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1 LIQJ D CONTAI NER, | NK JET RECORDI NG APPARATUS, APPARATUS AND METHOD FOR
CONTRCOLLI NG THE SAME, APPARATUS AND METHOD FOR DETECTI NG LI QUID
CONSUMPTI ON STATE 5 TECHNI CAL FI ELD The present invention relates to a
liquid container having a piezoelectric device for detecting a consunption
state of liquid '"ithin the liquid container, an ink jet recording
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From the recor e Hogy 2o h i SRrsnb ol e, O bed due to the o
Mg ntenance using a software, a nethod of managing a point in tine at
which the ink is actually consuned @t&%@ﬁﬁ]ﬁﬂ‘ﬁ' ectrodes on the ink
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' 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
4¥nk cartridge is supplied to the recording head via a pass. The
“ink cartridge is configured so as to be attachable to and
‘Hetachable from the recording apparatus so that the ink cartridge
‘is easily changeable by the user at the time when the ink is
( 25 ‘tompletely 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
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2 generated due to the formof printing of the user side and a |arge
efror is generated when the sanme ink cartridge is nounted again. The error
not to be negkigible is generat ed between the calculated ink consunption
and the actual volune of consunption due 2o the 5 use circunstance. The
met hod of managing a point in tinme at which the ink is consumed using
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vol ume due t gy-headafect of the ink

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 1iquid level of the ink using a piezoelectric
device, whether the ink is present or absent can be managed in
a E’h‘igh degree of reliability, the sealing structure of the
25 eléctrodes are not to be a complex structure, and the
fiddtifacturing cost of the ink cartridge is low.
However, in the case where the piezoelectric device is
&éféctive, the piezoelectric device is not normally operated and
er¥oneously judges whether the ink is present or absent within
30 tiie ink cartridge. Therefore, if it can be judged whether or not
the'piezoelectric device is normally operated, it has an advantage
oveér the above.
Moreover, in an ink cartridge with a defect, the reduction
of “#h 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
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3 cartridge. Moreover, even in the manufacturing an ink cartridge, if the
nmetthod can confirm whether or not the ink cartridge is filled wth the ink
of t-he predeterm ned volune, it has an advantage 5 over the nethod which
i's not capable of confirmng it. Furthernomge, when the ink cartridge is
utilized again for recycling and the like, the ink is refilled within the
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Accordingly, an object of the present invention is to
;i;irwide a method and an apparatus for controlling an ink jet
recording apparatus based on the obtained result of whether or

20 'tiot there is a defect of a liquid detecting function by a
ipiezoelectric device.

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

( 25 ‘idhufacturing the liquid container, and after manufacturing the
‘Bame.

Furthermore, other objects of the present invention are
to provide a ligquid container capable of detecting that the
‘Predetermined volume of the ink is not contained in the liguid

30 ‘ttntainer due to defects of the liquid container and/or the
‘piezoelectric device, and to provide a method and an apparatus
gy controlling an ink jet recording apparatus based on the
Hetected results of ink volume.
Still further, other objects of the present invention are
35 b provide a ligquid container capable of detecting a gradient
of the liquid container in the case, e.g., where the liquid
container is not properly mounted, and to provide a method and
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o. r 4 s 4 an apparatus for controlling an ink jet recording apparatué
Based on the detected results of an ink volune. Furthernore, another

obj ect of the present inventionis to provide a |iquid container and an
ink jet recording apparatus 5 capable ofgeasily and precisely detecting an
ink volume within the liquid container. DI SCLOSURE OF Thl VENTI ON The
present invenis gphsafudebBebntirolthd @h' irfldjef rebraifly apb8iates Bagead
apparatus on &L?gﬁ a Ifquig conta?neréis éﬂ?% to be %@?agﬁably nount ed,
said |iquid chttdiendetrabrdgreswidm afnap ino®PlaWe-ai ning a |iquid supplied
to a recordi ng headgg 'ﬁﬂ%fﬁb kng | Bk Z eni g and
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char act eri st ithey dligaidacostainers predeternined condition by a judging
section provided inside or outside of said 20 ink jet recordi ng apparatus;
and controlling said ink jet recording apparatus so that said ink jet
recordi ng apparatus is set in 0 I n a non-operable state

based on a result 4gf s | ¢ - P I | : LA st ep IS
executed at the ti n'lgle Egétgﬁ%#d%a‘{%tﬁ})%g%% %%ﬁ?ﬁgaé@ﬂ%ﬁﬁg@%hﬂ%ﬁ !an

j et recolfli ngetapparrdirg apparatus|9n whichnethiemidurentaineiis sbdedat ep
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container until_ at |east a predeterm ned volunme by a neasufing 30 section
provi ded i nstgEyForinisiag Hiigeid spprlied tpabeePFnGPRAd diggharging
Preferably, theifARtdiepiletr Eh6h L£ABRE1S Bpenify Pl pidzdeldryact detideri d

cl'ther 1o naitRE et St AR piaaiA BLEhAR Ggh Serenen MY  FORGELH
appar at uss or the ciegse oFi:d detedpigigabhe citirtictelis8dt d vallud ebfr ennidli ng
apparat us top&%hgefgg%fgg‘aé%&gggby'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 jet recording apparatus; and controlling said ink Jjet
rEdording 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 liquid
conttainer until at least a predetermined volume by a measuring

30 section provided inside or outside of said ink jet recording
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 operable state.

Preferably, said characteristic value is an element



Preferably, said characteristic value is an elenent 5 characteristic value
of sa piezoelectric elenent of said piezoelectric device. Preferably, said
characteristic value is an oscillation characteristic value of an
oscillating portion of said 5 piezoelectrisc device. Preferably, said
liquid container is provided with at |least two said piezoelectric devices.
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apparatus; an controlTing sectron tor controlling sard Ink Jet
regor ding .appaeitlatizm t pharscteristiic) evaluwedr difngsapdaral usleastsetwpn an
", + perable stgig,QkddtANa 'i’é’ﬁaitﬂ Saifjdfabhrpdrep.a result  obtained by
sai d judgi ng sgcﬁon. 30 Pre grg y, _sa?'g éet ectlorﬁge‘ction detects
oscillation charact Bhe QEeseph| RIEIGHORT 1 @i RPPRRAEIR dOp| conferallingean
devices whi chim &jett a&bLdli g apphfatidlBhdvEH al NejuidSebdthifel N gBTéi on
j udges a consuy i)l o] stgte of” sajd |IQUég,WIt$‘II n sald It ujd container
based on a rel ¥ PEALICHAPLEROBRL A BRFC diG1{d SPPEAAREY bR f rger
val ues of sai by toasaininyg aildzatdenipplieddd & eecordiey headeatiischaygihgon
's aliquid Coﬁ ai'nrl]cet[lrggfg 'fPon nozzle opening and a piezoelectric device
‘for detecting said liquid within said container body, comprising:

20 adetection section for detecting a characteristic value of said
':,biezoelectric 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
':ﬁ]‘g’iparatus so that said ink jet recording apparatus is set in an
‘6perable state or in a non-operable state based on a result
obtained by said judging section.

30 Preferably, said detection section detects oscillation
characteristic values of at least two said piezoelectric devices
which are attached to said liquid 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 container body containing a liquid; a liquid supplying opening 6 for
supplying said liquid outside of said container body; and a piezoelectric
device for detecting said liquid within said container body, said

pi ezoel ectric device being positioned nearby a liquid level of said liquid
when said liquid is not 5 consuned. Preferably, the |iquid container
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predeterm ne 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 liquid

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
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condition, said judging section being provided inside or outside 7 of said
i‘hk jet recording apparatus; and a controlling section 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-bperable state based on a result
obtained by said judging 5 section. Preferably, the ink jet recording

apparatus f Urdﬁ“@aidcﬂﬁla{j&?%g@o?&ﬂfgﬁﬁ@pﬁ%ﬁ@;@; @Rk SorirdiiGigngest idpast
rerera

said characteristic val'ue. efe ly, the ink jet recording apgar at us
further 10 d8¥piGosdFodlingsaidhdnkeiet oiraosdingaRRatR; U 1Syhate i ng
vol ume wi t hi njygaijét! k@ébﬁdﬁf@"???ﬁfétﬁ%‘tié st lifagh Ghd¥adfiQ) atakBefr P! ure.

Preferably, saiddetection seclion detects oscillation_ Characteristic

val ues of at & BeBropgpakls statehssedconia rasult abtaivediby: Wagdde jadqEiched to
said liqusd guMdioper. Said judging section judges a consunption state of
said liquid wthin said liquid container based on a relative condition of
mut ual osci |l | ati on Prefgrabler i ke c ipkl (jef ofecqiding: appayatufo further

pi ezoel ectri Is cal s\ ' | §Fa td a
liquid 20 co%r?g%?plﬁi gpas,tgg{t)ié:é%éf%ﬁb%ui%%b?ggtea?%e?%un e&ic};E o%%ﬁ’cidrf{g% et
recor di ng apshaxegseristir MadukPd contai ner having a container body

containing a |iqui gra¢ephpBRe tehé KRAROFEN GrdRAiNGS ditatattis afuttier
droplet froma nozzle openi'ng, and a pi€zgelectric,device fir detecting
said |i qt?d WPF‘EFH??%@“@GHPE%@%@&?P I PERsPE§ND B ﬂﬁ&uﬁle%%l_‘%%lﬂlng
detecting osgbliimbiwaththaaaatiaquiticontalines natiht led@tla pyredeeéthined
pi ezoel ectric devices attached to said liquid container by a detection

dection, sai §4¥™Eetion section being provided inside or outside of said
ink jet recording pppserdbly, sand Aetettihrh sERtivAPaED8cts abse Ifladion

