4 January 2007 - 1 REMAIN NG LI QUI D- AMOUNT DI SPLAY APPARATUS AND.
REMAI NI NG LI QUI D- AMOUNT DI SPLAY METHOD BACKGROUND OF THH JaNuBfyT200R 1. ;
Field of the Invention The present invention relates to a remaining-liquid-
amount di spl ay apparatus and a remai ning-Iliquid-amunt display nmethod for
di spl ayi ng the anmount of conductive liquid remaining in a liquid
container. The present invention is applied to, for exanple, a case where
the anount of ink remaining in an inkjet printer is detected and
di spl ayed. 2. Description of the Relhted Art In inkjet printers, ink
contained in an ink tank is supplied to an ink-discharge unit -through an
“ink flow path, and ink droplets are di scharged from the ink-discharge

unit. In ﬁﬂﬂhth@ﬁe—t@%UBBJ—EMOQM“D%@LAM APBARREHES ALY hﬁm@@%ﬁ@ the
presence/ absence of the ink with relatively high accuracy e reasons for

‘this will be described hebowp-akbuRt! prsbtaksugirfibpcult to determne the
anmount of remaining ink by observing the ink tank fromthe outside.

Secondary, if an ink-discharge operation is continued wuntil the ink is
conpl etely consuned, there is a risk that
BACKGROUND QF THE INVENTION
1. Field of the Invention
The present invention relates to a remaining-—liquidw
amount display apparatus and a remaining-liquid-amount
diéplay method for displaying the amount of conductive
liquid remaining in a liquid container. The present
invention is applied to, for example, a case whére the
amount of ink remaining in an inkjet printer is detected and
displéyed.
2. Descfiption of the Related Art
In inkjet printers, ink contained in an ink tank is
supplied to an ink-discharge unit through an ink flow path,
and ink droplets are discharged from the ink-discharge unit.
In addition,'in inkjet printérs, it is necessary to
detect the presence/absence of the ink with relativéiy high
adcuracy, The reasons for this will be described below.
Firstly, it is difficﬁlt to determine the amount of
remaining ink by observing the ink tank from_the oufside.
Secondary, if an ink-discharge operation is continued
until the ink is completely consumed, there is a risk that
“the ink-discharge unit‘will be damaged. As an exaﬁple ofraﬁ

ink—discharging-method used in inkjet printers,.a-thermal




t he i nk-di scharge unit will be damaged. As an exanple of an
i nk-di schargi ng nethod used in inkjet printers, a thernal4dadanu200f 2007 2
met hod in which ink contained in ink cells is quickly heated by exothermc
el ements to discharge ink droplets is known in the art. In this method,
there is a risk that the exothermc elenents will be damaged if they are
heated when there is no ink in the ink cells. Accordingly, the ink-
di scharge operation (print operation) nust be stopped when the anount of
remaining ink is reduced to a predetesnined level. Thirdly, in the case of
printing on a | arge sheet of paper, there is arisk.that the ink wll run
out inthe mddle of the print operation if the anount of remaining ink
cannot be detected with high accuracy, and a partially- printed paper sheet
wi |1 beGERPEAIR nhich nkagentabred dimglyk ¢olls el oluiadtlst yheaiddcononi c
~efficiency, iﬁ is,necessarg to detect the amount of remaining ink with
~ high acR¥Ur 8EgEREFELC 2ot SMeNt X SUEIC IRFED ek I VAT W ks Howi ipwen fim st
- exanple_of a gno remai ni ng-i nk- amount , det ect or (Japanese Unexam ned
Pat ent 5§%|?E tigﬁnpﬁ%+?d%?%hﬁé%«ﬁh%ﬁ%oﬁﬁT@)F1§F1Ehﬁ%'@%%nple, an ink
Cartrldggoghégﬁigdg eﬁ%ﬁ%@léﬁll be damaged if they are heated when
there is no ink in the ink cells. Accordingly, the ink-
discharge operation (print operation) must be stopped when
the amount of remaining ink is reduced to a predetermined
level,
Thirdly, in the case of printing on a'large sheet of
paper, there is a risk.that the ink will run out in the
middle of the print operation if the amount of remaining ink
cannot be detected with high accuracy, and a partially-
printed paper sheet will be wasted in such a case.
Accordingly, in view of safety and economic efficiency,
it is necessary to detect the amount of remaining ink with
high accuracy.
Fig. 2 is an exploded perspective view showing a first
example of a known remaining-ink—amount detector (Japanese
Unexamined Pateﬁt Application Publication No. 5-201019).
In this example, an ink cartridge a includes elastic
ink bags b, and the ink bags b are pushed by compression
springs c¢. In addition, strips d move as the amount of ink
rdECreases, so that the amount of remaining ink can be

determined by observing the displécement of the strips d

- through a window e. Accordingly, the amount of remaining




i nk bags b, and the ink bags b are pushed by conpression springs c. In
addition, strips d nove as the anount of ink decreases, 4dartuaat20d7e anount
of remaining ink can be determ ned by observing the displacenent of the
strips d through a wi ndow e. Accordingly, the anmount of remaining 4
January 2007 3 ink can be easily detected at low cost. Fig. 3 is a block
di agram showi ng a second exanple of a known ink-remaini ng-anount detector
(Japanese Unexam ned Patent Application Publication No. 9-169118). In this
exanpl e, the amount of remaining ink4s calculated on the basis of an
initial ambunt of ink contained in a tank and the nunber of times an ink
droplet has been discharged. An ink-discharge-anount cal cul ator f
i ncl udes a counter which counts the nunber of times an ink- discharge
operat|%#FrﬁﬁﬁtRﬁHﬁ%ﬁ#kKﬂdﬁﬁP%ﬁﬁﬂeﬁﬁnﬂqw[ﬂQQ# which nmultiplies the count
by the anDunt of |nk di scharged in a single ink-discharge operation
(aver age voldﬂb) THerR, Plogk @H&gréﬂt&Pﬁ@&nﬂaﬁuéep§n@r§H§Wpﬁ?e9ft@ an
i nk- req%ajlng amount, cal cul at or as the anount of ink consuned. The ink-
[

remai ni oMt ?ﬁﬂ%ﬁﬂ%RQNa%fQEﬂ(ﬂﬂ%ﬁ%ﬁ?%fﬁg%ﬂﬁﬂﬁﬂ? Smexagdgiast ng i nk by

?Eg;:? |¢ghﬁréﬁyglue caI 6¥f3£é?éérﬁé |gﬁié§1 Qarge anount cal cul ator f

In this example, the amount of remaining ink is
- calculated on the basis of an initial amount of ink
cdhtained in a tank and the number of times an ink droplet
has been discharged. An ink-discharge—amount calculator f
includes a counter which counts the number of times an ink-
discharge operétion has been performed and a multiplier
which multiplies the éount by the amount of ink discharged
in a single ink-discharge operation (average volume). Then,
' theAthus obtained value is transmitted to an ink-remaining-
amount calculator g as the amount of ink consumed. The ink-—
remaining—amount calculator g calculates the amount of
remaining ink by subtracting the value calculated by the
ink-discharge-amount calculator f from the initial amount of

- ink contained in the tank.

Fig. 4 is a sectional side view showing a third example
of a known ink-remaining-amount detector (Japanese

Unexamined Patent Application Publication No. 6-226990).

