22 January 2007 - 1 LI QU D DETECTI NG APPARATUS, LI QU D- ARERINENDRAGICTI NG
APPARATUS, LI QUI D DETECTI NG METHOD, AND LI QUI D- AMOUNT DETECTI NG METHOD
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a liquid detecting apparatus or a |iquid-anount
detecting apparatus for detecting a liquid or the anount of a liquid in a
container. For exanple, the present invention relates to an apparatus for
detecting the remai ning anount of ink in an ink tank of an ink-jet

printer. 2. Description of the Relat%d_ﬁwt In an ink-jet printer, ink is
stored in an ink tank, and the ink i's transferred fromthe ink tank to an:
ink discharging unit (head) through an ink path, whereby 2 droplets of ink
is discharged. In the ink-jet printer, the presence or absence of ink nust
be det ect ed MY Da PETECIINGe Py PARGA U e Sl QU R - ANOUNTs DEFEGEENGf or this is
that it is difficult to visually determ ne the remaining anount of ink
fromthe e%ﬁ@@ﬁ@ﬁUﬁppééﬁgﬁ@eD@FEFﬁéNﬁnMEﬁﬁﬁP AYDy LIQPSRGAMEHNSN, if the
ink is discharged to such an _extent that the ink is conpletely used up,
ink that serves as "priner" PetdmESNGd4H bl e. That is, .air enters the
ink path, preventing the ink frombeing transferred to a

BACKGROUND OCF THE INVENTION

1. Field of the Invention
The preéent-invention relates to a liquid detecting

apparatus or a liquid-amount detecting épparatus for

‘detecting a liquid or the amount of a liquid‘in a container.

For example, the present inventlon relates to an épparatus

- for detecting the remaining amount of ink in an ink tank of

an‘ink—jet printer.

2. Description of the Related Art
In an ink-jet printer, ink is stored in an ink tank,

and the ink is transferred from the ink tank to an ink

R discharging unit (head) througﬁ an ink path, whereby

' ~droplets of iqk is discharged. 1In the ink-jet printer, the
presence or absence of ink must be detected with a
relatively high precision. A first reason for this is_that
it_is difficult to visually determine the.remaining amount
of ink from the external appearance of the ink tank.

As a second reasbn, if the ink iS'discharged.to such an
- extent that the ink is completely used up, ink that'serves
as "primer" becomes unavailable. That is, air'enters the

‘ink path, preventing the ink from being transferred to a-




22. January 2007 2 nozzle. In that case, ink nust be supg?lauaaydddy from
the start to allowink to be discharged, or the ink discharging unit

- coul d be degraded. As a nethod of discharging ink in an ink-jet printer,

the thermal nmethod is known, in which ink in an ink cell is rapidly heated
by a heating elenent to discharge droplets of ink. If the heating el enent .
generates heat even though ink is not present, the heating elenent could
be damaged. Thus, discharging of ink (printing) must be stopped when the
remai ni ng anount of ink reaches a certain level. Furthernore, as a third
reason, when a |l arge-sized print sheét i s used, if the remai ni ng anount of
ink is not detected precisely, it is possible that ink is used up during
printing and printing up to that time becones vain. Fromthe viewpoints of
saf ety, negadeny, lot ¢thatdeseei bédk albeve bd tsuppliecesgaliy teodetret the
remai ni ng anount of ink accurately. Known nethod of detecting the

remai ni F¢adkodet adflownknki el bee dischercsani cal tdet éoki dischaygapti cal
detection, (3) detection based on change in electrical resistance, (4)

det ect | ¥R 1Basedi8nbendegaaidadcapasi ranedhoshe f( B)isdbeegtingninkased on count
of discharged anpunt. Exanples of (3) detection based on change in

el ectri 88 *Pkedrdt BRdBIRAe| tHE CRpryapamesdodndsakneet  Panenhich

ink in an ink cell is rapidly heated by a heating element to
discharge droplets of ink. If the heating element generates
heat even though ink is not present, the heating element
could bé damaged. Thus, discharging-of ink (printing) must
be stopped when the remaining amount of ink reaches a
- certain level.

Furthermore, as a third reason, when a lérge—sized
print sheet is used, if the_remaining amount of ink isnnot
detected precisely, it is possible that ink is used up

"during printing and prinfing up to that time becomes vain.

From the.viewPoints of safety, economy, etc., described

above, it is neceséary to deteﬁt the remaining amount of ink
" _ accurately.

Known method of detecting the remaining amount of ink

include (1) mechanical detection, (2) optical detection, (3)
- detection based on change in electrical resistance, (4)

detection based on change in capacitance, and'(S) detection

based on count of discharged amount.
Examples of '(3) detection based-on change in eléctrical
“resistance include (1) Japanese Unexamined Patent

Application Publication No. 6-226990 (Patent Document 1),




Application Publication No. 6-226990 (Patent Docunment 1),222anlanueil/ 2007
3 (2) Japanese Patent Publication No. 2772015 (Patent Docunent 2), (3)
Japanese Patent Publication No.. 2798948 (Patent Docunent 3), and (4)
Japanese Unexam ned Patent- Application Publication No. 11-179936 (Patent
Docunent 4). O the exanples of detection based on change in electrical
resi stance, according to the nethods disclosed in Patent Docunents 1 to 3,
a pair of electrodes is provided in a liquid, and a current is fed to the
el ectrodes froma DC power source via a resistor having a high val ue of
resi stance. The vol tage applied to“tﬁe"pair of el ectrodes changes
dependi ng on the presence or absence of the liquid between the pair of

el ectrodes. According to the method disclosed in Patent Docunent 4, an

al t er na2)ng apisneaddl Haxentu$en fietatdeireetd .o 70208 9 | (@aiténtThecuekated art
descri bed above, however, has had the follow ng problens. First, when a
di rect 20yr riént Jalpewnws stehiPeuginta Hulduich @on iNo .t (26 98014 8di(Peltesed | n Pat ent
Docunents 1 to 3, an electrolysis occurs depending on the type.of the

el ect r ddbesimeartd 3t)he agginddn e dizg aafe sch & naxgmiichedT Pas entthéppdrifatésnof t he

el ectrodes are likely to change, and netallic ions are eluted into the

| i qui d Pupddsisilipnc digsi dd -dN&¥ge | Patmnt degeendr i4dtics of the liquid
(ink). Furthernore, accordin

Of the examples o% detection based on change in
electrical resistance, according to the methods disclosed in‘
Patent Documents 1 to 3, a paip of electrodes is provided in
a liquid, and a current is fed to the electrodes from a DC
power source via a resistor_having a high value of
resistance. The voltage applied to the pair of electrodes
changes depending on the presence or absence of the liquid
_between the pair of electrodes. According to the methodr
disclosed in Patent Document 4, an alternating current is
used for detection of a liguid.

The reléted art described above, however, has had the

following problems.

F

First, when a direct current flows through a liquid as

in the art disclosed in Patent Documents 1 to 3, an

. electrolysis occurs dgpending on the type of the electrodes
and the components of the liquid. Thus, the surfaces of the
electrodés are likely to change, and metallic ions are
eiuted into the ligquid, possibly causing change in the
characteristics of the liguid (ink). Furthermore, according

' to the methods that use a direct currént; as will be

described later in relation to'embodimentSIOf the present




to the nethods that use a direct current, as will be des22iUdgedry200&r in
relation to enbodi nents of the present 22 January 2007 4 invention, the
i npedance of the circuit systemtends to be high, which nmakes a detection
at high speed difficult. According to the art disclosed in Patent Docunent
3, in order to overcone this drawback, the direction of a current that
flows through electrodes is reversed at a cycle of neasurenent period.
According to this method, however, a direct current is used for
measurenent itself, and ions generated by the neasurenment with the direct
current are elimnated by a flow of a BCcurrent in the reverse direction
for the same qug}?.of %%ne. Therefq{e the speed of nmeasurenent is slow
According to t REEFTHi SBF 0ZBEIrePy 5&?‘5&8& RS CERYE & al t er nati ng
current is used,the pro f . el ectr.olysis does..ngtf, occur. However,
liquid is det egltgéld ?%lgglng%]ﬁ% ggdérr%gﬁle(%, %?%1%!}1 %%/eegegle%ﬁcﬁgt'change in the

anmount of the |iquidohasgdconrehange: ki sepag banas. pdent | €vels detected
are unstable, and results of detection are not reliable. SUMMARY OF THE

| NVENTI ON Enboglideents cebridi@ phEs eRhwibatkenticoai paventoeleshiehysi s
(ionization) of liquid fromoccurring and not to change in characteristics
of the |iquid whitl leais| owravghr €lacabddes deteotromt at a cycle of
' measurement period. According to this method, however, a
. direct current is used for measurement itself, and ions
generated by the measurement with the direct current are
eliminated by a flow of a DC current in the reverse direction
for the same length of time. Therefore, the speed of
measurement is slow.
According to the art disclosed in Patent Document 4,
since an alternating current is used, the problem of the
electrolysis does not occur. However, liquid is detected in an
analog manner, i.e., by detecting change in the amount of the

liquid based on change in capacitance. Thus, levels detected

are unstable, and results of detection are not reliable.

SUMMARY OF THE INVENTION

Embodiments of the present invention prevent electrolysis
(ionization) of liquid from occurring and not to change in
characteristics of the liquid while allowing reliable
detection.

Accqrding to a first aspect of the present invention,

there is provided




According to a first aspect of the present invention, th22danuwmnp2@dd ded 22
January 2007 5 a liquid detecting apparatus for detecting a liquid
contained in at |east one container, the liquid detecting apparatus
conprising: a liquid detecting circuit including an electrode unit formed,
at least, by a pair of electrodes that is to be disposed in contact
partially with the liquid in the container, the pair of el ectrodes being
electrically connected to each other when the pair of electrodes is in
contact with the liquid; an inpedance; and an alternating- current signa
source; wherein the liquid detecting ciTcuit inputs an alternating-current

i gnal  that dogsaial cepalah fpads ROLGLULEN £ONPANGDS d,felfigel ect rode

unit via a certain value of I'npedance, outputs a si representing
status of elaCchti tRlstComnesiiAnepetrween fhg falett oy g%ﬁpﬂawges, and
outputs a binary signal representing the presence or absence of electrical
connecti on betoweensitige paiipudd dekeatingdeschas eitheladinyhen @ukptiodsi gnal ; and
a determining unit for determning the presence or absence of the liquid
at the el ect rusdé fmimed, isédesn bhe bhharf sleptabdeuttpat ifsrbeiehe | qui d
detecting circuit. According to a second aspect of the present invention,
there is proAdeese® PRtArdeahdantidddredttimghapsarid yg #r  detecting the

amount of a |iquid contained i | east on
caﬂgalner, the pagr o g{ectro es %ef%g electrically

connected to each other when the pair of electrodes is in
contact with the liguid; an impedance; and an alternating-
current signal source; wherein the liquid detecting circuit
linputs an alternating-current signal that does not contain a
direct—-current component to the electrode unit via a certain
value of impedance, outputs a signal representing status of
electrical connection between the pair of electrodes, and
outputs a binary signal representing the presence or absence
of electrical connection between the pair of electrodes based
on the output signal; and a determining unit for determining
the presence or absence of the liquid at the electrode unit
based on the binary signal output from the liquid detecting
circuit. |

According to a second aspect of the present invention,
there is provided a liquid-amount detecting apparatus for
detecting the amount of a liquid contained in at least one
container, the ligquid detecting apparatus comprising: a
liguid detecting circuit including an electrode unit formed
by a pair of electrodes that is to be disposed in contact at

least




container, the liquid detecting apparatus conprising: a #2danuanddi®cting
circuit including an electrode unit formed by a pair of electrodes that is
to be disposed in contact at |east 22 January 2007 6 partially with the
liquid in the container, the pair of electrodes being electrically
connected to each other when the pair of electrodes is in contact with the
liquid; an . npedance; and an alternating-current signal source; wherein
the liquid detecting circuit inputs an alternating-current signal that
does not contain a direct-current conponent®to the electrode unit through
a certain value of inpedance, outputs a signal representing status of

el ectrical connection between the pair of electrodes, and outputs a binary
signal represghtlngvitie theekiendéé or thbsenceirgdr, ettecpaicalf connecti on
between the pair of electrodes based on the output signal; and determ ning
unit for deteaftaedrs Phiedpeltadniealdy apyweted go eadheothgpuwhientthehe

el ectrode unit based on the binary signal output fromthe |iquid detecting
circuit. Acddtdi fig FECHARFriP dBpERACAEF 1B PiedeMi% n¥ention, there is
provi ded a I{ %qudeteg}inglgpthqg for detectiQ%ra liquid contained in at

| east one coRtarner, Whersih ah @ H@rPerHafThg ettt SRS ghaT*that does not

contain a digigchiqalr efl-cEamonant: Laolapyl LikomAn.aldernati ng- cur rent
Sl gnal source to an electrode unit via a certain vaP e OF |rrpedance,

signal that does not contain a direct-current component to the
electrode unit through a certain value of impedance, outputs a
signal representing status of electrical connection between

- the pair of electrodes, and outputs a binary signal

representing the presence or absence of electrical connection
between the pair of electrodes based on the cutput signal; and
determining unit for determining the presence or absence of

"the liquid at the éiectro&émﬁﬁiﬁ based on the binary signal

output from the liquid detecting circuit.

