciprocating movement of the carriage and the like,
the liquid is waved and the liquid droplets are attached to the
oscillating region, the actuator erroneocusly judges that the

25 ligquid sufficiently exists within the 1liquid container.
Therefore, to the contrary, by positively providing a cavity
designed to precisely detect the presence or absence of the liquid
even in the case where the liqguid remains there, if the liquid
container is swung and the liquid level is waved, malfunction

30 of the actuator can be prevented. In this way, by employing an
actuator having a cavity, malfunction can be prevented.

Moreover, as shown in Fig. 12(E), the case where the liquid
is absent within the liquid container and the liquid within the
liguid container remains in the cavity 162 of the actuator 106

35 is made as threshold. Specifically, in the case where the liquid
is absent on the periphery of the cavity 162 and the liguid within
the cavity is less than this threshold, the absence of the ink



I s absent on the periphery of the cavity 162 and the liquid within the
cavity 'is less than this threshold, the absence of the ink r 27 SEP2005_ 4

is determned, in the case where the liquid is present on the per|phé}}SBFZ%5
cavity 162 and the liquid is nore than this threshold, the presence of the
ink is determ ned. For exanple, in the casg where the actuator 106 is
nmounted on the side wall of the liquid 5 c'%talner the case where the

liquid within the liquid container is |ower than the mount i ng p05|t|o%éof

the actuator il @G Ained, A8 R RS wWisdce thRel LAR1T s1g REFREN G MP &

case where thedyigHed-y o BBy Bef 162 ldrut Kk ¢9Gh 88 R8Mmd % Phghehikhatlrddie1d,
nmounti ng position~ of "the actuator is determned as the case where the i nk

is present. 1C-henPERPSNGRYCT Bhepknyilg Agt ereinad oshor Exampde i ANt Hae case
where the i nm\gr@tﬂetmxfeﬁcw Yob @{nbﬁﬂtéa%rf el Skad sﬂaqqsemtthé :@}l;,acw

determ ned as the case where the in bsent, the case where S
absent wi thi nqqméa@éz\ﬁrbytlé@léaﬁﬁéfﬂ@ﬁ%éhﬁ rilquusl daviBleedhe blﬂ‘hbd(%ﬂtta}nﬁy

‘the swinging jaf ) bhe, Gl méﬂﬂtirgug gosii%lgﬁrbfléh%%c‘i%t’&rdf ﬂ&‘}!iégcgahiin?ﬁ Eiase

where the ink'is ‘Esent E)lecause It exceed over the thr
an operation asdth&ease waeps éh@flrd@meo’:thaagna anditde oise h@elrreq*gh@ Jwi_ltlhdn

the Iiquid CO%"&hﬂﬁru?é ‘irl‘ghg.g éoer&%’l%%‘ienl% éﬁ%ﬁ‘ﬁé “El¥ar9fthtehlﬁox ﬁ%@t&@ﬁ

oscillati ng section o act uat or measur enent unt er
el ect r onot i veoffgilteagiuator dsattfyaingdris) Lh@mseﬁvigerqm;e Jmkgls bresant- Fig.

12 will be d?ﬁc{hi’?%ﬂﬁ' 3’? Rf@vid‘i}f%@%ﬂicéﬂ%d ae‘(r‘éht ageehe AR LRErEO

the upper portion e ect’r'o | ower portlon | ectrode 166 via the
upper porti ontBeetik seidtisr khagavidy aadiiird podekhesnd ast aboent armahad

170. Qut of thetatRdfeqfad hﬁleobgége‘kl?éfé lthe J%Xeﬁ_slglgseﬁlhe e L whepbd s
generat ed in the portion sandw ched between portlon el ectrode 164
and the | ower thgo¥tk 3§ FpeRt BdEL iR tHNERV1ES a’}de‘ég‘éﬁ ityE §nk e attached

pi ezoel ectri Crol NETcAHBLRLY %W@E@rm%%b& @héC&,ﬁr:@laig@Iadqd e aske! Eahing
30 region out, of the OSCI Iatlon %?ate 176 jis .def ected and vi brated_. by the

pi ezoel edtr i cPRARNCEFSLAR FIFeF oF Pl erss thy 1p ﬁlbéf(%l lé‘é??‘ﬂ%el%y‘é‘?e 60
I s deformed, f6t éxabed esvdrhandetheesrdlidoscillation remains in the

oscillating section °€a,t£‘r? o%%r%%tigﬁ anc?GLhe principle of detecting a state
of the liguid within the liquid container from the resonance
frequency of the medium and the oscillating section of the

20 actuator 106 by measurement of a counter electromotive forcewith
reference to Fig. 11A, Fig. 11B, Fig. 11C and Fig. 12 will be
described below. In the actuator 106, a voltage is applied to
the upper portion electrode 164 and the lower portion electrode
166 via the upper portion electrode terminal 168 and the lower

25 electrode terminal 170. Out of the areas of the piezoelectric
layer 160, the electric field is generated in the portion
sandwiched between the upper portion electrode 164 and the lower
portion electrode terminal 166, respectively. The piezoelectric
layer 160 is deformed by its electric field. The oscillating

30 region out of the oscillation plate 176 is deflected and vibrated
by the piezoelectric layer 160 being deformed. After the
piezoelectric layer 160 is deformed, for a while, the deflected
oscillation remains in the oscillating section of the actuator
106.

35 A residual oscillation is a free oscillation of the
oscillating section of the actuator 106 and the medium.

Therefore, the resonance state of the oscillating section and



35 Aresidual. oscillationis a free oscillation of the oscillating section
of the actuator 106 and the nedium Therefore, the resonance state fg kgﬁms
oscillating section and 2 7 SEP 2005 4 4 the nedium can be easily ob 9
after the voltage is applied by converting the voltage applied to the

pi ezoel ectric layer 160 into a pulse wavgformor rectangular wave. The

r esi dual OSCI||atI0n al so deforns even the piezoelectric |ayer 160 in or der

5to rrakethe 0SCi atln secti on, .of i?he ac%ua or ﬁg Tei:refore a
pi ezoel ectri ct& CGBnBF S LY CHTALBFeF EEET ol T i ¥t & PP fe
counter el ECtlﬁyﬁ)@@hhﬁéQLfLﬁ Ciéhd sode&g@ta@ial\m@ theHppeezogdett oic alBelr veg
164, the | ower portlon electrode 1 t he up er . portion eIe trode tﬁ? nal
168 and the |HWe& BorRYIGE eVRERIYR 95 tR&THATEIUIFH. ‘"’%\"%tatéflﬁ tRat ‘1‘%]0

within the |iggtd 1GANGH ABSo d68HrRE edBhaHSEH &d&eedtﬁ_smmy@l ﬁr(a@quﬁ@pae@an
be specified by the detected counter el ectronotive force. ener al
r esonancef r defuBAke the 0scidprbsagiragtden 5IIWACtHBLPE 1-061/ %gefef‘q;re, (M *

Cct) 1/2) (B gsidRR1bbrrber dy@r M gteRptRs it %U%thbﬂeéié@%m%@iv@f
t he osmllatmg section and additive irnertance M and C .,t denotes

conpl i ance offoXafe oEEF COANLAY Slestirtenotivg forre is detestedonbd LWICsHPRAT t he
actuator 106 &chirhélec)?&écﬂi‘l@@e%lf@ioﬁ&”ﬁbﬂthantél%&%’ﬂdeyw@ thR L&;pﬁent

enbodi nent . are the oscillati ng secti on “of

act uat or 10@%@%@ @a*ema@émmwéu f8oand Hdhec Aoy PBY MEne‘e@rétmﬂ@

does notj pemaidiyimaine76avint ¥radd agt tﬂ@rlcﬂ(ﬁﬁ d e RIPHY 19huti Recd i LiRgss of
the 25 oscillating section and the density of the oscillating section

whi ch is di vicded b8y AEREChPdasS HAICE HESEENCeafrRYUSREY | 670 RAPEPFTHEIRd I

detail, as shown deftebigd é@ﬁﬁer'élécﬁ:&roﬂ@%&%dfaﬁee Mact = Mpzt + M
el ectrodel + Melectrode2 + Mvib 30 Excéessmn 2) _wherein M t he

product of the thi cﬁlhe%%n%‘?alt'her‘?ﬁ%’é’lee "’r‘:?%"e“lcé'yeﬁs 189 APER eB§E$I P&t i ng
| ayer 160 andctihewgensity of the piezoelectric |ayer 160 which is divided
by the area of the piezoelectric Iayer 160,,M el ectrodel denotes the

product o the 35 tif ckiAéd2 617t hel¥phet «partl on el ect r EEPEBTS PR Lhe

density of wherein M denotes the sum of inertance M .. of the osc:n.llat_lng
section and additive inertance M’ and C .. denotes compliance of

the oscillating section.
Fig. 11C is a sectional view of the actuator 106 when the

20  ink does not remain in the cavity in the present embodiment. Fig.
12(A) and Fig. 12(B) are the oscillating section of the actuator
106 and the equivalent circuvit of the cavity 162 when the ink

does not remain in the cavity.
M act denotes the product of the thickness of the

25 oscillating section and the density of the oscillating section
which is divided by the area of the oscillating section, and
further in detail, as shown in Fig. 12(A), is represented as:

M act = M pzt + M electrodel + M electrode2 + M vib

30 (Expression 2)
wherein M pzt is the product of the thickness of the piezoelectric
layer 160 in the oscillating layer 160 and the density of the
piezoelectric layer 160 which is divided by the area of the
piezoelectric layer 160, M electrodel denotes the product of the

35 thickness of the upper portion electrode 164 and the density of
the upper portion electrode 164 in the oscillating section which
is divided by the area of the upper portion electrode 164, M



t he upper portion electrode 164 in the oscillating section which is divided
by the area of the upper portion electrode 1.64, M2 7 SEP 2005 45 7 SEP 2005
el ectrode2 denotes the product of the thickness of the | ower portioz

el ectrode 166 and the density of the lower portion electrode 166 in the
oscillating section which is divided by the area of the |ower portion

el ectrode 166, and Mvib denotes the 5 prﬁauct of the thickness of the
oscillation plate 176 in the oscillating section and the density of the
oscillati on mlact@tmcw wingft eiss tdiev bitedudy ehetlke edh rkners o3tithatiawgr

regi on. %rudr# %ﬁ PRI 2Rl e ARt lHé‘ &Qﬁ%gq‘?sﬁft RO BN o LRy

respectlve reas € piezoelectric ayer € upper porti‘on
el ectrode 10 eﬂlﬁzt;tnd@ L66Gein pbetdosmildladdngosiectl Bt ahdchhes okiciidest bndgheegi on

of the oscill al | on %e%j&\zg aaov&r%? I gﬁ@{lf? Slég %%fd ?Ihbﬁﬁggénoéékd 1}lgal | er

bet ween t hem® s de erence eTareais nute so
that M acs cqrrdzchlcu:alcxfultmieedhﬁchnesﬂeofthhekcnmsllad:amm tpl,atend. 7% e ddet he

entire oscillati ortion., .15 Moreqver esent. o I.Ne S
et erabl e t RACTHEL LB RO ABENT Bene et 8 B Bt AP ence 476
circul ar por wihdiech is dnvmﬂtad Hv_,o theeamgo e hef obej.hbamgj mggmba [ erquel,

pi ezoel ectri ¢ ort Lon de 1 he I

portion el edtr ggggﬁ %erﬁgﬁgper & RETRE Eﬁ?&ﬁ&?‘efgél elﬁ)?acefslafcn {8s the

sum of the emespschi thelpue&z@ﬂmtmﬁctMmmmj ahengaptﬂgponslontelca‘cmbde

164, th t I
o ezoel e r1 4572y Epe e nitorhaSa tatiisn! B AP EHE CFe e Latuld Segian: ance
C act denot esft hbecopllilatdencplabe 13ér have mﬂa‘uiramdhilw olidabyg Illaageng
region out o h e ﬁg% ower, rode
16%I theupl e%oél %c#??‘gf tFIe%Joe 84“ dé (%gllé I F‘?‘é% %‘i%%ﬂle?gﬁﬁ%ul d
be noted thapfFihe areg A)s mllﬂiuge &Q ey M aptgcanbe D)aicarﬂeauzz'rcb Irom tFe show
equi val ent Ct%EELOésQf ddi 256! bhald: ﬁﬁ%ﬂ&%nt?&eoéséfcﬁa’ﬁ B8k, and

the cavity 16 wever, I n these equivalent circuits ot es a

conpl i afde oMOTREVEEci 1 diengr e§eet | @ﬁoccﬁuwlaétuﬂ & qitmfa@%ztﬂwt@he
el ectrodel, Soﬁ:ﬁéﬁé esedpt R he¥é ﬁa@%&%&&::@iﬁ@ﬁf&h M8 EOFPhiANpest dbnt he
plezoelectrlc er 160, ortion electrode 164, the |ower portion
35 el ectr ode“’l%”é'ﬁif %BPEFSFI ﬁFQﬂe"ﬁ@‘intehénJ&ﬁ PP&FPﬁ&e"trf
layer 160, Lhe upper portion electrode 164 and the lower portion
electrode 166.
20 Therefore, in the actuator 106, M act denotes the sum of
the respective inertance of the oscillating regions out of the
upper portion electrode 164, the lower portion electrcde 166,
the piezoelectric layer 160 and the oscillation plate 176.
Moreover, compliance C act denotes the compliance of the portion
25 formed by the oscillating region out of the upper portion
electrode 164, the lower portion electrode 166, the piezoelectric
layer 160 and the oscillation plate 176.
It should be noted that Fig. 12(A), Fig. 12(B), FFig. 12(D)
and Fig. 12(F) showequivalent circuits of the oscillating section
30 of the actuator 106 and the cavity 162, however, in these
equivalent circuits, C act denotes a compliance of theoscillating
section of the actuator 106. C pzt, C electrodel, C electrode?,
and C vib denotes respective compliances of the piezoelectric
layer 160, the upper portion electrode 164, the lower portion
35 electrode 166 and the oscillation plate 176 in the oscillating
section. C act is represented by the following equation 3.
1/C act = (1/C pzt) + (1/C electrode 1) -+ (1/C electrode



section. C act is represented by the follow ng equation 3. 1/C act = (1/C
pzt) (1/C electrode 1) + (1/C electrode 2 7 SEP 2005 46 2) + (1/C vi I?)SEP 3005
(Expression 3) By Expression 2 and Expression 3, Fig. 12 (A) can be
represented as Fig. 12(B). Conpliance C act denotes vol une capabl e of
receiving the 5 medium generated by deformation occurred at the tinme when a
pressure is added on one unit area of the®oscillating section. Moreover, it
can be said that conpliance C act denotes the easiness of deformation. Fig.
12(C) shows aZbett{bfalvililew of the actuator 106 in 10 (Fexessdamhéde the

| :i,quid is sufficigptl Lned i LOUisd o cont gk per t i d
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medi um and k MEneseer wav eanlrbeaid thasonipd ibace@ act teavtEspiteseamimatshol ds

I n the case r t oscillating region of the actuator 106 is a circul ar
shape of th\émf(;icgerf%cflg"fat& %An additive inertance M denotes a vol une
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15 and theliquidis filled on the periphery of the oscillating region

of the actuator 106. M’ max is represented by,

M’ max = (7T*0/ (2*k3)) *(2 *(2 *k* a)*/(3 *7m))/(7r* a*)?

