;e3e(z (wht 6 T Vb, LIQU D AMOUNT DI SPLAY METHOD BACKGROUND OF THE
| NVENTION 1. Field of the Invention The present invention relates to a
remai ni ng- i qui danmount di spl ay apparatus and a remai ni ng-1iqui d-anount

dlsplay di spl ayi ng the anount of conductive liquid remaining in
a |liqui W@‘mﬁmﬂme present invention is applied to, ﬂm Mﬁ
case where t of ink remaining in an inkjet print mmwgmad and
di spl ayed. meﬁéscrlptlon of the Related Art In inkjet printefg,sln
contained in an ink tank is supplied to an ink-discharge unit through an
ink flow path, and ink droplets are discharged fromthe ink-discharge unit.
In addition, in inkjet printers, it is necessary to detect the

presence/ apseneE Nef- 1iiu® TDVAMUUNT el satrinwe | AP PNRNT Uae aumaREMA TG Neeasons  f or
this will be described below. Firstly, it is difficult to determ ne the
amount of remai ni ng i nk ihyyissemouNy DTSHINY taTkicr om t he out si de.
Secondary, if an ink-discharge operation is continued until the ink is
conpl etely consuned, there is a risk that the ink-discharge unit will be
damaged. As an exanpl e of an ink-discharging nethod used in inkjet

pri nt er BACEGRRIENPAPF THE2 INKBNEGANI n which ink contained in ink cells is
qui ckly heated by exotherm c elenents to discharge ink droplets is known in
the art 1.l nFtikilsl ne€t hbd, Ihkeneéibs a risk that the exothermc el enents will
be danmaged if they are heated when there is no ink in the ink cells.

Accordi ngl y, TeRePrarenSchaygetbper heldkes pFont bper i ind)l kusidbe stopped
when the amount. of remaining ink is reduced to a_predeterm ned | evel.
Th|rdIyamPHthélégééyoPPBPFﬁFPﬁgaBﬁ & F&W@énéﬁge@l@PlBaﬁ@Puthere is arisk
that the ink will run in the mddle of the print operation if the
anmount SﬂsPéﬁﬁ|WPﬁB°Pn OGaHﬁSPlB¥lBQtEEFe8mﬂPPﬁ ﬁﬁgﬁoﬁgBﬁFégﬁ and a
partlallﬁg paper sheet ﬁﬁ ted in sgg case., Accordingly, in
vi ew of r&wal ¢BHoAtc 2ot G nE?n P8 ne 555F§SF8 detect the

anount of renalnln% i_nk mnthtglggoaccurac Flg is.an _expl oded
oW

perspecflve Vi éw S élgdflrst exaone oF a kﬁgﬁﬁ W@ﬁﬁlnFﬁg i nk- anount

det ect op(Japangse el nedPatenr, ABRLEGaLLoR BubLLCALLOR M. ,Rq201019)

In this exanp , an ink car ge ainc astic 1nk bags b, and the
i nk bagg;h pAL& ?ushed by conpression springs c¢c. In addition, strips d nove
as the amotnt of ink decreases, so that the anmount of renaining i nk can be

det er m ped ngQQgﬁﬁgbﬁgokh%hglﬁghg%@@ﬁﬁ&tof the strips d through a w ndow
e. Accordingly, e anount of renaining
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 printers, it is necessary to
detect the presence/absence of the ink with relatively high
accuracy. The reasons for this will be described below.
Firstly, it is difficult to determine the amount of
remaining ink by observing the ink tank from the outside.
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 example of an

ink~discharging method used in inkjet printers, a thermal



- 3 ink can be easily detected at low cost. Fig. 3 is a block diagram
showi ng a second exanpl e of a known i nk-remaini ng-anount detector (Japanese
Unexam ned Patent Application Publication No. 9-169118). In this exanple,
the amount of remaining ink is calculated on the basis of an initial anount
of ink contained in a tank and the nunber of tinmes an ink droplet has been
di scharged. An ink-di scharge-anount cal culator f includes a counter which
counts the nunber of tines an ink di scharge operation has been perforned
and a multiplier which multiplies theZcount by the amount of ink discharged
in a single ink-discharge operation (average volune). Then, the thus
obtained value is transmtted to an ink-renaini nganount cal culator g as the

anount RE+hBK SANSHIBH. idRechRks eABANEAY1 ARDYAT 162k Ukt ok1g ﬁ@hﬁghates t he
anount of remaining ink by subtracting the value cal cul ated by the

i nk-di sphaegetnaprit 6abmvhatotof diseAnthe LAkt Habpaseynisoknbhk €ANtai ned
inthe tank. Fig. 4 is a sectional side view showing a third exanple of a
known i aker epai. ni ng- ahbenihetdrbaCt ehefdapangseibhexnatnedePat ent Appli cati on
Publ i cati on No. 6-226990). In this exanple, a pair of electrodes i are

di sposedxatharpdsi tiiemenkeseild bhedbmbyedh $tGir theg ateaheankdcehknh, and
the presence/ absence of ink is detected on the basis of the resistance

bet weenthkeeekecthrodes in the d4nkFrgll5.i shacsedinghal shdeimkew showi ng a
fourth exanple of a known ink-renaini ng-anount detector (Japanese