According to a third aspect of the present invention,

there is provided a liquid detecting method for detecting a

“liquid contained in at least oﬁe container, wherein an
alternating-current signal that does not contain a direct-

current component is input from an alternating-current signal
source to an electrode unit via a certain value of impedance,

the electrode unit being formed by a pair of electrodes that

is to bé disposed in contact at least partially with the liquid

in the container, the péir of electrodes being electrically

connected to each other when the pair of electrodes is in




the el.ectrode unit being forned by a pair of el ectrodes tilanuasy 2007be

di sposed in contact at |east partially with the liquid in the container,
the pair of electrodes being electrically connected to each other when the
pair of electrodes is in 22 January 2007 7 contact with the |iquid,
wherein a signal representing status of electrical connection between the
pair of electrodes is output, wherein a binary signal representing the
presence or absence of electrical connection between the pair of

el ectrodes is output based on the out/put signal, and wherein the presence
or absence of the liquid at the electrode unit is determ ned based on the
bi nary signal. According to a fourth aspect of the present invention,

there is provheded aiid qubdriap@entindetechi agmaRt hodetaitinded@ehing the
anount of a liquid contained in at |east one container, wherein an

al t er nat i ng-o€ueYentisilgnahnddiabn deesediDthe GRAL ad M cde i dodes -iGuUr r ent
conponent is input froman alternating-current signal source to an

el ectrode umutptthr sugteinaa demeay reigablieceptesansédarte, ptdrened egt r ode uni t
being forned by a pair of electrodes that is to be disposed in contact at
| east parti &PPF§PSH Ph SlRETTiIGE BoIscEiR® BoFitesrnEre PRie Qfaptedtod’d ectr odes
bei ng electnicau#%gconnected to each other when the, pair of electrodes is

in contact wtf” R3568i P TRATEPRT £198 Y &P rBFreSe it P nBFSFAETs of
el ectrical. %?”gbes%hi:é)”ofb%ﬁ‘e"’eﬁ%uié NG PRI 190 8ILCL1QDeS JS Q0L R, wherein a
bi nary signa
based on the binary signal.
According to a fourth aspect of the present invention,
there is provided a liquid-amount detecting method for
detecting the amount of a liquid contained in at least one
container, wherein an alternating-current signal that does not
contain a direct-current component is input from an
alternating-current signal source to an electrode unit through
a certain value of impedance, the electrode unit being formed
by a pair of electrodes that is to be disposed in contact at
least partially with the liguid in the container, the pair of
electrodes being electrically.connected to each other when the
pair of electreodes is in contact with the ligquid, wherein a
signal representing status of electrical connection between
‘the pair of.electrodes is output, wherein a binary signal
representing the presence or absence of electrical connection
betweeﬁ the pair of electrodes is output based on the ocutput
signal, and wherein the presence or absence of the liquid at-

the electrode unit is determined based on the binary signal.




representing the presence or absence of electrical connecg2denuabe2®iBen t he
pair of electrodes is output based on the output signal, and wherein the
presence or absence of the liquid at the electrode unit is determ ned
based on the binary signal. 22 January 2007 8 According to enbodi nents of
the present invention, an alternating-current signal that does not contain
a direct-current conponent is input fromthe alternating- current signal
source to the electrode unit through a certain value of inpedance. Wen
the alternating-current signal is inpyt _to the electrode unit, a signal
representing the status of electric connection between the pair of

el ectrodes of theagdRetin®d8 erbdliimdn® sk RHL 306012 : REDAL Y, ST gnal
representing the presence or absence of electric connection between the
pai r of el eehraidesnitsingudputnbasgdaonhbbeiceyt it «sh@gal a The presence or
absence of liquid at the electrode unit is determ ned based on the binary
si gnal . Thus dis¢stceunrerdl tamvatitngscimpuentrei ghalalthedatdogs not contain a
direct-current conponent is input to the electrode Unit, a direct current
does not f| oW FHGUHEHeSPILGEI e, thanrdraiurge chdfigehtonoh ke characteristics
of the liquid. Furthernore, thanks to a | ow conduction inpedance,
detection sPEEFCalf e ¢ FREEBSE: Furt hernore, since the presence or

absence of

i qUiﬁhér§the alternating-current signal is input to the
electrode unit, a signal representing the status of electric
connection between the pair of electrodes of the electrode
unit is output, and a binary signal representing the presence
or absence of electric connection between the pair of
‘electrodes is output based on the output signal. The presence
or absence of liquid at the electrode unit is determined based
on the binary signal.

Thus, since an alternating-current signal that does not
contain a direct-current component is input to the electrode
Unit, a direct current does not flow through the liquid,
avoiding change in the chéracteristics of the liquid.
Furthermore, thanks to a low conduction impedance, detection
speed can be increased.

Furthermore, since the presence or absence of liquid is

determined by outputting a binary signal, digital processing

is allowed, serving to improve the reliability of detectionm.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a diagram showing an equivalent impedance




determ ned by outputting a binary signal, digital process2hdanuasy 2007owed,
serving to inprove the reliability of detection. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a .diagram showi ng an equival ent inpedance 22 January
2007 9 circuit; Fig. 2 is a diagramshowing the results of a sinulation
of the equival ent inpedance circuit shown in Fig. 1; Figs. 3A and 3B are
di agrans specifically showwng the difference in circuit inpedance due to
di fference between DC detection and AC detection; Fig. 4 is a diagram
showi ng the construction of a |iquid-anount detectlng appar at us accordi ng
to an enbodi ment of the present invéhtion; Fig. 5is a waveformchart for
expl aining a detecting operation accordlng to a first enbodinent; Fig. 6
is a diagramshowing a liquid detecting circuit in the first enbodi nent;
Fig. 7disauwaveformchart showi ng a second enbodi ment of the present

i nvention, and it corresponds to Fig. 5 for the first enbodinment; j Fig. 8

is a di agramlsghow @ & Wiab@aenkodvivet ok theuiRkesenk !s&l)ﬁ%'l]talt%n and it
corresponds to Fig. 6 for the first enbodinent; Fig. 9 is a waveform chart
rel ati R tihd hepoivalddt impedance circuit shown in Fig. 1;
Figs. 3A and 3B are diagrams specifically showing the
difference in circuit impedance due to difference between DC
~detection and AC detection;
Fig. 4 is a diagram showing the construction of a
liquid-amount detecting apparatus according to an embodiment
of the present invention;
Fig..5 is a waveform chart for explaining a detecting
- operation according to a first embodiment;
Fig. 6 is a diagram showing a liquid detecting circuit
in the"first'embodiment;
Fig. 7 is'a waveform chart showing a second embodiment
;of the preseht invention, and it corresponds to Fig. 5 for

the first embodiment;

3f) s Fig. 8 is a diagram showing a third embodiment of the

present invention, and it corresponds to Fig. 6 for the

first embodiment;

Fig. 9 is a waveform chart relating to the circuit

diagram shown in Fig. 8, and it corresponds to Fig. 5 for
the first embodiment; |

| Fig‘rlO_is a circuit diagram showing a fourth
' embodiment of the present invention, and it corresponds to

Fig. 6 for the first embodiment; and




_diagram shown in Fig. 8, and it corresponds to Fig. 5 for22uénafy 2617
“enbodinment; Fig. 10 is a circuit diagramshowing a fourth enbodi ment of

t he present invention, and it corresponds to Fig. 6 for the first

enbodi nent; and 22 January 2007 10 Fig. 11 is a waveformchart relating
to the circuit diagramshown in Fig. 10, and it corresponds to Fig. 5 for
the first enmbodi ment. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Now,

enbodi ments of the present invention will be described with reference to

t he acconpanyi ng draw ngs. According to the present invention, a pair of
el ectrodes is disposed in a liquid, fd t he presence or absence of the
liquid is determ ned based on a current that flows: -between the pair of

el ectrodes. The current that is wused herein is an alternating current, not
a direct curment 11 Tke ar @aseFsrio0ichiblits reilbkibg desentbedrbaiew. \Wen t he
el ectrical resistance between electrodes that are in contact wwth a liquid
i s neaslireefianf cthexanpl &idy 180, dnrdcuit deasteaponidse tel adly.i Galforesi st ance
does not depend nuch on the distance between the el ectrodes, and the

el ectritded fiesitsteadpelineriarge at first, and becones |ower as tine

el apses. This phenonenon can be explained by increase in ions due to
progress of electrolysis that is

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now, embodiﬁents of the present invention will be
described with reference to the accompanying drawiﬁgs.
According to the present invention, a pair of
electrodes is disposed in a liguid, and the presence or
ébsance of the liquid is determined based on a cufrent that
flows between the pair of electrodes. The current that is
used herein is an alternating current, not a direct current.
The reasons for this will be described below.
When the electrical resistance between electrodes that
are in‘contaét with a liguid is measured, fér_example, by a
circuit tester, the electricallresistance does not depend
..much on the distance between the electrodes, and the
:electrical resistance is large at fifst, and becomes lower
as time elapses. This ?henomenon'can be explained by
increase inkions due to progress of electrolysis that is
caused by the measﬁrement_itself with a direct current
between the electrodes, although the phenomenon depehdé
"considerably on the material of.the electrodes, the
- conditions of surface treatment, the area of surfaces in

contact with the liquid, the characteristics of the liquid,




caused by the neasurenent itself with a direct current b2 Jawant 207
~electrodes, although the phenonmenon depends considerably on the materi al

of the electrodes, the conditions of surface treatnment, the area of
surfaces in contact with the liquid, the characteristics of the liquid, 22
January 2007 - 11 etc. Now, let the distance between the el ectrodes be
denoted as L and the cross sectional area of the electrodes through which
the current flows be denoted as A. Then, L/A is known to be a constant
value (= K) in a given container. The resistance R of the |liquid between
the electrodes is R= Kk, where k derotes the conductivity of the |iquid.
Consi dering the inpedance (Zx) between the el ectrodes based on what has

. been descri bed above, an equival ent inpedance circuit shown in Fig. 1 is
consi derted aslowgpreaprihat €listiankiegbetweanr @%ieSkQlecRdodeephesent s t he
resistance of the liquid as neasured with a direct current over a short
peri od.deActaphcist ar aOd riger exentss sebe iocakactrest atfi aheapaekctabgesof the
liquid. Aresistor Rac represents the resistance of the |iquid as neasured
wi t h arrhrgiucdr nditliolg téwr centrensi fd ewsabeesieab teelaser anentthdnf, f 872 bet ween
measurenent with a direct current and neasurenent w th an alternating
currentis tewgapgaciror CenisgaosnHedtied (=i K)séni esgiiveh thetaésestor Rac.

Fig- 2 is a dLa%ran1shomjn the results of a -
The resistance R of the liquid between the electrodes is R =

K/k, where k denotes the conductivity of the liquid.

Considering the impedahce (Zx) between the electrodes
based on what has been described above, an equivalent
impedance circuit shown in Fig. 1 is considered as
appropriate. 1In Fig. 1, a resistor Rdc representsrthe
resistance of the liquid as measured with a direct current
over a short period. A capacitor Cx represents the
electrostatié capacitance of the liquid. ' A resistor Rac
represents the resistance of the liquid as measured with an
alternating current. Since values ofrmeasurement.differ
between measurement with a diréct current and measurement
‘with an alternating current, the capacitor Cx is connected
in series with the resistor Rac.

Fig. 2 is a diagram showing the results of a

- calculationrof the eguivalent impedance ¢circuit shown in Fig.

1. In the calculation, ink for an ink~jet printer was
chosen as the liguid.

In Fig. 2, the horizontal axis represents the ffequency
(Hz) , and the Vertical axis répresents the cutput voltage

(mV) between the electrodes of the equivalent circuit shown




cal cul-ati on of the equival ent inpedance circuit shown in E2danuaty 200v t he
calculation, ink for an ink-jet printer was chosen as the liquid. In Fig.
2, the horizontal axis represents the frequency (Hz), and the vertical
axi s represents the output voltage (mVv) between the el ectrodes of the

equi val ent circuit shown 22 January 2007 12 in Fig. 1. Furthernore, in
the circuit shown in Fig. 2, a signal source V1 is an AC-signal source,
and a resistor R2 is a signal-source resistor. As is apparent fromFig. 2,
under the conditions of the |liquid and the electrodes in the cal culation,
at frequencies not higher than 100 F# “the resistance as measured with an
alternating current is several M, which is substantially equivalent to
the resistance as nmeasured with a direct current; however, at frequencies
from 100nHziyo 1.kHz, the resistance dramatically decreases (3 MO to 500
0), and even decreases to approximately 1/10,000 dependi ng on the

condi tions cfuttieetriaqus d AandHdeelactt adesm Th Fidixates itghaif ol | owi ng:
(1) I'n detecting a liquid using the electrical resistance (or ‘
conduct$9urg® ¥l iheahiBUisigisah scitced, aherna sedigoot Urie is used, a
hi gh' conduction resistance is inevitable in a conductive state (when the
| i qui d $59prbseparce resistor.

As is'apparent frcm Fig. 2, under the conditions of the
liguid and the electrodes in the calculation, at freguencies
nct higher than 100 Hz, the resistance as measured with an
alternating current is several MQ, which is substantially
equivalent to the resistance as measured with a direct
current; howeﬁer, at frequencies from 100 Hz to 1 kHz, the
resistance dramatically decreases (3 MQ to 500 Q), and even
decreaces to approximately 1/10,000 depending on thé

- conditions of the liquid and the electrodes.