ARG R R G R R I
pi ezoel ext r i whileh iaresat tachadjtudga i liquid contaimer | 8did igdedati ssrtienng
br of eral y. - Ja0gef ¢ il tPgbe B iy 11kt \AMEAIE uguig, o,
val ues is theenkainendesedaon on nelativeerdrdikion gf usetedl sgaildationst two
pi ezoel ect ri gn4RYhGHSi A8 values of said at least two piezoelectric devices.
The present invention is a method of detecting a liquid
20 consumption state of a liguid container mounted on an ink jet
recording apparatus, said liquid container having a container
body containing a 1iquid 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
( 25 the steps of: detecting oscillation characteristic values of at
léast two said piezoelectric devices attached to said liquid
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 liguid within said liquid
30 container based on a relative condition of mutual oscillation
characteristic values of said at least two piezoelectric devices
by a judging section, said judging section being provided inside
or outside of said ink jet recording apparatus.
Preferably, said relative condition of said oscillation
35 characteristic values is that said oscillation characteristic
values of said at least two piezoelectric devices are
approximately equal to each other.
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approximately equal to each other. 8 The present invention is an ink jet
ecordi ng apparatus on which a liquid container is able to be detachably
nounted, said liquid container having a container body containing a liquid
and a piezoelectric device for detecting gaid liquid within said 5
cont ai ner body, conprising: a recording head receiving said liquid from

openi ng; and a cont 1OF eSSl SORETDRN 15 AN MGl rerbeTlfe iteeBes
J%gﬁ (rjg;:g(r:fl: Rgonmdaicai @s ligaid comtginelr &5 abbé ud g detaehaily awuntetly on

10.qscillkation.characteristic v.alues of at. least t sai, d
i ez06l et r1 o5ais AaauiddondRifer BREARY < corfhaihe ol efbrafifig a RaRiag
section for | andiangiezeslotniti daviseafer deteating isadddl iguidnvibtisin dalidqui d
cont ai ner {ased on, a rﬁq'oad&' ve condition of _nutual -%%I | atiqn, id
char act er i%t | FORAHRRE 4 FORPrRiRg: t%re%#,angz ctCEIYEDE cBAL
Preferably, shiguicifatm\saidotydidoontaimirdanddilsbabirging ahalwicdeoplétc
values is thaj said oscil]lation characteristic éal u%s of s%i d gt | east two
pi ezoel ect ri c-ofi 2 eBO%F = WFHSG7 P SRPREOLYCE A ERY o FRBFTOLEIR &%
DESCRI PTI ON QbpddfedoNCS ety df i said vieky §bbwiregoadingkappatatulge saed for
mono color ink. fqr exappl bl ack _color_ ink as_gne.e i ment
| i qui d cont ai %trfg'&grdi ﬂgcf%dlt% pPes‘aﬁe‘fW&t ?Sﬁ,gl?lgb%%&. geitg&éf’\w ew
showi ng amn i Mecdlatidge ebarauidrdstientealivesnt ofif &be leamwk dtwontsdikr
according to I  ovsenti on,._ Ei 3 3B .gr e oW I nk
cartridges asr’t' %%}%Eﬁ%g&%%% %Et?{r%&f i‘t&%ﬁ@@ﬁ%ﬁﬁ.ﬁe&%%a%fe&s 'ng}q@gg t he
present 30 iju@:‘m?goaec_ﬁi@ fori Judgberai onasuNP &IOS Isbwtag_:ﬂrs_aiildklm;di dge
In the traversg il LEehl Pﬂ}l@-ﬁi %Bﬁ%ﬁfﬁef'&%@d*%ﬁt a%eﬂiﬁi&é Cuhd 1 €984 abPer
according to the present Tnvention, Fig. 5 1s a view showng an in
cartridge as matsedepscEblatinmnchanacteriad vaings cohtaaiseatadeartitp t o
the presgst diuv8aibePric 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 .
BRIEF 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
liquid container according 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



&
Fig. 6 is a perspective view seen fromthe backside showing 0 9 an ink
cartridge containing a plurality of kinds of ink as another enbodi nent of
the liquid container according to the present invention; Fig. 7 is a
sectional view showing the major sectionsgof 5 an ink jet recording
apparatus using the ink cartridge shown in Fig. 1 as one enbodinent of an

ink jet recorgh AgkaRparabye co?&ﬁ%ﬂh@ﬁ ﬁﬁuta*l&twc&sﬁﬂﬁdé BYeiK 88 anbtBer8 i s
a bl ock diagram showi ng a controll of“an ink™ jet recordi ng apparatus as

one enbodi nerfmkadimeatyods she lmumveﬂntwemagrcogd;tggatm hRreselbwi ng
a met hod of CﬂNéfo:.'ohng an ink jet recording apparatus on which the ink
cartridge shown In Flg 1 is nounted; Fig. 10 is a flowhart show ng a
met hod of control | iFkgad a5 isertieral é@@WdﬁhQWieI}ﬂ)é#@tm%J% sgatdens et i nk

cartridgesshoyp sinft gtgr i‘:rHi tuk @in i‘:ﬁe ﬂn]kB E‘E’r ARk B
art 0

showi ng an act uator 'S one. npl e o electric
devi ce used iFig+ He ﬁﬁe@mtmbﬂﬂ@man@nofzemu@k ﬂ@h gre&owémSnmﬁ@t%

actuator in deiadyddisBovy ik diddentl ﬂ.éll% nd 11C and an equi val ent
circuit; Figs. 13A and 13B ard: grap hlica resent ations show n fg the
andt

rel ati onshi p bet wedi@-h8 %I%béoék dmm ﬁ ewing ianrost¥ellern®
resonance freguensyeidqiingK O%gtﬁajﬁrtugs%yéhén%m%&?h&& 82 Rifs. ag%rﬁﬁd 14B

are graphical] representati ow ng a nmethod of neasuring a Waveform of
the resi dfal igvEmtignion of an actuator and the residual oscillation after

the actuator is maGe.0§Cid ladkeeuciiit: siaéwh.ﬁgaa ﬁ\%’i:ﬁ@&céf ‘&n‘t‘r@WliﬁQV&rﬂg a
configuration in, 30"™which the actuator shownh in FE 11B . and 11C is
lﬁ%r%?a’é’%‘ﬂ

integral ly MASKnERt LECOTIIRG) JPRBAFUSFPY Whigh; the dge FhevP sfowi ng
anot her exanmig.ofl i8 nmmtla-body, Fi gs 17A, 17B and 17C are views show ng

still another 35 %.% ida is a lowcﬂart s%c}éf:l.ng a method of controlling an
15 ink jet recording apparatus on which the ink cartridge shown in
Fig. 1 is mounted;

Figs. 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 ink within 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. 177, 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;



g . .
Fig. 18 is a view show ng one exanple of a nold structure equipped with an

agtuator; 10 Figs . 19A and 19B are views showing a circuit board nounted
on an ink cartridge as an enbodi nent of the liquid container according to
the present invention; Fig. 20 is a view dBow ng an ink cartridge and an
ink jet 5 recording apparatus using the actuator shown in Figs. 11A 11B
and 11C as one enbodrigu\l 194 ahel 9H 8B Wi ek DB AG a lEcHtOboZRd mduated ew
showi ng the head section and_ its peripherals of an ink jet recordin

appar at us as o &hbdHs egtridgeag n ambedimgpinef ovhe doiawddr 3-%@?

CARRYI NG QUT Had £8i ﬁgét}%eséﬁeia{,gﬁ@ﬂ;n; nvention wll be described
t hrough enbodi ments of the invention, however, the fol]|ow ng_ enbodinents

of the invention- dd¥tht 20i}8 @ vhew stepdngran Hakisarridas sndaar dindi 38t t o
the clainsg a%ﬁfdiﬂg %gﬁam ﬁ@&h?:\ihe abthifor HAm! ¢ 'lsi%é;.s 19@sc1iped

in the enbodi nents ar necessar essential for solvin

neans for the

i nvention. Theadidd&mast ane cethasiment oficthr ayegentnipyentionis and detect a

[1quid state within gid. @ digOR! i8R0 dholiingdiche tHead HbAIBHCHRI Ofts
absence of the |iqui thin the |iquid container, a volume of the |iquid,
a liquid | evelpesripherals Rf @n e Jetniecaidingeappajiatisand AhEBEBPAIRRRT of
the liquid) bysithe pirBSem® ifmitibali On phenomenon. Some concrete nethods
are considered as nethods of detecting a liquid state within the liquid
contai ner195 by utilizing an oscillation phenomenon. For exanple, there is
a nmethod i n which el ast igggwame IRE R ONPT ASITE TRUESTE

wWth respect to the interi%r of tﬁe l'iq
within the liquid cHfERaIteha BN nBRGREN b 1RYERE-O el
reflecti on wawhiroabheeipod hverdtie 630 theqihdenieisl, NowedRR)SEHe WBbllowing

Mo , t f t hi t - t hod of .'detecti h f
Acoust ¢ i mpoakeatReas e CRRCiRYERTIAN ek S Ehs SaPRR AY A ng

MODIY Y @ARRMTHNE cOLPT ¢

a

obj ect. Assnetineeatiof atadrdingota theaofaind, amiuall cof hedeomleindtiens ar e

o T o U L WhaReE RN Bl b IREPAE BRI IR o
necessarily essential for solving means for the invention.