(Expression 4}
wherein a denotes diameter of the oscillating section and O
20 denotes density of the medium and k denotes wave number.

It should be noted that Expression 4 holds in the case where
the oscillating region of the actuator 106 is a circular shape
of the diameter a. An additive inertance M’ denotes a volume
indicating the apparent increase of mass of the oscillating

25 section. As understood from Expression 4, M'max is largely
changed by diameter a of the oscillating section and density ©
of the medium.

Wave number k is represented by:

k=277 * f act/c (Expression 5)

30 wherein f act denotes a resonance frequency of the oscillating
section at the time when the liguid does not contact with and
c denotes a speed of sound which propagates through the medium.

Fig. 12(D) shows the oscillating section of the actuator

106 and equivalent circuit of the cavity 162 in the case of Fig.
35 12(C) inwhich the liquid is sufficiently contained in the liquid
container and the liquid is filled on the periphery of the

oscillating region of the actuator 106.



container and the liquid is filled on the periphery of the oscillating

regi on of the actuator 106. 2 7 SEP 2005 47 Fig. 12(E) shows a sectional
view of the actuator 106 in the case where the liquid of the liquid 27 SEP 2005
container is consuned, the liquid is absent on the periphery of the
oscillating region of the actuator 106 but the liquid remains within the
cavity 162 5 of the actuator 106. Expressi%ﬂ 4 represents maxi nruminertance

M nmax determined fromthe density p of the link for exanple in the case
where the |iquid conFadnerZ(ifs ehPved wiad:-icmal] vaawdel the fgdustesr 1RanE? in
the case wher e [FTNs WRTYF 1o TR S | hgui . | RS nePNSUNBYns@heh t he
l'iquid on thee%}}aéfcpiéggwlg%\%ﬂgg ?Um'@{sig I Flat ﬁ?\gf%%ﬁ)n gft"t eg}agt {Et%? 1_06’
becones gas orthedugmmighis ebsemd phouiel pesiphesyw f Hibe chelddaittipglegian is

represented by 1.0Q; R pﬁq QD Oy 4 L0k, dgot es
t hi ckness of t%%kggdécgérﬁk&mn@gpggﬁduw&gqﬁ i%@%sm "ﬁgﬁlbg‘ﬂlg%\l %%@E}%yan area
of the oschl | aif ridper agtonmtaf 10he RotprseEion)d. repradentcansxiiiomeineértance
oscillating region is, a circular ape of .di aneter_.a, .S = IC * a2 | ds.
Theref ore. - an T atal (e mrbrd i Whesarar by b o i aTek Aor cPfubfhod
where the |idiied daseswhéieidm lyiquadt epnbainer tite Aildeddwibht bhackigyid .20
the liquid isd] er:i_p Qf | ' NIe T fq:

actuat or 106. dé'ln b%cejo%rteggﬂgh& ,nppﬁé%éﬁé:’ ec{éiggrg;@réei?ﬁ%ﬂgI‘"l{l(;%gfllg{]luggclol 3rcr!ed
and the |iqui doortatimerpési phesymad, tdnel tdeciligatidngnrelye apeniphéry axf ddeor

7.06 becopps el L.l Lot | L LR L [ 62,
adhere to prq%z:sll3 &ﬁ%ggét%)%ﬁ t E{S]Q;%hovxﬁtlog g%%?‘i?‘%’ Tg%lgnrbla% |Ct£‘:j ?i\éé'}rﬁ 1t
i nertance M itie fhguédseenhiase wikbini the dcafithd 62, qatdig orepiersentesd by

consuned, theyl gdhgoi,$pabsent on the periphery of the oscillating region
of the actuator 1%6 gat lt'l e liquid remains within the cavity 162 30 of the

actuator 106 is defMleg@as M/Scav, and M cav is discrinBapedssiomm an

addi tive iner{apgeill MBX defiot8s GasMR bhe didupndaild TiddS@n Lhgn
periphery of the oscillating region of the actuator 106, Fig. 12(F) shows
t he oscili®iti R§CIdERFEAN ANY FedgBPLSE A1 AP OF HhE 3t VA eI digien: obf

the cavity 1l6Zhenatheatase . Fif.the case where the oscillating region is
a circular shape of diameter a, S = 7 * a’ holds. Therefore, An
additive inertance M’ adheres to Expression 4 in the case where
the liquid is sufficiently contained in the liguid container and
20 the liquid is filled on the periphery of the oscillating region
of the actuator 106. On the other hand, in the case where the
liquid is consumed and the liguid on the periphery of the
oscillating region of the actuator 1.06 becomes gas or vacuum whilé
the liquid remains within the cavity 162, adhere to Expression
25 6.

Now, as shown in Fig. 12(E), an additive inertance M’ in
the case where the liquid of the liquid container is consumed,
the liquid is absent on the periphery of the oscillating region
of the actuator 106 but the liguid remains within the cavity 162

30 of theactuator 106 is defined as M’'cav, and M'cav is discriminated
from an additive inertance M’max in the case where the liquid
is filled on the periphery of the oscillating region of the
actuator 106.

Fig. 12(TF) shows the oscillating section of the actuator

35 106 and equivalent circuit of the cavity 162 in the case of Fig.
12(E) in which the ligquid of the liquid container is consumed,
the liquid is absent on the periphery of the oscillating region



12(E) in which the liquid of the liquid container is consuned, the liquid

I s absent on the periphery of the oscillating region 2 7 S E P 2005 é?sgﬁims
the actuator 106 but the liquid remains within the cavity 162 of th
actuator 106. Now, paraneters involved with a state of the nmedium are
density p of the nedium and thickness t of the nmediumin Expression 5 6. in
the case where the liquid is sufficiently4@ontained in the liquid container,
the liquid contacts with the oscillating section of the actuator 106, and
in the case whérehe etupgairdl 06 Huduthe dilgnitlyremning wddhintHie aavetyi ek d
container, thegl Lqui Q.. ' ithin the cavity, or gas or vacuum contacts
with the 10 oggiFﬁgt?%bﬁiggéPgﬁM%f the actuator 106. The liquid on the

peri phery of the actigwtopat@éciers dnyvedwed withid simtmldift the medemname in
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cont ai ner canséetilm axf athebyctpatcoltyl 0, tdred ries abenceskr eheeacyhe fkigNaly, as
h in Fig.,12 - i .= IV /11 S- 20 sent ) '
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are different ki f i , each,,otf her i.nce nsi,t | ar,
differ en? l;)f roon%(‘%%zﬁ%‘n(ﬂ f%%lrtg%ge%oé r}tl}'uee arcbotqr%ﬁ%% ntlz),6 ‘an Iggdﬁtlmlgai IIrt?i)élr thlr?ce M
i s changed, rewiplesgnanicéhier aqieatyr fH6 sisaloosumedgednd Therad ards ittive
presence of  CHAGHA shiend (Bdbeglinlfol LI AGCPPLRM a0l 8] £bE, deteg! od

by specifying resonance frequenc _ . e noted . e ‘case
where only ario ghfwaf of30ighelk (R) oks tdefigied esnMaves, wince Hdhvisdglgsisati ng

Lo o i ARGl IE eyl e R R001 o KRO WBhid Il et of
showi ng the rdleadilgndri of Bdendéauid cpsitadaest amaddiitiyer ek Earce MK var
cartridge andgd e&ﬁﬁﬁéé&, f ragepe¥ondred S ReghbBcy nkeAnd st g1 05 CidHanlyeny
section. NOW’T];[eQ:%florrl:e Wltue ]g.gesence or absence of the liquid of the liquid
’
container can be detected by specifying the resonance frequency
fs. Now, as shown in Fig. 12(E), supposing t = d, M’cav is
20 represented by employing Expression 6 and substituting the depth
d of the cavity into t of Expression 6.
M’'cav = 0 * d/S (Expression 7)
Moreover, even if the media are different kinds of liquids
with each other, since densities © are different from the
25 differenceof the components, an additive inertance M’ is changed,
and resonance fregquency fs is also changed. Therefore, the
presence or absence of the liquid of the liquid container can
be detected by specifying resonance frequency fs.
It should be noted that in the case where only any one of
30 the ink or the air contacts with the oscillating section of the
actuator 106 and these are not mixed up, the difference of M’
can be detected even if calculated by Expression 4.
rig. 13A is a graph showing the relationship between a
volume of the ink within the ink cartridge and resonance frequency
35 fs of the ink and the oscillating section. Now, the ink will be
described as one embodiment of a liquid below. Axis of ordinates

indicates resonance frequency fs, and axis of abscissas indicates



descri bed as one enbodi nent of a liquid below Axis of ordinates indicates
resonance frequency fs, and axis of abscissas indicates 2 7 SEP 2005 49 a

vol ume of the ink. when the ink conponents are consistent, resonance 77 SEP 2005
frequency fs rises acconpanying with lowering of the renaining ink volune.

In the case where the ink is sufficiently contained in the 5 ink container
and the ink is filled on the periphery of #fhe oscillating region of the
actuator 106, the maxi mum additive inertance Mmax is a val ue represented

by Expression &.va@ahutdent difeerdnhandihdm Uhiee ioks eompenentiearakctss torsnined

and the ink is 1l led on ep 1_phe . Ll ati r.eqi Q| t he
10 actuator 106 ‘?Aﬁéﬁ\%&% r@%ﬁﬁ”‘%ﬁn‘%ﬁé S\%Igt %‘%ﬁglﬁlﬂ%&g\%%l l‘_IL]BéLO %t%ﬁé‘%%aggi@{eve
i nertance M varemasiriaig uld edlamet he thi ckness of the medi um by Expression
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Che osci11ation by MARTECHEOPIELE thEshy s FRehibielEly SPnriRed 38 e,
1#3) smal | ﬁr, ipecidnicainet; alv\% h:%‘leﬁﬁlnik_ngft hﬁl&wblsbmatmelb‘bﬁtﬁﬁdanaem Iuht;a
thinner, the processing in ich the ink is step by step consuned, can be
detected (see OSI—GPS". ait??@) FeauRB, gt Fh‘? nﬂcﬁ:‘éa%%‘fiﬁ%‘g aéhet HRCRITEES %‘FC%?Wé’q nk
bPV0|ViEQ VWtfiﬁﬁrtaﬁﬁ? M bk ol aa?g%meiﬁﬁpreﬂ@@tgﬂSb@e%?pgﬁ?ifbnt4.in®n¥ﬂhe 1
max. For exanple, .t act uat or ) i.s _arranged. on the ttom surface o
the i nk cartr (COREE MaBsaiBr OUF feASH YHEHEAhE Lo 6 CHESWRRS (31 0 i
?/\hen tge i nk iis Q@mSQﬂ_]gﬂe@mﬂ: the [i)é!{c(ipﬂdxq'ﬁbd ttlweiscaﬂah\é:aslgategmenheﬁ ainle .
ower by e portign o | nk-max_ f.romthe.actuatfor 1( M var is_.gradually
changed atfier SO RE0 QB BIS Tt d o SERAIES 1 EOER A (Y iy Aty
changed 25 adbed tliveEXxpeessnan Ml vaihegs efaleylased an ahet tieiclkeds qifi dhkevel
exists within_the ran of t..the actuatar.l can detect, a onsumi ng state
of the Ink st BEAyaReExBRetsics - “SANREY 48 Bmithstohit peRgtPedTmaPst e
act uat or 106 olfatye mestivimohgeslainy snithnghegsicti lintachprigy madiimal ddifr &bk on,
30 S in Express] 6_j h d t li.qui | 1.1, to
the I nk consupRlien o buBCRtE G L08e: 1S guB, s SYEE BBMCrRRA00E 1
i n which tthe bykndisingtbemibsdiragebl’&eyflickentex dphaert, hehaprosessitg6 is

per pondi cul ar o TRE™ Gk 380 Feur i alel e R T e s ak T he
ink liquid |efég- 12(C)). Where, t ink is defined as thickness of the ink
involving with the oscillation, and t ink — max is defined as
t ink in M'max. For example, the actuator 106 is arranged on the
20 bottom surface of the ink cartridge in an approximately parallel
with the ink liquid level. When the ink is consumed and the ink
liguid level arrives at the height lower by the portion of t
ink-max from the actuator 106, M’var is gradually changed adhere
to Expression 6, and resonance frequency fs is gradually changed
25 adhere to Expression 1. Therefore, as far as the ink liquid level
exists within the range of t, the actuator 106 can detect a
consuming state of the ink step by step.
Moreover, by making the oscillating region of the actuator
106 larger or longer and arranging it in a longitudinal direction,
30 S in Expression 6 is changed adhere to the liquid level position
due to the ink consumption. Therefore, the actuator 106 can
detect the processing in which the ink is consumed step by step.
For example, the actuator 106 is arranged on the side wall of
the ink cartridge in an approximately perpendicular to the ink
35 liguid level. When the ink is consumed and the ink liquid level
arrives at the oscillating region of the actuator 106, since the

additive inertance M' 1is reduced accompanied with lowering of



arrives at the oscillating region of the actuator 106, since the additive

I nertance M is reduced acconpanied with lowering of 2 7 S E P 2005 50 the
liquid |level, resonance frequency fs is increased step by step. Thegqf 005
as far as the ink liquid | evel exists within the range of a radius

the cavity 162 (see Fig. 1.2(C), the actuator 1.06 can detect a consum ng
state of the ink step by step. 5 Curve X,o the Fig. 13A denotes

rel ati onship between a volume of the ink’tontained within the ink cartridge

and resonance frequencX fs . of the ink and the oscillating section in_the
case where tihe dddviig 169ebi ¥eROTHEIGEatiFeaiency si8uis i ENeFRISeheti€r BKal | ow

or in the Ca%éﬁ‘erﬁlélk@o%%‘?' blsakhPOad BHON AR 15 ﬁﬁl&cié‘%Preﬁfsﬂso@l‘Lﬁlﬁade :
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| evel , and \Mahallowpmm the case&ﬂmﬂeethebbamllatnﬂ(g iegamn ahehewditaator

| nvol vi gy 4§ e /16 86ILALL Q. $bnatbe 351431 BE OB JGLde B Lhen gk and

t he gas. 0si'n area he OSCI Pt ng regron o o
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wherein M ai fihﬁemlte@alﬂrmrd%ce of the air, and Mink denotes inertance of
the ink, p air dengies Sﬁzt?ﬂﬁcttﬂlaglyt,h@hé'éasé%eﬁ}e tﬂ&%@?ﬁ%&%@ih&hrpf the