This indicates the following:

(1) In detecting a liquid using the electrical
resistance (or conductivity) of the liquid as a switch, when

. a direct current is used, a high conduction resistance is

~inevitable in a conductive state (when the liquid is présent
between the electrodes); however, with an alternating

current having a frequency of several kHz or higher, the

overall impedance‘can be ;educed by three or four orders of-
magnitude.
(2) According to the calculation described abovc, the
 resistance of the liquid as mcasured with an alternating

current is a low / constant value over a considerably wide




between the el ectrodes); however, with an alternating cu?damuanaidig a
frequency of several kHz or higher, the overall inpedance can be reduced
by three or four orders of magnitude. (2) According to the cal culation
descri bed above, the resistance of the liquid as neasured with an
alternating current is a low/ constant value over a considerably w de 22
January 2007 13 band in frequency. Thus, when an AC signal that falls in,
this frequency band is applied to the switch fromthe signal source via
the series-resistor, the switch exhibits a high open / short-circuit
ratio. (3) It is possible to prevent ldn—effect of stray capacitance and/or
~cross-tal ks, because the circuit inpedance is low. In particular, this
tendency is reinforced if an output value of detection is binary. Figs. 3A

and 3B BarddiAagrasgushegi f imhé% whow 09 Ades; gL engncerdn Lisheui t

i npedance between detection with a direct current and that with an
al ternathbg coeqeahcy Abahd 3 SHOVEL &a MoslethOf st @ctdam WiHd & fianect
current, and Fig. 3B shows a nodel of detection with an alternating
currentsobncEi gsa Bife anslr B8; Ms baicb V2 tlen ol tdigRadh iISOW < eS high

respectively, and a resistor Rg is a signal-source resistor. Cs denotes a
stray cepearifapkerbetivesnit heatelect rodes. S-Sw } denotes an el ectrode
selecting switch,. and WSw denotes a

(3) It is possible to prevent an effect of stray
capacitance and/or cross-talks, because the circuit
impedance is low. In particular, this tendency is
reinforced if an output value of detection is binary.

Figs. 3A and 3B are diagrams specifically showing the
difference in circuit impedance between detectionlwith a
direct cufrent and that with an alternating current. Fig.

32 shows a model of detection with a direct éurrent, and Fig..

3B shows a model of detection with an alternating currént.

In Figs. 3A and 3B, V1 and V2 denote signél sources,

respeétively, and a resistor Rg is a signal-source resistor.

Cs denotes a stray capacitancelbetween the electrodes. S-Sw
- denotes an electrode selecting switch,. and W-Sw denotes a

switch that operates based on conduction through. the liquid.

The principal difference between DC detection and AC
detection is that only one threshold (whether a certain
level is exceeded or not) is used in DC'detection whereas
two thresholds centered at 0 are usually used in AC -
detection. |

In DC detection, it is required that a current that

flows between the'electrodes be minimized in order to




swi tch that operates based on conduction through the |iquidJanuahe2@¥7 nci pa
di fference between DC detection and AC detection is that only one threshold
(whether a certain level is exceeded or not) is used in DC detection
whereas two thresholds centered at .0 are usually used in AC detection. In
DC detection, it is required that a current that flows between the
el ectrodes be mnimzed in order to 22 January 2007 14 alleviate the
probl em of ionization. For this reason, the values of the signal-source
resistor Rg and the inter-electrode resistor Rdc nust be very large, as in
t he DC detection nodel shown in Fig.18A Thus, the effect of the stray
capacitance Cs attributable to wring extending fromthe signal-source
resistor Rg to the electrodes and the el ectrodes thensel ves becones
- larger.allimediRe XMW di ikrd.za3:1 dhe val ue of the signal -source
~resistor Rg differs by three orders of nmagnitude between DC detection and

AC detecti oBorThhss debkenenegel eadsebood @htf grgnse-kputége that is taken
before the conditions of the el ectrodes stabilize and neasurenent can be

st art edceHartcax @apladrd ithd He tease lefcthCddetrectiisanr ®asURUBE bhat . the
stray capacitance Cs is 5 pF, Tdc is a |arge value on the order of 50 sec.
. Thus, aesimglegrgaet ect iimg thier @i tdetection model shown in Fig. 3A.
| | Thus, the effect of the stray capacitance Cs attributable to
wiring extending from the signal-source resistor Rg to the
electrodes and the electrodes themselves becomes larger.

In the gxample shown in Fig. 3, the wvalue of the
signal-source resistor Rg differs by thfee orders of
magnitude between DC detection and AC detection. -This
difference leads to a difference in time that is taken
before the conditions of the electrodes stabilize and
‘méasurement can be stérted.

For example, in the case of DC detecfion, assuming that

ithe stray capacitance Cs is § pF, Tdc is a large value on

the oxder of 50 psec. Thus, a single detecting circuit

N

:suffices if the number of electrodes is small (e.g., if a
rough detection suffices or if the number of containers to
be monitored islsmali) or if a slow cycle of overall

- detecting operation is aéceptable.

However, for example, in the case of an inkmjet printer,
the remaining amounts of ink of four to seven colors in
different containers must be detected at a high speed and

with a high precision, and the distances between the . .

"'electrodes and the containers tend to be long. In that case,:




.suffices if the nunmber of electrodes is small (e.g., if &2 Jamagh2@t ection
suffices or if the nunber of containers to be nonitored is small) or if a
sl ow cycl e of overall detecting operation is acceptable. However, for
exanple, in the. case of an ink-jet printer, the remaining amounts of ink
of four to seven colors in different containers nust be detected at a high
speed and with a high precision, and the distances between the el ectrodes
and the containers tend to be long. In that case, 22 January 2007 15 it
is possible that a detection circuit_is required for each color and a
single detecting circuit does not suftite, or the circuit configuration
becones conplex. Furthernore, in DC detection, neasurenent of a peak val ue
is critical in order to check to what extent a voltage applied to the

el ectrddes s irges il & tiater detectius cidcufeak sdetgati oedi Souseathy used.
In the peak detection, in principle, a value detected nust be held until

t he valowd ars amautsputinag ev alateodding, cdndudile dvalsueonustifbécel eared before a
next measurenent takes place. That is, in DC detection, in addition to a
rise titime caraett adnhygurs tiiakebeicomereaompérant due to an anal og del ay of
the stray capacitance and clearing of a previous value of the peak

-det ect or. TRugthermereveial PCndatarthent nakesrameéwngef am@kOn t he ot her

hand, in AC detection, since the original
: value is critical in order to check to what extent a voltage

applied to the electrodes rises in a given time. Thus, a
-peak detector is usually used. In the peek detection, in
principle,ea value detected must be held until the value is
output as velid data, and the value must be cleared before a
next meaeurement takes place. That is, in DC deteetion, in
addition to a rise time, an extra.time is taken in
.measurement due to an analog delay of the stray capacitance
and'clearing of a previous value of the peak detector. Thus,
. the overell measurement takes a longer time.
On the other hand, in AC detecticn, since the original
- circult impedance is lowered bf the conductivity of the

' liquid, the time taken until convergence to a peak value is

much shorter than in the DC detection, and timing for

detecting a peak can be precisely predicted based on a
signal that is given.
For-exemple, the level of a sine wave becomes highest
at 90 degrees, and the level of a rectangular wave (with no
e DC) that has passed through a first—order integratioﬁ
circuit shows highest positive:value or negative value just

- before the polarity of the wave changes.




circuit inpedance is lowered by the conductivity of the BR2danudry 2Ky tine
taken until convergence to a peak value is nuch shorter than in the DC
detection, and timng for detecting a peak can be precisely predicted
based on a signal that is given. For exanple, the level of a sine wave
becones highest at 90 degrees, and the |l evel of a rectangular wave (wth
no DC) that has passed through a first-order integration circuit shows
hi ghest positive value or negative value just before the polarity of the
wave changes. 22 January 2007 16 From what has been descri bed above, in
detecting a - liquid, use of an alterﬁétlng current is advantageous t han
use of a direct current, so that an alternating current is wused in the
present invention. Now, |iquid-anmount detecting apparatuses according to
“enbodi ment s mfori Mhay eseNtbddiy eidd anped laderedeser ikadctifgr st Enbodi ment
Fig. 4 is a diagram show ng the construction of a |iquid-anount detecting
appar at usgdDd acess db higan cabBté st ingnbothtamnt i Ofadenfagsan iHwention. As
shown.in Fig. 4, a conductive liquid that is to be detected by the |iquid-
anount detecf i aglispparattsendt, | so comail aedlteont ainenscdent( Ts and T2)

For exanple, if the Iiquid-amunt detecting apparatus
- used in the present invention.

Now, liquid-amount detecting apparatuses according to

embodiments of the present invention will be described.

" First Embodiment
Fig. 4 is a diagram showing the construction of a
.liquid—amount detecting apparatus 10 according to a first
embodiment of the present invention. As shown in Fig. 4, a
conductive liquid that is to be detected by the liquid-
‘amount detecting apparatus 10 is contained in containers'T
(Tl and T2}.

For example, if the liguid-amount detecting apparatus

ot gl

‘10.is used in an ink-jet printer, the containers T are ink
tanks, and the liquid in the containers T is ink that is
used in the ink-jet printér. In thé case of a color ink-jet
printer that uses ink of a plurality of colors, a container
T (ink tank) is provided for each of the colors.

The liquid-amount detecting apparatus 10 according to

~this embodiment includes a liquid detecting circuit 20, a
controller 30, and a remaining—amognt indication unit 40.

The liguid detecting circuit 20 includes an AC-signal




10 is used in an ink-jet printer, the containers T are ink2Jamrkg20@hd t he
liquid in the containers Tis ink that is wused in the ink-jet printer. In
the case of a color ink-jet printer that uses ink of a plurality of

colors, a container T (ink tank) is provided for each of the colors. The

| i qui d-amount detecting apparatus 10 according to this enbodi nent includes
a liquid detecting circuit 20, a controller 30, and a renaini ng-anount
indication unit 40. The liquid detecting circuit 20 includes an AC signal
22 January 2007 17 source (VI) 21, an inpedance (Zs) 22, a switch (SW
23., a threshold detecting unit 22,14 data extracting unit 25, and a
detector substrate 27 having electrode units 26 (26a to 26e). A specific
circuit configuration of the liquid detecting circuit 20 will be descri bed
| at er. ARG sivanalz igengl atrgbdandd e 7AG- sizgnal ssatcee (W) passes through

t he i npedance 22 (The inpedance 22 is a source inpedance to form an

at t enuatfe WMdih tda cantraf tunite P4st ancath, asakelying DEicoaponaend t her eof
"i's renoved, and the resulting AC signal not containing the DC conponent is
fed to 4 hiewlacir adhamnidise 260 havauldf isdicentropet emtiital 26di(Rbertace is

gener at ed dependi ng on whether the electrode wunits 26 are in contact with
the |i qdal.. The speictichi @3-iirswdantacel flieok red: itomato ft iseACighgdal fed fromthe
AC signal -source 21 via the inpedance 22 will be

detecting circuit 20 will be described later.

An AC signal generated by the AC-signal- source 21
paéses through the impedance 22 (The impedance 22 is a
source impedance to form an attenuator with the contact
resistance.), whereby a DC component thereof is removed, and
the resulting AC signal not confaining the DC compbnent is
fed to the electrode units 26. A sufficient potential |
difference is generated depending on whether the electrode
.units 26 are in contact with the ligquid.

The switch 23 is controlled sco that the AC signal fed
from the Ac-éignal—sOurce-Zl via the impedance 22 will be

input to a selected one of the electrode units 26.

The electrode units 26 are formed by pailred electrodes
26a to 26e that are disposed so as to be in contact at least
partially with the liquid in the container T. When in
contact with tﬁe liguid, the paired electrodes 26a to 26e
becomes electrically conductive. In this embodiment, the
electrode units'26 are provided on the detector substrate 27,‘
and the detector substrate 27 is disposed inside the
container T.

In this embodiment,-thé,electrode units 26 are disposed




ST

input to-a selected one of the electrode units 26. The el éZtamsey 2001 s 26
are fornmed by paired electrodes 26a to 26e that are di sposed so as to be
in contact at least partially with the liquid in the container T. Wen in
contact with the liquid, the paired electrodes 26a to 26e becones
electrically conductive. In this enbodinent, the electrode units 26 are
provi ded on the detector substrate 27, and the detector substrate 27 is
di sposed inside the container T. In this enbodinent, the electrode units
26 are di sposed 22 January 2007 18 inside the container T, and parts of
the |iquid-amount detecting apparatik® 10 other than the el ectrode units 26
are disposed outside the container T. In this enbodi nent, four pairs of
‘el ectrodes (26a to 26d with 26e) are provided in one container T (each

el ectr ades Rad el &J}Fﬂaq_srfeq: i’.[n, %n@tﬁaQQ:Se'olfi R$@ hAghbk@-adpuntThe el ectrode
pairs are tormed by detecting el ectrodes 26a to 26d and a common el ectrode

26e. Theweteld Nl @aid0de A6z antdrheneorrertebast uades266, athe
detecting el ectrode 26b and the comon el ectrode 26e, the detecting

el ect r giespfisd anck 4 o ral-dcigrode 26e, and the detecting el ectrode
26d and the common el ectrode 26e are disposed in proximty to each other,

fornmi ng el eatr etle spaibedibbeatdeteati pgiekeotr etlest26des 0(26d &re di sposed
e 26d with 26e) are provided in one container T (each
electrode pair is enclosed in a dotted ellipse in Fig. 4y .
The electrode pairs are formed by detecting electrodes Zé6a
to 26d and a common electrode Zbe. The detecting electrode
26a and the common electrode 26e, the detecting electrode
26b and the common electrode 26e, the detecting eiectrode
-26c and the common electrode 26e, and the detecting
électrode 26d and the common electrode 26e are disposed in
: proximity to each other, forming electrode pairs.