Unexani Aédchareat onppkicéani dnribobl pparrbhond. meeO0b4338Fppretinwhhns exanpl e,
an optical sensor is provided which includes |ight-reflecting nmenbers ki
and k2 #hspsmednsnofhsenainbpusiinkaée seduAefinkot ankrpdetrpghinedi tting
menbers_ m and nm2 which emt light toward the light-reflecting nenbers ki
and k2, 1F¥&pectively, and light-receiving nenbers kl and n2 which receive

t he Ilght enltted fromthe light-emttjng, nenbers M and n2 and refl ected
by the |ight*= ?bf?%%tlh@ E%%ﬁ%$§ek? L et n$é§$e%t}%%9? ShegRlt 1k

[ ab k det f th whi ch
i Ght | G2Patel vBa By Pna TGkt TPater OPnb hehRLtari ARG A2 BRothe opt | ca
b d bed k tech h the fol
or ol enflLShe; oF HHE, BRPXE SBRERLIEE KRffle C%C?ﬁleg;(ran%)unfgr\{lg W Baathlng i i

'S det epgi, Hﬁ@ EX &b%gékeBbaﬁiﬁahkgﬁ Q88§r$8§édgﬁﬂ'¥ E%E@léﬁﬁxrequ'renents

recent ualnt et prrnters Ition, when the anount of
re”a'n'Bglh@Ed'ﬁaF@rbghéggwﬂlgﬂ Bedi,aRLEY 9h EH@hlhkgangChan'Cal

di spl acenents nust be converted into electrical signals, which neans that a
conpl ex strug&@é§d1§giqu1ﬁealéﬁdghlg@f@@§t§n@r@c¢ﬁﬁﬂiée@ffi@l@ﬂgytIon in

t he second exanpl e, the amount of ink
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 Patent 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
decreases, so that the amount of remaining ink can be

determined by observing the displacement of the strips d

through a window e. Accordingly, the amount of remaining



- 5 consuned is calculated by multiplying the average volunme of an ink
droplet which is discharged in a single ink-discharge operation by the
nunber of times the ink-discharge operation has been perforned. However,

if, for exanple, the ink tank has a | arge capacity, the difference between
the actual volune of an ink droplet discharged and the average vol une of an
ink droplet which is set in advance gradually increases. Therefore, in view
of safety, it is necessary to display a nessage indicating that the ink has
run out while a relatively |arge anoudt—of ink may still remain.
Accordingly, the nessage indicating that the ink has run out nust be

di spl ayed while an anount of ink sufficient to continue printing is stil
cont ai negdyx agd Bgeeggqq?fg@%ec&@qagQi@gwi@%sks wasted. In addition, in the
third exanple, since only the presence/ absence of the ink is detected, the
amount of remagni Bgiknk B2OBRt dbegdenesAbRety dhseebnneexbiple BByabe a
case in which the nessage indicating that the ink has run out is suddenly
di spl ay&eoaind ihke remaih ippeaabudrt Skedpstoln (Juphnaseaslexiaid nad nt er cannot
be used afterwards unless a spare ink cartridge is available. The fourth
exanpl e paltea thappa ipaallbeampaibiilcant iba Neat 9eflevhdasyhi rd exanple. In
addition, in the fourth exanple, the above-described optical sensor for

det ecti ng t h&énahbiat epfimpéani hhagamoknandft hemaenhod inkwhsch t he nunber of
tinmes - 6 an ink droplet has been discharged is counted are used in
conbi natciediguladedhan tthe desisacyf g iimjrtdwdd asompdr of timk he second
exanpl e and the problemof the third exanple, that is, the message

i ndi cat icegteiaed A& iankkapks apsetheupuaber o fskdaes prdilsy sdrepledan be

avoi ded. However, since it _is necessary to use the above-described two

met hods Ma§ 6B FASICHR H9614 - de @ kg ALIFEhARIETETOM e FRILFHG GO £ t he
system hecqnes conpl ex and high costs are incurred. SUVWARY OF THE

| NVENTI GRICASESEAPnGORR EaT SBEC: COR o e SRS Pdn (0175 €% ¢ Yrovi de an
apparatus and a nethod f.or accurately detectin nd di spl.ayi.n in steps,
2. amoU SO LR TR a b A P T R ARG 4 L Gn (R AP 5T eof wi th &
sinple si{u?{%{qi{lqﬁord%r to attain the above-de nkﬁpgﬁpghpg;e¥gccording

n . .
to one ASPEC elﬁﬁesgﬁtCPWﬁéhFWbﬁ;eaafgWﬁﬁhth31|qU| -ano di spl ay

apparatqﬁ %p%&%?%%%gﬁku%i%%h%] n%m%%a%ﬁ@g“%%%%%é.ém&éidﬁ .i mfﬂéﬂ n a

l'iquid contain ncludes ral T ectro units i'ch "are ‘arranged
al ong a gl @EHi<on - AL R ke |i'sql=t'ﬁ%nls%1\iecltefdaltlos aghentheamuntyof 1iquid

in_the cont ai ner decreases and mhlp conduct current mhen_the eleptrode
Uni t's argduhtCalach Mo ot he ldn@Uistho vtV et gk SRIHEmati chrappldes a

voltage to the
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 1 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.