i nk, and Tt air denote hi ckness“of the air involvi ng
osci | | atlibon, WhAikeh tthengnliekprogsumed step by step can be detected is a case

where a ligquid and gas having different densities with each other
both exist and involves with the oscillation. As the ink is
consumed step by step, as to the media involving with the
oscillation on the periphery of the oscillating region of the
20 actuator 106, the gas is increased while the liquid is reduced.
For example, in the case where the actuator 106 is arranged in
parallel with the ink liquid level, and when %+ ink is smallex
than t ink - max, the media involving with the oscillation of
the actuator 106 include both the ink and the gas. Therefore,
25 supposing an area S of the oscillating region of the actuator
106, a state of being less than M'max of Expression 4 is
represented by additive masses of the ink and the gas as the
following:
M’ = M'air + M’ink = © air * t air/S +0 ink * t ink/S
30 (Expression 8)
wherein M’air denotes inertance of the air, and M'ink denotes
inertance of the ink, © air denotes density of the air, andpo
ink denotes density of the ink, and Tt air denotes thickness of
the air involving with the oscillation, and t ink denotes
35 thickness of the ink involving with the oscillation. oOut of the
media involving with the oscillation on the periphery of the

oscillating region of the actuator 106, as the ligquid is reduced



35 thickness of the ink involving with the oscillation. Qut of the nedia

i nvolving with the oscillation on the periphery of the oscillating iﬁgt_}pﬂw
of the actuator 106, as the liquid is reduced 2 7 S E P 2005 51 and AYAlTE
is increased, t air is incréeased and t ink is reduced in the case where the
actuator 106 is arranged in an approximately parallel with the ink liquid

| evel, thereby Mvar is reduced step by $tep and resonance frequency is

i ncreased step by step. 5 Therefore, a volunme of the ink remaining within
the ink cartrdrdyehecdit fie ﬁmtrﬁ'em valing sofndieadatk agant: e kdes ecddedted t

should be noted that t reason Expression 7 is an equation jnvolving
only with dendtFhesase, “?K%El‘ﬁ chL Jﬁ%ﬁ@%@?@%@égtwr@éﬁ@%

the air is sqﬁlﬂaﬁ%m@g&m ghel gy il@ﬁﬂ@qm-l lhdrelhR’ ¢ase sheatctetep
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involving with the oscillation e actuator 106 is the 1 nk
i nk, and t he ondyi wathhdersilgh Céfréfél%ﬂlﬂﬁédnéﬂlmﬁ?ﬁﬂiﬁ/%)lmﬁlg?aﬂet whege the

oscillation elenkhey 80 864UALONol0MAY ag Me&i]f%ﬁlbie'%s Sftiicsdg /M =

1/Mair + 1/ arr! (p.air * t air talr)
(Expressi®dn 9) It sﬂﬁbdﬂ%ﬁ Wé‘%t‘@@%d{h%&ﬁ%%%n g sl%p?)ﬁ%'wqﬁfﬂm i{heaBase
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where an area of the medium involving with the oscillation of
the actuator 106 is only the ink is S ink, and the region where
an area of the medium involving with the oscillation of the
20 actuator 106 is only the air is S air:
1/M’ =1/M’air+ 1/ M'ink =8 air/( 0 air * t air) + S ink/( 0
ink * t air) (Expression 9)
It should be noted that Expression 9 is applied in the case
where the ink is not held in the cavity of the actuatoxr 106. In
25 the case where the ink is held in the cavity of the actuator 106,
it can be calculated by Expression 7, Expression 8 and Expression
9.
On the other hand, in the case where the substrate 178 is
thick, specifically, the depth d of the cavity 162 is deep, d
30  is comparatively close to the thickness t ink - max of the medium,
or in the case where an actuator whose oscillating region is very
small compared to the height of the liquid container is employed,
actually whether or not the ink liquid level is higher position
or lower position than the mounting position of the actuator,
35 rather than detecting the processing in which the ink is reduced
step by step. In other words, the presence or absence of the ink

intheoscillating regionof an actuator is detected. For example,



35 rather than detecting the processing in which the ink is reduced step by
step. In other words, the presence or absence of the ink in the OSC.ZHL?&E%&
region of an actuator is detected. For exanple, 2 7 SEP 2005 52 curv f
rig. 13A denotes relationship between a volune of the ink within the ink
cartridge in the case of small circular oscillating region and resonance
frequency fs of the ink and the oscrllavﬁhg section. In the range of a
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i nertandéd Madditerveahperiange tzﬁells@mc‘cﬁedrneheanéelm arﬂscamxcwdﬁreqwcy

: nertance Mg "irf%erﬁo&@feédd' t5¥8ch P ?&%Jg Hﬂ?éé‘ﬂn‘é‘?l%ew tRefushligs Ofaddre
i qui d. Addltlve I nertance IS a vo lcating t
different depend:r.ng upon kinds of inks. Therefore by measuring
resonance frequency £s, when the ink is refilled, whether or not
the ink having different density is mixed is checked.
20 Specifically, an ink cartridge containing kinds of inks
different with each other can be identified.

Subsequently, conditions in which a state of the liquid
when the size and shape of the cavity is set so that the liguid
remains within the cavity 162 of the actuator 106 even if the

25 liguid within the liquid container is hollow can be precisely
detected will be described in detail below. If the actuator 106
can detect a state of the liquid in the case where the liguid
is filled within the cavity 162, it can detect a state of the
liquid even in the case where the liquid is not filled within

30 the cavity 162.

Resonance frequency fs is a function of inertance M.
Inertance M is the sum of inertance M act and additive inertance
M’, where the additive inertance involves with a state of the
liquid. Additive inertance M’ is a volume indicating the

35 apparent increase of mass of the oscillating section by the action
of the medium nearby the oscillating section. Specifically, that

is referred to a increment of mass of the oscillating section



35 apparent increase of nmass of the oscillating section by the action of
the medi um nearby the oscillating section. Specifically, that is referred
to a irncrenent of mass of the oscillating section 2 7 SEP 2005 53 by 7 SEP 2005
apparently absorbing the nediumby the oscillation of the oscillati %g
section. Accordingly, in the case where Mcav is larger than Mmax in
Expression 4, the apparently absorbed neditun is all the liquid 5 remaining
within the cavity 162 and gas within the uni d contai ner or vacutun. At
that time, since M is not changed, resonance frequency fs is not changed
nei t her. Therlaf ompanand:lyagbgarbingoshe anediwtidvectha eicitld dfiathel itdig d

within the |igyid .G i.-ner. .10 On the other hand, in the case where M cav
is smaller th(génﬂlql\?laqn%%tg?ﬁgéiﬁ?éési on 4, the apparently absorbed nedia are

the remaining |iquictasidimagl.yt hin dde cysd Wikrant’ the gadamgevatbhamMiraki n
the liquid container, At that ti ' LA nged .differentl.y froma
State where CHbErPEGESEYn e it aPERT R AbeokBeRdBRE R f AnieF R tddsiince
frequencysf s neswadmamgedvi tHier eflny ecavithe 462 uahdr g6 whrhiet ehe diguatle of
the liquid within.the liquid container. Specifically, ,in the case where the
[ qui d i o hi 1romgintE e VaGup it e, TRE 5 sd%5 B g i ¢ heREine
liquid 20 remmionandet freghdecycds tiy A6R ciandewr] actitheer. NGrditwegontet i ons
i n which the _actuator 06 _can ecisely detect. a.state of the liquid.is
Lhat M cav | St q5 SR AR ErE SCRRRT O e Mot e Ak A BB AR e
M max > M cavontadhiesh the actuator 106 can precisely detect a state of the
162. nass

liquid is,not involyved wth th 5.shape of the cayjt M.cav |
of the |f%ui d havi if§ gﬂ%ﬁ%ﬁ&xﬁ%‘?’eﬂﬁ‘ CRRE wiere d'ahy U5l L FRh
cavity 162. BcomexdiingEypréseoion the tileegpgladentdly MosaxbedMnedya the the

diti i Leh 06 i t. of.th
gond 1 on | Boygieln 1S st 400 £aP3 B0 o W ABLESK el Biphia"s
For exanpl ethsudpispdd heonthiineat.er ®f thetopsimieng dficef Mt helxi chaherd

cavity 162 i%?f PRI N AGPENS OLe L WAV IEhE 100ukd £k M1 ITGFRin e N0

(Expression pression I's expanded, the follow ng conditfions are

found: 15 liguid container, resonance frequency s is changed. Therefore,
the actuator 106 can detect a state of the liquid within the liquid
container.

Specifically, in the case where the liquid within the
liquid container is in a state of being empty and the liquid

20 remains within the cavity 162 of the actuator 106, the conditions
in which the actuator 106 can precisely detect a state of the
liguid is that M’cav is smaller than M‘max. It should be noted
that the conditions M‘max > M’cav in which the actuator 106 can
precisely detect a state of the liquid is not involved with the

25 shape of the cavity 162.

M’cav is mass of the liquid having an approximately
equivalent to the volume of the cavity 162. Accordingly, from
the inequality of M’'max > M’cav, the conditions in which the
actuator 106 can precisely detect a state of the liquid can be

30 represented as conditions for the volume of the cavity 162. For
example, suppose that diameter of the opening 161 of the circular
cavity 162 is a, and the depth of the cavity 162 is d,

M’'max > o * d/mwa’ (Expression 10)
Expression 10 is expanded, the following conditions are found:

35 a/d >3 *mw/8 (Expression 11)

It should be noted that Expression 10, Expression 11 hold as far
as shape of the cavity 162 is circular. When Expression of M'max



35 a/d >3 * TG 8 (Expression 11) It should be noted that Expression 10,

Expression 11 hold as far as shape of the cavity 162 is circul ar. Vﬂﬁg P 2005
Expression of Mmax 2 7 SEP 2005 54 in the case where it is not circ ﬁ '@
enpl oyed and substituting its area into 7ra2 in Expression 10, the

rel ati onshi p between dinensions such as width and |l ength of the cavity and
the depth of the cavity is led. 5 Therefdfe, the actuator 106 having the
cavity 162 whose dinensions are the radius a of the opening 161 and the
depth d of timetbawvase wiseraiitchs satti sireslExpsezwpbrydd avdnsales ettutdngt at e

of the liquid, w thout. Ifunt on even ld within
the l'iquid cditaPkéR f" P;?r ﬁgeﬁﬁﬁﬂ?dPGEn@F%sW]ﬁﬁtW?ﬁ?w t‘*’%ﬂ-‘"’@&% ty
162. Since add.nr@mgaonaesucan@s Widbhsand fllengtbeobnilee mustiity andpebiamiepth

property, it n be sa1§¥: t hat & met hod of measuring a counter electronotive
force generaf3 B? FAgL t:lzlsat]oer 106 due to the residual oscillation detects

at | east %{) change-Thleratous} i the lacivgpedancé. hbirgvehe clamm:ylirrgz whokhe
resent enpodinent uat or.,106 rates an _os atl,o asur es
D ount er | OHTERBIRT v o raBiERar cof (Hhe FReRergaihl G08 Hue deptind
subsequent | y o@cichu badltyalsauailcqssath.ati@m Expoee¥eon 11 chA d’tﬁiecﬁ:Oa alcways
necessary tha% %H fSCI J%atl n ectl £ t he act uat or 106 pl.i es H}
oscillation P g+t “8ﬁ HPRE| fVeR i i r%a "(}Eer\?o Sge.
Speci fical ylquuahammﬁﬂ@qum goathdnet tisetipipasdntie Diguidataainse

pi ezoel ectric 160 _1i, flected and defornmed by oscillating with the
liquid it a ‘Z’%Lﬁéﬁfal?% G ‘i Athi ch the oscillating section contacts with

the liquid. This S&ﬁcdua&idb&ﬁrél dhépbameeies hioe mhﬂoeheet bnc acbayeic 160
to generate a 8(?ntcer el ectronot.ive fo ce vol tage O?tls |t count er
el ect romot | vEPEPRACS FHORSE WS e CABpRY 5Pt t1'5h e é‘bet §te 65135‘38 \
| ower porti on ahatiarodde¢tBondt B0 dicatce génemwdad:lwrtchmcb@amr e‘ld)tﬁeﬂutby

tilizi t hj X | &, t us,
2 State of tFS UHPEEERRY qsboLI SERER R ol Rt 181kl chERELIO S BRBELE" 1S
utilizidg thepedaide.ation occurred on the peri phery of the oscillating

section of an actughptoaaner aked By nhheoSehk! abt-ofeft® dbddient, the

actuator 106 generates an oscillation and measures a counter

electromotive force generated in the actuator 106 due to the

- subsequently occurred residual oscillation. However, it is not

20 always necessary that the oscillating section of the actuator

106 applies the oscillation to the liquid by oscillation itself

due to the drive voltage. Specifically, if the osgcillating

section itself does not oscillate, the piezoelectric layer 160

is deflected and deformed by oscillating with the liquid in a

25 certain range in which the oscillating section contacts with the

liquid. This residual oscillation causes the piezoelectric

layer 160 to generate a counter electromotive force voltage and

transmits its counter electromotive force voltage to the upper

portion electrode 164 and the lower portion electrode 166. A

30 state of the medium may be detected by utilizing this phenomenon.

For example, in an ink jet recording apparatus, a state of the

ink cartridge or the ink within it may be detected by utilizing

the oscillation occurred on the periphery of the oscillating

section of an actuator generated by the oscillation due to the

35 reciprocating movement of the carriage by scanning of the
recording head at the time when it is printing.