In this example, a pair of electrodes i are disposed at
a position close to the bottom surface of an ink cell h, and
the presence/absence.of ink is detected on the basis of the

- resistance between the electrodes i.




'_[ink,cell h, and the presence/absence of ink is detected on the basis of

ink contained in the tank. Fig. 4 is a sectional side view showing a third
exanpl e of a known ink-remaining-amunt detector (Japanesdanuenedi ned
Patent Application Publication No. 6-226990). In this exanple, a pair of
el ectrodes i are disposed at a position close to the bottom surface of an

the resistance between the electrodes i. 4 January 2007 4 Fig. 5is a

. sectional side view showing a fourth exanple of a known _ _

‘i nk-remai ni ng-anount detector (Japanese- Unexam ned Patent Application
"Publ'ication No. 2000-43287). In this exanple, an optical sensor is provided
~which includes Iight-reflecting menbers kl and k2 di sposed on the bottom

f f ] tank ht -eni t menhers, m and n2 which emt
i ant Covar & 10 7 i4 |3§1nt-1reelﬁ qﬁ}eﬁg;eem Sl @cgﬁrptgb:n vely, and
: - nd__n ich rece A
i gt~ eor et %‘-‘L@goﬁnignﬁﬁlﬁém?ﬂ e %aa%an?emwéﬁwimr Shettect i ng
esence/ abs n
' gg{rte)g{ Zdﬁon&?ﬂng‘%aa s eﬂrr%an%%lgl% V\}ﬁ{)é Jroneblf E&E(Zcﬁ%/@ol) by the
light-recei Vﬁ:ﬂ&ﬂ@é’f@%&ﬁl‘ 200 041N e QR g_%l pro¥i¥ed which

 includes 11ght reflectlng members k1l and k2 disposed on the

'.bottOm surface of an ink tank j, light-emitting members ml
and m2 which emit light toward the light-reflecting members
k1 and k2, respéctively, and light—receiving members nl and
nZ2 which receive the light emitted from the light-emitting
members ml and m2 and reflected by the light-reflecting
members kl and k2, respectively, and the presence/absence of
ink is detected on the basis of the manner in which light is

 received by the light-receiving members nl and n2 of the
optical sensor.

However, the above-described known techniques have the
folloﬁing problems.

That is, the first example in which the amount of

remaining ink is determined by visual observation does not
éomply with the requirements of reéent, highMQuality inkjet

 printers. 1In addition, when the améunt of remaining ink is
to be éhown on a display or the like, mechanical
displacements must be converted into electrical signals,
which'meaﬂs that a complex structure is required and high
costs are incurred.

In addition, in the second example, the amount:of ink




However, the above-described known techni ques have the follow ng problens.
That is, the first exanple in which the anount of renai nd dgnuanmk2007
determ ned by visual observation does not conply with the requirenents of
recent, high-quality inkjet printers. In addition, when the anmount of
remaining ink is to be shown on a display or the |ike, nmechani cal
di spl acenents nust be converted into electrical signals, which means t hat
a conplex structure is required and high costs are incurred. In addition,
in the second exanple, the anmount of §nk 4 January 2007 5 consuned is
calculated by nultiplying the average volunme of an ink droplet which is
di scharged in a single ink-discharge operation by the number of tinmes the
i nk-di schar‘ggecgp.eration. has heen performed. However, if, for exanple, the

ink tan®®" 13,95 TS oY (he i p ek h ddp et iR e e lameu&E  vol une |

of an ink droplet .di.scharged and. the average volune of an ink dropl et
whi ch i3 sdt* io{nroé)c}\?é:né” dlusalﬁgjyscnﬁféqeecga 2 O re kTR sAbaRgst safety,

R N R L A AR AR
_rressag%a-l@q:ieceq{ iﬂég:ftor}?r{e&.he A%J@, riuin, Of%)t‘r example, the ink tank '
) has a large capacity; the difference between the actual

vd;ume of an ink droplet discharged and the average volume

of an ink droplet which is set in advance gfadually

-increases; Therefore, in view of safety, it is necessary to

display a message indicating that the ink has run out while

"a relatively large amount of ink may still remain.

Accordingly, the message indicating that the ink has run out

must be displaved whiie an amount of ink sufficient to

continue printing is still contained, and the therefore,

remaining ink is wasted.

In addition, in the third example, since only the
preseﬁce/absence of the ink is detected, the amount of
‘remaining ink cannot be determined. Therefore, there may be
'a case in which the message indicating that the ink has run
out is suddenly'displayed and the print operation stop;. Iin

 such a case, the printer cannot be used afterwards unless a
spare ink cartridge is available.
. The fourth example also has a problem similar to that
'Qf the third example. In addition, in the fourth example,
. the above-described optical sensor for detecting the amount

of remaining ink and the method in which the number of times




must be di spl ayed while an anount of ink sufficient to continue printing
is still contained, and the therefore,; _remaining i nk i s 4westwed. 2007
addition, in the third exanple, since only the presence/absence of the ink
is detected, the anobunt of remaining ink cannot be determ ned. Therefore,
there may be a case in which the nessage indicating that the ink has run
out is suddenink direplayedaantedrhelipchargepei at¢omistopse hmedsiich a case,
the printer cannot be used afterwards unless a spare ink cartridge is
avai | abl e.comfdnpgdenh exabipite tdles @chasaqypioblregnasiad lcampaoedheed  of the
third exanple. In addition, in the fourth exanple, the above-described
opti cal sdi¥orerenddererpla@nchdhaenpupblenfof e fihigdi Aka@REEL he nethod in
whi ch the nunber of times 5 _ 4 January 2007 an ink_droplet has been
di schar gedha$ d6untbf Beesagedndicatsnsi kagt orhe dak hae pRENaB®uracy is
i nproved conpared t he second exanple and the problemof the third
exanpl e, tHHt %Ss?ugﬁgn%%§§§§§aﬁﬁ§ic§f e tHideRe | ARVEYRS b&dRRun  out i s
suddenl y displ ayed, can be avoi ded. wever, since it is necessary to use
t he abpvejﬂé§@r%ﬁgasﬁﬁﬁyﬁﬁfHﬁﬁ%%sﬁ aggﬁﬁf %ﬁ?%ﬁ“f%?wﬁeF@gF?ﬁﬁ thhe anount of
remai ni ng I, Lhe s, s¥St e hesonEs, fOMRLEX, A0t NLah: §051 %A e chiaour red.
system becomes complex and high costs are incurred.

SUMMARY OF THE INVENTION
Embodiments of the present invention provide an
- apparatus and a method for accurately detecting and
displaying, in steps, an amount of liquid, such as ink,

remaining in a container thereof with a simple structure.