el ectrode units; a liquid detector which detects the presence/ absence of
the liquid at positions of the el ectrode units on the basis of whether
or not the electrode units conduct current when the voltage is applied by
the vol tage source; and a renuaining-1liquid-anmunt display unit which

di splays, in steps, the anount of liquid remaining in the container on the
basis of the detection result of the presence/absence of the |iquid at
positions of the electrode units obtained by the |iquid detector. QOperation
According to the present invention,-tfe-electrode units are arranged al ong
a direction in which the liquid |evel falls when the anmount of liquid in

t he cont ai ner decreases Therefore, the el ectrode units which are above the

liquid IeveI ﬁolflg % ﬁ‘ébdéh€ié&q9ﬁ9wi datEgufkﬁctrode units
om1t evel

whi ch are b i qui d are In contact w Iquid. Since the

l'iquid b§aﬁ9@gugk'Hekn@@ﬁn1hner¥ﬁhﬁﬁgﬁgL§m@HHE'@gteEQ%reugﬁbﬁﬁ@%eun'ts
which are in contact with the |iquid conduct current, while the el ectrode

units VVOh@haﬁ\&ﬁeHOPa*t@n%Oﬁb?QEc‘AﬂtEBnt babl i adicd od08S . N0l 000AdYEY ) CUr T ent .
Accordingly, the position of the liquid level relative to the posrtrons of

the el ectrodenubthis erampee deigchdetibyl deérsstningpnbeibes whispt the
el ectrode units, which are arranged along the direction in which the liquid
| evel fahkdudhenltihetamrefinbcalinhi qenbdeirs kheaadnkai despdeedeaseshe _ ¢
bottom surface of an ink tank j, light-emitting members ml
and m2 which emit light toward the light-reflecting members
k1l and k2, respectively, 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
following problems.

That is, the first example in which the amount of
remaining ink is determined by visual observation does not
comply with the requirements of recent, high-quality inkjet
printers. In addition, when the amount of remaining ink is
to be shown on a display or the like, mechanical
displacements must be converted into electrical signals,
which means that a complex structure is required and high
costs are incurred.

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



conduct current. Then, the amount of liquid remaining in the container is
di splayed in steps by using the detection result. Accordingly, not only can
t he presence/ absence of the liquid be sinply displayed, but the anmount of
the remaining liquid can be accurately displayed in steps (for exanple, the
percentage of the remaining liquid to the amount when the container is
full) with a sinple structure. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
a di agram showi ng a remai ni ng-1i qui d-anount di spl ay apparatus according to
an enbodi ment of the present inventiof; "Fig. 2 is an expl oded perspective
view showing a first exanple of a known ink-remaini ng-anount detector; Fig.
3 is a block diagram showi ng a second exanple of a known

i nk-r emgbRsngeam@dntadeteated bl gwui4ipd ya nge&hicoR e raig@e voilewesagwi ng a
third exanple of a known ink-renaini ng-anmount detector; and Fig. 5is a

secti onah Sh#edvbpWethaWing asf dikichaeyaaplie ef sanknewink-discharge
i nk-remai ni ng-anount detector. DESCRI PTI ON OF THE PREFERRED EMBCODI MENT An
enbodi meperaftibhebpr esenthumbeenbifon iviclsl the descidiketakelcowpeirh ibaf er ence
to the acconpanying drawing. Fig. 1 is a diagramshow ng a
remai ni hgsl bgendpamdomtned. ¢gowever, if, for example, the ink tank
has a large capacity, the difference between the actual
volume of an ink droplet discharged and the average volume
of an ink droplet which is set in advance gradually
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 displayed while 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
presence/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 stops. 1In
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
of 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



di spl ay apparatus according to an enbodi mrent of the present invention. In
the present enbodi nent, an ink-remai ni nganount di splay apparatus 10 used in
an inkjet printer or the like will be described 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 fornmed in the top surface of the
container 11, and an ink outlet 11b is formed in the bottom surface of the
container 11. The ink outlet 11b is connected to an ink flow path of a
printer head (not shown). An ink-reme®ning-anount detection substrate
(hereinafter called sinply a substrate) 20 is disposed in the container 11
at the central position of the container 11. As will be described below in
deta",aﬂh§n§U@§5§§é€_ﬁQsSSé¥§3d§9cQ§EGEH‘BE EBEn@RRUALOhsE8MRh NI Ng i quid
by detecting the Tiquid | evel. However, when the container 11 tilts, the
liquid teMBinkBibhe sentahBetndlabsupgtypasalhghkol,eqt BempHrtaceoa base
supporting the container 11, and if the substrate 20 is disposed at a

posi ti othéel 86€ch@ erempiet haasitHe pubbasmsoef thbetroptiabrempld, the liquid
| evel rises or falls with respect to the substrate 20 in accordance with
the tilthet iLhe ehataensagdliaddcaniagcuhatetheqtiind hesebeeannah be
detected. For this reason, the substrate 20 is disposed at the central

posi ti onunhésestiidenhfy| denpéapedt heati be efrofiledcontiaivaerrllsiacai ni num

(t hat - 10 is, where the displacenent of the liquid |level is mninun,
so thatithés| hqaedskevekocuneb&hacebrutetlysdetibetietiwveveativhda the cont ai ner
11 is sonmewhat tilted. A plurality of electrode units 21 (21la to 21h) are
provi dedovhinptignbfpradeteotingr ehspampfiptabfy remaininngl asks olbeunits 21
are constructed of seven detection el ectrodes 2la to 21g and seven conmon
el ect r o8BS toRhPeEaRAS oFOMRéCEOARBNhEPBCcEPBGES2ZEhiNsuEFSPosed at a position
close to one of the detection electrodes 2l1a to 21g. Wen the ink contained
in the container 11 is consuned and the anount thereof is reduced

accor di ng| he I'jquid |evel nmoves downward in the figure (that is, in the
i rect | Srgl Bre rH NKENEEPE hol e 114 to the fnk odtlet 11b). More
specifically, the liguid |evel.nmves_.in the direction Ofﬁ?éaVit when t he