The detecting electrodes 26a to 26d are disposgsed in
parallel at é regular interval in the vertical direction.
When the liquid in the containér T is decreased, the surface

fj . of the liquid shifts from upper to lower as viewed in Fig. 4.

That is, the liquid surface becomes lower in the vertical

- direction when the amount of the liquid decreases.

The detecting electrode Z26a ié disposed at an uppermbst

- position among the detecting electrodes 26a to 2§d._ This is

a position tﬁat comes ‘into contact with the liquia in -the

container T when the container T is full. The detecting

| electrode 26 is disposed in the proximity of the bqttom

surface of the container T.




parallel at a regular interval in the vertical direction.22YH¥FY %7 i quid
in the container T is decreased, the surface of the liquid shifts from
upper to lower as viewed in Fig. 4. That is, the liquid surface becones
| ower in the vertical direction when the anmount of the |iquid decreases.
The detecting el ectrode 26a is disposed at an uppernost position anong the
detecting electrodes 26a to 26d. This is a position that conmes into
contact with the liquid in the container T when the container T is full.
The detecting electrode 26 is disp §fq_in the proximty of the bottom
surface of the container T. 22 January 2007 19 Furthernore, one common
el ectrode 26e is provided on one detector substrate 27, and the single
common el ectrode 26e is associated with all the four detecting el ectrodes
26a to 26dFuThbecoamen ehectooden26keitredandet ekb twrahales ciihd  (G\D) .

- (The-common el ectrode 26e shoul d be connected - to a compn connection with

" a cert a@ne gettentioal sosirgiteudd., Bad the gisghdi AEMNeNneteREEEEd as | ong as
a flow of a direct current is prevented, however, the common el ectrode 26e
is gréesdés sissesipredgmdthdaild FdealfPyrydedeatingr et eFbhededf 2ot enti al
at the threshold detecting unit 24.) Al the detecting el ectrodes 26a to
26d ando RE€SconFhs COMBOrr 648C36895r & SfolRedoRBeGECE ot hatRS sEhetBRti al | y

'the; {GND) . (The common electrode 26e should be connected to a
common conneétion with a certain potential or a ground.r But,
.grounding is not needed as long as a flow of a direct
current is prevented; however,lthe common electrode 26e 1is
grounded since the ground is usually used as a reference of
potential at the threshold detecting unit 24.)

All the detecting electrodes 26a to 26d and the common
electﬁode 26e are formed so as to have sﬁbstantially the
same surface area, shape, etc., so that their impedance
characteristics can be nearly équal. This is because if
impedance characteristics differ among the electrode units
26, a range for detécting corréct status of liquid becomeé
:{ij | -narrower.(Detections are‘made by a single circuit.).

Although two containers T1 and T2 aie shown in Fig. 4,
the number of containers T is arbitrary. When more
containers T afe provided, the detector sub§trate 27
_described‘earlier is provided for each additional container
T, and put additional nodes 23a of the switch 23, associated

..- with the detecting electrodeé 26a to 26d for the container T.
.Furthermore, the common electrode 26e for the container T

added is connected to a line to which the common electrodes




sane surface area, shape, etc., so that their inpedance thianvenetdidt i cs
can be nearly equal. This is because if inpedance characteristics differ
anong the electrode units 26, a range for detecting correct status of

| i qui d becones narrower (Detections are made by a single circuit.).

Al t hough two containers Ti and T2 are shown in Fig. 4, the nunber of
containers T is arbitrary. Wien nore containers T are provided, the
detector substrate 27 described earlier is provided for each additional
container T, and put additional nod 23a of the switch 23, associated
with the detecting el ectrodes 26a to 26d for the container T. Furthernore,
the common el ectrode 26e for the container T added is connected to a line
to which the comon el ectrodes 22 January 2007 20 26e for the containers
Ti and ZB: dicer domnecteskingnt il arideT8byprgr oandedtedheanéir &shol d det ecti ng
unit 24 outputs a signal representing the status of electric connection
bet weertteaudby afraupelagai rs of el ectrodes 26a to 26d and 26e.. The data
extracting unit 25 outputs a binary signal representing the presence or
absence of &hecthreshohfedeitentipgt WBéh 2AcP ViR priFRof el ectrodes 26a
to 26d and 26e, . based on the s%gnal output fromthe threshold qStecting
unit ZEPIFfENddMS dhices 33 Usa9 fa odPOtaRE SORBREFYOLSPBFAGR? €ac

of the pairs of e;ectrodes 26a to 26d and Z26e..

The data extracting unit 25 -outputs a binary signal
representing the presence or absence of electric connection
between each of the pairs of electrodes 26a to 26d and Z2ée,
based oﬁ the signal output from the threshold detecting unit

24, |

The controller 36 has a CPU and a memory {storage
Idevice), and it includes a determining unit 31 for
determining the presence or absence of the ligquid at the
electrode units 26 based on the binary signal cutput from
the liquid detecting circuit 20. Furthermoré, the
controller 30 is capable of'coﬁtrolling switching of the

_gﬁj - nodes 23a of the switch 23 (node-select function).

The remaining-amount indication unit 40 displays thé
remaining amount of the liquid in the container T in steps,
based on the result of determination by the determining unit
31 of the controller 30. In this embodiment, the remaining
amount is represented in fivé'steps.

An AC signal output from the AC-signal source 21 passés
through the impedance 22, whereby‘a DC component in the AC

signal is removed. The resulting AC signal is fed to the




device), and it includes a determining unit 31 for deter#? dRmMgr #07
presence or absence of the liquid at the electrode units 26 based on the
bi nary signal output from-the liquid detecting circuit 20. Furthernore,
the controller 30 is capable of controlling switching of the nodes 23a of
the switch 23 (node-sel ect function) The remai ni ng-anount indication unit
40 di splays the remaining anount of the liquid in the container T in
‘steps, based on the result of determination by the determ ning unit 31 of
the controller 30. In this enbodi rrené the remaining amount is represented
in five steps: An AC signal output™ f brivthe AC si gnal source 21 passes

t hrough the inpedance 22, whereby a DC conponent in the AC signal is
renoved. The resulting AC signal is fed to the 22 January 2007 21 swtch
23. Theswamidicle23 el ectrically connects the AC-signal source 21 to one of
the detecting el ectrodes 26a to 26d. That is, the switch 23 forwards the
AC si gnal hanengwiassed3 Eirccughcthéy opedarnte 2Bet BCassghetted one of the
detecting electrodes 26a to 26d. Wen the liquid is present between each
of the gmainee ¢fl vl ente coestiRbaldteAGdcared e26a,0delse 2@et aot 2hg -el ect r odes
26a to 26d are electrically connected to the common el ectrode 26é. Thus,
a currdiatf ligws thet ieditathe ddicamands ditecCoddgnal having passed '_

through the impedance 22 to a seiected one of the detecting
electrodes 26a to 26d.

When the liquid is present between each of the pairs of
electrodes 26a to 26d and 26e, the detecting electrodes 26a
to 26d are electrically connected fo the éommon electrode
26e. Thus, a current flows between the detecting‘electrodes
26a to 26d and the common electrode 26e, and is forwarded to
the ground. Accordingly, the signal input to the threshold
detecting unit 24 exhibits no significant change in voltage

'(Since the signal from V1 is sufficiently attenuated.). On
the other hand, when the liguid is not present.between each
‘of the pairs of electrodes 26alto 26d and 26e, the detecting

{ij- : <eléctr6des 26a to 26d are virtually open circuited. Thus,

no significant current flows between the detecting

electrodes 26a to 264 and the common electrode 26e.
Accordingly, the signal input to the threshold detecting
unit 24 exhibits nearly the same level as that of V1:21.

When the signal described above is input to the

threshold detecting unit 24, a threshold detection is
'.performed, and an output value of the detection is input to

the data extracting unit 25. . The data extracting unit 25




26a to 26d and the common el ectrode 26e, and is forwarded2% danuaRe2@¥ound.
Accordingly, the signal input to the threshold detecting unit 24 exhibits
no significant change in voltage (Since the signal fromVl is sufficiently
attenuated.). -On the other hand, when the liquid is not present between
each -of the pairs of electrodes 26a to 26d and 26e, the detecting

el ectrodes 26a to 26d are virtually-open circuited. Thus,. no significant
current flows between the detecting el ectrodes 26a to 26d and t he common
el ectrode 26e. Accordingly, the siggfl input to the threshold detecting
unit 24 exhibits nearly the sane le as that of V1:21. Wen the signal
descri bed above is input to the threshold detecting unit 24, a threshold
detection is performed, and an output value of the detection is input to
t he datmmmxigmachithg Wirnchdmnolize ddater tebotr.acthegdanit e25ra2tiaguary 2007
22 carries out a synchronous detection. The data extracting unit 25
recei vesig doclecHigres af arl oddt edignarl filromdekecAConsifgnal theuR€e 21, the
clock-signal being controlled so as to be synchronized with the signal

i nput ferigmaihes s il d thdetcdotakng igmiatl 24ingheostyeklsiigaal 2andot he AC
signal are originally the sane signal generated by the AC- signal source
21 wit Pret v adviisadizashtvitdo theats igne 1o jaipad éﬁfoﬂlhégé‘ shgraheldcan be '
synchroni zed with each other. Since the signals are_ synchronous wth each
Other,qﬁggqﬁ@m@ﬁﬁﬁéa@4be §@§QG@@qﬁp51gnal and the AC signal are

originally the same signal generated by the AC-signal source .
- 21 with this embodiment, so that the cycles of these signals
can be synchronized with each other. Since the signals are
synchronous with each other, ﬁeaéurement can be speeded up
by a use of the synchronous detection. Obviously; the clock

signal may be generated separately from the AC signal by
another signal source. In that case, synchronous detection
is facilitated by synchronizing the two signals; achieving
the same effect as in the case where the clock'signél and
the AC signal are. the same signal generated by the same
signal source. |

SO The data extracting unit 25 outputs a binary signal

representing the presence or absence of electric connection

between each of the pairs of electrodes 26a'to 26d and 26e.
- The determining unit 31 receives the binary signals, and
determines the presence or absence of the liguid at the
electrode units 26 based on a combination of the binary
 signals.
Furthermore, a signal represepting the result of

determination by the determining unit 31 is input to the




by a use of the synchronous detection. Cbviously, the cloékJadandi07may be
generated separately fromthe AC signal by another signal source. In that
.- case, synchronous detection is facilitated by synchronizing the two
-signals, achieving the sane effect as in the case where the clock signal
and the AC signal are the same signal generated by the sane signal
source. The data extracting unit 25-outputs a binary signal representing
the presence or absence of electric connection between each of the pairs
of el ectrodes 26a to 26d and 26e. _T%s determ ning unit 31 receives the
bi nary signals, and determ nes the presence or absence of the liquid at
the electrode units 26 based on a conbination of the binary signals.
Furthernore, a signal representing the result of determ nation by the
det er m nemginimg-Blowrst | npdit cdtol drhear2ix Jdhuarfhe? 0Eha 123 ng-emiuritng- anount
i ndication unit 40. The remaining-anount indication unit 40 includes, for
exanpl eindidispbmyynivhi ¢h inkispleys fde exempils ng alouitaynf whiel iquid in
each container T in five steps. For exanple, if the liquid.is detected by
al | thedismiags eehe oormaining 28t ©f Hére rldmpiidl dg @astnt of liquid in
one container T, "4" is displayed. If the liquid is detected by the | ower
three @PRERIeRE Tnit LD bikenfot BPxr weamppPer nodt EeectiBue difi t

detected by all the four electrode units 26 as to the
remaining amount of liguid in one container T, "4v o is
displayed. If the ligquid is detected by the lower three
electrode units 26 but not by the uppermostlelectrode unit
26 (the detecting electrode Z6a and the common electrode
26e), "3" is displayed. Similarly, if the liguid is
detectéd by none of the four electrode units 26, "0" is
‘displayed.

Fig. 5 is a waveform chart for explaining a detecting
operation in this embodiment. The detecting opération shown
in Fig. 5 is.only én:ekamble for illustrating the detecting
operation, and not related to ﬁhe status of the electrode

fm) _units 26 and the amount of ink in the containers‘T shown.in
Fig. 4. That is, for the purpose of explanation, the
detecting operation shown in Fig. 5 is an example where
status changes as "ink present",‘"ink absent", "ink present",
and "ink absent".
In Fig. 5, part (A) is a waveform chart of an AC sigﬁal
output from the AC-signal source 21. The AC signal is a
'_rectangular wave. having a period of 2 psec and an amplitude

of +5.0 V to 0 V.