Enbodi ments of the present invention provide an apparatus and a nmethod for
accurately detecting and displaying, in steps, an anount4 $nuaiy@00d, such
as ink, remaining in a container thereof with a sinple structure. 7 - 4
January 2007 1In accordance with a first aspect of the present invention,
there is provided a remaining-liquid-anmunt display apparatus for

di spl ayi ng an anount of conductive liquid remaining in a ink jet cartridge
ink level display, conprising: a plurality of detection electrodes which
are arranged albiy@rdeneet vobhia Whith aswectti gbi Bh¢ eviedsgrdl |s  when the
anount of |iquid in the container, decreases and a A common el ectrode which
conducts ciPYEHtIMhetPgEe| basRIOREIeDR tsBadpivgt) bhisl-e8orBles is in

cont act mﬁ%h t he Iiguid' a _vol tage source adapted to apply a voltage to

the detectitiPl%| GOPREABYS &P (oPdadaPectdraihinth odefeidsciive
presencel absstice alLIe) LAV 2 Bonl L ans gl Lhe detochign o ectrodes on
) S GUALL 8 M, VL (BEE ARSI B which e (e aroun
of | 10U10 QLSRN 19chD 418 ASRLASY LIS simgh Lppetotaetion, result
obtai ned Qy,dherl ahhban@e8£CYuid in the container decreases and a
common electrode which conducts current when at least one
of the detection electrodes is in contact with the liquid; a
- voltage source adapted to apply a %oltage to the detection
electrodes; a liquid detector which detects the
presence/absence of the liquid at positions of the detection
electrodes on the basis of whether or not the detection
electrodes conduct current when the voltage is applied by
the voltage source; and a remaining-liquid-amount display
unit which displays, in steps, the amount of liquid
remaining in the container on the basis of the detection
result of the presence/absence of the liquid at positions of

the electrode units obtained by the liquid detector,

«characterized in that said common electrode comprises a




characterized in that said common el ectrode conprises a - 7a - 4 January
2007 plurality of common el ectrodes, .each of said detect4 dmuas| 28¥r odes
bei ng acconpani ed by a common el ectrodé so as to forman el ectrode unit,
and a plurality of electrode units are arranged along a direction in which
the liquid level falls when the anount of liquid in the container
decreases pangh LANHUE! cEHREEH1 MRBaEDE &l@CcLiFode: dnidisc@figni N contact

with the liquid. I'n accordance with a second aspect of the present

i nvention, etéiddes BEONG dttomphaBH b Gr Idofiib - a@tiodedissph@ycdret hod for

di spl ayi ng an anmount of conductive |liquid remaining in aink jet cartridge
ink level tbaplayelcconpdd sinid,t Aadsi epsirefllicappf yéRg-taodel ages t o
el ectrode wunits which are arranged along a direction in which the liquid

| evel fallsraverranhedanbarind sofdikequich iim twhechcoimd alingriddéerehses and which
conduct current when the electrode units are in contact wwth the |iquid,
wher ei n ebfehlofwhsai thelamalntt pfolighsttinodeeundttsainey deeramsesl ect r ode
and an associ ated common el ectrode; wherein said plurality of el ectrode
units inclark® geinduigrt cderedt Wvbenetkeetelodsodaduaticorgganyitngoptastal common
el ectrodes; detecting the presence/ absence of the liquid at positions of

t he el ect roee) (ihiet $igaidhe basis of

In accordance with a second aspect of the present
invention, there is provided a remaining-liquid-amount
display method for displaying an zmount of conductive
ligquid remaining in a ink jet cartridge ink level display,
comprising the steps of: applying a voltage to electrode
units which are arranged along a direction in which the
liquid level falls when the amount of liquid in the
container decreases and which conduct current when the
electrode units are in contact with the liquid, wherein
each of said plurality of electrode units include an
electrode and an associated common electrode; wherein
sald plurality of electrode units include plural
.detection electrodes and accompanying plural common
electrodes; detecting the presence/absence of the liquid
~at positions of the electrode units.on the basis of
_whether or not the electrode units conduct current when L
the voltage is applied; displaying the amount of liquid
remaining in the containef in steps on the_basis of the
detection result of the presence/absence of the li@uid at

positions of the electrode units.




whet her or not the electrode units conduct current when the voltage is
applied; displaying the anount of |iqwid remaining in thRelaoatyd00&r in
steps on the basis of the detection result of the presence/ absence of the
liquid at positions of the electrode units. - 7b - 4 January 2007
Operation According to enbodi nents of the present invention, the electrode
units are arranged along a direction in which the Iliquid |level falls when
the amount of liquid in the container decreases. Therefore, the el ectrode
uni ts whi @peRtdOBbove the liquid level are not in contact with the
liquid, and the electrode units which are belowthe liquid Ilevel are in
contact with tREPrdure. tGisROIRENES ot dthes RIGHEHEL LDESI SR e vol t age
is applie the el ectrode units which are in contact with the liquid

conduct ¢ F&ﬁ??dﬁh?W%F§tﬁ¥eeP§EPP8%% RS alERTEier HotWhirtedtact with
the liquid,doe ot co ct rrent. Accordingly, .the sition of the
quuihqrg éﬁuFélg?V%g f%&ﬁ%|¥ %Bogﬁ?i?WﬁPQﬁ=Ckﬁglépégt?%g Qnits can be
detected b det i, Ni whet t th | ectrqd its, which are
ot anped SPoSThEE PR RRE RO Y TR R A ST Pt hen The

anount Ofa&%nggvé“tﬁ@?t&ﬂﬂkﬁh@%éldgfé%%ﬁ?%xl%x%%%%%rxigﬁoghe
liquid, and the electrode units which are below the liquid
level are in contact with the liquid.

Since the liquid is conductive, when the voltage is
applied, the electrode units whichrare in contact with the
liquid conduct current, while the electrode units which are
not in contact with the ‘liquid does not conduct current.

Accordingly, the position of the liquid level relative
to the positions of the electrode units can be detected by
determining whether or not the electrode units, which are
arranged along the direction in which the liquid level falls

when the amount of liquid in the container decreases.




8 conduct current. Then, the anount of liquid remaining in the container
is displayed in steps by using the detection result. Accbdahuag3007not only
can the presence/ absence of the liquid be sinply displayed, but the anmpunt
of the remaining liquid can be accurately displayed in steps (for

exanpl e, the percentage of the remaining liquid to the anmount when the
container is full) with a sinple structure. BRI EF DESCRI PTION OF THE
DRAWNGS Fig. 1 is a diagram showi ng a renmi ning-liquid-anmount. display
apparatus according to an enbodi nent. @f._the present invention;, Fig. 2 is
an expl oded perspective view showng a first exanple of a known :

i nk-remai ni ng-anount detector; Fig. 3 is a block diagram show ng a second
exanpl e of .a _known ink-renmai ni ng-anount detector; Fig. 4 is a sectional

si de vi EAPINGH AYTEeRhi r dTRSANpHES Frownkrpbnl 1okiq crpiai mparount

. det ect Of; and Elg? ) isn@. sectiopal side view show ng a fourth exanple of
a known TRKSPRRAFHERGE AndirR 1 aeR ctdrS tepE SR YPR RN - SHERERRED

EMBODI enpodi nent _of the present invention will, bhe described bel ow
with re %g%jrf‘l‘g‘e {Tgc?%ggb%% aiSF it HY S Thgtle MESanGYy abPANRS & showi ng a

re”H'”'Eﬂé'iﬂ&ﬁﬁaaﬂgugimply displayed, but the amount of the
remaining liguid can be accurately displayed in steps (for
example, the percentage of the remaining liquid to the

amount when the container is full) with a simple structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a remaining-liquid-amount -

..display apparatus accqrding to an embodiment of the present

invention; |

Fig. 2 is an exploded perspective view showing a first
example of a known ink-remaining-amount detector;

Fig. 3 is a block diagram showing a second example of a
known ink—remaining—amount detector;

Fig. 4 is a sectional side view showing a third example
of a known ink-remaining-amount detector; and

Fig. 5 is a sectional side viéw showing a fourth

example of a known ink-remaining-amount detector.