amount of | MKCHRTIEALRE . The bt ekt ? bnt 2T T Toeat 2 AY it p%%e at the top
iti : Lt ich_th [ I 21 int
e A L R e

cont act he’in e contalner 1 e

el ect oy 295920t B0SE 8k eBsPOSh! LABUALOSE 4oghha baLLAMsusfipce of the

cont ai ner 1. _ rtion, t detect!on el ect rodes 21 g areé arranged
al ong t bendiheali 9R h”cﬁﬂkﬁgnE?ethbgHb@ eval af ailp1assthgcagpunt of ink

decreases, thatis, in the direction of gravity, at fixed intervals. The
detection elegctspgles 2daat0aPdorRe cabdibvidsatived obidet,
according to one aspect of the present invention, a
remaining-liquid~amount display apparatus for displaying an
amount of conductive liquid remaining in a liguid container
includes a plurality of electrode units which are arranged
along a direction in which the liquid level falls when the
amount of ligquid in the container decreases and which
conduct current when the electrode units are in contact with
the liquid; a voltage source which applies a voltage to the

electrode units; a liquid detector which detects the

presence/absence of the liquid at positions of the electrode



connected to their respective wiring patterns, and the seven common
el ectrodes 21h are connected in parallel to a single wiring pattern and are
grounded. The conmon el ectrodes 21h nay be constructed such that the entire
regi on of the conmon el ectrodes 21h and the wiring pattern come into
contact with the ink. However, in the present enbodinent, only the
rectangul ar regions of the common el ectrodes 21h cone into contact with
(are exposed to) the ink, and the wiring pattern is covered such that it
does not come into contact with the ihk: Thus, the regions of the comon
el ectrodes 21h which conme into contact with the ink are made as small as
possi bl e. The surface area of the detection electrodes 2l1a to 21g may be
the sangnasstbhat tRE bREis08PORLELREET 8defo21Bne ALl BENRbANELY i tEhe surface
area of the conmmon el ectrodes 21h nay be greater than that of the detection
el ectrodesddda tar2dgt When, thervexasgkeist Bpplnkdhpg aheelaltugky | ow
conductivity, there is a risk that electrical connection between each of
t he det setiroa;ehrdt aodesna2dantiol 24giandmbhatcat spsppndhhg enhimonn el ect r ode
21h cannot be sufficiently ensured. However, such a situation can be
avoi deddbypiraksngihhetepsf atbeanmaunot dheliqmidnremnethindesn2thegreater
than that of the detection electrodes 2l1a to 21g. The electrode units 21
are consontieirdrsashthhabasheyofhathewdeéeckrépel Feaulsupfatks. For exanpl e,
t he el ectrode - 12 wunits 21 may be conposed of a water-repellent
mat er i apregengedabaencepef| she ddavidgakmpopétapphi ed thet pdestirpdee of
each electrode unit 21. Accordingly, when, for exanple, one of the
el ect r oHBigAi PRt2inpdchbiesher éaPLBnflERBCERK: the ink can be renpved from
the surface of that electrode unit 21 as quickly as possible, and a fal se
detection, that is, the electrode unit 21 being determned to be in contact
with the ink even when it is already free fromthe ink, can be prevented.
I n addi a hough not shown in the figure, the surface (outer |ayer) of
each electro uniit 21 is coated w surface-treated éggg@ havj ng

0

h.
S osi on 1 hfegtatnd v THIS RSPt At tigE TS 5 oP3t Fhg
t i Ti - cest t d | d
et ] ngare BErfghaCd bR HOLTLABCAOR SHTLAGERILRBL SalatCT ouBC 9010 1
at kg

rovi degd.hn.0 . degr : e ristics of
Ehe eleg??g e“ﬂ%?tgﬂggéﬁéggg %gg@???gg|?3,%§epenﬂfﬁgn%g ?%ggégﬁggbf met al

used fornEeerLRE,t hfcebeebiPdBeUNhi$s2dnibReheel bBVE! 8Kel DaLutiRe Met al
(el ectrode units 21) will dissolve in the ink due to physical or

el ectroghemncakeCchanges WhhehceCcGtnwRgB thguehechhadendnktsc?togeme into
contact with the ink contained in the container 11. In addition, when the
el ectrodaiysi Wai2h aeBebeNba ¢aBt aActjudt heakl, akBeif ténaatkskithat the

surfaces of the electrode units 21 will be - 13 oxidized and the
el ectri cak ¢haovadteristics thereof will change, for exanple, the electrical
resistance will increase. In such a case, it may not be possible to

establ i sh el @thee chahecbhgetdi b behdeenieachwinént tiee dedbtagoniel ect r odes
2la to 21g 21h. Accordingly, in surface-treated |layer and to air is applied
21. applied, the electrode units which are in contact with the

liquid conduct current, while the electrode units which are

not in contact with the liquid dces 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,