Fig. 14A and Fig. 14B show a waveform of the residual



35 reciprocating novenent of the carriage by scanning of the recording head
at the tine when it is printing. Fig. 14A and Fig. 14B show a mavefoigl%f

t he residual 27SEP2005 55 oscillation and a method of measuring the St JBE
oscillation of the actuator 106 after the actuator 106 is made vibrated. Up
and down of the ink liquid |evel in the nmounting position |evel of the
actuator 106 within the ink cartridge can®be detected by 5 a change of
frequency of the residual oscillation and a change of the anplitude after

t he act uat or k@6 1dsgiionatesd.a methiod. ol4weasand.né yheldds idwak asfcidldinanes

I ndicates a vgltage of a co el . ronot.i.ve. ce r th

resi dual osci ‘31 Iz%gl%oérl]&oqaqﬁ%e%ﬂBgc?ﬂta%elloiﬁ%o%nﬁha&: oﬁxﬁs%o%s g%‘s%% i gggg?g%ﬁl'ca?gs a
time. A wavefaordnib@nodf subee dglel snginblleoklvidt tdgemaeans howpaositHan 1é¢Al and
Fig. 1413 is erat ed by resi dual oscjllatian of the actuatqr .106.
Nesit, ‘the andioblE SrEimios L0BEHEFhen TSk SRR Riers AekRgted BY

cor r esponsli 3@ thahbe 6f efperuencef othehéiag;mlduailno*.:hﬁl?abﬁmm ashgmgéa n' .
Fig. 14A and Ei 1413,. the 15 presence or absence af. the ink is detecte
by neasuring 0; ﬁ}?ream : 1%“(2'18 %%Wé‘? LD Qage%%%&o]fatﬁﬁ 'seﬁzl rFso]rﬂ'f ﬁ)ﬁt h
pul se to ei ghthrpyl Seamf akhe chalegnersd gnalicales ea paltiagel af lay coafiter the
set 15 cr 0sSEACPEBANOBHIE HOTFEERAAGE SPEe PR RGO AESD Fct it do
are count ed].c aBitgiatai: S(b%lmaﬂd aRig her h@@gesfaaoindhfﬁﬁwlat 'Eimeunm tvavéhermi ght h
count is, define Hi gh,. a ting period spanning.from:t ourfh. c to
The ei gt cBAntns Todid &heBa LLGE T tteaae IR L ok [t B36 AP 14a
shows ahvvaveﬁsr geatrabed thynehsheestitieal nksdiXidtdion eelhexastaaabrhl@her

| evel than t uptin ositiqn level of the actuator 106.. th t her
hand. Fo. 1IE<Enobhe ihdlaks Flanfiihe Fomiekiedh e R Eieah il e
nmount i ng posvailoe tevedspaidinge tacthat fred@EncyCanpahiengikngl.14A and Fig.
14B, the waveform L-n . Fi o er. than t vefarmi | 0....14B in
the tine span fro%gt #e%ef %ﬁ??%ﬁﬁ%%ﬁtélf% hler} ei"ght hq%é%ﬁan’ﬁ qlr{rg'o[hhde:]ér’ m%hgeds,
time spdds fpoesenees fauabsepoanet the Hakeighdeteoied kar medshiréngne time
dependi ng_onpLASRI GSRACR A pPIBALpRlcddiod HanoANeLBE €0RSHAT st © can

be detected by utilizing the ences of e tine
eighth pulse of the analogue signal.

More particularly, after the actuatoxr 106 oscillates, the
times that the reference voltage previously set is crossed from

20 the lower voltage side to the higher voltage side are counted.
Digital signal in the range from the fourth count to the eighth
count is defined as High, a time period spanning from the fourth
count to the eighth count is measured by the predetermined clock
pulse.

25 Fig. 14A shows a waveform at the time when the ink liquid
level exists at higher level than the mounting position level
of the actuator 106. On the other hand, Fig. 14B shows a waveform
at the time when the ink is absent at the mounting position level
of the actuator 106. ComparingFig. 14Aand Fig. 14B, thewaveform

30 in Fig. 14A is longer than the waveform in Fig. 14B in the time
span from the fourth count to the eighth count. In other words,
time spans from the fourth count to the eighth count are different
depending on the presence or absence of the ink. An ink consuming
state can be detected by utilizing these differences of the time

35 spans. The reason why the counting from the fourth count of the
analogue waveform is started is because it should be started aftexr

the oscillation of the actuator 106 is stable. The counting from



35 spans. The reason why the counting fromthe fourth count of the anal ogue

waveformis started is because it should be started after the osci Ieﬂfégpmq!i
of the actuator 106 is stable. The counting from2 7 SEP 2005 56 th r

count is only an exanple, the counting may be started from an optional

ordi nal nunber of count. Here, a signal ’rfﬁ the fourth count to the eighth
count is detected, and a time span fromthe fourth count to the eighth
count is nmeasured, thereby 5 finding resonance frequency. A clock pulse is
preferably atpel Eeurih COMHEKLS QYRR AXAMP 1 c FHEKCPURT bod A bengtarted

sem conduct orfroﬁ\ngntagtimaﬂ mhed Hﬁ‘m}&@f‘ SRR ORI | ﬁ%ﬁe I é*ﬂﬁﬂlﬁj oot ed

that it is not necess t 0 neasure time span until the el(ght count and
it may count thetfourih @punbrm Lbﬁdi‘lrﬁﬂthmﬁﬂé’r: g detestedioan tgmelsmrand

Fig. 1413, aglppe Lﬁ@aﬁblffiﬂfncbgﬁtftﬁr {b%(i%é_hf ?ouhtﬂelg'ﬂgégufu?&‘ Hre Y o

nmeasur ed, however Wi the erent counts erva
be measued A&00Lvg n:@smaacecﬁmgmetncyonm gﬂupak@nlsenmmmiemlfy ecmzém@/ |s

det ect ed. FOp cexplk g hGCRS % WhRLS, (Phe SUBLELYLLRY 4 Wl flodRuceld

stabl e and vari a hé a WEEnN s are snma
to speed up ahd d@@ehtha)momﬂ.ed oasﬁmmétmqumﬁgp ma;rL Pleov odiriok mpt:ed

d
'n the case WHEEC B8 BEEHAIBspRl 40 it 8 LI Bt nERE"the REREN;
t he anplit udeowht tamel puley ¢eud ulnaa@ean cptépdeil oxdinakinsmberdef esunthe

resi dual j0sc) LAL{ e Bnli #gPRIb [ LOR:RBCSLON ERORAUNL £ ipl dinccpunt

may be éet Mor'eover, § ‘anot her "enbo wave nu vol tage
wavef or m of lcla)@m:e;rllté1 @@mmnnﬁ measom@, |litDw¢iEel’pr et drigenisred widiiisdthey be

counted (notg %’ rvraqs Igéaéﬁfnfﬁ’éte.gtgé‘ofé‘gngetél a%

found. More partlcu a after t act uat 106 oscl
signal is n&ﬁbrwigh% iguxratine bﬁe@é%@? n‘ilﬁ%dflmqu tife det@sdiast-ni ned

reference vol tage pis éfae@a@i h0he e d DB eoLhadgua] dey Or iR hhghes

vol tage side. The presen or absence of the_ ink can be detected by
measuri kg ke ﬂﬂﬁ‘éfé‘ﬁf igtiep @ theamph éFH@? detyeen the PERYS LD 5’(‘}3%%/

conmpari ng Fiith okdbrans sPEbﬂ ugd- 412, déﬁbé&lﬁ:ﬁ@&%e\é\hﬁéﬁoﬁd&&:é fﬂté@éﬂa&'x@@_\ﬁ
within the ink . cart nd in the case ere the jink is absen in
the i nic carth iS9909 PRetSharT Tids gRe; RSB oLhIbr il JOSIaERYRY bPe
sixth count. Moreover, in the case where the quality of the ink
is unstable and the variation of the amplitude of the pulse is
20 large, in order to precisely detect the residual oscillation,
a time span from the fourth count to twelfth count may be detected.
Moreover, as another embodiment, wave number of voltaqge
waveform of counter electromotive force in the predetermined
period may be counted {(not shown). By this method, resonance
25 frequency can be also found. More particularly, after the
actuator 106 oscillates, a digital signal is made High only in
the predetermined period, the predetermined reference voltage
is crossed from the lower voltage side to the higher voltage side.
The presence or absence of the ink can be detected by measuring
30 its number of count.
Furthermore, as it is understood by comparing Fig. 14A and
Fig. 14B, in the case where the ink is filled within the ink
cartridge, and in the case where the ink is absent within the
ink cartridge, the amplitudes of the counter electromotive forces
35 are different. Accordingly, an ink consuming state within the
ink cartridge may be detected by measuring an amplitude of a

counter electromotive force. More particularly, for example,



35 are different. Accordingly, an ink consuming state within the ink
cartridge nmay be detected by neasuring an anplitude of a counter
-electronotive force. Mdre particularly, for exanple, 2 7 SEP 2005 537'[5@8 2005
reference voltage is set between the vertex of a counter electronotive
force of Fig. 14A and the vertex of a coupter electronotive force of Fig.
14] 3. After the actuator 3.06 oscillates?’a digital signal is nmade High, in

the case where the 5 counter electronotive force crosses the reference
vol tage, the théhseHaremcey yoliLage 45 deeerpRtiegEn e Ferdgde ofhér €0URECT

counter el eCiiiigiR 148 GBrARCRENPYoCT 938 LA ERLCLEDEEVAE! 80RoulE:

presence of the ink I's determne IS a perspective view showi ng a
confi gur at i oelenryomoddvel | Sprasy nﬁ)flgI'tlHe alcfltli)at offtes ddea avtmatory ABAUl e

body 100, Thecmuduhe<boghartf s, e RSl HIEnET SIS4ET BBt ndarghbon o

t he contai ner |gure SO t efects
a consumihg me@"f eﬂaetmmnre wWiorhencrdss asbiihal nefebenye Ivadytagst,ethéng” at
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100 of the present ernbo d contarner ortion 101
f or nmounti ngeflestaomottive foscomadse m@ncaoﬂertlb@dwﬁreﬁw MMBge,cbhe ai ner

nount i ng porh’ggtge}!gé b? Eﬂgfjf%grjf d%%%%ﬁl:]g{j a circular cylinder portion

116 cont ai ni he "actuat or oscl Ing 20 by a drive signal is
mount ed on the basditn2 Mhdse qolmpcgtlappmgwﬁahewynge@t gogliilguratsioee it

is confi reﬁnﬁgﬁggi‘i tPSrm-‘F‘%m CJCQIQL "J"‘ﬁo%@ um% 19&18 ngédbfb]e i nk

contacted fromt t erna enthem) |s ewppe on t
cartridge, #4R8.actlligt godrde dwdyoed Ofr omsec@wmeﬁn@bntbetpﬁgdetemmd he 25

external . | tléBQHhan%f”Q.tlféi éé}%al% y0f1 L prfb dﬁo@ﬁléh%odg' ran afs

cyllnder portion 116 is forned In ound“shape, and 1t Is ea ¥
interfitted #ABRIPYUrEd EQuiiiedh ﬁietﬁ'étﬁoqt é:qrbwmdlg §hatBeofnkheatiayiye.

Fig. 16 is aw@@hiﬁeeﬁévc@orv&ﬁﬁeih%wupglaﬁft&@o Ia@enbaséoaotéham%@dyﬁe
body. In_a nodul e body 400 of the present enbodi ment glezoe ec

devi ce rBunt PRGUPHLE i‘dPegECrsiy E'.'rpﬁe’d‘]bﬂmlﬂ‘l‘\%d | FREi PR BeA%r O Gl Iy
portion 401.ptaséhe dnisbdithet@Nhak rwrhqmunbmgap;@éﬁ n@urdGhg ph.etwhllrmlrl cal

circular cyl nder r.tion 40 d on the base ose, ne_.i
appr oxi nat el éﬁ?lg: g the acguator (N)QE the conLa:Lnerliao%iy\’\{rI T flqu:LdS
conta: nexr mounting portion 101 is configured such that a circular

cylinder portion 116 containing the actuator 106 for oscillating
20 by a drive signal is mounted on the base 102 whose plane is
approximately rectangular. Since it is configured so that the
actuator 106 of the module body 100 cannot he contacted from the
external when themodule body 100 is equipped on the ink cartridge,
the actuator 106 can be protected from contacting it from the
25 external. It should be noted that an edge of tip side of the
circular cylinder portion 116 is formed in a round shape, and
it is easily interfitted when it is equipped in the hole formed

on the ink cartridge.
Fig. 16 is a perspective view showing another embodiment
30 of amodule body. In émodule body 400 of the present embodiment,
a plezoelectric device mounting portion 405 is formed on the
liguid container mounting portion 401. In the liquid container
mounting portion 401, the cylindrical circular cylinder portion
403 is formed on the base 402 whose plane is approximately square
35 and rounded off. Furthermore, the piezoelectric device mounting
portion 405 includes a planar factor 406 stood on the circular
cylinder portion 403 and the convex 413. The actuator 106 is



35 and rounded off. Furthernore, the piezoelectric device nounti ng portion

405 includes a planar factor 406 stood on the circular cylinder ngﬂ“ ﬂiﬁ‘i’
and the convex 413. The actuator 106 is 27SEP2005 5 8 arranged on t n

portion 413 provided on the side wall of the planar factor 406. Fig. 17A
Fig. 17B, and Fig. 17C show still another enbodi nent of a nodul e body.
Simlarly to the nodul e body 100 5 shown38n Fig. 15, a nodul e body 500 of
Fig. 7.7A, Fig. 17B and Fig. 17C includes the liquid container nmounting 501
having a baserrzijesndnaties ramhzasx pytt hders 130 prioeidea3on Tite: muidld @abddyf 500
has further Hhe l.ead wi refsi @ and 504b, the actuator 106 and the film
508 and the i &1848% £ACERE 'ff) @& 502 included in the liquid 10 contai ner

nmounting section 5Q1mgbt he7operigg POBLI emdSIHids 1pe metow iing cend@ier
le to contain the | ead wres 504a anﬁpi%b nd t he

ortion so as
(F:)onvex porti @H&%’ﬁé-“i%tf Bf R I 1 DPgYhe SHRAHY &P EbR: BPARAS ]P‘Pi dtat or
106, the §il mneftd andrife pbate meddie E&mgagboabqrrlgﬁ i3af i neg: pre Rl

pi ezoel ectric device 15 myunting.sectio via the plate 5107, Therefore,

the | ead wird&d9-5bha 1aRdudearhe hedatd l%n&ﬁlﬁ%" m‘f‘H@‘-JFTP‘J RPE0E e aR8SH at e