The fundamental concept of the present invention is to

detect a liquid state within a liguid container (including the

20 presence or absence of the liquid within the liquid container,

a volume of the liquid, a liquid level of the liquid, the kind

of the liquid and compositions of the liguid) 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 containex

and detects a medium within the liquid container and a change

of state thereof by receiving a reflection wave reflected by the

30 liguid level or opposed wall. Moreover, apart from this, there

is a method of detecting a change of acoustic impédance 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

RR P ) oy €l astic wave
uld container and dl%e ts medi um
 be deserinery
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oscillating section of actuator oscillated, subsequently neasuring an
counter electronotive force generated by the 11 residual oscillation
remained in the oscillating section, and detecting an anplitude of
resonance frequency or counter electrondilive force waveform and a net hod
of nmeasuring an inpedance characteristic of the liquid or an admttance 5

characteri stigesididle ostqul dtivh Fei@ansdi H ey oseidiating meeddoas and
anal yzer, for _exanple, a transpmission circuit and a change of current

val ue and vol ¥ERELING, AR AMPLEEIGR Bf HASOPANCE A TFSWWRACYy AR a§EUREE e due

to frequency gh@ir@dinotife! FatcONwhte oM, Gshd (£ HhoEhdd W meddutinghaul d be
noted that characteristic values of an actuator as one exarrgl e, of a
pi ezoel ectri c%fiaé‘é’ede@@#%rﬂéFb‘ﬁ/ qfcEhfe BiauldssPr Rl efpattance

charact er gst i ghatalcteragdicds ‘lﬂﬁ;‘;ii(%l.ﬁ.td 199 aGltsAeE A debiee \GH Al impadaicment
characteristic value-is neant to De a characteriStic, value of a materi al

itself 15 haﬂ’%ﬁ}l&%‘we?@%l@@ﬂﬁ@r;ﬂa?%ﬁ@lﬁslﬁpuﬁéﬁcq# &ndaat ghapge ofor
exanpl e, an ehf&idntCvalias aplafdIthge valaie 8¢ & 6hhAge ofabUréit valhe&id

val ue, resistance value and an el éctric capacity, and_ an optical _,
char act eri st i¥OLHRGR VBHYER fie &or FERTURRCYE WHERaAR CfHlafdonsiapprld®d o an
actuator can iRe thestigguid\n oscillation 20 characteristic value is nmeant to

be an oscillating characteristic of the oscillating section changi ng based
on the chlnge ofg ddouhaudd; ﬁ:t?edéﬁﬁ?é] Y ocqwc@ﬁ"&grﬁ@lﬁf VQE%ﬁi q an

contacting V\/iddtuatfie AS6he bahmple € pDezddldcteed deviteaiainidicarbeloar
ating

Goct) on can HOPEECAT |ACAR: o Lo, SEEI SEIEEIS) JRIGE ORE EBunt or
el ectronot i vestdilatomesldmdthy isbic osalue at iann edbmenbecharadtatistdc
secti onal “vi S I BeahE S RE A cBrrdiee Tt B LIS brcp BB T oesho” °
color ind fbavirgnplpiezoedektrit wharakter oindlivgledt e an esduatonvelvion is
2P iy SREBLES S ROt TE ol St ic!solal, SIS Gl <
recordi ng heBEreRt nvalne,y rgpigtanceivglue and Anylelecricaprpaqity 18nd The
35 ink cart rhﬂgepeicgi OchdrdctdFadei80whRent Sonstardth cutidhed o3f dfseahtng

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

30 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 ink cartridgeof Fig. 1 is made so as to use the method of detecting
a change of at least acoustic impedance by making the oscillating
section of a piezoelectric device oscillated and subsequently



a change of at |east acoustic inpedance by making the oscillating section
of a piezoelectric device oscillated and subsequently a 12 neasuring a
counter electronotive force generated due to the renaining residual
oscillation in the oscillating section o2 of the methods descri bed above.
An actuator 106 is used as a piezoelectric device. 5 The ink cartridge of

Fig. 1 is equngpsigcitid ia Q:dilﬁﬂlbﬂ' aféctmlifeceei:ée ngéertdied<du@n tonkhe
suppl yi ng openi ng, 2 for supp ink, Kwthin the container body 1 to

the external mmqmn%éfﬁﬁadﬁéi/ Cb%ﬁ;?-lﬂtéﬁa tn the esrdllabeng teqidodcPRRg a
consunpti on  §fafie Hethbls! AbsériNddiaBotB FPNbRLASECROIYE Lis HaRdcaBt i ner

10 body 1 of the ink cartridge according to the present enbodunent has a
suppl yi ng opeRi-e#pelRotrig deWicswml | 1010 on which the ink supplying

o the suppl vt ng. onm na T orn na BETER, IPRESGHLR Wik o R e e
accor di ngplto oy]P‘PFgY ’ d omlﬁgrﬁntan lmlﬁéuablmqmp@uéng 2 FeBWUpPdYHRg °
arranged on tfyge 'mﬁw%tmh' th@f%érg’,%lﬂ@l?()ﬁsg%si Oo vitld Htbangll oflthde
internal walls of cont ai ner ct uat or I's electrically

connected to Ceptadagrpody 11andg éﬁe@qféltaltﬁg 10f fop ﬁlﬁ@?@ﬂeﬂ wansumpt on
Moreover, 20 g¢hi@Xioer BRE B¢ K Qi&:h.‘iﬁ) 7tHeS cgﬁt'aiﬁ'\?r Ubdyg . exl‘h@' ﬁéht&@ﬁér of

t he opposed side wall 1015 so that the extern t erm nal

el ectri cdPl y Res¥ 3cot dhepinkeardzddge accprding o M%‘fe%@‘bpéﬂbﬁ%‘h ded
and arranged s &hgu oﬁéﬂfn@{%&miﬁé%ld&o%mmomt BR wiecdi \thegimad

delivering of an_el.ectricg 0, and from 25 the external
perforned by ﬂm;ﬁ’ﬂpaaqﬂ%"%n%g&?wwdtﬂ% aé’%@@ﬂﬁ%ﬁ%%%OSf@?ﬂ%&ﬁ ch (

exists in th&:@lt aon8l oppod 1Ry te0Bhai AGpIRAdY dpehind FormEad Bvhide wall
Mor eover, el tuator 106 is |ocated _at the | ower position of the liquid
| evel of the g in a not-used state of an ink cartri dge and provi ded and

30 arrangsd near by.In bhe linkucairtirivdge adcdrtkingnko thecpeéserm: embedment,
oot 2109, 346 BBl 156" 64 oM, BORBEE'GH Ple WRerfBl oY

106 is not prd thee@pqsemsidgtmlrialmbﬁ out of the internal walls of the

container body 1. The actuator 106 is electrically connected to

a lead wire 111 penetrating the opposed side wall 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

électrically 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 to the

external terminal 107 which exists in the external of the

container body 1 via the lead wire 111. Moreover, 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 arrdnged nearby.the liquid level of the ink. Therefore, the

oscillating section of the actuator 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
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35 prow ding and arranging on the internal wall of the container body 1.

THerefore, the appearance of the ink cartridge is approximately same W th

the outline of an ink cartridge in which A° 13 the actuator 106 is not

provided and arranged except that the exi®rnal termnal 7 is protruded.

Therefore, a large nodification in a design such as the specification of a
an figa e

hol der  of ﬁu&a@-@ﬁaﬁwgpo@ isafot Wrdwldeiesnd ﬂ%hrg%a Eagrt“é(}fgﬂth%

acconpanled by phyS|caIIy changing the outline o
Mor eover , sxdeppal or bRIgwingd t e imt onediruded) of Thﬁﬁef@m;t alénerlam‘gey 1,

that is, the %H‘i%&éaﬁi&? ek dé@aﬂlgﬁxlgﬁch% %@eﬁﬁ%roﬁ%‘j}oﬁegﬁ 971%01%

enough such that the lead wre enetrates
Theref ore, it 9fsapoinkeeastridge of énowlslej%t wn:padang v@pgaﬁm Jtsoheton

ct uat
LEﬁef'rSfeS“"'é%%@%‘ﬁs?ﬁ%@.”%?e?ﬁ%fwﬂ e Bl el o RC IO Bhe 1Rl T
fluid-tight nEAKEEidgee | eakage of the ink within the container 15 body 1
Lo pe et e el s (ERMGREa 1618 faskireolien e JGREERLTIIFAE RO thao (o

the present embodi ment does’ not reduire | ex” Sea actur é.

Mor eover, si nEENEAEN®H RSy 1se§hahglsst1¥hﬁ:wpesw side neaidsﬂ@rlﬁ inhthe
manuf act Ur i Ngpeass nOGRERInLAYCLs 1MRLE WRlagt! Bc fughféeg& Yesii

val ue can be det ect ed 20 y apsy%(%g Cl}lrren e R'@*ne acfuator

106 via tife ERpebrates Ehrowgh t m}m ttﬁléezreefauew r@ lﬁlmotmemr'eq in
the present ephogidens. ccsﬂipamwéwrl&%e hélé oot @k aélc%é‘%égﬂ‘%f PERd tion

of thellqwdlevej of a not-used state of e I nk cartridge,

ahd since t heCYALRS bQQYﬂOGu! erdeh \hhddd the ralvakpg ot d pPenetsatedui d
| evel of the Hakce, Whenihberidik ofathd ld&&ahﬁeﬁ%ﬁ&yaqt Y8 afh Bita il inka

o otual |y SPEERISRe R etct i JRknoR, ol bhe b1 BELR Sy container
Furt her miSe, hddgerl neouthet extexmalhdsi @ifl?vangéddgms Wwéﬂ%lnoﬁoglg@zﬁgé . g{(
e | car | e al SR B L L BR bl menital b30 Lol O
can det ect witcpplex seatingstrystatiet.e Mineeverp simeedfhd admplexseskintg
wi thin the i negrlirkd9fnot 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
actunally 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 - Moreovexr, in the case where an ink cartridge is left it
alone for a long period as it is in a not-used state, the qualities
such as viscosity and the like of the ink may be getting worse



the defect of the ink cartridge can be also detected. 35 Mdireover, in the
case where an ink cartridge is left it alone for a long period as it is in '
a not-used state, the qualities such as viscosity and the |like of the ink

may be getting worse ----------------- 8 14 by the evaporation of the ink.
The actuator 106 can judge whether the quality of the ink is good or bad

Lo some extengy Qﬂhed@&ﬂls;dfaﬂﬁontcﬁ‘ﬁihé AR %@tféﬁﬂd?ﬂ% 1’(% HHR RidgeWhetheROt

present wi thin the Furthernore, in the case where the ink

cartri
cartridge is hbe ql]@ﬂéﬁé'r@? t#&umgbésamcberlhadtﬁ@ M@eem%bﬁ’t@ﬁ%lpgt
recording apﬂﬁéﬁtﬁﬁe %hﬁ{ﬁed gl:ﬁlﬁxg e |n cart gb@ﬂ% whthih &he

not-used state, it c etecte e 1s gradient by
confirm ng thén]éxfpﬁiéﬁm@gﬁt t he actuat or 106 fromthe I|qU| d level 10 of the

ink. To the contraryy tﬁeﬂt@i*ebelﬁ'ﬁ% Q:%ts%%ﬁgr%g%i? L% cﬁ%:l: %%é d.sd%t' S

gradi ent by the non- exposure 6f “thé act uat or | evel of
the ink al t hopgbperky p:paaﬁe@randv(@d in dihencass WWel ‘sh@amme'q reppréibdgi ng

t he-h ht of th
ik the vor (PSR Srad2ihdy hivhoRiPtle 1R cibeifge i Lila sBXEhatl, LNC
changed, and SFats, tmeca@dnﬁ;éeteqtzﬁzdj#habfthm@mkn@armqumgsr@r J@rnédbiént of
the ink cartrg &gﬁ%ﬁnﬁa@ﬁé ckBEshPK o‘f%ﬂle{)é%ﬁ?aﬁcﬁ: i‘g@ ﬁpﬁ%ﬁ@i‘ &@1&99}7&1 ed.