'DESCRIPTION OF THE PREFERRED EMBODIMENT
An embodiment of the present invention will be
described below with reference to the accompanying drawing.

Fig. 1 is a diagram showing a remaining-liquid-amount




4 January 2007 9 display apparatus according to an enmbodi ment of the
present invention. In the present enbodi nent, an ink-renmlanuag-20@Fount

di splay apparatus 10 used in an inkjet printer or the Ilike will be _
descri bed as an exanple. Wth reference to Fig. 1, a container 11 contains
ink for an inkjet printer or the like. An ink-injection hole Ilais

formed in the top surface of the container 11, and an ink outlet Ilb is
formed in the bottom surface of the container 11. The ink outlet Ilb is
connected to an ink flow path of a printer head (not shown). An

i.nk-remai ni ng- anount det ection substrate (hereinafter called sinply a |
substrat e) 20 is di sposed in the container 11 at the central position of
‘the contai As will be descrl bed below in detail, the substrate 20
serves ‘% ' %rarﬁﬂ?erat'ﬂ’es AR rerghisipadigeand mf %é&qsﬁ?@q he 1iquid
| evel . However elnIb e cont ai ner 1 tilts, the liquid |level in the

cont ai NS Y not |Rgessnt (gbadimente’ am A9 EEFRIRINE t he

cont ai n thesbstr e20|s dlspo ed at p05|t|on close to
one of E?r{l%e S|dc311e3psld?‘rlﬁ‘ éaé)é)a '{Shela& “ﬁ‘ﬁ@tl ,%D&qre@é] thei ses or

falls w{h raspegle R 48 Supstrate e%{%n{ e accor dance- with the tilt of the
contai ner 11 and an accura t{ )

With reference to Fig. 1, a container 11 cbntains ink
for an inkjet printer or the like. An ink-injection hole
lla is formed in the top surface of the container 11, and an
ink outiet 11b is formed in the bottom surface of the
container 11. The ink outlet 11b is connecﬁed to an ink
flow path of a printer head (not shown).
| An ink-remaining-amount detection substrate
(hereinafter called simply a substrate) 20 is disposed in
the container 11 at the central position of the container 11.
As will be described below in detail, the substrate 20
serves to determine the amount of remaining liquid by
detecting the liquid level.“However, when the container 11

tilts, the liquid level in the container 11 is not parallel

to the surface a base supporting the container 11, and if

the substrate 20 is disposed at a position close to one of
the side surfaces of the container 11, ﬁhe liquid level
rises or falls with respect to the substrate 20 in

- accordance with the tilt of the container 11 and an éccuréte
liquid level cannot be detected. For this reason, the
substrate 20 is disposed at the central position where the

influence of the tilt of the contqiner 11 is minimum (that




liquid | evel cannot be detected. For this reason, the substrate 20 is

di sposed at the central position where the influence of 4bandary 2007 the
container 11 is mninmum (that 4 January 2007 10 1is, where the

di spl acenent of the liquid level is mininmum, so that the liquid |evel can
be accurately detected even when the container 11 is sonewhat tilted. A
plurality of electrode units 21 (2l1a to 21h) are provided on the substrate
20.. More specifically, seven electrode units 21 are constructed of seven
detection electrodes 2la to 21g and;geven common el ectrodes 21h. Each of
the common el ectrodes 2lh is disposeé at a position close to one of the
detection el ectrodes 2la to 21g. Wen the ink contained in the container 11
is consunmed _and the anount thereof. is reduced accordingly, the liquid

| evel ~nmb¥esviderpvihe dhsphacengnteof e liguid ieeel dis aeiniwuniy om t he
ink-injection hole Ila to the ink outlet ‘Iib%. More specifically, the
liquid PevElahobRe 1Haehe levebcerprPofacpana tglvndateseedmian of ink

decr eas The detectjon eLectrode 2la is disposed at the top position (a

positioﬁﬁ%T 7 cRPR IRt ett i bh BPRARVdetBh%d comes into contact with the
Id:’”;p\gggg ;P%h%%]}r%{lr}. ry' ]b]f Ieﬁecft_lilclolc?e’ ti%r:ll.q:st' g?l d.(eztl(?aCtéooré 1%|)e%trI;90de 2lg 1s
| provided on the substrate 20. More specifiéally, seﬁen
electrode units 21 are constructed of seven detection
electrodes 21a to 21g and seven common electrodes 21h. Each
‘of the common electrodes 21h is disposed at a position élose
to one of the detection electrodes 2la to 21g;

When the ink contained in the container 11 is consumed
and the amount thereof is reduced accordingly, the liquid
level moves downward in the figure (thaf is, in the .
direction from the ink-injection hole 1la to the ink outlet
11b) . More specifically, the liquid level moves in the
direction of gravity when the amount of ink decreases.

The detection electrode 2la is disposed at the top
position {a.position at which the detéction electrode 2la
comes into contact with the ink when the container 11 ié
full}, and the detection electrode 21g is disposed at a
position close to the bottom surface of the container 11.
In.addition, the detection electrodes 21a to 21g are
arranged along the direction in which the liquid levél falls
as the amount of ink decreases, that is, in the direction of

. gravity, at fixed intervals.

The detection electrodes 2la to 21g are individually’




position close to the bottom surface of the container 11. |In addition, the
‘detection electrodes 21a to 21g are arranged al ong the & Jactna2007n whi ch
the liquid level falls as the anpunt of ink decreases, that is, in the
direction of gravity, at fixed intervals. The detection electrodes 2la to
21g are individually 4 January 2007 - 11 connected to their respective
wiring patterns, and the seven common el ectrodes 21h are connected in
parallel to a single wring pattern and are grounded. The comon
el ectrodes 21h may be constructed sugh that ~the entire region of the
comon el ectrodes 21h and the wring pattern tone into contact wth. the
i nk. However, in the present enbodi nent, only the rectangul ar regi ons of
the common el e trod 21h cone into contact with (are exposed to) the
Cink, aftPtHEWT ‘i’g ’%b‘flt%rfrﬁﬁ%efc‘bv@’r S StRH RAGEECTRS . RS W BRI nto
contacta%ﬁghte Lk eslikpthe r%g{ons (gf t he- common el ectrodes 21h which
~cone into contEct W IS t |a}ﬁ?:ﬁ* SRR Hehd%ihIE R surface
-area of t]_b_yL ‘f? Az‘%ﬂa%{ ctrodes C%V&O 21g may be the sane as that of the

connon e the surface area of the common
el ect rodes 31 cmo@leeqe%@&sdeghaaht Ay 9 HaRateheRien gheghgdes 21a to

the entire region of the common electrodes 21h and the
wiring pattern come iqto contact with the ink. However, in
the present'embodiment,'only the rectangular regionsrbf the
common electrcodes 21h coﬁe-into contact with {are exposed
to) the ink, and the wiring pattern is covered such that it
does not come into.contéct with the ink. Thus, the regions
- of the common electrodes 21h which come into contact with
the 1nk are made as small as p0551ble
‘The surface area of the detection electrodes 2la to 21g
may be the same as that of the common electrodes 21h. |
Alternatively, the surface area of the common electrodes 21h
may be greater than that of the detection electrodes 2la to
'2lg.r When, for example, the ink has a relatively low
condﬁétivity, there is a risk that electrical connection
between each of the detection electrodes 2la to 21g and the
corresponding common electrode 21h cannot be sufficiently
~ensured. However, such a situation can be avoided by making
- the surface area of the common electrodes 21h greatei than
that of the detection electrodes 2la to 21g.
The electrode units 21 are constructed such that they