510 are integhahhd SOUREEThOBYIRAAkE G E: {6 83 NETHEDMARL DS HRREE 5O hae0l.
In the nodul e body 500 of the present enbodi nent, the circular cylinder

portion 503 6?“6’&9‘?‘8&6“&% tgapd l‘ﬂé‘ﬁ)@ls ShfpraRRd TP Y0 dhgepeirarry LPamMihEhRanner

is fornmed onfihf dEEanMdLPIENE10LS 1B SHE DS 250h faundadqofd théheigraiquat or
106 is arranged on the convex %F{tl on 513 provided on the circular cylinder
portion 5b3 CPRTELPEF MOBtLPI %%J%nﬁé’re ORFRIRY BOSFlPHe’%aﬁlf@IH'@éy 500

is slanting, janghéhemeiupbptioRsold6 t6 HPUBLedt®Rdrit s 8Rki Nead Wifase.
heretore: WB5p:tig, MBS OR 00 Le dmuliedson Lhe bariamparilon. ot
respect to tthhEetdchabnthimig Ohe Gictilagoe AV & DRe ﬂmoldyafls a'Haiatha@ahn:eg
apor oxi mat of 5136 TR B OTHPEREY dif bl SR o R BB SO S P IEE 1o he
nodul e Bady BOGntsngseatednGdSthiea bDEtEdthSEfDdeTmrbfoné tie tead smimes body
gazg mgﬁ et[‘ &Qtég?cf §r061(i)>g6tf%%@ad’{1ﬁ%e:d W6t Nifle £ $88! FhAndPatk shp the
are :Lntegrally mounted on the liguid container mounting section
501. In the module body 500 of the present embodiment, the
circular cylinder portion 503 provided on the upper surface in
20 a vertically slanting manner is formed on the base whose plane
is a square and rounded off. The actuator 106 is arranged on the
convex portion 513 provided on the circular cylinder portion 503
in a vertically slanting manner.
The tip of the module body 500 is slanting, and the actuator
25 106 is mounted on its slanting surface. Therefore, when the
module body 500 is mounted on the bottom portion or side wall
of the containexr body 1, the actuator 106 has a slope with respect
to the vertical direction of the container body 1. The slanting
angle of the tip of the module body 500 is preferably between
30 approximately 30 ° and 60 ° in consideration of detection
performance.
The module body 500 is mounted on the bottom or side wall
of the container body 1 so that the actuator 106 is arranged within
the container body 1. In the case where the module body 500 is
35 mounted on the side portion of the container body 1, the actuator
106 is mounted on the container body 1 so that the actuator 106

is slanting and facing toward the upper side, lower side or lateral



35 nounted on the side portion of the container body 1, the actuator 106 is
nmounted on the container body 1. so that the actuator 106 is slantizgéi?q
facing toward the upper side, |lower side or lateral 2 7 SEP 2005 59 §i'de. &
the other hand, in the case where the nodul e body 500 is mounted on the
bottom portion of the container body 1, the actuator 106 is nounted on the
contai ner body 1 so that the actuator 166 is slanting and facing toward the
i nk supplying 5 opening of the container body I. Fig. 18 shows an

enbodi nent wEiLER-i Predlicppelienianch Bl the stasfcwbrseste inmdwid hgdyhelto

t uat 106.: | i i ) f he - i t ,
The mord str gt TolREedTeR Mo MITOH BB of b SV el FRENBLRG 31 UM 06
and a 10 nol dct¥atdonlB64.is Theuated aonrti®ecamihiney fwdy skcio obh364the e
i nt [ h [ |.d j i.al
(eoral |y bl oTneogul d seclian 308 ok defbrasplaghisaBLAIND!
362 insi de. Thenmmy doketite arordednes bodyel. so that it has two pieces of
I t endi f 1 h , .of ' x I

€gs extending roﬂgesil@%?)g%%oén je@b%%?meﬁ@%?ﬂﬂ%@;@%é&%ﬁf% h & e?ﬁe

of the nmold section ornmed T na Sém -S i n order
mol d secti onstB&dtenel 6H8 dmefladneg hhey dctaredofd xXedbJ n anf tlied- pregant

manner. The . i 64 | ( tai t
t he actuat ore’%%&ljﬁﬁ%rj%e'cg g Ol%rﬁ %:k %lmngﬁllﬁséﬁ%%%n?]g% R@g%%%%ﬁ%}ﬂ%aand
the oscill at®®hg kecisiedn dfha eldcstatoruik® 0i0s hasntlae taestuakiorh 10 heandla

i thin the iner -had : &l r . 270 j C
Payer 180 anf AR 44 FHE HORBH e TPRALE rpbiford BRAERTBEE e |
from the conirtegrdlly meddedk Khe mhédradalisecBb6nisew A28l Pieaiplastdcnot
casily | akamh {domi B choakal Ielchpbc ShREoend AL NnaLRUE S AER | S

‘not required between the nold section nd the contai ner be
are protect etbbypasha Herd wite 36Ruies BY® ofheimpld geampaodbt igifgaed; js a

formin whicdp diha: nR! dast {:Hétﬁi'é‘c@é)%ﬂ 3 3Rt cREBhASHGIr fsR M & latbRal Of
the 30 container body 1, the actuator 106 can be profected fromthe_ contact

with th&Sextdtiral Theyrnls RE Frg RiGCes afdhes 1edamt theemoilAkSectign d6hed on
the upper swiagernbdthe acoshilfifietOdape i BedekeHathhadndI@Bdch@orpper

surface contaol sl Lo Lie LAl o, 109, ot PELEPLPISRLELY. AU RkuHRS.
The mold section 364 is mounted on the container body 1 so that
the actuator 106 projects into the interior of the container body
20 1 and the oscillating section of the actuator 106 is contacted
with the ink within the container body 1. The upper electrode
164, the piezoelectric layer 160 and the lower electrode 166 of
the actuator 106 are protected from the contact with the ink by
the mold section 364.
25 The ink is not easily leaked from the container body 1 since

a sealing structure 372 is not required between the mold section
364 and the container body 1 which are protected by the mold
structure 600 of Fig. 18. Moreover, since it is a form in which
the mold structure 600 is not projected from the external of the
30 container body 1, the actuator 106 can bhe protected from the
contact with the external. When the ink cartridge is swung, the
ink is attached on the upper surface of the container body 1,
the ink running from the upper surface contacts with the actuator
106, thereby possibly causing the occurrence that the actuator
35 106 erroneously operates. As for the mold structure 600, the
actuator 106 does not erroneously operate by the ink running from
the upper surface of the container body 1 since the mold section



35 106 erroneously operates. As for the nold structure 600, the actuator

106 does not erroneously operate by the ink running from the upper gséﬁlf@
of the container body 1 since the nold section 2 7 SEP 2005 60 364 pf C

the actuator 106. In the present enbodi nent, the nold structure 600 is
nounted on an apex wall 1040 | ocated at taf upper position with respect to
the liquid level of the ink within the c ai ner body 5 1. Moreover, the
oscillation region of the actuator 106 is |ocated at the slightly | over
posi tion witBYedyetects the seatePr 1'dfel of the liquid when the liquid is

not consumed. Therefiprgne hrogdi@t hyodfhdit ! hend Mo £ar bErdgeul-a ¥9ed 1and
the ink is beginning to be consuned, the oscillation region of the actuator

10 106 det ecmouredgan amapezfvrbl 1 decahedrat 0dhea spper Po@teienMlL)
nmount ed on t l h I ger. u hat
K‘%s@'e & Wldne thePl i é[ ng%clgye?hatf t}%g_ddﬂkjwﬂﬂfn $he égn@ﬁlﬂgf %Qd&

the nold struct oscillation region o
act uat or 51061%i-s ﬂ‘ﬂ@@@@@ﬁl: athehessiigation uppgiopoelt tha W‘-‘i-ﬁat%pé@ﬁ thé ti I e

liquidlevely,Laygh efﬂ“éhg@i 5121?3&39%&9%88%%8&% g:l%e%’é.?& I@d‘@h%ﬁﬁqﬁ&ﬁ‘_ la oA

effect of the ink cartri e enbodi nent

i s an enl ar géevedce§ dhel lww ofhiea ‘clile ddiquidsidsratacensuneds omlmfaﬁa,
arranged on t e t EW; seengfrom
the front thetRepadealy SECOF 285 IhR calPPLlGeR IB0URRE dnff fheviat te
enbodi nent , bﬁglne@n«vct@nbewmedna@l@e wegad 1atand newicarolidtlyr atteabps

I nt egral e, sub 0 d angd. a nged
I nst gad 18%/ t%ggact uae;l“;(lgrg d{ Jﬂés ?r%ﬁ%?ﬁgéfs 1%%{1 ?gt‘ﬁ)ir‘%%rg‘gg %FI 86679 As
shown in Fi gdecespaniky Mﬂﬁﬁﬁeoélehﬁ@oﬁy@l‘ét‘iﬁlkt@ﬁré@@ ZRREARSY7 bogy f br med

at the upper IOOS'tt@“sl?c‘iuicb%echBEE&ittl§é‘@%ﬂeah%1d6§9rué&?récédtﬁtl%r £&PRed S
formed at the | ower positiaon_of sem conductor storage neans_7 in the

i dentical ciFeutlakipg roéFéllGIG}OﬂI Reghen 9F dhie asuvetest d 0814s éoﬁiih‘?%l ity

of caul ki ng geaatd ensqfitbyaippdiopeedrhien whUNidagathersititdlitti goylsiéwde 610
30 on the ink_cartrid g ﬁlf ﬂjcw(r}?wt substrateég% is fixed or?%;ihe i nk

cartridde by¥ Héiecﬂare}wﬁihsl eh¥ R dpdapralkle PE PRy thRA1N LR &%t hal
term nal 613 pftidesedaganrdagborcebofbge tEalse bmbﬁ&dm@m et edgal 2t er m nal

107 of the actuatoy, 406, gan;be . el sefiical | YeSOMmSS oditht bet e extarnal via
substrate 610 provided and arranged on the ink cartridge and Fig.
19B is a perspective view seen fromthe front thereocf. Thecircuit

20 substrate 610 according to the present embodiment, the
semiconductor storage means 7 and the actuator 106 are integrally
formed. The circuit substiate 610 can be provided and arranged
instead of the actuator 106 in the embodiments of Fig. 1 through
Fig. 7. As shown in Figs. 19A and 19B, the semiconductor storage

25 means 7 is formed at the upper position of the circuit substrate
610, the actuator 106 is formed at the lower position of the
semiconductor storage means 7 in the identical circuit substrate
610. In the circuit substrate 610, a plurality of caulking
sections 616 are formed for mounting the circuit substrate 610

30 on the ink cartridge. The circuit substrate 610 is fixed on the
ink cartridge by the caulking section 616. It is formed so that
the external terminal 612 of the semiconductor storage means 7
and the external terminal 107 of the actuator 106 can be
electrically connected with the external via the side wall of

35 the ink cartridge. The semiconductor storage means 7 can
electrically receive and deliver the electrical signal from and

to the external by electrically connecting the external terminal



35 the ink cartridge. The sem conductor storage neans 7 can electrically
receive and deliver the electrical- signal fromand to the external gE'P 005
e

electrically connecting the external termnal 2 7 SEP 2005 61 612 arld
external termnal 107 with the external. The sem conductor storage neans 7

may be, for exanple, constituted by a rgﬁ/ritabl e sem conductor nmenory such
as EEPROM and the like. Since the sem conductor storage neans 7 and the 5
actuator 106 are formed on the sanme circuit substrate 610, when the

act uat or 10612n@nchéheeprkertut t Rrsisladd nwddd Ther exhetnekd on the i nk

cartridge, the mMOUHd N, dﬁEtBPeﬁEbf‘?n% EP(%%'QP mdyP RE, CRIP! Sl

Mor eover, the working step during t acturing“an i'nk cartri ge ‘and
during t he congtiithgedshby @ seupliahlel semicondngbes, naaine sulb as HFEROM

itens of th a r d BW% tridge
IS reduced%r@h{éhgc g%%or %?‘gggdgt]%g?es e con%sb&jn%tquﬁaétlg%aeﬁ%? téﬁgl ??\IE
within the iapkusserrlégare Themedmc théusune Gitnedesabahsale G_BO,SWBEES t he

i nformat i Ontﬁgczﬂzﬁlsat%ﬂ:elbfﬁnd ﬂedd%g,b%gc?,{cw&otlh fold eﬁ%ﬁt{@t‘})gr%mgﬁ ectl ng

detected, th aracterrstic va arac errstic va
section 8100na§heen.aktem1alnwgdwe theegohnt ingasteheot rarendiieng sits @nvaghe

j udgi ng sect 2 dge n t ARSH 0.
Pr ef er abl y, (g %oﬂn g(t):% act gpflos oregge ﬁ%gn?#ﬂ[%ﬁ? gigﬁe pred{eqoerﬁléned
condition mhaufahEuchzag agnernkt icancalidgeofanchelhwcingat the 106cyhbingl $ati sfy

and thewpasélﬁpﬂ EIcie&”drhttég.lraggﬁéfé‘:tél%% tl'fé”é@?e’i”éf items 6 XM blrts

frequency i eviousl rn the semconductor ~storagé nean

the ink is auel l@duéﬁ@edthﬁi vpenactuwiteh @Bt hef i bker sk doartyvatigerels s
detected may, @E &Qrrected by reading the data of resonance frequency on the
side of the ink jet recordi n C(g;trat us. Fig. 20 shows an enbodi nent of an

ink cartridge andT8f Wﬂ@a’}@% HHE spprersmmiangravemt the Bt uat or

106 shown iQitB0h Fife AW cdi-tridgd.3 ﬁ.‘*ﬂ@ Efii. céﬁ&iucﬁaf Subtidpd enbdiis 7
cartridges 180 are nounted on, an 1nk jet recordi ng_ apparatus havi ng the

mul tiple iFkCTeF dthHdPEPENATLID SI f"ﬁethf%le’é‘r geggaua b Rlphdibas 1%189 t he
respective a@&:a:wfrJmasasl%teﬂt@drrulthleplcﬁah;alﬁté@iéu@geélaéoth@@nﬂaé n the

respective qla}cxfaecrteenéls IJ.ncd%EalIlgrde ec :Lln% sala'célson f810 has detected and the

results that the characteristic value -judging section 820 has

judged, and can act as the storage section 850. Preferably, the

20 semiconductor storage means 7 stores the predetermined condition

that the characteristic value of the actuator 106 should satisfy

and the past errors and the instructions. Furthermore, a

resonance frequency is previously stored in the semiconductor

storage means 7 when the ink is full or ended, dispersion when

25 the ink residual veolume is detected may be corrected by reading

the data of resonance frequency on the side of the ink jet
recording apparatus.