It should be not t the"actuator so used®as on

det ect | nd020 Gbhe dnke hTonEhRLEOBEaITOV i Wy A iaBat dekerkash Shadpthat ol v.
Fig. 2 shows fxﬂ@télﬁ:rtx%.@%@di@%a&fen%”by Nkn& fHotr{-b 85\1@&%’1‘5 i ab@ubhér

present I nvent | on. he i nk” cartrl accord he present

embodi ment, tHP éréfpﬂa?]éﬁ faﬁlpslﬁiﬁgngéﬂle &RK %ﬂfﬁf}&?ﬁ’@@dtk&ﬂ ruedessEnined si de
wal | 1015 si njdiimd @£t Reki 1& cdnsumiell,i dge according to the enbodi nent of
nctuator 106 is o RERIL S HRGGCaRt (HE SCHREPS LpAR HoBPPRORE ¢ han
the 1iqusd layehedfiduid level bftthe I:rﬂe,etnbafoa.uhi&eof theciil todgefiFled n a
not-used Stahrendd EhECLAP Ga0EsRA0E S BESHHTEL o A1 ET" Y retyrete 1o
t he volume of the 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
cdrtridge according to the present embodiment, the actuator 106
is provided and arranged at the slightly upper position than the
liguid 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.
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actuator 106 via the external termnal 107 and the lead wire 111. Moreover,
I A the case where the ink cartridge is not properly nounted, 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. a 0 15 Fig. 3A

shows still anotherg ﬂ?ﬁ SHBWE éﬁllﬁghﬂd%&aéﬁﬁddﬁ%nta&ﬁﬁhdiﬂgchetf%e

present invention. nk cartri accordlng to resent
enbodi nent , @qmndangt ytoof thet pae@erst ipgentinn.106Bnava piaki gagteidge
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char act eri st actuators 106a 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 nmutual characteristic values of the actuators 106a and 106b.

‘ 25 More particularly, semiconductor storage means 7 stores an
ogcillating 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 106a. When the value of oscillating characteristic

30 wvalue 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

Aot



30 value that the actuator 106b detects is approximtely equal to thefalue
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 |l evel of the ink passedighrough the actuator 106b. Since
the actuator 106b is 35 provided and arranged nearby the liquid |evel of

the ink at thene tinkeepd, tﬂSréWeJ?cheB altey eent esent VembodfRAL] Nex

passage of the liquid level of the |n was | udge It can be Judged as 16
the i nk end. iy decegsaty d‘»mgleaaéurﬁeowéd@ﬂ»ﬂ-n@ ariiaristdic valyes

necessary to gg %c@ﬁﬁt{plfé‘tid& GRAr 86615 irS the iﬁé‘hﬁ‘ﬁéct\ﬁ{(ldggﬁréééé’é’éé” S

106a and 106b 1 n e manuracturing processes absent within
t he cont ai nerWlkﬁnj)thE inkdmetbsent @mhénm.eaatamm hﬁ’IdYthe Thepafore, 106a

and 106b f 44 i ebRELEL G0 P PRI RARLR NS bl CaANYDAS U | e PlECSSes

can be shortene rtherno e era #e t ha e actuators
and 106b ar e cartutisigeubeconegs tew@ysané tlm maatsacturing aonmagé caiwhﬁg to

this, the chag bare
approxi mately % IeaThg%lIﬁ' em‘?ﬂé ?%tes%r&g??% %Q}%é;a@%&e pr eC| se
detected by el é96hganmeaa%fm1med indiespame ot r 1ods hm@e
character! stlgang €o QPR Cha-RracRarfstids s £ %@%watafqtmr AR et

of an ink cartri %ﬁ acco Ing t e present I nvention.

cartridgd? acduaitay 106lriaye QBPI@mlwaﬁwallOGE'h@fHﬂﬁé’mthk-nc‘ém rirdge
accordi ng t0 d1@r3ABaIEEE Be ?tEeEb.Qel '%lét%cl%a' by camsh ¥hbhget@figsat or
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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 inkis present, it is judged that the ink cartridge is not normally
mounited. 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
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30 ink is present, it is judged that the ink cartridge is not nornally

mbux ted. Further, when the ink cartridge is nmounted 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 jpdged that the predeternined

vol ume portion of the ink within the ink 35 cartridge is not filled or the
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anot her enbodi nent of I nk cart rldge acco presen
i nvention. THER BRPYLARY anddgrranges satthatebhagtu ase prditiorsebat dthe 1020b

intervenipg heimeeenqhhe el wieg mﬁ@b@gmf@r&u&g ga ‘y@hbflfe&e( > Fig.
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than the liquid | eFdg. 4 shows a sect:.onal view in the transverse direction
20 of still another embodiment of the ink cartridge according to
the present invention. The container 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




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

provi ded and arranged as in Fig. 1 through Fig. 3B. Furthernore, in the
present enbodi nent, the actuator 106 is 18rovided and arranged on the

I ntervening side wall 1020a which 35 is one of the intervening side walls,

hovever, it nBye beimgyifacaterd 186" FHESE &bil*l%t@.h@efre mbﬁrxsnwﬂ%sme
wal | 1020b. Fig. 5 is a_sectional view of an ink caftridge on whic t he
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cont ai nin plurality of” kinds I nk. The. container 8 is divided

into thrdd@ i nk chadiesver, 19 W‘R’ﬂ.’tﬁ?npﬁ?ﬁ‘?l% the Hdquid wikhin jhe
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Act uators 15, 6 and, 17, are provide d arranged on the supplying opening
form ng side ‘Ghagast fE&%tlﬁdﬁu&ﬁdOioﬁ’lﬁ adustervePy. The 20 actuators 15 §,
16 and 17 may be predg. d@d.s@ﬁeﬁé;_ﬁéﬂiﬁ%Wﬁ@mfb@mtmmmdéﬁshm@w in

the container 1. Fi ew s t he
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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 poftions 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 inthe traverse direction 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. Furthermore,
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



30 in the case where at |east characteristic value of the actuator 106
dbes not satisfy the predeterm ned condition, a panel 2000 as an out put
section for indicating an error is provided and arranged within the ink
jet recording apparatus. or, an external 19output term nal 2500 connecting
to a host conputer 3000 may be 35 provided in the ink jet recording
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positioned at the position shown in the Fig 1 through Fig. 5 and Fig.
Ther ef or e, tl?éltl'iquid | evel s of 20 the ink shown in Fig. 1 through Fig. 5

and Fig. 18 are nofrtadhaid bd hetéE¥BAt @h tHieetboilinménte\ F oI LNghrough
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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 film 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



30 31 and the printing is repeated. Fig. 8 is a bl ock diagram show ng t he
eontroller of an ink jet recording apparatus of the present invention. The
ink jet recording apparatus of the present invention has a recordi ng head
702 for discharging ink droplets on the m@cordi ng sheet and 35 printing, a
carriage 700 for reciprocally noving the recording head 702 in the

traverse direghk & ¢ABIFbcRGARRL LA 765! | €62 Hrribe TRFAEUahatient Land an
ink cartridge 180 for supplyin e recording head 702.
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characteristic of the oscillating section of the actuator 106. For
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t he char act eresfistancs umlaiet eft the lsmzqedacﬁftﬂc 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 section 810 may detect
an oscillating characteristic of the oscillating section of the
actuator 106. For 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 frequency 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. For example, in the case where the



can detect resonance frequency of the residual oscillation and 30 the
anplitude of the counter electronotive force. A characteristic value of the
actuator 106 detected in the characteristic value detecting section 810 is
sent to a characteristic value judging sggtion 820. On the other hand, the
predeterm ned conditions that the characteristic value should 35 satlsfy
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the ink cart@i2dggudges that the characteristic value does not satisfy the
predetermined conditions, the characteristic value judging
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




shoul d be exchanged, characteristic values, the results of the judgment in
tshe characteristic value judging section 820 and the |ike. The error '
di splay may be al so neans for generating |light 30 and neans for generating
voi ce. Moreover, the characteristic valy® judging section 820 sends an
non- operabl e signal to a control section 750. The non-operable signal is a
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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 pi'edete:cmined 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
caleulates 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 is sent to the
characteristic value judging section 820. On the other hand, the
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The ti i ng when the ink consunption volunme neasuring section 830 neasures
thkat the predeterm ned volunme of the ink within the ink cartridge is
consuned will be described in nore 30 detail below. The ink consunption
vol ume neasuring section 830 calculates a3 ink consunption within the ink
cartridge by adding up a volune of ink droplets discharged fromthe
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and the volume of the ink actually used at the time of cleanings

20 and flashings which have been previously judged 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 pre‘detennined 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



or alittle over reduction is perforned to sone extent. Mreover, in the
case where the characteristic value of the actuator 106 is detected when
the ink cartridge is nounted on the ink jet recording apparatus, the
consuned vol unme of the ink as the 30 pred@dterm ned condition stored in the
storage section 850 may be set as zero. In the ink jet recording
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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 value 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 Fig. 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 enmbodiments 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
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25 characteristic value judging section 820, the ink consunption volune
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 hgad which is nmounted on the ink
jet recording apparatus to/from 30 which the recording head is easily
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ink cartridge is mounted, the user may input it to the ink Jjet

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 characteristic 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



25 current and a voltage. Subsequently, in Fig. 9(A), the characteristic
val ue detecting section 810 detects the elenent characteristic value of
the actuator 106 and the characteristic value judging section 820 judges
the el enment characteristic value. 30 In2ehe case where an el enent
characteristic value of the actuator 106 does not satisfy the
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not good, the element 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 in 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 is 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 state where 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



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 is stored.
It should be noted that an non-operable state is referred to a state where
the an operation as a recording apparatugy7is inpossible. Mreover, even if
the ink jet recording 30 apparatus according to the present enbodinent is
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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 to 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 judgment 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



25 to 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 perforns the predeterm ned operation. On the other hand, in
the case where the actuator 106 is defectjgve, the actuator 106 does not

performthe predeterm ned operation. 30 The judgnment of whether or not the
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well as the error 1 is, displayed. 20 The user exchanges an ink
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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 be set so that the user
can select the instruction S2 in order to make it in an operable
state using the already mounted ink cartridge. The ink jet

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

. In

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



25 r ecor di ng 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
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of a pluralit
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 perfoxmihg the operation a number of the predetermined
times using the actuator 106. Inthe casewhere 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 sothat the display 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 1is 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



25 oscillation characteristic values is not in the predetermined range,’ it
can be set so that the display of the error 2 is outputted. The display of
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20 In Fig. 9(C), in the case where the initial oscillation
characteristic value satisfies the predetermined condition, the
ink jet recording apparatus is in an operable state.