. have water repellent surfaces. For example, the electrode




21g. Wien, for exanple, the ink has a relatively low conductivity, there
is arisk that electrical connection between each of thet geiuact2on
el ectrodes 2la to 21g and the corresponding comon el ectrode 21h cannot be
sufficiently ensured. However, such a situation can be avoi ded by making
the surface area of the common el ectrodes 21h greater than that of the
detection el ectrodes 2la to 21g. The el ectrode units 21 are constructed
.such that they have water repellent surfaces. For exanple, the electrode 4
January 2007 12 wunits 21 may be cogposed of a water-repellent material,
or a ~water-repellent coating may be applied to the surface of each
“-electrode unit 21. Accordingly, when, for exanple, one of the electrode
units 21 becomes free fromthe ink, the ink can be renoved fromthe
surf ace' ¥t at e dts s RATed Af & Wﬁtﬁ%ﬂ%p%)slqﬂsgnqd}eer,ladndogr fal se
detection, that is, the electrode unit 21 being determ ned to be in
cont actw‘?{/\l‘ﬁ‘?ﬁ"lf?%elsli‘?iw SPAT R MIY he WRERE T &9 rBHRAARE ik, c?n be
prevented., I n additjon, . It%}gug not sho in.the figure, the surface
(out er efaaci'/herﬁrieo?q:reoa%d&lg%t de ‘fcfrc;inq co%tey fak r?}"é‘“@ﬂ'refraé’é‘-etr egt edf
i ' i ' i i.r. Varioys kinds o
. ayer f@fll & ré’cqiszlo% r11(:f‘155'LI*I:Sst a{!LC%:;écocamet:shefrlenek ?r%?n tt(?lealirnk, 611:he link '
pl ating materials nay
_can be removed from the surface of that electrode unit 21 as
quickly as possible, and a false detection, that is, the
electrode unit 21 being determined to be in contact with the
ink even when it is already free from the ink, can be
prevented.
In addition, although not shown in the figure, the
»  .surface (outer layer) of each electrode unit 21 is coated
with a surface~treated layer having corrosion resistance to
the ink and to air. Various kinds of plating materials may
be used for forming the surface-treated layer, and gold
plating is applied in the present embodiment.
The surface-treated layer is provided in order to
prevent temporal degradation of the characteristics of the
electrode units 21. More specifically, depending on the
kind of metal used for forming the electrode units 21, there
is a risk that the metal (electrode units 21) will dissolve
in the ink due to physical or electrochemical changes which
_'occur when the electrode units 21 come into contact with the
ink contained in the container 11. In addition, when the

electrode units 21 come into contact with air, there is a

risk that the surfaces of the electrode units 21 will be -




be used for formng the surface-treated layer, and gold plating is applied
in the present enbodiment. The surface-treated layer is ptdanuded2d0d or der
to. prevent tenporal degradation of the characteristics of the electrode
units 21. Mre specifically, depending on the kind of netal used for
form ng the el ectrode units 21, there is a risk that the netal (electrode
units 21) will dissolve in the ink due to physical or electrochem cal
changes which occur .when the el ectrode units 21 cone into contact with the
ink contained in the container 11. _Ig3addition, when the electrode units
21 cone into contact with air, there is a risk that the surfaces of the
el ectrode units 21 w | | be 4 January 2007 13 oxidized and the electrical
change, for exanple, the electrica

ool of sAELUFTT TG EhsetLophe SHEh S eBSEroT I e ridtotae Hosei b e to
s B e iR e i
ot LRI SiElel Ul s QU BEE LSHAT Po 10 porreso
el ect ro@fe&ﬁfcaflcoﬁrpe@ggéﬁ'@@twgg &L es'étt%ncefetectairc])d seven D-type flip
electrodes 21a to 21g and the corresponding common electrode
21h. " Accordingly, in order to avoid such situations, the
surface-treated layer having corrosion resistance to the ink
and to air is applied on the surface of each électrode unit
21..
In addition, seven resistances 12 and seven D-type flip
flops (DFFs) 13, which correspond to a liquid detector of
_.the-present invention, are disposed outside the container 11.
Each resistance 12 is electrically connected to a D-input
terminal of one of the DFFs 13, and each of the detection
electrodes 2la to 21g is electrically connected to one of
electrical lines connecting the resistances 12 to their
iespective DEFs 13. |
Resistances having high resistance values are used as
the resistances 12. In the present embodiment, the
presence/absence of the ink is detected on the basis of .
whether or not the detection electrodes 2la to 21g areée in
contact with the ink. However, depending on the
conductivity of the ink and the surface area of the
detectibn electrodes 21a to 21g, there is a possibility that

only an extremely small amount of current can flow in the




flops (DFFS) 13, which correspond to a liquid detector of the present
i nvention, are disposed outside the container 11. Each rle&sEsbgmi8712 is
el ectrically connected to a D-input termnal of one of the DFFS 13, and
each of the detection electrodes 2la to 21g is electrically connected to
one of electrical lines connecting the resistances 12 to their respective:
DFFS 13. Resistances having high resistance values are used as the .
resi stances 12. In the present enbodi ment, the presence/ absence of the ink
is detected on the basis of whetherjgr_not the detection electrodes 2la to
21g are’in contact with the ink. However, depending on the conductivity
of the ink and the surface area of the detection electrodes 2la to 21g,
there is ﬁ possi bi that . only an extrenely small anobunt of current can
e

flow in*B 4395%%?»95%5071?6814'451:%&@8 Aok i ah . rersésatsatme«stllhm? P? hi gh
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reS'Sta@fgst&ZZfé Egnfgcéontact with the ink and a case where the
.detecﬁion electrodes 2la to 21g are not in contaqt with the
ink.
The above-described seven fesistances 12 are cornnected
to a pulse generator 15, which corréspoﬁds to a voltage
source of the present invention, with a délay.circuit 14
_therébetween. In addition, a clock pulse output from the
pulse generator 15 is input to a clock pulse (CK) input
termlnal of each of the DFFs 13.
Seven LED drivers 16, each of which includes a NOT gate,
are provided in accordance with the DFFs 13 at the output
side of the DFFs 13, and Q-output terminals of the DFFs 13

are individvally connected to their respective LED drivers

16. 1Inm addition,'seven light-emitting diodes (LEDs) 17,

which correspond to a remaining-liguid-amount display unit

of the present invention, are provided in accordance with

the LED drivers 16 at the output side of the LED drivers 16,
and the LED drivers 16 are individualiy connected to the
 anodes of their respective LEDs 17. The LEDs 17 are
disposed at a position viewable by the user.
In.the ink-remaining—amountrdisplay apparatus 10

constructed as above, the pulse generator 15 outputs a clock




to a pul se generator 15, which corresponds to a voltage source of the
present invention, with a delay circuit 14 therebetween.4 lanuadd2@d7on, a

cl ock pul se output fromthe pulse generator 15 is input to a cl ock pul se
(CK) input termnal of each of the DFFs 13. Seven LED drivers 16, each of
which includes a NOT gate, are provided in accordance with the DFFs 13 at
the output side of the DFFs 13, and Qoutput termnals of the DFFs 13 are
i'ndi vidual l'y connected to their respective LED drivers 16. In addition,
seven light-emtting diodes (LEDs)_17g _which correspond to a _

remai ni ng-1iqui d-anount di splay unit.  of the present invention, are
provided in accordance with the LED drivers 16 at the output side of the

- LED drivers 16, and the LED drivers 16 are individually connected to the
anodes B3Rl Y¥ et tihe At of mrmaiEpbang 2y ds disposed at a position
vi ewabl e by the user. In the jink-renmaining-anmount di spl ay apparatus 10
constr Lfi‘?ié%cﬁ%fabozve?e’irf?é:lﬁ{ﬂ% defe Rt o 3 Hh AR iac |igdk meyJanuary 2007
15 pul se only when the anmount of remaining ink is to be detected.