Fig. 20 shows an embodiment of an ink cartridge and an ink

jet recording apparatus by employing the actuator 106 shown in

30 Fig. 11A, Fig. 11B and Fig. 11C. The multiple ink cartridges 180

are mounted on an ink jet recording apparatus having the multiple

ink inlet portions 182 and the holders 184 corresponding to the

respective ink cartridges 180. The multiple ink cartridges 180

contain the respective different kinds, for example, inks of

35 different colors. The actuator 106 which is means for detecting

at least acoustic impedance is mounted on the respective bottom

surfaces of the multiple ink cartridges 180. An ink remaining



35 different colors. The actuator 106 which is neans for detecting at |east
acoustic i npedance is nounted on the respective bottom surfaces of the
multiple ink cartridges 1.80. An ink remaining 2 7 SEP 2005 62 voluq?7gfp2M?
the ink cartridge 180 can be detected by nounting the actuator 106 on"th
ink cartridge 180. Fig. 21 shows the details of the periphery of a head
portion of an ink jet recording appar at ug The ink jet recording 5
apparatus has an ink inlet portion 182, a %older 184, a head plate 186, and

a nozzle plate 188. Ml tiple nozzles 1,90 faor injecting the jnk are forned
on the nozzl @PIHWIEBINTHE iLHK FHF "e’tl‘g%? tli%tg_ncaéé?e RG-S o5 PY SUpH S
openi ng 181 aiMé aRtuBket 188. o henaliink LRinidee ogeni ng 181 supplies air to
the ink cartridge 180. The 10 ink inlet 183 introduces the ink fromthe ink
cartridge 180. The Fidhk2tghprsddie dgbakhs odihg perapheryof ahgagPqyidon

suppl yi ng opeyH ngh  18)¢. _le!e 1@601‘%1%@' Ydﬁtﬂlﬂaﬁ‘_h%t. 18fnd “iﬁ)@d§‘é@5 ﬁé&f’é‘iiﬁlgf rom
the air supplying opening 181 of the ink inlet portion 182. The ink
suppl yi ng® opé@iPagatsy hasppniisde inket poakies Y8o- aiinddamnl 84, mhead pigtenhe

nk i et ponigeonad§d ndRELL A § 88 08B BUACHHEES 1008102 fn fdcdTghe
ink inlet portion 182, thereby urging the in supplying fromt I nk
cartridge 18@11ﬁolm1hérﬁriﬁ@ﬁﬂlﬁde@nﬁ&etﬁlwlqgiatqfh@fﬁol %b@ irgqigdamperEdr8s t he
i nk supplied 0 [ : ' he,, 4 sy ti -t 0

t he head pl atlngZghéig% aT&e_Slﬁggi?% 33§Q| | en\céi]l ??gmggdrll%Ig'%g'%tt.r@igggeol%%gtaé t he
head via anSPRR1YhPE SRFIENGN &b ELPBALIE8 ALk thiesénk et Fidas 1He- AB2zl e

to the rgaeor dhRoi MR 4BB WMRGIRsU WS inkNBrémknetink RGdige fPPar ahds
performs the printing on the recording nedium |t should be noted that in
Fig. 20 and Ep§.cartrigge Hihbes seraipaplebs Sz and RBWHETPRLGHIY OPRY1RHe

actuator 106718p.t aHehh $r RRIppLy ihBeifiase 1 98 el idiRicEt ¥Ré iy EP6mithe atfached
to the ink cartridge nmounted on the carriage or. to the, K carriage in the case

that the i nkSERPLY RGP HighdBh €% rdif tife 1HEs R9ETHEE Béen d&8er iBEd.
However, thesagpuping ck¥hingy 18¢ SEppDied atheOinkheoi fike Ciaik rirdga megnséed on

e b e it EEEOL9 Mo oBRBRLALIS b8! o5 B AR L Cpeh | aAs e o ed on
i nk cartridgejirwiirolh ithesdpar dindeftr gorttienc a2, agherebywhimfing stlas Difilf
carriage met Ql?&of}];lr%l Rﬂ}l&fr{ gt tﬂﬁki Q'J-fr{ijpléé]ee 19 rtioaQ%e ink inlet portion
182. The holder 184 communicates the ink supplied from the ink
cartridge 180 via the ink inlet portion 182 to the head plate
20 186. The ink is supplied from an ink cartridge 180 to the head
via an ink introduction section 182, and discharged from the
nozzle to the recording medium. Owing to this, the ink jet
recoxyding apparatus performs the printingon the recording medium.
It should be noted that in Fig. 20 and Fig. 21, the other portions
25 are shown while omitting the actuator 106
Up to this point, the case where the actuator 106 is
attached to the ink cartridge mounted on the carriage or to the
carriage in the case that the ink cartridge is separate from the
carriage has been described. However, the actuator 106 may be
30 mounted on the ink cartridge mounted on the ink jet recording
apparatus integrated with the carriage and mounted on it with
the carriage. Furthermore, the actuator 106 may be mounted on
the ink cartridge, which is separate from the carriage, of which
is an off carriage method of supplying the ink to the carriage
35 via a tube and the like. Still furthermore, the actuator of the
present invention may be mounted on an ink cartridge integrally

configured with the recording head in an exchangeable manner.



35 via a tube and the like. Still furthernore, the actuator of the present

i nvention may be nounted on an ink cartridge integrally configured with the
recordi ng head in an exchangeabl e manner. 2 7 SEP 2005 63 | Up 'to t 7%EPZ%5
poi nt, the enbodi ments of -the present invention have been describe
however, the technical scope of -the present invention is not Ilnlted to
the scope described in the above-descriggg enbodi nents. A variety of

nodi fications or 5 inprovenents can be added -to the above-descri bed

enbodi nent s. [ ar ent fron1 Ci atl n o he scope of -the clains
That t he modes o Wi B LGPt oS B Gt bdiEeRE SR A nsBEdoRdded
can be al so hagkuskash d@thﬁbé@;ﬂlﬁm&@bﬁc’@]@@ tethhhealps bfi ENeHriegdnt 20

According -tQ the present inve jt can be judged -that, whether or not
the pi ezoel edDVEBRLEER| O | §°Hoﬁf’é‘l‘3ﬁ§?%péPat@&e Sé’r?dPef ufeReEIbed oder BPRon of

the ink jet hBeQEJHESCAPRE adhiSoBikntRe CQDW&H@@!Y basepmoaR fitheibysigeent of
whet her the piezoelectric device is nornally operated or-not. 15 Mreover,

accor di ng t oMMBECHEReREE Gay &t ReReddtei ke ?ﬂ%f?\‘(ﬁ’%ﬁfﬁﬁq%da qﬂlbﬁ’t‘ﬁlﬁ'eBBﬁt ai ner

and after mapgfastappdsbdther@@Mhe ket Bon ONfiRdREIRald vt d18imd he
predeterm ned volune is contained within the liquid container. Furthernore,

accor di ng -t Bhakd:l ¥odRre TR VEHCIORUCH Mg 1A% LoRsIe¥ cHREPYamantEhhave

predet er m nege¥! 3@ icdh®d BK bslﬁeiudé@niﬁ' hed %éﬂ?’h%atlh%clo?@ub@ the
container due to -the defect of the 1liquid container and/or t

pi ezoel ect r i BTSSR EINVAIE O+t her, an operation of the ink jet recording

apparat yg can be cgatsphigd Lobﬁﬁé%ﬁkcﬂth?ngéﬁﬁ%ﬁd iiteedhtSe fud e Medume of
the ink. 25 Furthernore, according to the present | nvention, -the gradient

of the ||quu‘tﬂh%lﬁﬁ%u%rﬂoc?aﬂrhﬁepa@{i%%%‘aww t#ﬁ%’%é%ﬁé’ﬁ@al{lhfeopﬁaﬁﬁ%ﬂ
contai ner i sanWtrupfoRer, | an BRerbedoanst thbeulut lﬁ%t @édorcﬁihﬁeﬁmgi pardtugpedmat i on

O uie L et resandq, asbrratus, sl b, et hoLhed fased on e det oct e
i nvention i sdexpite Gablmdrivalag opkratédrecaisii.ng apparatus and a liquid
cont at nf% used forMéf”ehoevesr,rreaccording to the present invention, during
manufacturing a liquid container and after manufacturing the same,
it can be confirmed that liquid of the predetermined volume is
contained within the liquid container.
Furthermore, according to the present invention, it can

20 be detected that the predetermined volume of the ink is not
contained within the ligquid container due to the defect of the
liquid container and/or the piezoelectric device, and further,
an operation of the ink jet recording apparatus can be controlled
based on the detected results of the volume of the ink.

25 Furthermore, according to the present invention, the
gradient of the liquid container can be detected in the case where
the liquid container is not properly mounted and the like, and
further, an operation of the ink jet recording apparatus can be
controlled based on the detected results of the volume of the

30 ink.

INDUSTRIAL APPLICABILITY

The present invention is applicable to an ink jet recording
apparatus and a liguid container used for the same.



27 SEP 2005 64 WHAT IS CLAIMED 1S: 1. A nethod of controlling an ink jet
recording apparatus on which a liquid container is able to be det ?%gh%
mounted, said liquid container having a container body containing atfi i@ﬁ
supplied to a recording head discharging an ink droplet froma nozzle
~opening and a piezoelectric device forédletecting said liquid within said
cont ai ner body, conprising the steps of: detecting a characteristic val ue of
said piezoelectric device by a detection section provided inside or outside

of said {jnkT] ¢t FEEOMEDNGsapparatus; judgi ng whet her or not said
characteristic value satisfies a predetermned condition by a judging

section provided inside or outside of said ink jet recording apparatus;

and controlling saiq ink_ jet, recordi ng apparatus_so that .said_ink jet
recor di ng appagat us i sm§5‘{h°|dn é’r?oopcec%rgqu p"sjtréq e r %ﬂﬁa A -oﬁgrcé)ﬁjldéngt ate
based on appasdktisof oAl dijiuglgi ng sigpidwhebeid iseixd piezogheetrike dew ce

has a vibratin% gortion whi ch comes into contact with said liquid in said
cont ai ner dpsaghebayameavitad, segdd calpydderntiddgedn aenof 2 saindaisrat i ng

portion, ei i racter.stj.cy v s detected b i I
out put fr}c%,(?n8 ai go%?ggggﬁgct% C ld%%}%lgje, ags%ﬁj J7seic'€gina § i%di g%??’ﬁgq&%r ezl.eg‘g‘;

oscil | ati agsghatgialy sahd vhhkrafit;mgleporfran of sei«klp ezgsdreicid i Gardeviace,
said characteristic  value changi ng based on phenonenon that said residual
osciIIatiH@e§P§ﬂ§C§ﬁéﬁgé%e%%ﬁ?egﬁﬁhd@%Ee@Bl%Sli%ﬂW% ééﬁ§&ﬁidﬁltg%%téﬁl§. A

oL o o <BARREOLE, B0 Lokghl pREend SeepmpoEarus, on Lo 1 |
cont ai ner havi ngtactadntjaisnerhabbadyecastacnivglee | bdui sh sdippliceddl@caric
recording nead. @1°eangi0a 20, W AR S TLMRE 1955 BENLNs30d 2
salid ink jet recording apparatus;
judging whether or not said characteristic value
satisfies a predetermined ccndition by a Jjudging section
provided inside or outside o©of said ink jet recording
apparatus; and
controlling said ink jet recording apparatus so that
said ink jet recording apparatus 1is set in an operable state
or in a non-operable state based on a result of said judging
step,
wherein said piezoelectric device has a vibrating
porticen which comes into contact with said liquid in said
container body via a cavity, said cavity defining an area of
said vibrating portion,
wherein said characteristic value is detected based on a
signal output from said pilezoelectric device, said signal
indicating a residual oscillating state of said wvibrating
portien of said piezoelectric device, said characteristic
value changing based on phenomenon that said resicual
oscillating state changes corresponding to a liquid consuming
state. |

2. A method of controlling an ink djet recording

apparatus, on which a ligquid container 1is able to be



pi ezoel ectric device for detecting said liquid within said container body,
conprising the steps of: detecting a characteristic value of said 7 SEP 7005
pi ezoel ectric device by a said ink jet judging satisfies a providé%
detection section provided inside or outside of recording apparatus;

~whet her or predeternined inside apparatus and controlling not said
characteristic value condition by a judging section or outside of said ink
jet recording said ink jet recording apparatus so that said ink jet

recor di Ng RRRJANS, iBoSetcl 8R10PQNRIAIQ SEGhLaiNEri Rad iRQN-LPEEAPLEHSE at e
based on a result of said judging step, wherein said liquid apparatus. 3.
appar at us bpSasurdant A sHIG det ett@ingdst eppPsd tedeciiced at X¢rordhRd t hatad

cont ai ner j.s nount.ed on sai.d inkr%et recg&%&ng nethodlgf 8§ntnolliggdanaink
a

jet recor i &hggcgolrncﬁ ngri ol(?lkai % ,plfeﬁrt 'S h 881819

consunpt i @l ev@laing:tafi sakdvliicgui o U@t@c;;ﬂrgol h;;;hngixqam;a neiitiitn | satd

| east a predeterm ned volune by a neasuring section provided inside or

out si de ofcosidiad nadk oy, r@UR T fn B ppe attePs 4L A net hod of controlling an

ink jet recordH@lecting a characteristic wvalue of said pilezoelectric
device by a detection secticn provided inside or outside of
said ink jet recording apparatus;

judging whether or not said characteristic value
satisfies a predetermined condition by a Jjudging section
provided 1inside or outside of said ink Jjet recording
apparatus; and

controlling said ink Jjet recording apparatus sc that
said ink jet recording apparatus 1s set in an operable state
or in a non-operable state based on a result of said judging
step,

wherein said detecting step is executed at the time that
salid liguid container is mounted on said ink jet rececrding
apparatus.

3. A2 method of contrelling an ink Jjet recording
apparatus according te claim 1, further comprising a step of
measuring a consumption volume of said liquid within saig
liquid container until at least a predetermined volume by a
measuring secticn provided inside or cutside of said ink jet
recording apparatus.

4. A method of controlling an ink Jet recording
apparatus according to claim 1, further comprising a step of,
in a case that said ink jet recording apparatus is in said
non-operable state, selecting either to maintain said non-
cperable state of said ink Jjet recording apparatus or to

change said non-operable state of said ink dJet recording

apparatus to said operable state.



apparatus according to claim1, further conprising a step of, 1in a case
that said ink jet recording apparatus is in said non-operable statz_ji7 SEP 7005
selecting either to maintain said non- operable state of said ink j

recordi ng apparatus or to change said non-operable state of said ink jet
recording apparatus to said operable state. 2 7 SEP 2005 66 5. A nethod of
controlling an ink jet recording apparatus according to claim11, wherein
said characteristic value is an elenment characteristic value of a

pi ezoel ectric sel emant pRftrsA d g ezagleed i tnglevage. ink6. jAtmetked refing
controlling an ink jet recording apparatus according to claim1, wherein
sai d char aeperpsuisc aaeRi@ing A ovalm ati owheFgidct 22 dt iCharaafe oS taf

oscillati grt.ion_of sai i ezoel ectric_devi ) t f tr.olling
an ink j etggflggorlcﬁ necjg aepﬁénr é]tQus aacrc%(%%%}nlgs‘?loé/cﬁgﬁ%gl,&mngrgﬁ%zgﬁl Qﬁr{ll{% d

cont ai ner elefmeptovirded i bh ealoeieasdtr itowaiesdicd .pi ezoel ectric devices, wherein
sai d detection section detects oscillation characteristic values of said at
| east two piez8el ecri @ethod c&f | ittt i vy step, AfE WHEEH 198 d

J udgi ng SE?EB?Q&%C’%‘& &&B{E“E}it o s$fat el Rald L1oyi dpw thin sald
i quid contalner ased on a - relatTve condition of nutual oscillation
charact er vafliie vabuesarof saicd ldtatlieast therptezeébedtri cvdéuecescin sai d
judgi ng step. 8. An apparatus for controlli an ink jet recording

appar at us °6R IWARERTRE PREGIE c &t &rér Hlée%ﬁ’ﬁlq%cttdflt?e degEtfehabl y nount ed,

said liquid contai ngr havig a gontaiher,1 Pady coptaipkngsa«l i g d,,suppl i ed
to a recording head discharging an i1nk droplet froma nozzle opening and a
pi ezoel ectpperdeuisc acomrddetoedid nyglasiaw di ) i wjue deivn t Ba hdsadilduidomtcaitremeiody,
conprisin i i c,value of

said pi ezg§I g’égg’iti%%tﬂi:ag’iqéil,e%%;ﬁ%af@g ggﬁ %Cﬁtiggﬁ% il ac%reir%? VY He™1 nsi de or
out si de of sai gnhieRkinet JLCPr dhBgecBPBAr aAlddSt idr UdGENEcE8CT iyt if1arzdikdgi ng
whet her or not said
characteristic wvalues of said at least two piezoelectric
devices in said detecting step, and

wherein said judgirg section judges a consumption state
of said liquid within said 1liquid container based on a
relative condition of mutual oscillation characteristic
values of said at least two piezoelectric devices in said
judging step.