In addition, seve and the correspondi ng comon el ectrode order to avoid
such situations, the having corrosion resistance to the ink on the surface
of each electrode unit 'n resistances 12 and seven D-type flip flops (DFFs)
13, which correspond to a liquid detector of the present invention, are

di sposed outside the container 11. Each resistance 12 is electrically
connected to a D-input termnal of one of the DFFs 13, and each of the
detection el ectrodes 2la to 21g is electrically connected to one of

el ectrical lines connecting the resistances 12 to their respective DFFs 13.
Resi st ances havi ng hi gh resistance values are used as the resistances 12.
In the present enbodi nent, the presence/ absence of the ink is detected on
the basisn@hcwhetheener neheh herdet gabhed 6fecigfedesr@daihonglonare in
contact with the ink. However, depending on the conductivity of the ink and
the surthreecaneainbrthe despraven ehestepdesy2daihg 2Hg, débeceiods a
possibility that only an extrenely small anmount of current can flow in the
- 14 inksuBecordcagkyingegi shanceslhavangthéghresshséAabeenatues are used
in order that a sufficient potential difference can be obtai ned between a
case whehe 1heuilétbet sdmpeyedisptage@labtd Rig ameunh cbnthet with the ink
and a case where the detection electrodes 2la to 21g are not in contact

wi th theeinakniTfgel ahovd- deschebadceeybalyedisphaged 12 atepeofifected to a
pul se generator 15, which corresponds to a volta%e source of the present

i nvent | BKaMpL e ﬁhéepayC@PtQGEt0i4tbﬁeF%%é%ﬂeeg fauaddrei Bhe a cl ock pul se
output fromthe pulse generator 15 is input to a clock pulse (CK) input

t er m nafmePREarReBf thReCORFa1RST S§V§H1EEEWHFFvér§1TBlee§Eﬁu6 Uit ch

i ncludes a NOT gate, are provided in accordance with the DFFs 13 at the

out put side of the DFFs 13, and Qoutput termnals of the DFFs 13 are

individ nne ve LED drivers 16. In addition,
seven |§§ F¥eﬁﬁ?FPﬁB$gPﬁd8E ?Eétégiﬁgﬁ&ghlch correspond to a

remai ni ng-1iqui d- anpunt rX nit. of the resent nvention aie provi ded
in accordance W t Jf?’leaL P SO G tlﬁ FHE SR LED dri vers

16, and g, LED. drlyer s 18-Apeqindi vhdual Ly bgamgﬁkegft epkhganades of

their resp o are |spose a pos tFoh Vi ewabl e
by the useLn+iBnthe ink-remaining-anmount display apparatus 10 constructed
as above He pulse generator 15 outputs a clock - 15

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 view 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



pul se only when the anount of remaining ink is to be detected.
Alternatively, the anount of remaining ink may al so be continuously
detected by continuously transmtting clock pulses (that is, by
continuously applying a current). Since the anount of remaining ink can be
detected by a small current, adverse affects do not easily occur even when
the current is applied continuously. However, since there is a risk that
the ink will be electrolyzed and the characteristics of the ink will change
dependi ng on the anount of current applted, the current is applied only for
the tinme necessary for the detection of the anbunt of remaining ink (for
exanpl e, several mlliseconds). Wien a clock pulse is transmtted fromthe

pul se ggREHALYT a %Earﬁtﬁ@lgéggrﬁ§n@p@b'§q tRpB4imehtt Be K@8i ph-anegs 12 via
the delay circuit 14 at one end thereof. Accordingly, the potential is at a

hi gh | eyglenthah.i Sin" thehpbgblentabmeBaifRdtof aalinef rbhaihesigst ances 12.
When the detection el ectrodes 2la to 21g and the comon el ectrodes 21h are
i n contagbuwikt BitpeaynkpphRataer nentiskhows bhoamkhetdgt-eateenoel egkr odes
2la to 21g to their respective common el ectrodes 21h, and to the ground.
Accor di ngky, wtithe pet descalibatl hbeab- espnipleermi nals of the DFFs 13 is set
to alowlevel, that is, "0 (low)", so that the D input termnals of the
DFFs 13 receWveh" fasemnei hpufigal le. aCrobheicent targonbhenst hekdet ecti on
el ectrodes 2la to - 16 21g and the common el ectrodes 21h are not in

cont act fwirt Ant hekiek, prheteur penthgoddkrot Anownkrdmiekd igat dotlieon

el ectrodes 21a to 21g to their respective comon el ectrodes 21h, and thus

t he det ddei 88 épbswedodastheatep 2ugIpgrcPifoithgs copéniagds 11Ac@@rid|awg| y, the
potential at the D-input termnals of the DFFs 13 does not change fromthe
appl i ed 1p&t eHtiLAl, 1iRat si $ormge Ringlhreebettor sugddcehefDtput terminal s
of the DFFs 13 receive "1" .as the_input value. Accordingly, "0" is input to
the D-i APOL2LBFKI hdl's Shet ABKDRES1ES Wibn i6h&°BBEEEE ok CePacinbdes 21a to
21g and he co n_el ectrodes 21h are in contact with the ink, and "1" is
input t§ PWepEngﬁﬁtatQFﬁP als SthH8°5F§§°Y§ when t he detection el ectrodes

2la to 21g ag common. el ect rod e _not ntact wth the ink.

EQE ema a ngs % ?E bs gﬁgg .
I n addition, the cfo%ﬁgpuT%% rsOF %ﬁ ?5 THhe® %put termnals of the
DFFs 13 W@Ee? ; le?rca%leg? g& lg In%ﬂ%s&?akgiorolqguh ﬁ @Eﬁa'§e°f the