Al't er na‘?f%qu/‘%/ ‘E%t’aﬁﬂfﬂ’rﬁalyoffer%‘?ﬂ Ry 1908 ﬁuaﬁléfo(tﬁﬁlmﬁﬁig&sl y
detected by continuously transmtti clock pulses (that is, by

cont i nucgluosé% paup ﬁ%ﬁ néﬁ?ytmﬁ’sr’ez}% 'conqunuousc‘Ly lapplylng a current) .

Since the amount of remaining ink can be detected by a small
current, adverse affects do not easilj occur even when the
'qurrént is appliéd continuousliy. However,'since there is a
risk that the.ink will be electrolyzed and the
characteristics of the ink will change depending on the
amount of current applied, the current is applied only for
the time necessary for the detection of the amount of
remaining ink (for example, several milliseconds).

When a clock pulse is transmitted from the pulse
generator 15, a voltage is applied to all of the resistances
12 via the delay circuit 14 at one end thereof. Accordingly,
the potential is at a high level, that is, "1 (high)", at
one end of all of the resistances 12. When the detection
electrodes 2la to 21g and the common electrodes 21h are in
contact with the ink, the current flows from the detection
electrodes 2la to 21g to their respective common electrodes
21lh, and to the ground. Acbordingly, the potential at the
D-input terminals of the DFFs 13 is set to a low level, that
is, "0 (low)", so that the D-input terminals of the DFFs 13

receive "{" as an input value.

On the contrary, when the detection electrodes 2la to




Since the anpbunt of remaining ink can be detected by a small current,
adverse affects do not easily occur even when the curremnt JamagyfilOired
continuously. However, since there is a risk that the ink will be

el ectrolyzed and the characteristics of the ink will change dependi ng on
the anount of current applied, the current is applied only for the tinme
necessary for the detection of the anount of remaining ink (for exanple,
several mlliseconds). Wien a clock pulse is transmtted fromthe pul se
generator 15, a voltage is applied_tqcall of the resistances 12 via the
delay circuit 14 at one end thereof. g\c_cordi ngly, the potential is at a
high level, that is, "1 (high)", at one end of all of the resistances 12.
Wien the detection electrodes 2la to 21g and the common el ectrodes 21h are
in contigtanitEhe heornrn eheceredent 2k owse fnom thecaetact iwith el ect r odes
2la.to 2 fo their respective comon el ectrodes 21h, and to the ground.
'AccordiFégym]fhet}b%t‘_é‘ﬁ’ﬁ%‘i’ta‘?o%%e“O‘Dﬂrﬁmﬁtflf@Frrﬂlt\%tl@,eilﬁcitiml DFFs 13 is set

to a Io(}af\ilevel th% is,,; 0 (low", so that the D-input termnals of the
DFFs 13°178berdes 14bP &R 219 Hputhetr ieeseriiee cepmman yelegierpddre
detecti ng?'za‘frﬁérolﬂze% 1(:?1 é%B%Eé?{war 2{9907de31621a21190 aznld tfrllencctoingrrlon
el ectro a oryn Wit t9F g
 as open ends. Accordingly, the potential at the D-input
_terminals of the DFFS 13 does ﬁot change from the applied
. potential, that is, the high level “1", and the Dwinbut
terminals of the DFFs 13 receive "1" as the input value.
Accofdingly, “0" is input to the D-input terminals of
 the bFFs 13 when the detection electrodes 2la to 21g and the
‘common electrodes 21h are in contact with the ink, and “1°
is input to the D-input terminals of tﬁe DFFs 13 when the
detection electrodes 2la to 21g and the common electrodes

21lh are not in contact with the ink.

In addition, when the clock pulse is input to the CK-

input terminals of the DFFs 13 while "0" or "1" is being

input to thé-D-input terminals of the DFFs 13, measurement

is performed for a time cprresponding to the pulse width of
the clock pulse, and values input to the D-input terminals
at the time corresponding to the falling edge of the élock
pulse are oﬁtput from the Q-output terminals. Once the
clock pulse is input to the CK—input terminals; valués
output from the Q—oufput terminals are maintained and do not
change, even when values input Lo the D-input terminals

change, until the next clock pulse is input to the CK-input




the ink, the current does not flow fromthe detection electrodes 2la to
21g to their respective common el ectrodes 21h, and thus 4 benudet 2007 on

el ectrodes 2l1la to 21g function as open ends. Accordingly, the potential at
the D-input termnals of the DFFs 13 does not change fromthe applied
.potential, that is, the high level "1", and the D-input termnals of the
DFFs 13 receive "1" as the input value. Accordingly, "0" . is input to the
D-input terminals of. the DFFs 13 when the detection el ectrodes 2la to 21g
‘and the common el ectrodes 21h are_i p-cont act wth the ink, and "1" is
input to the D-input termnals of the DFFs 13 when the detection '

el ectrodes 2la to 21g and the common el ectrodes 21h are not in contact
with the ink. In addition, when the clock pulse is input to the CK- input

t er mi nafer®¥dh®- DFFs 13 while "0" or "1" is being input to the Dinput
termnals of the DFFs 13, neasurenent is performed for a tine

cor r espondi TG & 1fe 35U Mo o e SHLockn@udisec i spimsat &adthel 6&s input to
the D-input termnals at the time corresponding to the falling edge of the
¢l ock e TGt sut (38R HEF R bltad the didmg ot ahdeh fide Aock pul se
is input to the CK-input.termnals, values, eoutput_ fromthe Q out put

term nat®P%y etefﬁ"i”rﬂaa]iﬁé)tof ‘d)_cFFrﬁ)im. 4 : \Yé!ld@ iVdgut to the
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that the falling edge of the clock pulse is input to the CK-
- input terminals of ﬁhe DFFs 13 while "0" or "1" is being
input to the D-input terminals of the DFFs 13.
The output signals from the Qfoutput terminals of the
DFFs 13 are input to and inverted by their respective LED
drivers 16. More specifically, the LED drivers 16 output
"0" if "1" is input from the Q-output terminals, and output
“"1" if 0" is input from the Q-output terminals.
Then, ouﬁput signals from the LED drivers 16 are input
to their respective LEDs 17. The LEDs 17 are turned off
when "0" is input and are turned on when "1" is input.
In the state shown in Fig. 1, the detection electrodes
215, Zlb, and 21c, which are the first to third detection
eiectrodes from the top, are not in contact with the ink.
Accordingiy, "1" is input to the D-input terminals of the
corresponding DFFs 13 and output froﬁ the Q-ocutput terminals
'thereof,_and is inverted to "0" by the corréspdnding‘LED
drivers 16. Accordingly, R inpuf to the correéponding
LEDs 17; so that the LEDs 17 are turned off .