8. An apparatus for controlling an ink jet recording
apparatus on which a liquid container is able to be
detachably mounted, said liquid container having a container
body containing a liguid supplied to a recording head
discharging an ink droplet from a nozzle opening and a
piezcoelectric device for detecting said liquid within said
container body, comprising:

a detection section for detecting a characteristic value
of said piezoelectric device, said detection section being
provided inside or outside of said ink Jjet recording
apparatus;

a Judging section for Judging whether or not said

characteristic wvalue satisfies a predetermined condition,



characteristic value satisfies a predetermned condition, 2 7 SEP 2005 67
sai d judgi ng section being provided inside or outside of said ink jfh
recordi ng apparatus; and a controlling section for controlling said éEféW5
recordi ng apparatus so that said ink jet recording apparatus is set in an
operabl e state or in a non-operable stattd based on a result obtained by
sai d judgi ng section, wherein said piezoelectric device has a vibrating
portion which cones into contact with said liquid in said container body

via a cavigdaid SpidliGayi$dcoedh Nb8GngNpabeadetl isaiideVidy alu i dorsf oflaid
wherein said characteristic value is detected based on a signal output from
sai d pi ezdélthedtal e iENT SHIREBAghad aiGdi cating a residual oscillating

state of said vibrq%{ 129 égi i(% 'e%gghggg fngevg

iQ i saj .
characteristic® value ¢ angﬁ%gsﬁ%se on ‘phenonenon %%at salﬁfges?%galjet

osci | | ati ngciratie o hangesa €os r espah@ditngdial aihkqyed cersirditgy spaieat®s An
apparatus for controlling an_ink jet recording apparatus according to claim
8, wherei i Saisf dbt ethi BRETEELE Gt addt & siBsei PPAFPHT r@rlact e tetPes¢al ues

of at |eagfy fwoSaid UEz0alealyi & Adevicesi i ch-pignattached to said

liquid container, and wherein sdi d judgli ng section judges a consunption
state of saidwhapndich wi shia segiiezlcedeicd rdont alerercdasbdson @ veEbasfiveg
condi ti on _of  nutual illation,characteristic, Xalues of, said at, | east ,two

0S
pi ezoel _ectprci%l_c?é\/i Egé?ﬁl_d?or?l\e?i qaitq g:%‘ﬁ?%?ﬁ%_r Weortbr F@Fﬂg:lj_aqlébﬂt _a?i“nefab‘_?)dy
cont ai ni NG tld G b&dy | GuhdaSeRRINIO QPeNi fgviey suRRhYIRG Sfigrdd ayid
outside of said container body;, and a piezoelectric device for detecting
sai d |iquisdii thibratdaial moritdmher body, said piezoel ectric device being 2 7

SEP 2005 68 pog)t aned neat b &, LL6UL 8ol BYel o230 LML INED 5818 o

signal output from said piezoelectric device, said signal
indicating a residual oscillating state of said vibrating
porticon of said piezoelectric device, sald characteristic
value changing based on phenomenon that said residual
oscillating state changes corresponding to a liguid consuming
state.

9. An apparatus for controlling an ink jet recording
apparatus according to claim 8, wherein said detection
section detects oscillation characteristic vaiues of at least
two said piezoelectric devices which are attached to said
liguid container, and

wherein said judging section judgesha consumpticon state
of said liguid within said ligquid container based on a
relative condition of mutual oscillation characteristic
values cf said at least two piezoelectric devices.

16. A liquid container comprising:

a container bedy containing a liguid:

a liquid supplying opening for supplying said ligquid
outside cof said container body; and

a piezoelectric device for detecting said ligquid within

sald container bedy, salid piezoelectric device being



wherein said piezoelectric device has a vibrating portion which conmes into
contact with said liquid in said container body via a cavity, said cavity
defining an area of said vibrating portion, wherein said characteriﬁzig 005
value is detected based on a signal output fromsaid piezoelectric é Eg,
said signal indicating a residual oscillating state of said vibrating
portion of said piezoelectric device, s&Bd characteristic value changi ng
based on phenonenon that said residual oscillating state changes
corresponding to a liquid consumng state. 11. A liquid container according
to claim@bsituphber neoripy i @ NYiani dddistviednadbf piserioe| édtuiid devece shar
detecting, said lLiquid within said container body. 12. A liquid container
accor di nglt8Uéfaim 12F GRBFEMES sai d additional piezoel ectric device is

positioned nea&ﬁ%r@inbOQkﬁﬂiSu%i@ﬁ@e?éc@@ig ceataicrer yody. 5134 iA Jairquiyd
contai ner according to claim21l, wherein said additional piezoelectric

devi ce i spposiithoned dteachypessai it pi exodlaedt rvttdevdaial aaquiidt i ah Isiagyl d

| evel when said |iquid w.thin said_container ba [ ot. consumed bei ng

| ocat ed bEPUGBAEA BOSVesodl et FTE-Bdvi 56 AnGoSard iR 11 DGl 3" presBelaot i c
device. 14aiA Vigwkdiggnpaihebnaccording to claim 10, wherein said

pi ezoel ectric device and said additional piezoelectric device have
osci |l ati ng seehisfAdncortEc thay ey 16 Thedi i uen 1 i AesarbedobkeaefePnbédy,

eSpectl Vebyps By Isgel a0, Lidld SuERBL Rt Lusll fevales Sidadapn
10, whereiindigatdnbi gui dezgnid Neksicd 1adapthed toabe n®fintedi dn vamriatk nget 2
7 S E P 2005 69 recordi ng_apparatus which perfornms a recording by a .

recor di ngPORBAANdi $Ehat @ty RAF Ik A Optet XA | G@iid wrhRIFR S$&iTg Stic
Fecor di ng” Appar atie S bhi 3 i qird TESACATGr To Mb o P8 Be drachahly
nount ed, sacdllegund scemtaiaremdesiagy eesomdimertdodyldgntidi momguainigqui d
and a state.

11. A liquid container according to c¢laim 10, further
comprising an additional piezoelectric device for detecting
said liguid within said contziner body.

12. A liquid container according to claim 11, wherein
said additional piezoelectric device 1is positioned nearby a
bottom surface of said container body.

13. A liguid container according to claim 11, wherein
said additional pilezoelectric device 1s positioned nearby
sald piezoelectric device, an initial ligquid level when said
liquid within said container body 1s not consumed being
located between said piezoelectric device and said additional
piezoelectric device.

14. A 1liquid container according to claim 10, wherein
sald piezoelectric device and said additional piezoelectric
device have oscillating secticns contacting with a medium
within said container body, respectively, and

wherein oscillation characteristic values of said
oscillating sections are detected.

15. A liquid contziner according to claim 10, wherein

said liguid container is adapted to be mounted on an ink Jjet



pi ezoel ectric device for detecting said liquid within said container body,
conprising: a recording head receiving said liquid fromsaid |liquid
cont ai ner and di scharging an ink droplet froma nozzle opening; anq%? P 2005
controller for controlling an operation state of said ink jet recor |é8
apparatus, said controller including: a detection section for detecting a
characteristic value of said piezoelecﬁPic devi ce, said detection section
being provided inside or outside of said ink jet recording apparatus; a

j udgi ng section for judging whether or not said characteristic value

sati sfi esracpretiet enpraed teenditiicon, pers@itng wdgragosethgobybel ng qureMinded
inside or outside of said i nk j recordi ng aggaratus; and a controlljng

—nk jet us; . .
section foFaCort ¥ THIERYLIRAI ™ nk ket IXPBEETdi nd2aPpat BEGE s ¥ Ha " s&d 9 nk

jet recording, appar BLUS bkdn$elubd13RBORES aklie HAlf Hind M don- operable
state based on a result obtained by said judging section, wherein said

pi ezoel ectric Hévi de haska V&br akicegdipor t ippawhtoch comewhiimho gortiaptida t h

said liquid jn,said .container,_bo via.,a cayity, said cavity defi.nin n
arca of | SETH bTBFat thg BOFTi oft wifer S9T 4P OharBa it i S ud 1
detected basedinarahaiiignal a OvbRYE iheeMsiRiW PheEQEhERET L URYhCE, abal &
signal indicating a residual oscillating state of said vibrating portion

of said ppégeetbetirécdelacice sdiod chatacterdstiald 11igERD 005t zbny Aajsl

changi ng , p me ..said residual oscillating state changes
correspon§?§89%§Q5 E?ggfdggg gg%&ﬁ " state. 17. An ink jet recording

appar at us accosdiregcr@icicailieadbrefdi thet cadprilSicaigid stomnagaideviiegiid
capable of storing at |east said characteristic value. 18. An ink jet
recor di ngceppatatiis abfor iAghes9ersi nén16 1nkur EROP 1o nprieithg & MeFFUS ng
section f eggﬁéyrggg a liquid consumng volunme within said liquid
container until "at |east a predeterm ned vol une.

a controller for controlling an operation state of said

ink jet recording apparatus, said controller including:

a detection section for detecting a characteristic value
of said piezoelectric device, said detection section bkeing
provided 1inside or outside o©of said ink Jjet recording
apparatus;

a judging section for Jjudging whether or not said
characteristic wvalue satisfies a predetermined conditicn,
said judging section being provided inside or outside of said
ink jet recording apparatus; and

a controlling section for controlling said ink Jjet
recording apparatus so that said ink jet recording apparatus
is set in an operable state or in a non-operable state based
cn a result obtained by said judging section,

wherein said pilezoelectric device has a vibrating
portion which comes into contact with said liquid in said
container body via a cavity, said cavity defining an area of
said vibrating portion,

wherein said characteristic value is detected based on a
signal ocoutput from said pliezoelectric device, said signal
indicating a residual oscillating state of said vibrating

portion of said piezoelectric device, said characteristic



19. An ink jet recording apparatus according to claim 16, wherein said
detection section detects oscillation characteristic values of at lﬁZ§tPtM§
said piezoelectric devices which are attached to said |iquid contai , g
wherein said judgi ng section Judges a consunption state of said liquid
within said |iquid container based on a70rel ative condition of nutual
oscillation characteristic values of said at |east two piezoelectric
devices. 20. A nethod of detecting a liquid consunption state of a liquid

cont ai ner vanuat edHh@ihd Nkbh8Edr eear dighkrapRa i Usshatai dakyquird Gentai ner
havi ng a contai ner body containing a liquid supplied to a recording head

di schar gi R§CaAlpARkNAdrTEitea Fhammes neeeresppeding hfdaa lgicezee| STyt idevi ce
for detecgti said liquid within said container body, conprising the steps
of: detecting oscillation characteristic values of at least two said

pi ezoel ectric dévi cas athkcHed toecatdidd qapgdaraankaiawrodyinmg debecilizdm
section, said _detection section being provided inside or outside of said
ink jet ré%oréPﬁ&hgﬁnﬁﬂgﬁﬁﬁleﬁmﬁj%H%?%%eadﬁﬁhgﬁnﬁﬁpﬁﬁl§t&@é%ﬁogﬁﬂ%iqqquid

Wi thin sahdsshi guisd contalnelshased o .a rel ative condition of nutua
oscillation characteristic values of said at | east two 27SEP2005 71

pi ezoel ectric dévi cés bink jjedgimersetin®narpairdtjiadgogprdsegi op bEiaig
provi ded Egsidi or, outside aof ,said ink jet . record%ng apparatus. 21. A
method of *det ot Wy R GETd Vs uftptisE 'rdt%e SBTtoPRi gt o EFaPAL2E, 2
wher ei n saiduf el aldnsingonditd omofwisig oschl Laglhon ebaraghend sidtG valwes
is that sai oscillation characteristic values of said at |east two

pi ezoel ectepetdevpeasiedegrmpndyiataims y equal to each other. 22. An ink jet

recordi ng appangt us ”i‘M?J[ chop liquid, container, s able o be dst %C.th\ai‘?rl y.
mount ed, said li"qui cont at ner “having o ar ner boé§ con ning a liquid
and a piesoel egidgrieileviaedf onedel®dionng s&dtth o qubadtwetBi N oAl idl 1 sa0rdrai ner
body, Cowgggigggér%SE%%Pr%%q%egeagfreggiViggsgajéhgi(ggfgflgﬁgéggflégéyg d
devices which are attached to said liquid container, and
wherein said judging cecticn judges a consumption state
of said liquid within said 1ligquid container based on a
relative condition of mutual oscillaticen characteristic
values of said at least two piezoelectric devices.
20. A method of detecting a liquid consumption state of
a liguid <¢ontainer mounted on an ink jet recording evparatus,
said ligquid container hraving a container body containing a
liquid supplied to & recording head discharging an 1ink
droplet from a nozzle opening and a piezoelectric device fer
detecting said ligquid within said container body, comprising
the steps of:
detecting oscillation characteristic wvalues of at least
two said piezoelectric devices attached to said 1liquid
container by a detection section, said detection section
being provided inside or outside of said ink jet recording
apparatus; and
judging a consumption state of said liquid within said

ligquid container bkased con a relative condition of mutual

oscillatien characteristic wvalues of said at least two



contai ner and di scharging an ink droplet froma nozzle opening; and a
controller for controlling an operation state of said ink jet reco?%i 2005
apparatus, said controller including: a detection section for detec iﬁg%
oscillation <characteristic values of- at | east two said piezoelectric
devices attached to said liquid containgn;, and a judging section for judging
a consunption state of said liquid within said liquid container based on a
relative condition of nutual oscillation characteristic values of said at

| east two,pLezoglbeethiic deyices. g3 An k4 r&carding Wéat;l!’ Rig i
accordingpto cla%n1 2%, mﬁerein sa?d refggﬁ%éﬁiondltlon of said sd%ﬁ%%ion
char act er sstkdoval vesng s pdvatidsal d iosdidel abtomiwchairdet erfi sskdd vahkes)adf
said at |east two piezoelgctric devices are approximtely equal to each

ot her. 24X€5REY4PBaPRPAS3FEP controlling an ink jet recording apparatus

according to chaim &, Mhei&d N3N gstebtahhnG 217q9ER 2009sUdpteehi ot Lle sai d
pi ezoel ectric device is positioned just below an initial liquid |evel of
sai d |iquedcozdingn wppadatids £6r comroini Bgigh rakajféver eeonrdihgon of

appar at “Ssg%‘“’*‘i&&%ﬂ%ﬁ%lﬂ! Oé‘ﬁézi:%*?{e!:?s@ Le to.p esd?tf‘ghab&ﬁ’a{"’“@ﬁ%.
ar ner ody containing a liquid supplied

c
said |liquid Container having a con
to a recoogdthnglheadn dichehacgiend said nkradnogd etof r osaadnoazl e lepeni ngwand a
pi ezoel ectric device for detecting said liquid within said container body,
conpri si ngLE&CHEEEEFRENISHAECESN 2EEr HEFESHTIRG o Yo IR ek &G s¥F €N vabher - of

sai d pi ezoel echpi c gdavigg §@i5d Aot S0 %ggair%rt ei gg B ded liiQfJig:e. or
outside of said ink jet recording apparatus; a judging section for Judging
whet her oconotiserd ishazlteertistilme valatmgablsf i epwmtpradetssid ndd.quid

condi ti on, ai.d &u ing section _bein royided inside or outside of said

o] ot T ERBE ARG FagRur Rl BRATA ean A o RERLPORSr G boRLTSI FPAg Sai d

ink jet peeobdiBgrappardd¥scs0 fdiat gsebdrink j£iid eqardiitg RPPRLIAL Ukid
container body, comprising:

a recording head receiving said ligquid from said liquid
container and discharging an ink droplet from a nozzle
opening; and

a controller for controlling an operation state of said
ink jet recording apparatus, said controller including:

a detection section for detecting oscillation
characteristic values of at least twe said pilezoeleciric
devices attached to said liquid container; and

a judging section for Jjudging a consumption state of
said liquid within said ligquid container based on a relative
condition of mutual cscillaticn characteristic values of said
at least two piezoelectric devices.