26 (the detecting el ectrode 26a and the comon el ectrode 22duary 2007 g
displayed. Simlarly, if the liquid is detected by none of the four

el ectrode units 26, "0" is displayed. Fig. 5 is a waveformchart for

expl aining a detecting operation in this enbodi nent. The detecting
operation shown in Fig. 5is only an. exanple for illustrating the
detecting operation, and not related to the status of the electrode wunits
26 and the anmobunt of ink in the containers T showmnm in Fig. 4. That is, for
t he purpose of explanation, the detecting operation shown in Fig. 5 is an
exanpl e where status changes as "i i present”, "ink absent”, "ink
present”, and "ink absent”. In Fig. 5 part (A is a wavef-ormchart of an
AC signal output fromthe AC-signal source 21. The AC signal is a

rect angul ar pyaye (BaviiBgaawheEFOEMOEhZr S €6 F 2Rk atC 3Phh4 WdEed Of rotk. O V t0 O
V. 22 January 2007 24 Part (B) is a waveformchart of the AC signal fed

from tdhe AC-Siigmall seuee wia the inpedanee 22, with aapDC conponent
havi ng been renoved therefrom and the anplitude thereof ranges .from+2.5
V to - Zomp¥nehAs ihadiicat @by rBhovadpahkréByromt heandonhectmphibetimeen the
switch 23 and the nodes 23a is switched at a cycle of the period of the AC

si gnal th2rsed) rakyes Speo fHecal Vyto ~-2.5 V.

| As indicated by Pl in part (B), the connection between
the switch 23 and the nodes 23a is switched af a cycle of
the period of the AC signal (2 Usec)., More specifically,
the connection between the switch 23 and the nodes 23a is
switched at the timing of a falling edge of the rectangular
wave, indicated by an arrow P2. |

Thus, during the first period of the AC signal (0 to 2

psec), the switch 23 is connected to a node 23a associated
with the detecting electrode 26a for the container T1. Then,
at.the timing of 2 usec, the switch 23 is switched to a node
23a associatéd with the detecting electrode 26b for the

container T1l. Thus, in the second period (2 to 4 usec), the

: -AC signal from the AC-signal source 21 is fed to the
detecting electrode 26b. Thus, connection with the
eléctrode units 26 can be efficiently switched by

‘controlling switching of the switch 23 in synchronization
-.with the AC signal from the AC-signal sourcev21.l
Furthermore, without limitation to detection of the-
ligquid in a sihgle container T, by switching connecfign with
| the electrode units 26 sequentially for all the containers

T1l, T2, .., the singie ligquid detecting circuit 20 can be




the connection between the switch 23 and the nodes 23a i s22 d3iuephé®7at the
timng of a falling edge of the rectangular wave, indicated by an arrow
P2. Thus, during the first period of the AC signal (0 to 2 sec), the
switch 23 is connected to a node 23a associated wth the detecting

el ectrode 26a -for the container Ti. Then, at the timng of 2 sec, the
switch 23 is switched to a node 23a associated with the detecting

el ectrode 26b for the container Tl. Thus, in the second period (2 to 4

o sec), the AC signal fromthe AC-signal source 21 is fed to the detecting

el ectrode 26b. Thus, connection witTh?the electrode units 26 can be
efficiently swtched by controlling switching of the swtch 23 in
synchroni zation wth the AC signal fromthe AC signal source 21.

Furt heramngecued hopy time teivionidr, del etid @l ftddie Jiigd @d m@ single
container T, by switching connection with the electrode units 26
.sequentanl | yhéotcmtdiddres chntai ners T1, T2, the single liquid detecting
circuit 20 can be 22 January 2007 25 connected, by time division, to the
el ectrode urint Fi26 ¢f, paldt t(@e denwawageso¥m khaFitgshbyipgr 616GhlEs a
wavef orm chart showi ng signals input fromthe electrode units 26 to the
t hr eshol mpefet Beemn nighe upkact2zhderhm My éforitin ithet K rfeishotl dpeleitegtémad to 2
sec' represents the status of electric connection between the

unit 24. The waveform in the first period of 0 to 2 psec

represents the status of electric connection between the

detecting eléctrode 26a and the common electrode 26e‘for the

container Tl. The waveform in the next period of 2 to 4

Hsec represents the status of electric connection betweenr

the defecting electrode 26b and the common electrode 26e for

the container T.

The signals input from the electrode units 26 are input
to the threshold detecting unit 24, where a threshold
detection is performed.

Part (D) is a waveform chart showing a signal output

from the threshold detecting unit 24. In this example, a

i

- threshold P3 (substantially -1 V in this example) is set in
‘the negative side to output the status of signal attenuation -
at the electrede units 26. That is, when a value input from

‘__ the electrode units 26, which is in a range of +2.5 V to -
 .2.5 V, becomes more negative than the threshold value P3, as
enclosed in a dotted ellipse in part (C}, an inverted vaiﬁe
is output. |
Part’(E)'is a waveform chart showing a signal output

. from the data extraéting unit 25. Reférring to the waveform




- output the status of signal attenu

detecting el ectrode 26a and the conmon el ectrode 26e for fAdanu@eheher Ti .

The waveformin the next period of 2 to 4 sec represents the status of

el ectric connection between the detecting el ectrode 26b and the conmon

el ectrode 26e for the container T. The signals input fromthe el ectrode

.units 26 are input to the threshold detecting unit 24, where a threshold

- detection is perfornmed. Part (D) is-a waveform chart show ng a signal

output fromthe threshold detecting unit 24. In this exanple, a threshold

P3 (substantially -1 Vin this exan&%e) is set in the negative side to
Jation at the electrode units 26. That

is, when a value input from the electrode units 26, which is in a range of

+2.5 Vto - 2.5V, beconmes nore negative than the threshold value P3, as

encl osedairt andptired (B) |, i psachropant {E€ecahonnyerpedfvahad basedut put.

Part (E) is a waveform chart show ng a signal output fromthe data

ext racbnnghencyc26. oRetber cigckosigrabavendr m B2ndapuatgn@d07 26 chart in

part (D), synchronous detection is performed based on the cycle of the

cl ock segpmabenandgawbehbey shgnublteepréseaprpngximethéy theVvbdbtage is

approximately +5 Vis output. In the exanple shown in Fig. 5, detection is-

per f or pugpat -t hént thengsapple, sBowy in Figecd, adetadttéatedsby

performed at the timings of 1, 3, 5, .. Usec, as indicated by
"an arrow P4, For example, detection_is perfoxmed at 1 Msec
in the first period from 0 to 2 pusec. In the waveforﬁ chait
shown in part (D), the signal has a voltage of approximately
+5 V, so that a signal representing "voltage present" is
output. This signal is maintained until the next detection.r
The next detection is performed at 3 psec. At this
time, the signal in the waveform chart shown in part (D)
does not have a voltage of approximately +5 V, so that.a
signal representing "voltage absent* is output. Similarly

to the above.case, this signal is maintained until 5 usec,

which is the timing of the next detection. By performing

-detection in synchronization with the clock signal as

"described above, (every) detection can be performed at a
stable timing.
Next, a specific circuit‘configuration of the liquid
detecting circuit 20 will be described. Fig. 6 is a circuit
" diagram of thé ligquid detecting circuit 20 according to this
‘embodiment. |
“An AC-signal source V1 (21) in this embodiment uses a

.signaljhaving.an amplitude of 0 to 5 V and'a-frequency of




an arrow P4. For exanple, detection is performed at 1 sec22ianuane2@Q% st
period fromO to .2 sec. In the waveformchart shown in part (D), the
signal has a voltage of approximately +5 V, so that a signal representing
"voltage present” is output. This signal is maintained until the next
detection. The next detection is perforned at 3 sec. At this tinme, the
signal in the waveformchart shown in part (D) does not have a voltage of
approximately +5 V, so that a signal representing "voltage absent” is
output. Simlarly to the above case, this signal is nmaintained until 5
sec, which is the timng of the mexd” det ect i on. By perform ng detection
in synchronization with the clock signal as described above, (every)
detection can be perforned at a stable timng. Next, a specific circuit

confi gursd iy Ofwrdten 14 fuidkq def ecloMi QidaW (ciduad | be described. Fig. 6
‘is acircuit diagramof the liquid detecting circuit 20 according to this

enbodi ment . pAR apGcSit@Ralc1s @emeee¥1lthdlpci Bobbacanbadi ARNACUSE§na1 si gnal
having an anplitude of 0 to 5 V and a frequency of 22 January 2007 27 250
kHz, whieeh firomusidde iAC-as igMES |segireeCciiiCui trtheA ceapaditioar ¢ isenoves the DC
component in an AC signal fed fromthe AC-signal source V1. The capacitor
d is groounidel wiaa @ ressisgtcor RR1 hlasntingg sa reedisstaguree odf 44 77 kkQ.
| Furthermore, the capacitor C; is connected to the switch 23
via a resistor R4 having a resistance of 22‘k£L In this
circuit diagram, an impedance network Zs is implemented by a
T-shaped circuit formed by the capacitor C1l and the
resistors R1 and R4.
Tfansistors 0l and Q2, in combination with trénsistors
Q3'and Q4, form differential amplifiers, which compare a
signal detected by the detecting electrodes 26a to 26d
connected to the base of the tramsistor Q3 with a threshold
(nearly -1 V with this embodimeﬁt) preset at the baée-of the
transistor Q4, thereby detecting change in the signa;.
Furthermore, the arrangemént is such that a current
- flows to the collector of the transistor Q4 only when the
- base potential of the transistor Q3‘has dropped below that
of the transistor Q4. Practically,.a current flows only
when the signal.applied for detection is on the negative
side and is lower than the threshold wvalue (i.e.,rwhen the
liguid is not in contact with the electrode units 26).
Transistofs QS and Q6 cause a collector current of the
| transistor Q4 to be inverted and,tbe-ihverted,Current to

‘flow to the collector of the transistor 06, -whereby a




Furthernore, the capacitor Cl is connected to the swtch 28Januel #W¥esi st or
R4 having a resistance of 22 kQ In this circuit diagram an inpedance
network Zs is inplenented by a T-shaped circuit formed by the capacitor C
and the resistors RL and R4. Transistors @ and @, in conbination with
“transistors @ and 4, formdifferential anplifiers, which conpare a
signal detected by the detecting el ectrodes 26a to 26d connected to the
base of the transistor @B with a threshold (nearly -1 Vwith this

enbodi ment) preset at the base of the transistor 4, thereby detecting
change in the signal. Further nor e, " the arrangenment is such that a current
flows to the collector of the transistor 4 only when the base potential
of the transistor @B has dropped below that of the transistor 4.

Practi cadldagd Girditrdlansaidss ahersidwosikhalavipp ieed for detection is
on the negative side and is |lower than the threshold value (i.e., when the

| i qui d i&s NOtaride caNta@ WRt h A heoeteger bdegenetst@f)acHoanstséors B and
@ cause a collector current of the transistor 4 to be inverted and the
i nvert etb£igtE@ntRE onifyt owero itthe scald teetmoimend  tthwet thtensilstorra@®: whereby a
22 January 2007 28 voltage is generated across a resistor R5 having a
- resi st ancketof2@.Fr&k 3t Anvaldrdgeti s7igdnerls edigicrdbss the resistor R5 only
when it is determned that the el ectrode
With regard to the voltage generated across the
resistor R5, the relationship between the collector current
of the transistor 06 and the resistor R5 is chosen so that
the transistor Q6 can be saturated (at a maximum potential
of approximately 5 V). Thus, when a voltage is generated
across the resistor R5, a signal that is sufficieﬁt for
7 detéction by a DFF (D flip-flop) of a CMOS that performs
next synchronous detection is fed to a D input ﬁerminal
-thereof.
The DFF recelves, via aVCLK input terminal thereof, a
clock signal'{deteCtion siénal) that is exacfly the same as
the AC signal described earlie%, and carries out
- determination.
| In Fig. 6, the AC signal output from the AC-signal
source V1 and the input to the capacitor Cl and the clock
B signai input to the CLK input terminal of the DFF correspond
‘to the signal'represented'by the_waveform chaft shown in
part (A) of Fig. 5. The AC Signal having passed through the
capacitor Cl, which does not include the DC componént,

correspond to the signal repreéented by the waveform chart

shown in part (B) of Fig. 5.




units 26 are not in contact with the liquid. Wth regard 28Jem&rydd@7age
generated across the resistor R5, the relationship between the collector
current of the transistor @ and the resistor R5 is chosen so that the
transi stor Q6 can be saturated (at a maxi num potential of approximtely 5
V). Thus, when a voltage is generated across the resistor R5, a signal
that is sufficient for detection by a DFF (D flip-flop) of a CMOS that
perfornms next synchronous detection is fed to a Dinput termnal thereof.
The. DFF receives, via a CLK input tﬁ m nal thereof, a clock signal
(detection signal) that is exactly t sane as the AC signal described
earlier, and carries out determnation. 1In Fig. 6, the AC signal output
fromthe AC-signal source V1 and the input to the capacitor C and the

cl ock signahe spghaflo itpetCfKomnpitt t@eritrakdeofuntihe DIEF (Deteespond to the
signal represented by the waveformchart shown in part (A) of Fig. 5.. The
AC si gniaipitavigry pegsedid hrougte tdignadapagitesrer@ed W cthedoesrefotrm ncl ude
the DC conmponent, correspond to the signal represented by the waveform
chart Howh shevarin Brtof (@i @ef Fi2 JVanddrey 2@GAEL Aed Hee thiegPal i nput
fromthe el ectrode units 26 (Detector- |nput) corresponds to the signal
represéﬁﬂgﬁz5@qmﬂqungﬁ(ﬁhﬂ,DFF (Detector-Output) corresponds to

the signal represented by the waveform chart shown in part
(D) of Fig. 5. The signal output from the DFF (Phase-
Detector-Qutput) corresponds to the signal represented by

the waveform chart shown in part (E) of Fig. 5.

Second Embodimenf

Fig. 7 is a waveform chart showing a second embodimént'
of the present invention, and it corresponds to Fig. 5 for
~the first embodiment.

In the first embodiﬁent, the AC signal with a DC
component having been removed therefrom is a rectangulér

wave; whereas in the second embodiment, a sine wave is used.

.
See?

In Fig. 7, an original signal output'ffom the AC-signal
SOurce 21 is a rectangular wave, as shown in part (A). This
signal is convérted, for example, through a low-pass filter,
into a sine (or like) wave shown in part (B).