On the contrary, the detection electrodes 21d, 2le, 21f,




4 January 2007 17 termnals. The tine at which the clock pulse is input
to the CK- input termnals of the DFFs 13 and the tine at4 Jdnuely 2002 D-
input termnals of the DFFs 13 receive the input values via the _
resistances 12 are adjusted by the delay circuit 14 such that the falling
edge of the clock pulse is input to the CK- input termnals of the DFFs 13
while "0" or "1" is being ‘input to the D-input termnals of the DFFs 13.
The output signals fromthe Qoutput termnals of the DFFs 13 are input to
and inverted by their respective LEDjgdrivers 16. Mre specifically, the
LED drivers 16 output. "0" if "1" is input fromthe Qoutput termnals,
and output "1" if "0" is input fromthe Qoutput termnals. Then, output
the LED drivers 16 are input to their respective LEDs 17. The

EIE%Qallialfé‘iE gﬂt%'r n‘gbllEcgf f"”‘"ﬂ‘?/\/n’c_ek?'\?3 PUEEh | e ERarde ke e on when " 1" 2|1;
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| | thereof, and is inverted to "1" by the corresponding LED |
drivers 16. Accordingly, "1" is input to the corresponding
LEDs 17, so that the LEDs 17 are turned on. In Fig. 1, the
LEDs 17 which are turned on are indicated by hétched lines.
Accordingly, all of the LEDs 17 are turned on if the
container 1l.is full, and all of the LEDs 17 are turned off
if the tank of the container 11 is almost empty. In the
"present embodiment, the amount of remaining ink can be
displayed in eight steps, and the user can determinerthe
amount of remaining ink in eight steps by observing the
display apparatus. For example, when four of the seven LEDs
17 are turned on and the remaining three are turned off, as
shown 1in Fig. 1, it means that the aﬁount of remaining ink
is slightly more than half-full.
Although'an embodiment of the present invention has
been described, the present invention is not limited to the
above—described embodiment, and the following modifications,
for example, are possible:
(1) Iﬁ‘the above-described embodiment, the ampunt of
remaining ink is displayed in eight.steps by providing seven

electrode units 21. In this case, the ocutput signals from




drivers 16. Accordingly, "0" is input to the corresponding LEDs 17, so
that the LEDs 17 are turned off. On the contrary, the det#ddnvary 2008ctr odes
21d, 21e, 21f, 4 January 2007 18 and 21g, which are the fourth to seventh
detection electrodes fromthe top, are in contact with the ink
-Accordingly, "0" is input to the Dinput termnals of the corresponding
DFFs 13 and output fromthe Qoutput termnals thereof, and is inverted to
"1" by the corresponding LED drivers 16. Accordingly, "1" is input to the
corresponding LEDs 17, so that the kEDs 17 are turned on. In Fig. 1, the
LEDs 17 which are turned on are indicated by hatched lines. Accordingly,

all of the LEDs 17 are turned on if the container 11 is full, and all of

the LE 17 e turned off if the tank of the container 11 is al nost
enpty. %S'he_tqgs_’ pﬁ%%aﬁf ag]rﬁbd?'?re‘iﬂr}vef%?%rﬂﬁtﬁﬂ o thafaitipfy %fnk can be
Femai TS T EHEE & 5 GBI T M chRsplediP gpatat s, _For
thrce aafiad y? ndf SER R [ Tt theie a0k Boamount of -
remai niqgd ks dohodal iy e AN dlde, A though” an enbodi ment of
t he present invention has _ :

When, for example, seven output signals are obtained as
‘a detection result( as in: the above-described embodimenf,
the'amount of remaining ink‘can be displayed in eight stepé.
Accordingly, the amount of remaining ink may also be
indicated by, for example, decimal numbers of 0 to 7 by
converting the output signals into a three-bit signal (000
to 111). Alternatively, the amount of remaining. ink may
élso—be shown on a display or the like by setting a
plurality of messages, for example, “remaining amount ... g,
in advance, and selecting one of the messages in accordance
with the output signals.

(2) In addition, although seven electrode units 21 are
used for detecting the amount of remaining ink in the above-
described embodiment, the number of electrode units él,may
also be increased so that the amount of remaining ink can be
detected and displayed in a larger number of sfeps.

| (3) In addition, in the above-described embodiment, an-:
vink-remaining—amount display apparatus used in an inkjet
printer has been explained. However, the present invention

is not limited to this, and may also be applied to various

- kinds of remaining-liquid-amount display apparatuses for




been described, the present invention is not limted to the
above-descri bed enbodi nent, and the foll ow ng nodifi cati ofidanuaho200xanpl e,
are possible: (1) In the above-described enbodi nent, the anount of

remai ning ink is displayed in eight steps by providing seven electrode
units 21 _In this case, the output signals from4 January 2007 19 the
DFFs 13 nay al so be converted into another type of signals by using a
signal converter, and the anount of remaining ink may al so be displ ayed
onthe basis of the signals convertedyby the signal converter. \Wen, for
exanpl e, seven output signals are obtalned as a detection result, as in

t he above-descri bed enbodinent, the anount of remaining ink can be

di spl ayed in ejight steps. Accordlngly, t he amount of remaining ink may

al so beAlFPIREHRS IS aneinbxabprar iges i fend b drignufd=) nemaz rgyng
convertjng the ui ut S|gnals into a three-bit signal (000 to 111).

Al ternatt VelS? ot remai ning ink may al so be shown on a di spl ay
or the like b ettln lurality of nessa for exanple, "remaining
amount dﬁgﬁﬁéﬁp‘ﬁthQQQ¥ ghﬁfpFﬁéeﬁﬁsééﬁégtFﬁnaccordance
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accu;ately displayed with a simple structure.




used for detecting the amount of remaining ink in the above- described
enbodi nent, the nunber of electrode units 21 may al so bed iaemea®®y so t hat
t he amount of remaining ink can be detected and displayed in a |arger
nunber of steps. (3) In addition, in the above-described enbodi nent, an

i nk-remai ni ng-anmount di splay apparatus used in an inkjet printer has been
expl ai ned. However, the present invention is not limted to this, and nmay
al so be applied to various kinds of Té&#arning-1iquid-amount display
apparatuses for 4 January 2007 20 displaying the amount of various Kkinds
of liquids remaining in a container thereof. As described above, according
to the pH&d¥At invention, an anDunt of quuid remai ning in a container

t her eof can curatel d with Ie structure. January
2007 21 LA e KRl TPV E ) © B PR PRUSEIN o T or
di spl ayi dis@avanguah aﬁoumtubﬁnaonauthUedliqumulnamglnmn@ imka j#ik cartridge

ink | evel dlsplax, cqggrisi g...a plurality of detection electrodes which
are arr ahed2TAF UG 414 | GASPHYhicORPEHE % qui d | evel falls when the

a plurality of detection electrodes which are arranged
along a direction in which the liquid level falls when the
amount of 1liquid in the container decreases and a common
electrode which conducts current when at least one of the
detection electrodes is in contact with the liQuid;