23. An ink jet recording apparatus according to claim
22, wherein said relative condition of =said oscillation
characteristic values is that said oscillation characteristic
values of said at least two piezoelectric devices are
approximately equal to each other.

24. The apparatus for controlling an ink jet recording

apparatus according to «claim 8, wherein an oscillating



is set in an operable state or in a non-operable state based on a result
obt ai ned by said judging section, wherein a vibrating regi on of sai? 0
pi ezoel ectric device extends froman initial level of said |iquid, t]e%E(?r'@
said liquid is consunmed, to a bottomsurface of said liquid container. 26.
. An ink cartridge configured to be detacti@bly nounted on an ink jet
recordi ng apparatus conprising: a contai ner body containing an ink; an ink
suppl yi ng opening for supplying said ink to said ink jet recording
appafatusseétﬁbﬁz%%'%%ﬂa<b£E%6é¥%é£¥1@ea§G$&@91§ab@sﬁ%KdMéd“fbsﬁﬂ%éio
cont ai ner body, said piezoelectric device being positioned slightly bel ow
an initiaknl éneltiwfi dh qeard é@mﬂds:ﬂ sAi% BiRN20BD5 73 to a level of said ink

i id t ai b bef b k t t 27, An
|k car 1 dgo Aacor TN TORER i 367 WG L U89 o cYob) BT e G0 has

a Vibrati@gpQQéEb@n WH chyiepeRS al N1Q @alt acoidihsal diknkzblesaitd be
cont ai ner body via an opening, said opening defining an area of said

vi brat i ngdeparhedry ZFRumtRd nechdd 3 dednt [SInbaigIein PARINEt ar VA NPT
apparat us,, %ﬁgg;?lé)@ll%al% gagg" ml,y &' ”s& 91 abf%y ng &%réé;;rodg_rncqo”%seéd“ 0

contact w't i-qui ia a ca y in contai ner n'sad
pi ezoel ectiibehdevieg, sai dink baabpmgtpoftbmn £0Vies £ APe anops etn of an:l out er
opening of said cavity. 29. The apparatus for contraolling an ink j

recor di ngp1§|§ﬁ§|l§tcﬁ§l§cc@?HiLﬁ@ thprel devestinfered H sdil®@Waichr H‘EFH@” p’sc?rltq on
comes inta.gentact WN S%A%fogﬁ via a cavity in said container body or

in said piezoelectric évice,” ‘sal vi brating portion covering an area of an
outer opening ef desaaticavidgetBon fibe dakepeingeeorthang capparstins wciosr di ng

to claim 16, wherei.n said vibrating.portion ¢cones into contact with , said
| Cqui d vi &la ST IS CEhr o aPAS: CBodySorS | ECSoT L501 aobar eetr it ce,

sai d vibratbRgqRert s CAVersPy dntdhie® of said ink jet recording

apparatus;

a Jjudging section for Jjudging whether or not said
characteristic wvalue satisfies & predetermined condition,
said judging section being provided inside or outside of said
ink jet reccrding apparatus; and

a controlling section for controlling said ink Jjet
recording apparatus so that said ink jet recording apparatus
is set in an c¢perable state or in a non-cperable state based
on a result obtained by said judging section,

wherein a vibrating regicn of said piezoelectric device
extends from an initial level of said liquid, before said
iiquid is consumed, to a Dbottom surface of said 1liguid
container.

26. An ink cartridge configured to be detachably
mounted on an ink jet reccrding apparatus coemprising:

a container body containing an ink;

an ink supplying cpening for supplying said ink to said
ink jet recording apparatus;

a pilezoelectric device for detecting said ink within
said container body, said piezoelectric device ©being

positioned slightly below an initial level which corresponds



of an outer opening of said cavity. 31. A nethod of controlling an ink jet
recordi ng apparatus on which a liquid container is able to be detachably
nount ed, conprising: detecting a characteristic value of a piezoel e@¥5EP 2005
device of the liquid container; determ ning whether or not the
characteristic value satisfies a predeterm ned condition; and 2 7 SEP 2005
74 setting the ink jet recording apparat/ds in a first state or in a second
state based on whether or not the characteristic value satisfies the
predet erm ned condition, wherein the piezoelectric device conprises a

vi bratingtopar tie@a it kat seont actls 1n gsddd i Bohheihegqubddgomediores Primdng
cavity of the liquid container, and wherein the vibrating portion covers an
outer opefirhf dPK FRETEAFOEY 178P YPfe method as clainmed in claim31, wherein

the first stabe isxan pperable stale o I kBt EeGORdiNg, apRATAtYS,
and wherein the second state I's 5“%%n-oﬁérab]éﬁgtate o? tﬁe ?hk | et
recor di ngsappapakass 188t rAcnetcnodofhaomM rolbragiag poktiet médatdiaugnes

tus,on which a |iqui tainer is able to be detachabl ted,
omr | Si ndPC BT & i aRCGR T JA R BT £ Grat e PP BESI G of

the |iqui dpepihal, Netsidetssdn Mhdg adrathelg Ohnnohrihe sharagt@r ivsih G thaidle
satisfies a predeterm ned condition; and setting the ink jet recording
appar at uspPpatacfi.-rst state or in a second state based on whether or not the

Char act or st c2bal unre et BEReq RnereE FeSLIHAT ot neret's Bt Mt e

on the inkppetat@eor dicd@rddppar ajdis.c Bstim The, nevhedeas cClsaiired v ibredtaing 33,

wherein the first state is an operable state of the ink jet recording

apparatusp05ﬁaon comes into contact with said liquid via a cavity 1in
said container body or in said piezoelectric device, said
vibrating portion covering an area of an outer opening of
said cavity.

29. The apparatus for controlling an ink jet recording
apparatus accerding to claim 8, wherein said vibrating
portion comes into contact with said liquid wvia a cavity in
said container body or in said piezoelectric device, said
vibrating portion covering an area of an outer opening of
said cavity.

30. The ink jet recording apparatus according to claim
16, wherein said vibrating portion comes into contact with
said liquid wvia a cavity in said container body or in said
piezoelectric device, said vibrating portion covering an area
of an outer opening of said cavity.

31. A method of controlling an ink Jjet recording
apparatus on which a 1liguid container is able to be
detachably mounted, comprising:

detecting a characteristic wvalue of a piezoelectric
device of the liquid container;

determining whether or not the characteristic wvalue

satisfies a predetermined condition; and



wherein the second state is a non-operable state of the 1ink jet recording
apparatus. 2 7 SEP 2005 75 35. An apparatus for controlling an ink jet
recording apparatus on which a liquid container is able to be detqphgppym5
nount ed, conprising: a detection circuit that detects a characteristic value
of a piezoelectric device of the liquid container; and a control circuit

t hat determ nes whether or not the charfdcteristic value satisfies a
predeterm ned condition and that sets the ink jet recording apparatus in a
first state or in a second state based on whether or not the characteristic

val ue satisfiescthenpredet erm nad conehtd ong M?ﬁé?bﬂuéh@npbe&QQs%ﬂéﬂdke_
device has a vibrating portion that contacts liquid in the liquid container
via a cavPty &M the ISiEqENE contdlher Pagsd whet ei Whehaey brak i n§Opor thiten

covers an 201 f-.th Vid.y. aRpar At a ' in
cl ai m 35, C\A,%Eéfgéltggggléq%f ?’raétues%ﬁ%gsiftsleasnstgi&e% e s% ery%? ??fgéﬂh j et

recording appahatusn artte wWpekreior liche riecoddv Stat ednf ra 9w - aperiadda istat e
of the ink jet recording apparatus. 3-7. An ink_jet recording apparatus on

whi ch a | PEGFECcortal nePNESCABI et 18 1t 4Bt ddifabtyIHbant@ N LT | €ifg? a
recordingCQ@QQFtBQttE%cqgﬁgadid$gg%gﬂéyptgyaliquid cont ai ner and

di scharges a droplet of the litquid froma nozzle opening; and a controller
t hat detects awbhaeaat dhiestvid nedlirey gfomrt 1@ ecoetest rhc octéeirc @parhiaty of
deternine§ whet her or not the characteristic value satisfies a

predet er m-ABd“88Rd¥ti on, that sets the ink jet recording apparatus in a

first state or3zzin angecpRadnstat £sbased s Wigf hen a8k N9t , t hen&haractield stic
val ue satisfies the predeterm ned condition, 2 7 SEP 2005 76 wherein the

pi ezoel ecfiretdesfiates has aaNi bPatialg eportabn afhatheontrdet $etherqdaidinwia a
cavity in.ppe LEau dang

wherein the second state 1s a non-operable state of the
ink Jjet recording apparatus.

33. A method o¢f controlling an ink jet recording
apparatus on which a liguid c¢ontainer is able to be
detachably mounted, comprising:

detecting a characteristic value of a piezoelectric
device of the liquid container;

determining whether or not the characteristic value
satisfies a precetermined condition; and

setting the ink jet recording apparatus in a first state
cr in a second state based on whether or not the
characteristic value satisfies the predetermined conditicon,

wherein the characteristic wvalue is detected when the
ligquid container is being mounted on the ink Jjet recocrding
apparatus.

34, The method as claimed in claim 33, wherein the
first state 1is an operable state of the ink jet recoxrding
apparatus, and

wherein the second state 1s a non-operable state of the

ink jet recording apparatus.



contai ner, and wherein the vibrating portion covers an outer opening of the
cavity. 38. The apparatus as claimed in claim37, wherein the firsy 7sg%tm5
is an operable state of the ink jet recording apparatus, and wherein the
second state is a non-operable state of the ink jet recordi ng apparatus.

39. An apparatus for controlling an ink J®t recording apparatus on which a
liquid container is able to be detachably nounted, conprising: a detection
circuit that detects a characteristic value of a piezoelectric device

coupl ed to the ZJ:i‘.).qUi}Q:CtQP%QirQ(EE;S %&P”%EB&SMEH? ddhat pdetarm Pgéo%%ger

or not the characteris val ue satistres a predeterm ned condition an

t hat sets dgpmratkug et ornecehdchg appariaquisd i ncantaiseérst dtse atble n o sebend
state based on whether or not the characteristic value satisfies the

pr edet er mdFeP THRA Y iR WiRdr FHRE 4P BPAE i ng regi on of the piezoel ectric

device ext ends, fgomact LAVLd ool Glad hecl 6GULT DRlpnS, Ao 401 dyai e
consuned to a bottom surface of the liquid container. 40. An Ink cartridge
confi guredft & heldetabdabtic deouhtedodbnthe inkujdt conterdiemg apgar at us
conprising: a container .containipng an.nk; a piezoelectric device that.is
posr 11 oned s1i gt I Beicow ChRCRRELI =5 ne=cB7BH s cREE6PFEs fohde o BPFevel
of said inqhatdetde; $O1¢ avhetebefariadink s pbRebibakhinieeRs Wk { ¢ 06n t BRA

container. 41. The liquid container according to claim 10, wherein said

vi brat i ng Port i seteoveei hgkahehr gacor dandoree réperd rig: »f LEusd eheteyor
in a second state based on whether or not the characteristic
value satisfies the predetermined condition,

wherein the piezoelectric device has a vibrating portion
that contacts liquid in the liguid container via a cavity of
the liquid container, and

wherein the vibrating portion covers an outer opening of
the cavity.

36. The apparatus as claimed in claim 35, wherein the
first state is an operable state of the ink jet recording
apparatus, and

wherein the second state is a non-operable state of the
ink jet recording apparatus.

37. An ink Jjet recording apparatus on which & liquid
container is able to be detachably mounted, comprising:

a recording head that receives liquid from the liquid
container and discharges a droplet of the liquid from =&
nozzle opening; and

a controller that detects a characteristic value of a
piezcelectric device, that determines whether or not the
characteristic wvalue satisfies a predetermined conditicn,
that sets the ink jet recording apparatus in a first state or
in a second state based on whether or not the characteristic

value satisfies the predetermined condition,
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wherein the piezoelectric device has a vibrating portion
that contacts the liguid wvia a cavity in the liguid
container, and

wherein the vibrating portion covers an outer opening of
the cavity.

38. The apparatus as claimed in claim 37, wherein the
first state is an operable state of the ink Jjet recording
apparatus, and

wherein the second state is a non-operable state of the
ink jet recording apparatus.

39. An apparatus for controlling an ink jet recording
apparatus on which a 1liquid container is &able to be
detachably mounted, comprising:

a detection circuit that detects a characteristic wvalue
cf 2 piezoelectric device coupled to the liquid container;

a control circuit that determines whether or not the
characteristic value satisfies a predetermined condition and
that sets the ink jet recording apparatus in a first state or
in a second state based on whether or not the characteristic
value satisfies the preadetermined condition,

wherein a vibrating region cf the piezoelectric device
extends from a ligquid level of the liquid before the liquid
is consumed to a bottom surface of the liquid container.

40. BAn ink <cartridge configured to be detachably
mounted on an ink jet recording apparatus comprising:

a container containing an ink;

a piezoelectric device that is positioned slightly below
an initial ink level which corresponds to a level of said ink
in the container before ink is initially consumed from the
container.

41. The liguid container according to claim 10, wherein
said vibrating portion covering an area of an ocuter opening

of said cavity.