.The signal shown in part (B) is obtained by converting
a rgctangular wave into a sine (or like).wave and removihg a
DC component from the sine wévef In part (&) of Fig. 7, as

| compared with part (A) of Fig. 5, the phaseJis shifted by

1/4, as indicated by P5. Thus, the sine wave crosses 0 V at




chart 'shown in part (C) of Fig. 5. The signal fed to the BZJansm 2@t ni nal
of the DFF (Detector-Qutput) corresponds to the signal represented by the
wavef orm chart shown in part (D) of Fig. 5. The signal output fromthe DFF
(Phase- Detector-Qutput) corresponds to the signal represented by the
waveform chart shown in part (E) of Fig. 5. Second Enbodinment Fig. 7 is a
waveform chart showi ng a second enbodi nent of the present invention, and
it corresponds to Fig. 5 for the first enbodinment. In the first

enbodi nent, the AC signal with a DC _conponent having been renoved
therefromis a rectangul ar mave;’ﬂh%@eés in the second enbodi nent, a sine
wave is used. In Fig. 7, an original signal output fromthe AC- signal
source 21 is a rectangul ar wave, as shown in part (A). This ~signal is
convertied,2 f @, exam@e, through a lowpass filter, into a sine (or like)
wave shown in part (B). The signal shown in part (B) is obtained by
converting Taenhgctanmgultannwasepentoraesi whefothki képcwasegaall renoving a
DC conmponent fromthe sine wave. In part (A of Fig. 7, as conpared with
part (Aisss Hwjherb, tiehe ipltasevies refichtesd scopinlimm devieddi.catfée by P5. Thus,

the sine wave crosses 0 V at 22 January 2007 30 1, 2, 3, ... sec. Then,
- det ect itomiing et fdertresd-iwiverd st Haddlcedlecsignan arrow P4, as in Fig.
5. |

In the case where a sine wave is used, as compared with
the case where a rectangular wave is used, advantageously,
the signal-reqﬁires a4 narrower bandwidth, and therefore, the
problem of undesired radiation can be alleviated.
-Furthermore, since the waveform is not considerably affected
By the environment and cénditions {because of the nature of
the sine wave) during detection, detection can be performed
appropriateiy eﬁen in a large—sized apparatus in which the
distance to a detéctibn peint tend to be long. Furthermore,
detection speéd can be imprbved compa:ed with the case where
a rectangular wave is used becéuse of a use of‘a higher
. ¢clock freguency. However, as described earlier, the sine
wave must be synchronized with the system. |

It is also possible to use a low-pass filtered
rectangular wave. In that case, the impedance st) 22 is
implemented by a low—-pass filter and a resistor for

adjusting impedance.

Third Embodiment

Fig. 8 is a circuit diagram showing a third embodiment




ri ses (when the sine wave reaches a mininumlevel). The #&2%dAfmgno007
detection is indicated by an arrow P4, as in Fig. 5. In the case where a
sine wave is used, as conpared with the case where a rectangular wave is
used, advantageously, the signal requires a narrower bandw dth, and
therefore, the problem of undesired radiation can be all evi at ed.
Furthernore,  since the waveformis not considerably affected by the

envi ronment and conditions (because of the nature of the sine wave) during
detection, detection can be perforne | appropriately even in a |large-sized
apparatus in which the distance to detection point tend to be | ong.
Furthernore, detection speed can be inproved conpared with the case where
a rectangul ar wave i s used because of a use of a higher clock frequency.
Howevernf ahedesesdned ieafkchitdion t avdiine comeaprusis he sywachmeomiczed with the
system It is also possible to use a lowpass filtered rectangular wave.

I n t hattheadd ratthenbopedante ( Fs)g .22 iis d Mavefentedhby ta redwipags filter
and a-resistor for adjusting inpedance. Third Enbodinment Fig. 8 is a

Ci r cui ttoditdgr aprsivdw kg agrigm sdoembddi e, B2 daduarty c2@@esp®hdef t he
present invention, and it corresponds to Fig. 6 for the first enbodinment.
Fi g. 9 tios Fdgnavefformtdisaft rsdl spibegliment. :

In the first embodiment, power sources of x5 V are
required, as shown in ¥Fig. 6. In contrast, in the third
embodiment, only a power source V2 of +5 V suffices to
achieve the same functions as the first embodiment.

In this circult, the average voltage .of measurement
equals the DC component of the clock sigrnal. Thus, if a 5V
‘power source is used; measurement is performed at 2.5 V or
nearly as a center. For the purpose of comparison, a DC
-power source V3 of 2.2 V, cohﬁected to the base of the
transistor Q2, 1s used.

Furthermdre, although all the nodes 23a of the switch
23 are connected to the detecting electrodes 26a to 26d in
'{:) . -the first embodiment, a node 23a’' that is connected to the

common electrode 26e and is thereby grounded is additionally
provided in the third embodiment.
For example, when the power of the liquid detecting
. apparatus 10 is off, the switch 23 is selectively connected
to the neode 23a‘'.
For example, when the liquid detecting apparatus 10 is

powered on coxr off, the node 233'.is selected, whereby the

capacitor Cl is quickly charged or discharged without




to the circuit diagramshown in Fig. 8, and it correspondg2 Jamary 8007 f or
the first enbodinent. In the first enbodi nent, power sources of 5 V are
required, as shown in Fig. 6. In contrast, in the third enbodinent, only a
power source V2 of +5 V suffices to achieve the sane functions as the
first enmbodinment. In this circuit, the average voltage of neasurenent

equal s.t he DC conponent of the clock signal. Thus, if a 5V power source
i's used, neasurenent is perfornmed at 2.5 V or nearly as a center. For the
pur pose of conparison, a DC power _sggrge V3 of 2.2 V, connected to the
base of the transistor @, is used. "Furthernore, although all the nodes
23a of the switch 23 are connected to the detecting el ectrodes 26a to 26d
in the first enbodiment, a node 23a' that is connected to the conmon

el ect r oBRUPBRY addosremier ebyt hroubitechigls eldeltiaimalinitpradvitded i n t he
third enbodi ment. For exanple, when the power of the liquid detecting

appar at¥5e 197 | @oBEICt thbtBvie hl Dauid. sttt idel ymmtdiedtedy afdetrhe node
23a' . -For exanple, when the liquid detecting apparatus 10 is powered on or
of f, therdobieIwih detkeglng tappammerelf tife Patayed tor o vihenqihek| y
chargeﬂ]r,or di scharged wi't hout 22 January 2007 32 causing a current to
flow t HEH AT (FRRAT 2698 hit 15 not in operation,

potential'difference remains between each of the pairs of
electrodes (between the detecting electrodes.26a to 26d énd
the common electrode 26e). The remaining potential
difference is reduced as time elapses. However, if this is
-.repeated many times, the elégtrolysis'of-the liguid could
ﬁrogress. Thus, in the third embodiment, in ordef to avoid
this situation, the éwitch 23 is connected to the node 23a'
while the system is not ready for measurement by the liduid

detecting apparatus 10.

Fourth Embodiment
Fig. 10 is a circuit diagfam showing a fourth
ff? 7 ~embodiment of the preéent invention, and it corresponds to
Fig. 6 for the first embodiment. Fig. 11 is a wéveform
chart relating to the circuit shown in Fig. 10, and it
corrésponds to Fig. 5 fo£ the firsf embodiment.
The circuit according to the fourth embodiment,

similarly to the third embodiment, uses a single bower
source V2 of +5 V.  1In the third'embodiment, the DC power

source V3 of 2.2 V is used for comparison and detection. In

contrast, in the fourth embodiment, a clock signal having




are in contact with the liquid. That is, inmediately aftepP2Jgmiary 2004 d
detecting apparatus 10 is powered on or when the |iquid detecting
apparatus 10 is not in operation, a potential difference renains between
each of the pairs of electrodes (between the detecting electrodes 26a to
26d and the common el ectrode 26e). The remaining potential .( ) difference
is reduced as tine elapses. However, if this is repeated nany tines, the
el ectrolysis of the liquid could progress. Thus, in the third enbodi nent,
in order to avoid this situation,_ the switch 23 is connected to the node
23a'" while the systemis not ready for nmeasurenment by the liquid
detecting apparatus 10. Fourth Enbodinent Fig. 10 is a circuit diagram
showing a fourth enbodinment of the present invention, and it corresponds
to FiB§asgeforhrRBIP| reeismpsdi RenendrRy., YithsaaD@agempepenthart rel ating
~to the circuit shown in Fig. 10, and it corresponds to Fig. 5 for the
first. BABBERABRE. 2Fheétcifeuilt aBROABRNGINSLNe tPotiRENPRABDIP AeRRE

sinila&I% to the third gnb di ment, uses _a single power source V2 of +5 V.
In t he*TRPFUSERBBdRIeAPS PReSBEVPBARS iBBPEE U8 She2tbreshqldsed for

G e ML A S I RS T iR
. at approximately one half of the pbwerwsupply voltage, i.e.,- |
at 2.5 V.
Furthermore, the base potential of the transistor Ql
must be maintained higher by the threshold value, that is;
in this‘embodiment, detection must be performed using
signals on one side of aﬁ intermediate level. Thué, the
resistor R4 having a resistance of 220 kQ is used for a
- slight voltage division, whereby the base potential of the
transistor 02 is lowered.
| With the circuit configuration described above, stable
" detection is allowed even if the power-supply voitage
fluctuates. Furthermore, the signal voltage remaining at
_%?ﬁ ‘ the base of thé transistor Ql when the electrode units 26
are in contact with the ligquid can bé virtually equal to the
signal voltage that is applied to the base of the transistor
Q2, so that the output is hardly affected. That is, the S/N
ratio of detection can be impioved (the dynamic range can be
increased) . o |
In the waveform chart shown in Fig. 11, as will be

understood from part (B) (Vb(Ql) - Vb(Q2)), the clock signal

v (Detector~input) that appears immediately below, which




passed through resistors R2 and R5, with a DC conponent #&ai#ta@nhe¥7as it
is, is applied equally to the bases of the transistors QL and @ serving
as inputs to the threshold detecting unit 24, and a threshol d detection is

carried out at approximately one half of the power-supply voltage, i.e.,
at 2.5 V. Furthernore, the base potential of the transistor QL nust be
mai nt ai ned hi gher by the threshold value, that is, in this enbodi nent,

detection nust be perforned using signals on one side of an internediate
| evel . Thus, the resistor R4 havingsa resistance of 220 kQis used for a
slight vol tage division, whereby the base potential of the transistor
i.s lowered. Wth the circuit configuration described above, stable
detection is allowed even if the power-supply voltage fluctuates.

Fur t herdtorua s siiymficaislangr weri Hiqigratiio fe has e esistigacer &fsi stor QL
when the el ectrode units 26  are in contact with the liquid can be
virt ualqeiyE I T IHE® Sighad TV Rage & Hat) | RGPl PP dHEhase of the
t ransi st or, 1%%{ soj%q%} t.he Q%%put is hard y,affectgi. That is, the SIN
ratio diEdetettirP ican D irovEd RIFHF TR AN PBnge L€AR3B5E Y ncr eased) .
In the wavefqrm chart own | | 11,. as will be derstoqd from part
(B) (.\/E(Lﬁf)en?C \r?ba(s(ﬁéﬂn}fgt e B4 o%cd:d gizghrél thip (%%@E‘b‘?‘“—qﬁqrrplﬁa)n‘ at appears
i mmedi %Ii@t%aqelllpvéan\’gglﬁ%cﬁz a‘Jsar_lLl{:E”E:{j.ycalztoeoci{7 by P66 enclosed in a dotted
ellipse in part (B).

In principle, the value of the attenuated clock signal
can be virtually cancelled if the total of the resistance of
the switch 23 and the conduction resistance of the electrode
units 26 in the liguid is equal to the resistance‘of-the
resistor R1 (820 in this embodiment). Thus} it is possible

to use a variable resistor for the.reSistor R1 to allow

adjustment in accordance with én actual state.

The embddiments described above exhibits the following
advantéges:
f?ﬁ T (l)lSinée a complete cycle or several complete cYcles
 of an AC current flows through.the detecting electrodes Z6a
to 26d, liquid is prevented from ionization, serving to
avoid change in ligquid characteristics.

(2) Electric signals are processed separately from the
containers T, and no DC current flows and only a Qeak AC
current flows.' Thﬁs, the-safety of a system that deals with
agueous ligquid can be improved.

(3)  Measurements at the individual electrode units 26




34 attenuates in accordance wiith the ratio of the resistgadanusry 2QQe
signal -source resistor R2 (20 kQ and the conduction resistance of the
liquid as nmeasured with an alternating current (assuned to be 500 S2 in
thi's enbodi nent) , can, be virtually cancelled, as indicated by P6
enclosed in a dotted ellipse in part (B). In principle, the value of the
attenuated cl ock signal can be virtually cancelled if the total of the
resistance of the switch 23 and the conduction resistance of the el ectrode

‘units 26 in the liquid is equal to_the resistance of the resistor R

P

(82052 in this enbodinment) Thus, it 1s possible to use a variable resistor

~for the resistor RL to allow adjustnment in accordance with an actual

state. The enbodi nments descri bed above exhibits the follow ng advantages:
(1) Si flermeidifpldie RERAE SR Fewdrsfin ol @tl@céyfélce§0nc¥ﬁ%oﬂc current

fl ows through the detecting el ectrodes 26a to 26d, liquid is prevented
fromi dﬁ%ﬁ%rﬁ’ SRR ml&%%ﬁ)@@’@n I |T(1f|lth’15d @I?araéjéflértf“seﬁtcs (2)

El ectric signals ar pro essed separ at from containers T, and no DC
currentlsfl &thd %\/H%%Cl“&:iﬁor&‘i’{ 15‘1“61\/\/;3} eTﬁ’l’f?‘:lFPré’ns ety of a

fﬁ:i?ﬁﬁ%&@%ﬁ%@ﬁ%& (R Gt St Bt o o
units 26 provided.