a voltage source adapted to apply a voltage to the
detection electrodes;

a liquid detector which detects the presence/absence of
the liquid at positions of the detection electrodes on the
basis of whether or not the detection electrodes conduct
current when the voltage is applied by the voltage source; and

a remaining-liquid-amount display unit which displays, in
steps, the amount of liquid remaining in the container on the
basis of the detection result of the presence/absence of the
liquid at positions of the electrode units obtained by the

liquid detector,




anount of liquid in the container decreases and a comon el ectrode which
conducts current when at |east one of the detection el ectJiandey 40871 n
contact with the liquid; a voltage source adapted to apply a voltage to the
detection electrodes; a liquid detector which detects the presence/ absence
of the liquid at positions of the detection electrodes on the basis of
whet her or not the detection el ectrodes conduct current when the voltage
is applied by the voltage source; and a renmining-1iquid-anount display
unit which displays, in steps, the,amunt of liquid remaining in the
container on the basis of the detection result of the presence/ absence of
the liquid at positions of the electrode units obtained by the Iliquid
detector, 4 éﬁg&gﬁ%IZQQ;j_-t%%g characterized in that said common

el ectrode conprises el P uralt y of common el ectrodes, each of said
detection el egid odesmbiei RYcaccompanbfridns aacpmmal et gctorodeog@mms to form
an electrode unit, and a plurality of electrode units are arranged along a
di rect i SeFRTYHiTh S2RR PFq%Jdi |RFEFT LR | SLATERIETH P HITEURCCEIP2RIEUI d in t he
contai Ngyy geesRRHeslabtrRNAUChs G IRl deN dchode unit,

and

a plurality of electrode units are arranged along a
direction in which the liquid level falls when the amount of
liquid in the container decreases and conduct current when the

electrode units are in contact with the liquid.

2. A remaining-liquid-amount display apparatus




el ectrode units are in contact with the liquid. 2. A

remai ni ng-1iqui d-anmount di spl ay apparatus 4 January 2007 4 Jarry 200¢0r di ng
to claim1, wherein each electrode unit includes a detection electrode and
a common el ectrode which are disposed in the vicinity of each other 3. A
remai ni ng-11iqui d-anount di spl ay apparatus according to one of Clains 1 and
2, further conprising a signal converter which converts the detection
result of the presence/absence of the liquid at positions of the el ectrode
4 January 2007 23 .units obtained By the. liquid detector into a signal

of a predeterm ned type, wherein the remaining-liquid-anount display unit
di spl ays the anobunt of liquid remaining in the container on the basis of

t he convert edicsiogdahg obtai nekhiny tlhe shgnaln ceavter tedlfectdodd unit

remai ni ng-1Jj qui d-a nt _.di spl ay ratu accordi ng.to _any one, of the
Claims 1 %#éﬁé%Mﬁggé v qﬁ?“v&ﬁﬁﬁgggiioﬁ?ieaaﬁﬁW?QE %ﬂgCGB? Qo Yl y for a
ti me necessatippbeedthe tHd qubdndef eFt ekch dotlplect the presence/ absence of
the liquid. 5 A renaining-liquid-anmunt display apparatus
3. A remaining-liquid-amount display apparatus according
to one of Claims 1 and 2, further comprising a signal
converter which converts the detection result of the

presence/absence of the liguid at positions of the electrode




.according to any one of the preceding clains, wherein at least a part of
"each of the electrode units has a wat er - r epel I ent surf aced Jahuagy 2007
remai ni ng- |1 qui d-anmount di spl ay apparatus according to any one of the
“preceding clains, wherein an outer |ayer of each of the electrode units,
‘the outer |layer comng into contact with the liquid, is coated with a

. surface-treated |ayer having corrosion resistance to the liquid and to
“air. 7. ‘A'remaining-liquid-anount display apparatus - according to Claim?2
- or. accordlng to any one of clalns‘33¥£ ©® when dependent on at |east claim
2, wherein the common el ectrodes are connected in parallel with each other
and are exposed.only 4 January 2007 - 24 at regions close to the

det ect ot tel ebtnddes. b§. thAel eFuRNNA=@¥ Y- 3RRUNG gkﬁg%zyoapgaratus
according to any one of the preceding clainms, wherei e el ectrode units

.are . dbspdesedratinpdsiypens where a dlsplacenent.of the liquid |l evel caused
when the container-tilts is mnimum 9. A remaining-1iquid-anount display
. nmethod' for whiteplmytng memaain - —Di geDadabinye &ig@uéyrgﬁgﬂning ina ink

jet cartridge ink |level display, conprising the steps of: applying a :
voItag@lﬁﬁléYécthedemqnntsoﬁhLEQuaderamaangﬁg ial eng @ogtgfﬁéfognln whi ch

-the liquid level falls when the
the basis of the converted 31gnal obtalned by the 31gnal

converter.

4. A remaining-liquid-amount dlsplay apparatus

,accordlng to any one of the Claims 1 to 3, wherein the voltage
source applies the voltage only for a time necessary for the

aliquid detector to detect the presence/absence of the liquid.

S- A remainingéliquid—amount display apparatus
‘according to any on€ of the preceding claims, wherein at least a

part of each of the electrode units has a water-repellent surface.

6. A remaining-liquid-amount display apbatatus
acco;ding to any one of the preceding claims, wherein an outer
layer of each of the electrode units, the .outer layer coming into
contact with the liquid, is coated with'a surface~treated |

layer having corrosion resistance to the liquid and to air.

7. A remaining-liquid-amount display apparatus
according to Claim 2 or according to ahy_onerf claims 3 to 6
Fhen dependent on at least claim 2, wherein the common electrodes

are connected in parallel with each qther and afe expééed only




anmount of liquid in the container decreases and which conduct current when
the el ectrode units are in contact with the |[|iquid, whereianuagct00df said
plurality of electrode units include an el ectrode and an associ ated conmon
el ectrode; wherein said plurality of electrode units include plural
detection el ectrodes and acconpanyi ng plural conmmon el ectrodes; detecting
t he presence/ absence of the liquid at positions of the electrode units on
the basis of whether or not the eleé4rode units conduct current when-the
voltage is applied; displaying the anount of liquid remaining in the
container in steps on the basis of the detection result of the

pr esencedtbsmicesofladre thi gue ddattegrasnt e v rofleshe el ectrode units.

8. A remaining-liquid-amount display apparatus according
to any one of the preceding claims, wherein the electrode units are
disposed at positions where a displacement of the liquid level caused

when the container tilts is minimum.

9. A remaining-liquid-amount display method for
displaying an amount of conductive liquid remaining in a
ink Jjet cartridge ink level display, comprising the steps
of:

applying a voltage to electrode units which are arranged
along a direction in which the liquid level falls when the
amount of liquid in the container decreases and which conduct
current when the electrode units are in contact with the
liquid, wherein each of said plurality of electrode units
include an electrode and an associated common electrode;

wherein said plurality of electrode units include
plural detection electrodes and accompanying plural common
electrodes;

detecting the presence/absence of the liquid at positions
of the electrode units on the basis of whether or not the

.~ electrode units conduct current when the voltage is applied;
displaying the amount of 1liquid remaining in the
container in steps on the basis of the detection result of |
the presence/absence of the liquid at positions of the

electrode units.