In Fig. 9, the flowchart when the ink cartridge is mounted
on the ink jet 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. Furthermore, 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.



25 flowhart of Fig. 9 may be carried out imrediately before the ink jet
recordi ng apparatus starts the operation. Mreover, the flowhart of Fig.
9 may be carried out when the ink jet recording apparatus is in a
non-printing state. Furthernore, the flowghart of Fig. 9 may be carried
out when the cleaning, flashing and wi ping 30 of the recording head are
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or the refer gncgpegatmgégnqﬂ}, tg the a¢uator 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 receives an operation signal. In thecase
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

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 Fig. 10(A), in the case where the actuator 106 does not
perform the predetermined operation, the display of the error




25 over The actuator 106 receives an operation signal. In the case wher e
the actuator 106 is not defective, the actuator 106 perfornms the

predet erm ned operation. On the other hand, in the case where the actuator
106 is defective, the actuator 106 does mgg perform 30 the predeterm ned
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Moreover, It JBYsPfaPSE the exrror 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 S85. 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 performs
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 values, there are a resonance
frequency, an amplitude, a wavelength, a number of waves within
the predetermined time period, a time period until the



25 so ‘that the user can select an instruction S5 in order to continue the
printing using the already nounted 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 insgguctions have been stored in the
st orage section 850. 30 In Fig. 10 (A), I1n the case where the actuator 106
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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 above 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 iniﬁial 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 value 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 Fig. 10(B), in the case where the intermediate



25 predeterm ned condition that the internediate oscillation
characteristic value should satisfy may be identical with the condition
that the initial oscillation characteristic value should satisfy.
Moreover, the initial oscillation charactgristic value and the

I ntermedi ate oscillation 30 characteristic value my be one or the other of
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is defective, the characteristic value, the results of the
judgment in the charactéristic value judging section 820 or the

20 1like. 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 jet recording apparatus is gradient, the
case where the ink is not supplied from the ink cartridge to the

25 recorciing 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 value 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
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case where the ink is not supplied fromthe ink cartridge to the 25

r&cordi ng 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 internedi ate
oscillation characteristic value does not35 satisfy the predeterm ned
condition, the ink jet recording apparatus is in a non-operable state as

well as the erihstréctfoné’:%a%SBé@ﬁ'%%r&emsaﬁe @t@ﬁﬂg@eéeé@ﬁm sorartri dge
according to the display of the error 4 whil.e the mkg recordin

apparatus is maint APn&diY+n %%@)no@%p&i‘&bl@sﬁ wherapkhey dntermedidtoe set
so that the Uéﬁéﬁfé‘tf&i gcgiarhbeeﬂbs&w%'ma §5ti£‘f£5§j@trhet %ﬂeﬂ@t@ﬁ:ﬁuﬁ&lt he

operation using the alre mounted 1 nk cartridge. The in recordlng
appar at us canc@adikicny d?ﬂ)@r dpkejet aﬁ@%ﬁmgeappmmﬁctwmnsgn ppegable
preferabl g thgiatbe past errors and 35 instructions have been stored in
the storage section 850. In Fig. 10(B), in the case where the internediate
oscill ation charact@rl¥one afathensthedd pEF iche? préddder I May be sarriedn,

the ink jet r%@rﬂﬂgoﬁ%ﬁg@sthé ink fét %eaﬁaiﬁg fagpﬁi'é‘ﬁ@s bYe&9ér of the

met hods of Fig be carried controlling the ink
jet recordi ngP@pnfaths. mm‘f@@v@ Figsof ransd Fillge h%#rmdbe ridied outAf Fig.

10 may be cargigéhriuyd Ry cén&?dll%lgf eﬁecam rj?it Eraeoi:&‘ﬁxd %ﬁa@:fathgcor di ng
apparatus. 10 Fig. 11A |g 1C 4 i g. show t he detalls

and equi V&l ent ci r cHg- dfAy Hé"-%cu:%t g'rlglol‘;l%néhm%- dReShvnRheedetA LS
pi ezoel ectri Carle\dp@vafBnB&livehdt dfé‘i:ﬁéraiﬂ:daQoBeI(% Whi&h fﬁ’f'lé'n‘éyeﬂaxhﬁlléﬂl

nmet hod of detecting at Ieast t he ghange of acoustic

detecting a &hs grlestyic (ﬂe"lﬁel'l AR dkPakPh rﬁetrﬁﬁgl Fﬂu"ﬁrﬁﬁht-@ ner.
Particul arl y,em;ildy&demi)laqyadlddnoﬁdéeéhﬂﬁlg at Mstcthélghahgé %hcémmange

o ereust Lo L RSanEe B ASLEENIOG FESANGE] SEALSSY f AN, G v o
liquid a6ntdiheedighid conl:iaAnes anae’aian:gﬁﬁypl &b A8 empbdyeddmatmesithod 106.
ggcf: gn 32&?#& et?ect%ﬁ&gl (}ﬂ; t%%Q ﬁ!h%{'%:e%el Iéﬁ &f llfA)u@]egaiE y12(B)
show t he eqummnnglmnasceffreqeem aaommhmmalmngmllmtgonm@q and
Fig. 12(D) shreb®§ngChlabRbudtiod"dtate of a liquid within the liquid
container. Fig. 11A is an enlarged plan viewof the actuator 106.
20 Fig. 11B shows a section taken along the line B~-B. Fig. 11C shows
a section taken along the line C-C. Furthermore, Fig. 12(A) 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 eiguivalent 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



Its peripherals and an equivalent circuit thereof when the ink 25 is filled
wtthin the ink cartridge, respectively, and Fig. 12 (E) and Fig. 12(F)
show t he actuator 106 and its peripherals and an equivalent circuit

t hereof when the ink is absent within thg“% cartridge, respectively. The
actuator 106 has a substrate 178 having ircular 30 opening 161 at
approxi mate center of _it, an oscillatiaon Elate 176 arranged_qn one of t he

faces (herei nBPFEIOD edeetrede teradnal A50 ¥ @eqtﬁéc§%¥t% ipggte §hgs to
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surface of the oscrillation 6, an upper portion-el ectrode 164 and a
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portion elfct %mlm hp‘ﬁmoflmeﬁsr cPlﬂ@M]leFt@égpl@Yfo 11§0¢ Hehe upRer
portion el ect g@f‘&ﬁ@@leéﬁgoéé‘ 1B ahi 3 Ne ‘1' ;g%&ﬂo}? e1REP¥LEE Y @ Have
en. t he

arranged bet upper &(.)rtlon el ectro and the upper portion
el ectrode ter®i FAKCUEAL apareiett afcal |xqa39rcmsnmt+lﬁg,bmelspéptme& THhe

pi ezoel ectri Créﬁ tl%oclféiﬁalfpﬂ%tlo‘?@réf Qﬂegéfé‘zfore‘i@‘ét}% l%g@rtﬂf—b | ener

portion electr 166 have circular porti tion

respectivel y. UPIRE PP§§{3@%t€f]\?€t§Pfi€Lﬂl5ér aﬁ@r‘%ﬂ%ﬁ@‘”@? R%lﬁ‘iﬂe‘i%ﬁq@&dﬁl 66 ayer

160, the 1ouppﬁ;n§g)rﬁh|eo?lg§g§1ééﬂq01@§eﬁggtg he lower portion el ectrode 166
10 forns the piezoel ec I’IQ el eents. The _osg¢ |IIat|onG§%ate 176 is formed so

as to cover the opBif QFcidlabion Rlate ddbeisf fomeed A @S, te coyer

cavi Itly t162 ié;]aémﬂsmbri BEe RAiriface dR&hBGUHMrAReN 1, 1@ﬁe(ﬁaﬁ1|t9 162 i
0OSCl atl on

substrate 15 gtgﬁfigygg\? L ’?ﬁg‘e %#g'f«ﬁ’p@%p%&l%&ﬁ.ﬁi ‘?égﬁﬁpscf"ﬁﬁﬁ'% to
as reverse fplze Af76aand edluelop@ning” 6 Eromithel stlitace et rmbesﬁﬁﬂtréwes.
05 Lo, S "o Rofe ot e Bl ke i (BRECLMESS, BRbia gt
respect to thevexset face) X8 a piaz06ldédtrid leitgmenhmmarh&‘@ubbara'eeewa f a
L noes) on Tobel Hhe D eht ol 4l L0 Chp 100 boSlptdue,
| ocat ed on t H® shatddhe 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 liquid 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 liquid 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 lowexr 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.



of the oscillation plate 176, that is to say, on the face of the 25
contrary side of the liquid container, and it is mounted so that the center
of the circular portion which is the rraj or portion of the |lower portion

el ectrode 166 and the center of the openifg 161 are approxi mately
consistent with each other. It should be noted it is set so that an area
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portion 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 portion 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.



el ectrode 166 and the opening 161. Oning to this structure, the 25 actudlly
gscillating region out of the oscillation plate 176 is determ ned by the .
opening 161. Moreover, since the circular portion of the upper portion

el ectrode 164, the piezoelectric |ayer %@0 and the circular portion of the
| ower portion electrode 166 are snaller 'than that of the opening 161, the
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el ectrode l64nagdxiliary 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. Moreover, 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 actuator 106 vibrates and portions except for the
oscillating section do not vibrate. Moreover, the purpose for
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t he upper portion electrode term nal 168 is capable of being 25 secured.
It shoul d be noted that the pi ezoel ectric elenent and the oscillating
region directly facing the piezoelectric elenent out of the oscillating
plate 176 are the oscillating section for39actually oscillating in the
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and the like can be employed.