(4} With the electrode units 26 provided for
measurement, only one liquid detecting circult 20 suffices.
Thus, the liguid-amount detecting apparatus 10 can be
implemented simply and inexpensively.

(5) Since conduction resistance is lower compéred with
DC detection, the aréa of the electrode units 26 can be made
small. Thus, pfecise detection is allowed without -occupying
a large space, and a large number 6f electrode units 26 éan
be disposed.

- (6} Since measurement can be performed quickly compared

with DC detection, the speed.of measurement and display as a

R

- whole can be improved.
(7}rsince pbwer Consumption is small; even a battery-
powered operation is possible. |
(8) Since signals in the audio to the AM freguency band
can be used, substantially no particular measure is required
against undesired radiation. |
(9) Since the opération of the single liquid detecting
' circuit 20 suffices constantly for all the detecting

electrodes 26a to 26d, the effect of mutual'crdss—talks




35 determ ne the presence or absence of electric connecti 8AJanuagy 23 of
determ ni ng anal og anounts. Thus, no adjustnent is needed, reliability is
i nproved, and the precision of neasurenent is determned only by the
nunber of electrode wunits 26 provided. (4) Wth the el ectrode units 26
provi ded for neasurenent, only one liquid detecting circuit 20 suffices.
Thus, the liquid-anmount detecting apparatus 10 can be inplenented sinply
and i nexpensively. (5) Since conduction resistance is |ower conpared with
DC detection, the area of the electrggde units 26 can be made small. Thus,
preci se detection is allowed w thout occupying a |large space, and a | arge
nunber of electrode units 26 can be disposed. (6) Since neasurenent can be
performed quickly conpared w th DC detection, the speed. of measurenent
and di spryRPhE et e andbalqtastoned cam PeSisibs teewkdr ldgnsunption i s
smal |, even a battery- powered operation is.possible. (8) Since signals in
t he audldMmiEaGRe-AM frequency band can be used, substantially no

particul ar neasure is requiredq against undesired radiation. (9) Since the
operation off1PheSdPRG & ISCPGHPAREEL dchPAgtOcFPRERER 287 LYf FI'Res constant !y

];?(r) Sgl_ lteé.lte%gr%%iee%trii 2e ,eci:tlrieo‘ds%sruzc %rteo 02f6qcliet ré%n%fafi%%til:‘ ?['f cglxit Bgl
' simplified.

Although the present invention has been described in
the context of specific embodiments, the preseﬁt invention
is not limited to the embgdiments described herein, and
various modifications are possible, including the following:

{1} The liguid-amount detecting apparatuses 10
according to the empodiments can be used in various
apparatuses for detecting and/or displaying the presence or
absence of ﬁarious liquids or the remaining amount of |
therecf in various‘cpntainers T, without limitation to
defecting the remaining amount of ink in an ink-jet printer.

(2) TIn the embodimentsldeécribed above, the remaining

'Efé . amount of liquid in a container T is represented by values
of "0" to "4". Alternatively, four LEDs may be provided for
each container T, indicating the remaining amount of ligquid
by turning the LEDs on or off. For example, when the liquid
is detected by all fhe four electroderunits 26, all the LEDs
are turnéd on; If the ligquid is detected by ﬁhe idwer three
electrode units 26 but not by the uppermost electrode unit

26 {the detecting electrode 26a‘and the common electrode

'26e), three LEDs are turned on and one LED is turned off.




22 January 2007 36 during observation and detection can2bdarusns2Citi al | y
elimnated. (10) Since a container T has to contain only the electrode

- units 26, the structure of the container T can be sinplified. A though the
- present invention has been described in the context of specific

enbodi ments, the present invention is not limted to the enbodi nents
descri bed herein, and various nodifications are possible, including the
followi ng: (1) The |iquid-anmount detecting apparatuses 10 according to the
enbodi ments can be used in various. fpparatuses for detecting and/or

di spl aying the presence or absence of various liquids or the remnaining
amount of thereof in various containers T, without l[imtation to

detecting the renmaini,ng anount of ink in an ink-%et printer. ﬁﬁ% In the
embodi Nt & s’ e d saGFectede PYeREPRI R ThRDURPS of 211 gt }RP& cont ai ner
T is represented. by values of "0" to "4". Alternatively, four LEDs may be
_ provi d&d S SPERE K dont ai ner T, indicating the remaining anount of |iquid

2l 1 the foul 01 Bt FBBe tOhFie=38, PapFrEnEeedlemt tuihdipdin 291 “The 1 | qui ¢
5 oot SR04V LB U ENCSE CRLERL 20SUOL 3oR0, 000N DcaLp uorer st
' bf.the switch 23. Alternatively, for example; the |
arrangement may be such that the switch 23 can be
diéconnected from all the nodes. That is, the arrangement
 may be arbitréry as long as the defecting electrodes 26a to
26d can be electrically disconnected.

(4) In the embodiments, the presence or absence of
liguid is detected by all the electrode units 26.
Alternatively, for example, detection may be seqguentially

. performed in a single container T starting from the
-uppermost electrode unit 26 (the detecting electrode 26a and -
the common electrode 26e), skipping detection of the
‘presence or absence of the liguid by electrode units 26

5;3 ‘below an electrode unit 26 with which the presence of the
liguid has been detected. |

| ‘Furthermore, without limitafion to detection of the
bresence or absence of iiquid or the remaining amount of

-~ liguid in a container T, liquid in other parts can also be
detected. For exémple, when the apparatus is used in an

. ink-jet printer, electrode units 26 may be provided'in‘a
chambeﬁ (ink pool) disposed at the immediate upstream of a

printer head, detecting the presence or absence of ink in




26e), three LEDs are turned on and one LED is turned of f.Z222ananu2d07 2007
37 If the liquid is detected by none of the LEDs, all the LEDs are turned
off. (3) Inthe third and fourth enbodi nents, the node 23a' that is
connected to the ground is provided as one of nodes of the switch 23.

Al ternatively, for exanple, the arrangenent may be such that the switch 23
can be disconnected fromall the nodes. That is, the arrangenent nay be
arbitrary as long as the detecting el ectrodes 26a to 26d can be

~electrically disconnected. (4) In Lhé enbodi nents, the presence or absence
of liquid is detected by all the el Strode units 26. Al ternatively, for
exanpl e, detection nmay be sequentially .perforned in a single container T
starting fromthe uppernost electrode unit 26 (the detecting el ectrode 26a
and -t heheonhonbet ect Fodeh@fedreskippbndgedeteqiioeof tie ppiresence or
absence of the liquid by electrode units 26 below an el ectrode unit 26

‘Wi th whiteadt hitptesepeeibiet he exénoige hasntbesh setactied.stfap t her nor e,
without limtation to detection of the presence or absence of liquid or
the remFhrRgRanblinttofs deterdined ateant Bikers Mot impeéskith ot Hdre parts can
al so be detected. For exanple, when the apparatus is used in an ink-jet
print erSPEPRR¥rode units 26 may be provided in a

(5} The impedance 22 for removing a DC component in a
signal fed from the AC—signal source 21 can be implemented
by various elements, for exemple, one or more capacitors or
resistors, or a combination thereof. If the original signal
generated by the AC~signal source 21 does not include a DC
component, the impedance 22 can be implemented oniy by a
resistor. If a DC component'needs to be removed, a
capacitor is connected in series with a resistor.

(6) In the embodiments, a plurality of electrode units
26 is provided in a single container T to detect the
remaining amount of liquid in the container T.
Alternatively, for example, a eingle electrode unit 26 méy
?}ﬁ . . be provided at the bottom of the container T to detect only
the presence of absence of 1liquid.

According to the preseﬁt invention, since a direct
eurrent does not flow through liguid, the characteristics of
the liquid do not change. Furthermore, conduction
resistance can be made small. Furthermore, detection speed
can be increased.

_Furthermore,-since the bresence or absence of liquid is

‘determined by outputting a binary signal, digital processing




chanber (ink pool) disposed at the i medi ate upstream of 22Januant 2007head,
detecting the presence or absence of ink in 22 January 2007 38 the
chanber. Furthernore, in order to protect the printer head, it is possible
to exercise control so as to stop printing if it is determned that ink is
not present in the chanber. (5) The inpedance 22 for renoving a DC
conponent in a signal fed fromthe AC signal source 21 can be inplenented
by various elenents, for exanple, one or nore, capacitors or resistors, or
a conbination thereof. If the origing, signal generated by the AC signal
source 21 does not include a DC conponent, the inpedance 22 can be

i npl enented only by a resistor. If a DC conponent needs to be renoved, a
capacitor i's connected in series with a resistor. (6) In the enbodinents, a
plural i1y dflered: ragevimgtse Deoteverdve desl jabid igivhglfe dedrcainer T to -
detect the remining anount of liquid in the container T. Alternatively,
for exanple, a single electrode unit 26 may be provided at the bottom of
the container T to detect only the presence or absence of |iquid.
According to the present invention, since a direct current does not flow
through liquid, the characteristics of the liquid do not change.
Furthernore, conduction resistance can be made small. Furthernore,

- detecti-on speed




can be increased. Furthernore, since the presence or absed2damfary2@rid is
determ ned by outputting a binary signal, digital processing 22 January
2007 39 is allowed, serving to inprove the reliability of detection. 22
January 2007 40 CLAIMs: 1.. Aliquid detecting apparatus for detecting a
liquid contained in at |east one container, the liquid detecting
apparatus conprising: a liquid detecting circuit conprising an el ectrode
unit fornmed by a pair of electrodes that is to be disposed in contact at
| east partially with the liquid in the container, the pair of electrodes
being electrically connected to each other when the pair of electrodes is
in contact with the liquid; a sour@ inpedance; and an alternating-current
signal source; wherein the liquid detecting circuit inputs an
alternating-current signal not containing a direct- current conponent to

t he el echrEde unit through the source inpedance, outputs a signal
representing status of electrical connection between the pair of

el ectrodes, and outputs a binary signal representing the presence or
~absence of electrical connection between the pair of electrodes based on

- the Qutput bigmalli@nid detecting apparatus for detecting a liquid

contained in at least one container, the liguid detecting
. appératus comprising:

a liquid detecting circuit comprising an electrode unit

? 5_ formed by a pair of electrodes‘that is to be disposed in
contact at least partially with the ligquid in the container,
the pair of electrodes being electrically connected to each
other when the pair of electrodes is in contact with the
liquid; a source impedance; and an alternating-current
signal source; wherein the liquid detecting circuit inputs
an alternating-current signal not containing a direct-
current component tb the eleétréde unit through the source
impedance, outputs a signal representing status of

electrical connection between the pair of electrodes, and

6utputs a binary signal representing the presence or absence
of electrical connection between the pair of electrodes
‘based on the output signal; and

determining means for determining the presence or
absence of the liquid at the electrode unit bésed on the

binary signal output from the liquid detecting circuit.

2. A liquid-amount detecting apparatus for detecting

~the amount of a liquid contained in at least one container,




determ ning neans for determ ning the presence or absencg2?ddnusne?20d7qui d at
the el ectrode unit based on the binary signal output fromthe liquid
detecting circuit. 2. A liquid-anount detecting apparatus for detecting

the amount of a liquid contained in at |east one container, 22 January 2007
41 the liquid detecting apparatus conprising: a liquid detecting circuit
conprising an electrode unit fornmed by a pair of electrodes that is to be
di sposed in contact at least partially with the liquid in the container,
the pair of electrodes being electrically connected to each other when the
pair of electrodes is in contact with the 1liquid; a source inpedance; and
an alternating-current signal sourc® Wherein the liquid detecting circuit
inputs an alternating-current signal not containing a direct- current
conponent to the electrode unit through the source inpedance, outputs a
signal tteprieisenitd nipitsdetivgy efppaalatiy ickalpraeinest i on between the pair of

el ectrodes, and outputs a binary signal representing the presence or
absence ' of aelléctuiidcdkteannagt canchetweenpiheingi &noéletecsdodesit based on
t he output signal; and determ ning neans for determ ning the presence or
absencdomfed hy 1a quiid atff e cgrectsoddanniit hased dhsphsedbinary signa
output fromthe liquid detecting circuit. 3. A detecting apparatus

accor digfg ®@¢taadi hepsgr partially with the liquid in the container;

the pair of électrodes being electrically connected to each
other when the pair of electrodes is in contact with the
i } liquid; a source impedance; and an alternating-current
signal source; wherein the liquid detecting circuit inputs
an alternating-current signal not containing a direct-—
current component to the electrode unit through the scurce
impedance, outputs a signal representing étatus of -
electrical connection between the pair of electrodes, and
outputs a binary signal representing the presence or absence
of electrical connection.betwéen the pair of electrodes
based on the ocutput signal; and

determining means for determining the presence or

sy

‘absence of the liguid at the electrode unit based on the

binary signal output from the liquid detecting circuit.

3. A detecting apparatus according to Claim 1 or

-+ 2, wherein the binary signal represeﬁting the presence
or absence of electrical connection between the pair of
electrodes is output based on a period of the alternating

signal generated by the alternating-current signal source.