DFFs 13, reasurement for atime respond pul se

wi dth of plhe o (}%ﬁiﬁefi“'ﬂe’ata;{ﬁ Vaéé%?érél”g&’c? Jhée)léc U&oﬁ@éfﬁé‘f" gpat the

time corresponding to the f I ng edge se are output from

the Q oulspyti 1hebl Rk PREe LB WCliackcRYligE %ﬁe‘@ﬁ%%t&%t%hQOCK"npUt
terminals, values output fromthe Qoutput term nals are maintained and do

not cha@@&ve@VQ@ WeR rinaheeshenprbun® bife remanPuthgt efidiuial pychange, unti |
the next clock pulse is input to the CK-input - 17 termnals. The tine

at whi cldetthe taheckhpuhseguiisl 1epell .t o Hohevelk,i rbeh tereMmcaalts iokrt he DFFs 13
and the tinme at which the Dinput term nals of the DFFs 13 receive the i nput
val ues wid tishe thesildtiaided ei2larie atjeusioadaliyetrha lddlsayioti pawiatl 184 such
that the falling edge of the clock pulse is input to the CKinput termnals
of the DBF$he3 swhifkee" @' base" $uppe rifgingg thepeontte inlee Dli,npud tidr m nal s of
t he DFFs 13.

the substrate 20 is disposed at a position close to one of
the side surfaces of the container 11, the liquid level
rises or falls with respect to the substrate 20 in
accordance with the tilt of the container 11 and an accurate
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 contailner 11 is minimum (that



The out put signals fromthe Qoutput termnals of the DFFs 13 are input to
and inverted by their respective LED drivers 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 term nals. Then, output
signals fromthe 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 el ectrodes 2l1a, 21b, and
21c, which are the first to third det@cti on el ectrodes fromthe top, are
not in contact with the ink. Accordingly, "1" is input to the Dinput
termnals of the corresponding DFFs 13 and output fromthe Q output
termnal s tPrEeef cnandi 591 5B¥RELEDEOLHhO" 1DYuti Be1 QLT €SROREh APukED drivers
16. Accordingly, "0" is input to the corresponding LEDs 17, so that the
LEDs 17s@renhtropd offui@nithelcenhr peyactheadel gchboncekactiedes 21d, 2le,
21f, - 18 and 21g, which are the fourth to seventh detection el ectrodes
from t hghkAptnar eohtacnBtact Wkt BohBenabkcifgeardingly, "0" is input to the
D-input terminals of the corresponding DFFs 13 and output fromthe Q output
term nal s therneoisakbity | SF | vt tesid ounilts Y1 t hElL£ots esponding LED drivers
16. Accordingly, "1" is input to the corresponding LEDs 17, so that the
LEDs 17paveidiadned bhe bnbbtgatéd, 20he MEDs dpewhiEchadle,t saemed on are

i ndi cated by hatched lines. Accordingly, all of the LEDs 17 are turned on
if the ebachrnde units Ul hreandnatkuotedhef| EBgen7datectiupned of f if the
tank of the container 11 is alnost enpty. In the present enbodi nent, the
amount elereraffapngdlankocdhabandi sprapedommori ghecsregss ahl-t hBagBer can
determ ne the anount of renmining ink in eight steps by observing the

di spl ayCfpphrarasmoropleghkpries whBnifodisBpsefea§edeROEEDIOR7CAPEST Ur ned
on and the remaining three are turned off, as shown in Fig. |, it neans
that t h&CafBEnPLfofhFerBERFRGOPNRIPSTEEPHGAL FY2nbPe2tfan hal f-full. Al though

an enbodi nent. of the present inventjon has been, descyjbed, the present
Cnvention | STRGR FHG TRk GO tHEP SR, S CPTBE BT OHT nbhi CORTIR T he

foll ow ificati f I i,ble: (1),ln.the.

abovo. dBGt FBEA"BRUBE RBAF COfnboaRBURECDr “FEREPAPARYY nk"Fs ahflayed i n
bov BB S iE B SPERAFAPAYYr nk s "rtafaye

Si Gnal o £V ek HoOEGGhO TR ShETELARES TLhE s e 1 0 PhBo anot ner type.of

Signalsdgxeeﬁheg 2rshopak Qﬂﬁvgﬁgsetiandhbms aeQuRt, Qﬁgrgﬁﬁiehegeknk may

al so be displayed on the basis of the signals converte y the signa

CO”VerF@&b)V%eﬂoréoépéééﬁﬁhgi1§?V%He0M&HH&dShQOéh$m@%6s0@haEH%d as a
detection result, as in the above-described enbodi nent, the anpunt of

remai ni BereBkisanckegehepkayfRlehntBegbhoshePss AakOHECRBhYest he amount of
remai ning ink may al so be i ndicated by, for exanple, decinmal nunbers of 0

to 7 by converéidgtébeiont pléctrginal 31anie @isboeedbat shgnabp (000 to 111).
Al ternatively, the anmount of remaining ink may al so be shown on a display
or the pbkethygnseut pngi@ion at which the detection electrode 2la

comes into contact with the ink when the container 11 is

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 2la to 21g are

arranged along the direction in which the liquid level 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



plurality of nessages, for exanple, "remaining amount ... %, in advance,
and sel ecting one of the nessages in accordance with the output signals.
(2) I'n addition, although seven electrode units 21 are used for detecting
the amount of remaining ink in the abovedescri bed enbodi nent, the nunber of
el ectrode units 21 may al so be increased so that the anmount of remaining
ink can be detected and di splayed in a | arger nunber of steps. (3) In
addition, in the above-described enbodi nent, an ink-renaini ng-anount

di spl ay apparatus used in an inkjet ptimter has been expl ai ned. However,
the present invention is not limted to this, and nay al so be applied to
various kinds of remaining-liquid-anount display apparatuses for - 20

di spl ayesgnébeeameuntnef rvaskpustkiadsiefnki gutdsrnemahningnensaveant ai ner

t hereof . As descri bed above, according to the present invention, an anount
of |i qucémmenaeébeétgroied 2ONt araecohheceal tanpheaatelr abebysdhgpkayed with
a sinple structure. - 21 CLAIMS: 1. A remaining-Iliquid-amunt display
appar atwsriog daspéayi agdaaranguaotndédconductive liquid remaining in a
The common electrodes 21h may be constructed such that

the entire region of the common electrodes 21h and the

wiring pattern come into contact with the ink. However, in

the present embodiment, only the rectangular regions of the

common electrodes 21h come into contact with (are exposed

to) the ink, and the wiring pattern is covered such that it

does not come into contact with the ink. Thus, the regions

of the common electrodes 21h which come into contact with

the ink are made as small as possible.