The actuator 106 constituted as described above can be

applied to a container for containing a liquid. 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
liquid is sufficiently contained within the liquid container,
the interior of the cavity 162 and outside of it is filled with
the liquid. On the other hand, when the liquid 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
ligquid 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 is sufficientiy contained within the liguid



The actuator 106 shown in Fig. 11A, Fig. 118, Fig. 11Cand Fig. 12 is
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the cavity 162 is contacted with a liquid contained within the |iquid
container. In the case where the [liquidygs sufficiently contained within
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filled with |
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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 is detected by

25 measuring a counter electromotive force generated by a residual
oscillation remaining in an oscillating section after the
osclillating 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 largéness 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
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a change of acoustic inpedance of a liquid, there is a method that in the
case where resonance frequency is detected by 25 measuring a counter

el ectronotive force generated by a residual oscillation remaining in an
oscillating section after the oscillating section of an actuator, for
exanpl e, a piezoelectric elenent can be utilized. A piezoelectric el enment
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frequency fsiSrbinimem. 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 fm 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 been 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 oscillationplate 176. Inthe casewherethe liquid container
is sufficiently contained with the liquid, the cavity 162 is
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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 erroneously judges that the
25 liguid sufficiently exists within the liquid 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 liquid 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.
Moxreover, as shown in Fig. 12(E), the case where the liguid
is absent within the liquid container and the liquid within the
liquid 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 liquid within
the cavity is less than this threshold, the absence of the ink
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frequency of the medium and the oscillating section of the

20 actuator 106 by measurement of a counter electromotive forcewith
reference to Fig. 1lA, 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
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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 circuit 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
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in the actuatigrmififce boatie degoéesfipwimfitgliigible in the piezoelectric

layer 160, the 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 electrode 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), Fig. 12(D)
and Fig. 12(F) showequivalent circuits of theoscillating section
30 of the actuator 106 and the cavity 162, however, in these
equivalent circuits, C act denotes a compliance of theos¢cillating
section of the actuator 106. C pzt, C electrodel, C electrode2,
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



the respective inertance of the oscillating regions out of the wupper
portion electrode 164, the | ower portion electrode 166, the piezoelectric
| ayer 160 and the oscillation plate 176. Mbreover, conpliance C act
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out of the upper portion electrode 164, the |ower portion el ectrode 166,
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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 casewhere
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 o
of the medium.

Wave number k is represented by:

" k=2*x* f act/c (Expression 5)

30 wherein f act denotes a resonance frequency of the oscillating
section at the time when the liquid does not contact with and
¢ 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 ligquid is filled on the periphery of the
oscillating region of the actuator 106.
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additive inertance M’ adheres to Expression 4 in the case where
the liquid is sufficiently contained in the liquid 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 liquid on the periphery of the
oscillating region of the actuator 106 becomes gas or vacuumwhile
the liguid 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 liquid remains within the cavity 162

' 30 of the actuator 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(F) 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 liquid of the liquid container is consumed,
the liquid is absent on the periphery of the oscillating region



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 consuned
and the liquid on the periphery of the oscillating region of the actuator
10 6 becones gas or vacuumwhile the liquigl remains within the cavity 162,
adhere to Expression 25 6. Now, as shown in Fig. 12(E), an additive
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container, an addifive inertance Mvar 1S changed, and resonance frequency
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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 0 are different from the
25 difference of the components, an additive inertance M’ is changed,
and resonance frequency 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.
Fig. 13A is a graph showing the relationship between a
volume of the ink within the ink cartridge and resonance frequency
35 f£s 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



fs. Now, as shown in Fig. 12(E), supposingt = d, Mcav is 20 represented
by-enpl oyi ng Expression 6 and substituting the depth d of the cavity into
t of Expression 6. Mcav = p * d/S (Expression 7) Moreover, even if the
media are different kinds of liquids withgeach other, since densities p
are different fromthe 25 difference of the conponents, an additive
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ink is defineg;j; tbt@yp.eswnete; he inkK isi déﬁiﬂédlgas/\ﬂthﬁckhésﬁsﬁf l41eg i@k and
toink - max | S invo lJ:rll.rex(gj w:Lth 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
liquid 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 liquid 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’ is reduced accompanied with lowering of



t ink in Mmax. For exanple, the actuator 106 is arranged on the 20 bottom
surface of the ink cartridge in an approximtely parallel wth the ink
liquid level. When the ink is consuned and the ink liquid |evel arrives at
the height lower by the portion of t inksygrax fromthe actuator 106, M var

I s gradual |y changed adhere to Expression 6, and resonance frequency fs is
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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 t ink is smaller
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 = 0 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, 0 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. Out of the
media involving with the oscillation on the periphery of the
oscillating region of the actuator 106, as the ligquid is reduced



oscillation on the periphery of the oscillating region of the 20 actuator
1066, the gas is increased while the liquid is reduced. For exanple, in the
case where the actuator 106 is arranged in .parallel with the ink liquid
level , and when t ink is smaller than t gpk - nmax, the nedia involving
with the oscillation of t he actuator 106 include both the ink and the gas.
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the medi um i netedne oy wickh o eches melbat | ivelfvingheisie tilet @scilbatdonnd t he
ink is Si nk’tl?en%cttggt{)?gid%qighﬂﬁ the ink is 8 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/Maix+ 1/ M'ink=S 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 actuator 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 1is 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
in theoscillating regionof an actuator is detected. For example,



an area of the nmediuminvolving with the oscillation of the 20 actuator
196 is only the air is S.air: /ML =1 /M air + 1/ M ink = S air! (p air
*t air) + Sink/ (p ink *t air) (Expression 9) It should be noted that
Expression 9 is applied in the case wherg the ink is not held in the

cavity of the actuator 106. In 25 the case where the ink is held in the
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Fig. 13A and She¥@ndRdBig ééiﬁen@ﬁ/ m@ éﬁnﬁh'éYl thgninlpsks ipgrpagededih®on. An

ink is exgrrplacimdvasl@ﬂtaﬁae ds fcrefdt)nthérdfiche, leEsommdededeqsdray of
the ink is increase he 15 addltlve gertance is increased, therefore,

resonance fréfuenty qvge:qegl -| onEPEFLE Wi cE???narP‘&orgﬁﬂé‘ePFé‘aﬁerﬁees are
di fferent depgdffergnt depelkiiog u@bnl Joirls dhdnkEor a'hel&yéfdreswy measuEiIRnance

frequency fs ’re%ﬁgn&g %ﬂe&ﬁeﬁéy rf%f ! llleeﬁj ‘thghfz}kh% roerfﬁ(ied, 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 liquid
remains within the cavity 162 of the actuator 106 even if the

25 ligquid 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 liquid
is filled within the cavity 162, it can detect a state of the
liquid even in the case where the ligquid 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
liguid. 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




the ink having different density is mxed is checked. 20 Specifically, an
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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

liquid 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 * /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



liquid container is in a state of being enpty and the liquid 20 remains’
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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 oscillating

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
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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, the waveform
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 after

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




times that the reference voltage previously set is crossed from 20 the
l'ower voltage side to the higher.voltage side are counted. Digital signal
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fromthe fourth coun ase_where the
qual ity of tH& mpgtable and the variation of the amplltude 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 voltage
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,




is unstable and the variation of the anplitude of the pulse is 20 large, in
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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 be 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 amodule body 400 of the present embodiment,
a piezoelectric device mounting portion 405 is formed on the
liquid 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

Vet




cylinder portion 116 containing the actuator 106 for oscillating 20 by a’
drive signal is nounted on the base 102 whose plane is approxi mtely
rectangular. Since it is configured so that the actuator 106 of the nodul e
body 100 cannot be contacted fromthe exgtgrnal when the nodul e body 100 is
equi pped on the ink cartridge, the actuator 106 can be protected from
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nodul e body 58l of Ehhe avdhleckpdni A0t of t e 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 container 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
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circular cylinder portion 503 provided on the upper surface in 20 a
vertically slanting nmanner is fornmed 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 5903 in a vertically slanting
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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 actwator 106 can be 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




the actuator 106 projects into the interior of the container body 20 1 and
the oscillating section of the actuator 106 is contacted wth the ink
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198 J.s a perspective view seen from the front thereof. Thecircuit
20 substrate 610 according to the present embodiment, the
semiconductor storage means 7 and the actuator 106 are integrally
formed. The circuit substrate 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
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19B i s ‘a perspective view seen fromthe front thereof. The circuit 20
substrate 610 according to the present enbodi nent, the sem conductor
storage neans 7 and the actuator 106 are integrally forned. The circuit
substrate 610 can be provided and arrangedl instead of the actuator 106 in
t he enbodi nents of Fig. 1 through Fig. 7. As shown in Figs. 19A and 19B,

the sem conduciior aHH0LAE CotieriRaNtelnifal W0 Gith tHE dRREMaNGSI Lion of the
t ' e

circuit substrate 610, e actuator 106 is forned at t | ower position of
the sem conductor &Sher sgaieeadnctpr stonage desanscdl mayr bait feubexannle, 610.
In the circuit , . [ : ' | ROME
formed for rmucr?'?l% l%ik?ﬁ%&é@rl guﬁ‘%rg'll&gé%i%nl%%sag#%%a%ﬁgﬁﬁid%grﬁf ridge. The
circuit substra@detBeolike f | Riutethehsemicondusitor ateraye meansadl andhghe
section 615. g 4l r ale =YY 1%%@: 0 h

sem conductgor ag:ttgragég in@gﬁgg?f anél1 H‘:gchg%g@%a lr{cglrlﬂ %s eogl?hgzhen
actuator 106 d&he asguadosck(t and the sembcendurton storageameanshilare rowntedsi de

wal | of 35 the,i c rag,g:ler eﬁt@‘i@ 0, o,
electrically (ragcg#ﬁsef%}%c# e ,l\‘}g?'t e e g‘%?"r]’{lﬁ%a%tésé gfnf;llgﬁfagg%ﬂ%njds Q?x%ulgﬁe
external by eltectbe cabmpletedect Mageover extbenalonkingi refiers 1dusing afbet he
external term ] e:,axt : h e agy r ns 7
may be, for %%F%??u%r%]t%x?u%@g ﬁ/ﬂ?lrdgéﬁ %‘tngibl e sg '%?)%duct r rgflﬁa?mrr!r%s such
as EEPROMIO an§impbified BEprchenmeres incsntie nyrber afadtens ofsthe pagtehe 5

actuator 106 arg {eanE&H ONcHdGat@FBeEur £ ledHtPTf A GHk MIeRighBeis

actuator 106 and the sem conductor storage neans 7 are nounted on the ink
cartridge, t h&eduesd ng step of one tinme is enough to be conpleted.

Moreover, the worKi fHe Hctalbti 10% él@@ecﬁﬁaiﬁﬁéaé‘dﬂgxﬁdiﬂiéﬂ gt Lokt tiaedgarand
si nce the nunber
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val ue judgi ng, section
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 volume is detected may be corrected by reading

the data of resonance frequency on the side of the ink Jjet
recording apparatus.

Fig. 20 shows an embodiment of an ink cartridge and an ink

jet récording apparatus by employing the actuator 106 shown in

30 TFig. 11A, Fig. 11B and Fig. 11C. The multiple ink cartridges 180

are mounted on an ink jet recording apparatus having the miltiple

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



j udged, and can act as the storage section 850. Preferably, the 20

sem conduct or storage neans 7 stores the predeterm ned condition that the
characteristic value of the actuator 106 should satisfy and the past
errors and the instructions. Furthernore,6a resonance frequency is
previously stored in the senmi conductor storage neans 7 when the ink is

full or endedyohB&ESEIRh \%ﬁ@}xﬁ@ch?ﬁri&&e 88! @?&?'bevéét%?téd; S@EhgTRY

be corrected %ﬁr eading th resonance frequency on t side of the
ink jet reco gotipptentlfs op ghe 2ink antridgenb@i ment of an i nk
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190 for |nJect|ng are fornmed the nozzle
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cartridge 180 via the ink :Lnlet portlon 18 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

recording apparatus performs the printing on 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.




cartri'dge 180 via the ink inlet portion 182 to the head plate 20 186. The
IRk is supplied froman ink cartridge 180 to the head via an ink

i ntroduction section 182, and discharged fromthe nozzle to the recording
medium Owing to this, the ink jet recogdi ng apparatus perfornms the
printing on the recording medium It should be noted that in Fig. 20 and

Fig. 21, the other nﬁ%bitqﬁ% V@I@ﬁ@; & RaPBdMbhEs amﬁﬁégﬂeé dnbbat fon 106
t Ne

Up to this point, case where the actuator 106 is attached to the ink
cartridge nodvedbeen desceibed adewever p thectechnicadgecope oicthaapresertt t he
ink cartridged r m+d argl a h C;F,aen | hed.al | ver,
the act uator%v%rﬁzgeﬁbz%gokégun%%gtgﬁ t#}% ?gll? géacrtrl dgggér%%%%d.lgn the ink
jet recordi nfb gcusbedit empodioentise h Ahyatietyagé madifboatiansorey t
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ink cartridge, “w I'S separate fromthe carriage, I's an of f
carri age net Hdd isf appapeyt riromh&henkecitationcafr thges@pesiof fheupkaimsd t he

like. Still f t A 1@{@%&!@

nmount ed on aﬁ%eggﬁoﬁeggggi%q%g?%ﬁ%ﬁgggg’??%ﬁﬁﬁe\%t t he reggrgg?lar#g%p head
in an exchandegb eddedrean lg3alep imcludesl poi the tephniesddsrenesobrthene

pr esent inveg,geggnleaiﬁv pdescribed, however, the technical scope of the
present invention is not limted to the scope described in the

above- ded@ri bed enBegPrrdiRg tosthe presenbfinvemtiraatitomandre udgpddhatent s

can be addedyhethb® 8PNt 4ReCHIOELIRINAICTBE Sce 1d do%mﬁﬂ@?rﬁﬁémfi{]é?m the

recitation of the scope of the clains that the nodes _to which suc

modi i cat i on@ngr IRrhedeRB PPeTRRIRN Ofckhe AdNcIrt XRCAEIING APPAXALER 30 t he

techni cal sc@pecEftrdla edMRRRN6N iTheeTidbntlOF AdRehek thd piéfceRiRTant
i nvention, it,_ can be judged.that whefher or not the piezoelectric device
is normal |y GE¥AGRetS n‘?}gﬂi‘ ¥ PREYatedh OF5BPYti on of the ink jet recording

apparat ups can be sppesedt cdadeaRiingn tdethel dgraguntof inmition,t kitiring
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af t er manuf adtuecamde bonfameed thiatchimbil odnthe mreddiarmingdi eblofme: e

predet er m negd M Pk W&y iu&thﬁ.ﬁn{:ﬁénfﬁd’ﬂdt RbRthhgel i quid container.

' Furthermore, according to the present invention, it can

20 be detected that the predetermined volume of the ink is not

contained within the liquid 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 liquid container used for the same.



Furthernmore, according to the present invention, it can 20 be detected
t.hat the predeterm ned volune of the ink is not contained within the

|l iquid container due to the defect of the 1liquid container and/or the

pi ezoel ectric device, and further, an opgation of the ink jet recording
apparatus can be controlled based on the detected results of the volume of

the ink. 25 FyghhergoeeaT@ragdi ng to the present invention, the gradient
of the liquid container can be detected in the case where the liquid

contai ner is not préperlyAndgthed ffd eartrelddngaan fokt Het Bec i on
of the ink je ' r okl e a0, cted
Tesul'ts of tnoPbaTacas th BREE Y i, e S T CRaTLT T et
invention is Bppntedbsaiddignideentainerbavingg capdngrhodineontaingaad
cont ai ner use f AT, &tlﬁl ‘ A K‘ﬁf@q f
controlling a% :Itn ul}o{;tﬁu cord?fr)lga %ﬁ%ar at%gégn ' %IQ%?#J} cjfncont i_r?gr S
abl e to be defzemadinpzzisepeningand aipfsizoedontuindevise for detmatinger
body cont ai ni Egideli'gu‘ia'ﬂ&ﬁﬂpééf‘djcbﬁté‘iﬁé’fﬁbdw%oﬂ@i‘isﬂhé% gt@gs Q1 nk
droplet froma nozzZl'e opening and a prezoelectric device“for detecting

sai d liquid within deterting ai sbaracustistdepvadnagof heatd apieagelagérdst i ng
a characteri sfiies | i G | t 4 ction
P ovi ded | nsi e b B e R e e B o B
whet her or noinkgiet diegoxdingapparaisisae satisfies a predeterm ned

condition by a | udghidySROGIREhed S h8eGdiRdiacter bt ¢ 4810k ssalidriak | et
recordi ng apparatus; angd contralling said.ink-jet recordi nPg‘éf&Par,at Us so

that said ink BRCSLEXBLASH FORIRAQNJY & jgggixjpg SeCtIpBr B ddaséfe; n

non- oper abl e gt Ahi:dideed£ogad ri@ﬂuljtewieéai&h:igl@iga athep. ard A nethod of
controlling an ink ording to claim1, wherein

sai d detecting ste c?rgtr%gigég{%g_daigf%%fé@af% A FR Ak SRR i s
mounted on sixld jetk reebrdbeprappagatppaiftsit i3 ad opéluisiofsteaet 6ol inng an
ink jet ecorad in%%-—operable state based on a result of said judging step.

2. A method of controlling an ink jet recording
apparatus according to claim 1, wherein said detecting step is
executed at the time that said liquid container is mounted on
saild ink jet recording apparatus.

3. A method of controlling an ink Jjet recording
apparatus according to claim 1, further comprising a step of
measuring a consumption volume of said liguid within said liguid
container until at least a predetermined volume by a measuring
section provided inside or outside 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-
operable state of said ink jet recording apparatus or to change
said non-operable state of said ink jet recording apparatus to
said operable state.

5. A method of controlling an ink jet recording
apparatus according to claim 1, wherein said characteristic value

is an element characteristic value of a piezoelectric element
of said piezoelectric device. —
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apparatus according to claim1, further conprising a step of neasuring a
consunption volune of said liquid wiwthin said [iquid container until at

| east a predeterm ned volunme by a nmeasuring section provided inside or
outside of said ink jet recording apparass. 4. A nethod of controlling an
ink jet recording apparatus according to claim1l, further conprising a

step of, In a caseglhat gapdehBd lo¥! SGRIIITHGARRAT HIKIS b8 I¥ectRUSn
non-operabl e state, selecting either to maintal i sal d non- operable s?at e
of said ink jappcaisruaeeorking te atabn 1y whexgigsaideharachespstiprvalieat e

of said ink jgf _a"nﬁ&é’éﬂmi%B&ﬂ{ﬁta%%eﬂstié‘%lﬁB%@Qh%s%‘ii‘i?%:llén? fér%é:ﬁmd of

controlling an ink et recording apparatus according to c erein
sai d char act e?f s#aid \pilezeelestuir slewisnt characteristic value of a

pi ezoel ectric el emept ofy sgj ke elceoci{tr' ige. 14 1 : 11
1111111111 .* ¢ L”gg 6. ﬂrr‘é?ﬂ@% é? con Fgﬁﬁgﬁ% %ﬁl in ji?j&ré%c%g’ ?%%gl
appar at us accappRratuso actarding twhedsim baiwhereinasaddibigquid, goosainer an