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

21g. When, for example, the ink has a relatively low

conductivity, 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 Z21h greater 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



liquid container, conprising: a plurality of electrode units which are
arranged along a direction in which the liquid |level falls when the anount
of liquid in the container decreases and whi ch conduct current when the

el ectrode units are in contact with the liquid; a voltage source which
applies a voltage to the electrode units; a liquid detector which detects
t he presence/ absence of the liquid at positions of the el ectrode units on
t he basis of whether or not the electrode units conduct current when the
voltage is applied by the voltage sourze; and a remai ni ng-1i qui d- anmount

di splay 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 hingttisd2at mp@sSbki edmpokcihe relaegtrede repicls <okt aiared iRy tBe ki quid

detector. 2. A remaining-I|iquid-anount display apparatus for displaying an
amount ehteenrdepkillenti guiad ihemmari Be appd ileidgiiod teentsairFalce ©@NMPri si ng:
each electrode unit 21. Accordingly, when, for example, one
of the electrode units 21 becomes free from the ink, the ink
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 i1s 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



- 22 a plurality of electrode units which are arranged along a direction
in which the liquid level falls when the amount of liquid in the container
decreases, each electrode unit including a detection el ectrode and a conmon
el ectrode which are disposed in the vicinity of each other and which
conduct current therebetween when the detection el ectrode and the comon

el ectrode are in contact with the Iiquid; a voltage source which applies a
vol t age between the detection electrode and the conmon el ectrode of each of
the electrode units; a liquid det eCt 88 Wwhi ch detects the presence/ absence
of the liquid at positions of the electrode units on the basis of whether
or not current is conducted fromthe detection electrode to the common

el ectroggidinzeacin@f thbecbbeeti08E thhiscvbensthes vohéager iwinpplied by the
vol t age source; and a remaini ng-1iquid-anmount display unit which displays,

i n stepshahfie, andbunexahpl equittler efeichirigailn reld scamnical mari lon idedyasi s of
the detection result of the presence/ absence of the liquid at positions of
t he el ethrodehuai tasebt at nedy byot hieel pgsis dotet et @stalll igh

remai ni ng-1i qui d-anount di spl ay apparatus according to one of Clains 1 and
2, furtakectohpel stognactignabetoaeer eachwhf chheofoeettiome det ection
result of the presence/ absence of the liquid at positions of the el ectrode
- 23 uplestepdasnédabyot htgl padi thaeteerofPPndbdng spmhan ofegtrode
predeterm ned type, wherein the remaining-liquid-amount display unit

di spl aydlhhe BARBURELIBILY i i dOFERHI AP ngVP ALt PBCR oRt BRREECRH- t BRCbasi s of
the converted signal qQbtained by, the signal converter. 4. A )
remai ni YT FRGET HE GADEAL LAY SpI BFY ma?afggs 22RoF BF h§tRBCaNTC ok ot Pk he
caim I gagyanggg;,gpg CedOLh PR SOULEE PR 85 4 NG ¥OLLEgE Qniy for a

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
respective DFFs 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 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 a possibility that

only an extremely small amount of current can flow in the



liquid detector to detect the presence/ absence of the liquid. 5. A

remai ni ng-11i qui d-anpbunt di spl ay apparatus according to any one of the
preceding clains, wherein at |east a part of each of the electrode units
has a water-repellent surface. 6. A remaining-I|iquid-anmount display
apparatus according to any one of the preceding clains, wherein an outer

| ayer of each of the electrode units, the outer |ayer comng into contact
with the liquid, is coated with a surface-treated | ayer having corrosion
resistance to the liquid and to air.1% -A renmining-1iquid-anount display
apparatus according to Claim2 or according to any one of clains 3 to 6
when dependent on at |east claim2, wherein the common el ectrodes are

connect gy i n RAESLEShg Wt hr8a£h: Oh S ﬁﬁ@&ﬁ%eh§5@0§@9ige$ace vaPdes at
regions close to the detection electrodes. 8. A renaining-|iquid-anmount

di spl aya ppPasal Usn a6 £QEHI PPat 0z aBNE PIEi Oht ther Pheceli ags e&AbiBe ¥hgrein the
el ectrode units are disposed at positions ere a displacenent of the

l'i qui d bevebtsancedoubeeeh he €o8E alReretthé SdéteBt DOAUE eOtrddes
remai ni ng-1i qui d-anount di splay nmethod for
2la to 21g are in contact with the ink and a case where the
detection electrodes 2la to 21g are not in contact with the
ink.