oscillation c r@%gr' t .6 an. .0sgl i j : id
pi ezoel ectri cﬂg | ce.de§. #%t%ﬁé&g%%}: g‘gﬁtg%ﬁ %}gggﬁggétffﬂetd%gc%%di ng
appar at us accor di ng?herednai said \esecthonaigkdtigni ddewents nesciliapiavi ded
with at |east &@Fﬁ sPi tdd e ﬁl\&%i' ' '

section det ecﬁlgé%s.ci a??‘gﬁf&g%%gr%ﬂcgae%&\s%t i :géavsa uesi)(:)L %zégi!.%:%{%&fgggghtsm

pi ezoel ect ri dri&Aigedetpating Ft@dreandng step, and wherein said judging
section judges a coipEh 8818t ingf s&@¢ b | Hggs%télir&u%@'tioh' SeH 1k
contai ner based on a relative "condi fjon of tual oscillation ‘

char act eri st % faidesipridyibhinsaidakiquithcpnbstnee baprd-oné Febat e sai d
j udgi ng- st ep.cohdidionPeamiitifall escEPTdt M icharadtéPist R vadaesdbftaid
apparatus on whi.ch a liqui I

d container is able to be_ detachabl nount ed,
said |iquid @&nt&astr tﬁ%\RW%&@SH{:éﬁf@vm igofird rﬂq%mﬁ fo'SBi‘d suppl i ed
to a recordi ng head.di schar gpp@ratins Fordecomtslling 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 liquid supplied to a recording head discharging an ink droplet
from a nozzle opening and a piezoelectric device for detecting
said liguid within said container body, comprising:

a detection section for detecting a characteristic value
of said piezoelectric device, said detection section being
provided inside ox outside of said ink jet recording apparatus;

a Jjudging section for judging whether or not said

‘ characteristic value satisfies a predetermined condition, said
judging section being 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 judging section.

9. An apparatus for controlling an ink jet recording
apparatus according to claim 8, wherein said detection section
detects oscillation characteristic values of at least two said
piezoelectricdevices which are attached to said liquid container,

and

wherein said judging section judges a consumption state
_—

R R O



froma nozzle openi ng and a piezoel ectric device for detecting said liquid
w.t hin said container body, conprising: a detection section for detecting a
characteristic value of said piezoelectric device, said detection section
bei ng provided inside or outside of saidgpnk jet recording apparatus; a

j udgi ng section for judging whether or not said characteristic value

satisfies a predeter,ngned conditiaon, .said.judging section bein rovi ded
i nside or out sqeﬂga&fﬂslaq%qcﬂk H S8 cﬁ!’%ﬂ caga%%é%g’f"s&ﬁf‘é %%ﬁ?f“gf‘v‘gng
section for covnditibngosamttualk oseillatisr ¢hagaepenistis viludsabisaaddi nk
jet recordi ngﬁ%g aratus is ,set in an gﬁ&)erabl e state or in a non-operable

state based o SRSt Fyo JptegorlBChyiS HA9ViSRFgi ng section. 9. An apparat us

for controlling an ilok jefa negaididshtadiedr abrprasiary:ding to claim 8,
wherein said detection section l[(%Iet ects psci i,on,characteristic val ues
o

| | ati,
of at |east two sai & SBPEILRFR CRBRLRALRIIR éﬂ'qﬁ?‘ fattached to said

liquid container, andigndaeistppaying UepeRihd eLdr osuppigiasy as&RNSUIQiidN
state 1111111114.:1121111 \gﬁ:l 11 §1¥66¢ 0 sai% liquid within said I:it%fji d
cont ai ner bas@¥t§hdg o£|8aid, containex ikpdYsr @Ret ual oscill ation

characteristic val uasppézéalicttrit Herfde Sy BeedOEiRfigaid deyutaswitifin A

| i qui d container, conpri,sing: ,a con(%ai,ner Eod cont al ni a Ilguld.; ad

i quid suppl y?ﬁé‘do‘b‘g"ﬁwq“f ody 1o BRif ijezeeder e"ﬁﬁ?g‘%}é‘gop gltipne

cont ai ner bodyeagby a Pl@rielleveli ofdexidel iqwiddehent sagdsiiguid gis choti thin
sai d contai ner bg,g%%dsai d piezoelectric device being positioned nearby a

liquid |evel e Tiquid when said liquid is not consuned. 11. Aliquid
cont ai ner accordi nglio cl Aihidiid tonthiner eaxprdingdtarclada 1L0pnfdrther (
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addi tional pi $igéidwithineaidecontapiowirt bodyd nearby a “bottom surface of

said container bodyjy, A 1iquid container according to claim 11, wherein
said additional piezoelectric device is positioned nearby a
bottom surface of said container body.

13. A liquid container according to claim 11, wherein
said additional piezoelectric device is positioned nearby said
piezoelectric device, an initial liquid level when said liquid
within said container body is not consumed being located between
said piezoelectric device and said additional piezoelectric
device.

14. A liquid container according to claim 10, wherein
said piezoelectric device and said additional piezoelectric
device have oscillating sections contacting with a medium within
said container body, respectively, and

' wherein oscillation characteristic values of said

oscillating sections are detected.
' 15. A liquid container according to claim 10, wherein
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 liguid within said container
body being supplied to said recording head.

16. 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 liquid and a piezoelectric

AR
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13. A'liquid container according to claim11l, wherein said additional
pfezoel ectric device is positioned nearby said piezoelectric device, an
initial liquid level when said liquid wthin said container body is not

consuned being | ocated between said pieggelectric device and said
addi tional piezoelectric device. 14. A liquid container according to claim

10, wherein | 208kt ekt | ds%ﬁlf : SQi didiPnadnthiiseeehesy i c
devi ce have O@%{%ﬁt‘l ng sgc%}e%ﬁ% con 3@"?11%%8 \%h'?ﬂfg %rejfjc?umnvi\:n&gﬁlé% sg*a
cont ai ner bodAMMES3BGEI vel y, and wherein oscillation characteristic val ues

of said oscillati | y s| Gl lqn :
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mount ed on arcantiainer andddschaygingpanaink dropd ptplrdm Ansozeleopeding; by a
recording h di scharging an ink droplet, said liquid within said

cont ai ner body being supplied to said recording head. 16. An ink jet
recordi ng appar at u® eonhothen forgaputrebhing wer operablen tadate détsaidhbl y

nount ed, sai | gui.d i ner, ' ' Ya l,ai.ng a liquid
and a pi ezoe%’erléé :3:‘%':: Fggq}ﬁjfﬁfff??%&@%’l%l%}c%bfeﬁalggf %@h@devi ce for
detecting said |iq# dewechion sectionfioai detedbifyy a chamadtsnigtia valaw di ng
head recei vi |« |4 oul 1 aj Lgui d.:80 é’gf-_{ n | & | an

i nk dropl et ;b%orsr{daﬁn Z &&Sgﬁﬁg hgg%%g%l gglﬁt?rg%?er C)oﬂra _%%én*%lr%g{]%%g an
operati on st &weovifledains idenrrjatsidentisngdaiph iatusecardingc appara tusy;
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condition, said” jypdging section being provided inside or outside of said
ink j et "rec?@FBFﬁb’-‘%p?:&fm,S;aﬁ’&da control ling section for controlling

said ink jet 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 judging section.
17. An ink jet recording apparatus according to claim
16, further comprising a storage device capable of storing at

least said characteristic value.
1s. An ink jet recording apparatus according to claim

16, further comprising a measuring section for measuring a liquid
consuming volume within said liguid container until at least a
predetermined volume.

19. An ink jet recording apparatus according to claim
16, wherein said detection section detects oscillation
characteristic values of at least two said piezoelectric devices
which are attached to said liquid container, and

wherein said judging section judges a consumption state
of said liquid within said liquid container based on a relative
condition of mutual oscillation characteristic values of said
at least two piezoelectric devices.

20, A method of detecting a liquid consumption state of
a ligquid container mounted on an ink jet recording apparatus,
said liquid container having a container body containing a liquid
supplied to a recording head discharging an ink droplet from a
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recor di ng apparatus so that said ink jet recording apparatus is set in an
qperabl e state or in a non-operable state based on a result obtained by
said judging section. 17. An ink jet recording apparatus according to claim
16, further conprising a storage device cgpable of storing at |east said
characteristic value. 18. An ink jet recording apparatus according to claim

16, further c Y Sl : ri,ng s | s rj i, CuLLi \
consun g vol HEeye, Gl SR 1B SF6L Sty RBESH EOF Betedbify said
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characteristic values of said at least two piezoelectric devices
are approximately equal to each other.

22. An ink jet recording apparatus on which a ligquid
container is able to be detachably mounted, said liquid container
having a container body containing a liquid and a piezoelectric
device for detecting said ligquid within said container body,
comprising:

a recording head receiving said liquid 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 two said piezoelectric devices
attached to said liquid container; and

a judging section for judging a consumption state of said
liquid within said liquid container based on a relative condition
of mutual oscillation 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
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-according to-claim20, wherein said relative-condition of said

oscillation characteristic values is that said oscillation characteristic
val ues of said at |east two piezoelectric devices are approximately equal
to each other. 22. An ink jet recording agpgaratus on which a liquid
container is able to be detachably nounted, said liquid coqtainer havi ng a
cont ai ner bodyvahrdsai ifngsaidi g4 d a il ezaogql ic _deyice, for
detecting said Liauid wi 'tLhi n said ggﬁtggi ntg'?&bg’ge,gggi%ﬁﬁ}rcsyﬁl&?’lﬁeﬁec@ﬁ%ﬁ ng
head recei vi ng" 2 d‘lf"iagﬁ' ¥ % 3@ eachqether.cont ai ner and di scharging an
ink droplet froma nozzle opening; and a controller for controlling an
operation state of said ink jet recording apparatus, said controller

i ncluding: a detection section for detecting oscillation characteristic
val ues of at |least two said piezoelectric devices attached to said liquid
container; and a judging section for. judging a consunption state of said
liquid within said liquid container based on a relative condition of
mutual oscillation characteristic values of said at |east two

pi ezoel ectric 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 Ililil | M
Hll 11111111 69 values of said at |least two piezoelectric !devices are
approxi mately equal to each other. 11111.1 ! 111112112111 1 11111 L N S
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