The above-described seven resistances 12 are connected
to a pulse generator 15, which corresponds to a voltage
source of the present invention, with a delay circuit 14
therebetween. In addition, a clock pulse output from the
pulse generator 15 is input to a clock pulse (CK) input
terminal 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 individually connected to their respective LED drivers
16. In addition, seven light-emitting diodes (LEDs) 17,
which correspond to a remaining-liquid-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 individually 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-amount display apparatus 10

constructed as above, the pulse generator 15 outputs a clock



di spl ayi ng an anmpbunt of conductive liquid remaining in a liquid container,
conprising the steps of: applying a voltage to electrode units which are
arranged along a direction in which the liquid level falls when the anmount
of liquid in the container decreases and which conduct current when the
el ectrode units are in contact with the liquid; detecting the
presence/ absence of the liquid at positions of the el ectrode units on the
basi s of whether or not the electrode units conduct current when the
voltage is applied; displaying the adunt of liquid remaining in the
container in steps on the basis of the detection result of the
presence/ absence of the liquid at positions of the el ectrode units.
AL A ABuBséb SaPyAnénAche. Aot Ao A remaining ink is to be
JACACA AN A AYH A A@6 AFn% | ] _yOHl } xsnid_Z] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
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1 0& () - th&Opotént)iall@ss a&' &) h8gh level, that is, "1 (high)", at

one end of all of the resistances 12. When the detection
electrodes 21a 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
21h, and to the ground. Accordingly, 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
recelve "0" as an input value.

On the contrary, when the detection electrodes 2la to
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21g and the common electrodes 21h are not in contact with
the ink, the current does not flow from the detection
electrodes 2la to 21g to their respective common electrodes
21h, and thus the detection electrodes 2la to 21g function
as open ends. Accordingly, the potential at the D-input
terminals of the DFFs 13 does not change from the applied
potential, that is, the high level "1", and the D-input
terminals 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 electrodes 21la to 21g and the
common electrodes 21h are in contact with the ink, and "1"
is input to the D-input terminals of the DFFs 13 when the
detection electrodes 2la to 21g and the common electrodes
21h 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 the D-input terminals of the DFFs 13, measurement
is performed for a time corresponding 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 clock
pulse are output from the Q-output terminals. Once the
clock pulse is input to the CK-input terminals, values
output from the Q-output terminals are maintained and do not
change, even when values input to the D-input terminals

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

The time at which the clock pulse is input to the CK-
input terminals of the DFFs 13 and the time at which the D-
input terminals 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 terminals of the DFFs 13 while "0" or "1" is being
input to the D-input terminals of the DFFs 13.

The output signals from the Q-output terminals of the
DFFs 13 are input to and inverted by their respective LED
drivers 16. More specifically, the LED drivers 16 output
"Oo" if "1" is input from the Q-output terminals, and output
"1" 1f "0" is input from the Q-output terminals.

Then, output 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
2la, 21b, and 21lc, which are the first to third detection
electrodes from the top, are not in contact with the ink.
Accordingly, "1" is input to the D~input terminals of the
corresponding DFFs 13 and output from the Q-ocutput terminals
thereof, and is inverted to "0'" by the corresponding LED
drivers 16. Accordingly, "0" is input to the corresponding
LEDs 17, so that the LEDs 17 are turned off.

On the contrary, the detection electrodes 21d, 2le, 21f,
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and 21g, which are the fourth to seventh detection

electrodes from the top, are in contact with the ink.

Accordingly, "0" is input to the D-input terminals of the

corresponding DFFs 13 and output from the Q-output terminals

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 hatched lines.

Accordingly, all of the LEDs 17 are turned on if the

container 11 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 determine the

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 in Fig. 1, it means that the amount 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) In the above-described embodiment, the amount of

remaining ink is displayed in eight steps by providing seven

electrode units 21. In this case, the output signals from
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the DFFs 13 may also be converted into another type of
signals by using a signal converter, and the amount of
remaining ink may also be displayed on the basis of the
signals converted by the signal converter.

When, for example, seven output signals are obtained as
a detection result, as in the above-described embodiment,
the amount of remaining ink can be displayed in eight steps.
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
also be shown on a display or the like by setting a
plurality of messages, for example, "remaining amount ... %"
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 remalning ink in the above-
described embodiment, the number of electrode units 21 may
also be increased so that the amount of remaining ink can be
detected and displayed in a larger number of steps.

(3) In addition, in the above-described embodiment, an
ink-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
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displaying the amount of various kinds of liquids remaining
in a container thereof.

As described above, according to the present invention,
an amount of liquid remaining in a container thereof can be

accurately displayed with a simple structure.
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CLAIMS:

1. A remaining-liquid-amount display apparatus for
displaying an amount of conductive liquid remaining in a
liquid container, comprising:

a plurality of 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;

a voltage source which applies a voltage to the
electrode units;

a liquid detector which detects 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 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.

2. A remaining-liquid-amount display apparatus for
displaying an amount of conductive liquid remaining in a

liquid container, comprising:
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a dlrectlon in which the liquid level falls when the amount
of liquid in the container decreases, each electrode unit
including a detection electrode and a common electrode which
are disposed in the vicinity of each other and which conduct
current therebetween when the detection electrode and the
common electrode are in contact with the liquid;

a voltage source which applies a voltage between the
detection electrode and the common electrode of each of the
electrode units;

a liquid detector which detects the presence/absence of
the liquid at positions of the electrode units on the basis
of whether or not current is conducted from the detection
electrode to the common electrode in each of the electrode
units 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.

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 liquid at positions of the electrode
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4. A remaining-liquid-amount display apparatus

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

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

5. A remaining-liquid-amount display apparatus
according to any one 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 apparatus
according 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 any one of claims 3 to 6
when dependent on at least claim 2, wherein the common electrodes

are connected in parallel with each other and are exposed only
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at regions close to the detection electrodes.

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 liguid 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
liquid container, comprising the steps of:

applying a voltage to electrode units which are
arranged along a direction in which the ligquid 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;

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 liquid 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.