2, wherein the binary signal representing the presence 0822dauy@n:20df

el ectrical connection between the pair of electrodes is output based on a
period of the alternating signal generated by the alternating-current
signal source. 22 January 2007 42 4. A detecting apparatus according to
Claim1, 2, or 3, wherein the liquid detecting circuit generates a clock
signal for outputting the binary signal representing the presence or
absence of electrical connection between the pair of electrodes, and
exercises control so that the alternating-current signal generated by the
alternating- current signal source and the clock signal will be
synchroni zed with each other. 5. ALdg ecting apparatus according to any one
of the preceding clains, wherein a plurality of the electrode wunits is
provided in the single container and disposed at a plurality of positions
in a direction of lowering of a Iliquid surface in accordance with decrease

of the liquit & flatsetépnt aprrratushecepndide td quidndatect,i ng: ciycuit
out put i i gngl.s_r.epresenting the presence or absence of electrical
connectsvtg%ﬁg{er%lv\gié% ?ﬁ@urlégp‘g%w‘&%m%aicﬂ§0@fltel@%WJO@I@@S; and:Mher ei n t he
determ iqgﬂfe%gs de%ernines, in a stepw se nmanner, the remaini ng anount
of the’TTquUr d i t REE8h-aNFer *Basedi bR Y hes timak y mempredant associ at ed

Vﬁ th the,d esnective c&aiarbsseqceeloef(:terl%%e{}:sr'ical connection between the
pair of electrodes, and exerciges control so that the
alternatingwcurrent signal generated by the alternaﬁinéu
current signal source and the clock signal will be

synchronized with each other.

5. A detecting‘apparatus according to any oné of Ehe
preceding claims, wherein é pluraiity of the electrode
units is providéd iﬁ the single container and disposed at
a plurality of pdsitions in a direction of lowering of a
liquid surface in accordance with decrease of the liquid
in the container, wherein the liquid detecting circuit

;f} :.outputs binary signals representing the presencé or
absence of electrical connection between the respective

| pairs of electrodes, and wherein_ the determining means

f determines, in a stepwise manner, the remaining amount of

| the liquid in thé container based on the binary signals

. associated with the respective pairs of electrodes. .

6. A detecting apparatus according to any one of Claims 1
sto 4, wherein a plurality of the electrode ﬁnits is

provided in the single container and disposed at a plutélity




6. A detecting apparatus according to any one of Oains 122denupry@dp@fein a
plurality of the electrode units is provided in the single container and
di sposed at a plurality 22 January 2007 43 of positions in a direction of
| owering of a liquid surface in accordance with decrease of the liquid in
the container, wherein the liquid detecting circuit outputs, based on a

period of the alternating-current signal generated by the
alternating-current signal source, binary signals representing the
presence or absence of electrical connection between the respective pairs
~of electrodes, wherein the determ ning neans determnes, in a stepw se
manner, the remaining anount of the #3qguid in the container based on the
bi nary signals associated with the respective pairs of electrodes, and
wherein the alternating-current signal source is connected to the

0 ernat oo et 12 AL L BT G Fpcancar ot oa
Sour ce o another ane o (Re STuralty or (dABER dde HigntUs LAt e conneat | on
rect rode uni ts. Dot e oot Hehe i e b RS WPERBEAR b od of the
alternaﬁﬁégd odr rtért aditgabting-current signal generated by the
alternating-current signal source, binary signals

re?resenting the presence or absence of electrical
" connection between the respective pairs of electrodes,

wherein the determining means determines, in a stepwise

manner, the remaining amount of the liquid in the éontainer

based on the binary signals associated with the respective

pairs of electrodes, and whereiﬁ the alternating-current

signal source is connected.to the plurality of electrode

units such that a connection of the alternating-current

signal source with one of the plurality of electrode units

. can be switched to a connection of the alternating—-current

. 8ignal source to another one of the plurality of electrode

[T

units, the connection between the alternating-current signal
source and the plurality of electrode unité being switched
in synchronization with the period of the alternating-

current signal.

7. A detecting apparatus according to any one of the
Claims 1 to 4, wherein a plurality of the electrode units is
: provided in the single container and disposed at a plurality

of pqsitions in a direction of lowering.of-a liquid surface




7. A detecting apparatus according to any one of the O affdanuany2007
wherein a plurality of the electrode units is provided in the single
~contai ner and di sposed at a plurality of positions in a direction of
| owering of a liquid surface 22 January 2007 44 in accordance with
decrease of the liquid in the container, wherein the |liquid detecting
circuit outputs binary signals representing the presence or absence of
el ectrical connection between the respective pairs of electrodes, wherein
the determ ning nmeans determnes, in a stepw se nmanner, the renaining
amount of the liquid in the container based on the binary signals
associated with the respective pairg of electrodes, wherein the liquid
detecting circuit generates a clock signal for outputting the binary
signals representing the presence or absence of electrical connection
bet ween t@%co%%%%Pt'Vet alrs of elegtrodes and _exercises control so that
the al fernatingocurr &t s i§iaFaSgeR rEP%dlb9U%%el%J¥¥#rﬁﬁ??@ﬂ%ﬁ#fent si gna
source e I gna ronjzed with each other, and
mherelﬁﬁgﬁéaglFg%ngghﬁgdcgr%gﬁ%lgggﬁéF Eb r%%t?%t%d%h%ﬁﬁ¥xF1Q%ﬁ%%e

| ur al r o t a conpection . of the
glterng%?ﬁgggﬁkggﬁtggg Hgkgégégcgrmpﬁﬁe%ﬁ% %€ # tEﬂ%ﬁ%Jlty of el ectrode

uni s caRnBetewht shefeby nGCOPDE LEPhye %?te? S ternating-ourrent i gnal

source to another one of the p * the connection
bEtMBEﬂhébéln the determining means determines, in a stepwise

manner, the remaining amount of the liquid in the container
based on the binary signals associated with the respective
pairs of electrodes, wherein the liquid detecting circuit
| generates a clock signal for outputting the binary 51gnals
representing the presence or absence of electrical
connection between the respectlve prairs of electrodes, and
exercises contrel so that the alternating-current signal
generated by the alternating-current signal source and the
clock signal Will be synchronized with each other, and
wherein the alternating~current.signal seurce is connected
fi) to the p}urelity of electrode units such that a connection
of the alternating~cufrent signal source with one of the
plurality of electrode units can be switched to a connection
of the alternating-current signal source to another one of
the plurality of electrode units, the connection between the
alternating-current signal source and the plurality of
electrode unitS'being switched in synchronization wifh the

clock signal.

8. A detecting apparatus according to any one of the




al ternating-current signal source and the plurality of eP2denusieQH ts
- being switched in synchronization with.the clock signal 8. A detecting

apparatus according to any one of the 22 January 2007 45 preceding
clainms, wherein the electrode unit is provided a in each of a plurality of
containers, and wherein the |Iliquid detecting circuit sequentially outputs,
by time division, signhals representing status of electrical connection
bet ween the respective pairs of electrodes in the plurality of containers.
9. A detecting apparatus according to any one of Clains 1 to 7, wherein
the el ectrode unit of the liquid detecting circuit is disposed inside the
container, and wherein parts of the |iquid detecting circuit other than
the electrode wunit, and the deterﬁiﬁ@ng nmeans, are di sposed outside the
container. 10. A detecting apparatus according to any one of the preceding
clainms, wherejn a plurality of the electrode unit is provided, and wherein
i npedan®d SRSt &liadtisos Wietdion pher albtyrofieebaghr gge pHIAiSiedr § conmon
so as to facilitate determ nation for binarization. 11. A detecting
appar at'ds @@€bdr @#ifng? t plampldmey off t kentpieeedi ngarcd avABrevherein the |iquid
detectif ch{cgi S gut uts, the binary signal representing the presence or
absence %hul etectin clrcuit sequentially outputs, by time

division, signals representing status of electrical

connaction between the respective pairs of electrodes in

the plurality of containers.

S. A detecting apparatus according to any one of Claims 1
to 7, wherein the electrode unit of the liquid ;ietecfing
.circuit is  disposed inside the container, and wherein pérts

~of the liquid detecting circuit other than the electrode

unit, and the determining means, are disposed outside the

container.

10. A detecting apparatus.according to éhy one of the
;f? ‘.preceding claims, wherein a plurality of the electrode unit is
‘provided, and wherein impedance characteristics of the

plurality of electrode units are common sSo as to facilitate

determination for binarization.

11. A detecting apparatus according to .any one of the
preceding claims, wherein the liquid detecting circuits outputs
the binary signal representing the presence or absence of

- electrical connection between the pair of eiectfodes using

' _at least one of a posifivempolarity signal and a negative-




el ectrical connection between the pair of el ectrodes using2Januareged? one of
a positive-polarity signal and a negative 22 January 2007 46 polarity
si'gnal of the alternating-current signal. 12. A detecting apparatus
according to any one of the preceding clains, wherein the liquid detecting
circuit 1is allowed to disconnect the alternating-current signal source
froma node of the electrode unit to which the alternating-current signal
is input fromthe alternating-current signal source. 13. A detecting
apparatus according to Claim12, wherein the liquid detecting circuit is
all owed to connect the alternating-current signal source to a grounding
point or a connecting at certain pogential. 14. A liquid detecting method
for detecting a liquid contained in at |east one container, wherein an
alternating- current signal not containing a direct-current conponent is

i nput fﬁgggggtglterna ing-current signal source to an electrode unit

t hrough™ a” Sourée iHBédafitet e nal &f ved ¢ bew—cumidntbed inghd1or med by a pair of
el ectrodes that is to be disposed in contact at |east partially with the

liquid in the2contakpgetithbespal f_electrodes being electrically
connected to each ot her mﬁeﬁ ?ﬁg %%??So E%Pﬁgf?gdﬁg fRY| e o Jarary 2007

47 ” preceding claims, wherein the liquid detecting circuit

1s allowed to disconnect the alternating-current signal

source from a node of the electrode unit to which the

L

alternating-current signal is input from the

alternating-current signal source.

13. A detecting apparatus according to Claim 12, wherein
the liquid detecting circuit is allowed to connect the
alternating-current signal source to a grounding point

Or a connecting at certain potential.

14. A ligquid detécting method. for detecting a liquid
contained in at least one container,.wherein an alternating—
current signal not containing a direct-current component is
input from an alternating-current signal source to an |

. electrode unit through a source impedance, the electrode
~unit being formed by a pair of electrodes that is to be_
disposed in contact at least partialiy with the liquid in
the container, the pair of electrodes being electrically

conngcted'to_each othet when the pair of electrodes is in




contact with the |iquid, wherein a signal representing stfatguasy2007
el ectrical connection between the pair of electrodes .is output, wherein a
bi nary signal representing the presence or absence of electrical
connection between the pair of electrodes is output based on the output
signal, and wherein the presence or absence of the liquid at the
el ectrode unit is determ ned based on the binary signal. 15. A
| i qui d-anmount detecting nmethod for detecting an anount of a liquid
contained in at |east one container,s7wierein an alternating-current signal
not containing a direct-current conponent is input froman alternating-
current signal source.to an electrode unit through a source inpedance, the
el ectrode unit beinq:forned.b a_pair of electrodes that is to be disposed
in contEALt "Bt thsadtiaidy WheRedRe 4 isderdli epreseshiabner, the pair
of ele tkpdes eb%%ieLe%a;ically connected to each other when the pair of
el ect r 6dETY% G LEMHECCA CAPPRE tRPGuPE Y eRRe tBENPE1E| §hal representi ng

status qf el ectrical onnection between the pair of electrodes is output,
'mherei#%%§%§%§¥§J§ﬁéﬁ§P“FepV SERLPNG gﬁgaﬁye§éHB€EOFGEE§%ﬁEElﬁg

s is,_ out ased on

| ectrical ti t t [ f electrod t
Che outin PEREATEE O BECURED ORDeRRLEead CoPhaEiARebBRVERE Fhauid at

the el 8gk0de Wilder-8olet S6TLIEacDBIELa0Rn! BRePLREY: SL8gRL: , 2Zudanuary
wherein the presence or absence of the liquid at the

electrode unit is detéﬁmined based on the binary signal.

15. A liquid-amount detecting method for detecting an

~ amount of a liquid contained in at least one container,
wherein an alternating-current signal not containing a
di:ect—éurrent component is input from an alternating-
current signal -source to an electrode unit through a source
impedance, the electrode unit being formed by a pair of
electrodes that is to be disposed in contéct at least
partiaily with the iiquid in thé container, the pair of
.electrodes being eléctrically-connected to each other when

| the pair of electrodes is in contact with the liquid,
wherein a signal représenting status of electrical
connection between the pair of electrodes is output, wherein
a binarxry signal representing the presence or absence of
electrical connection between the pair of electrodes is

: output based on the output sigﬁal, and wherein the presénce
of absence of the liguid at the elegtrode unit is determined

based on the binary signal.




16. A detecting nmethod according to Claimi14 or 15, wher é2daRyssy BYQfary
si gnal representing the presence or absence of electrical connection
bet ween the pair of electrodes is output based on a period of the
alternating signal generated. by the alternating-current signal source.
17. A detecting nethod according to Caim114, 15 or 16, wherein a clock
signal for outputting the binary signal representing the presence or
absence of electrical connection between the pair of electrodes is
~generated, and wherein control is exercised so that the
al ternating-current signal generat hy the alternating-current signa
~source and the clock signal wll be synchronized with each other. 18. A
detecting nmethod according to any one of Clains 14 to 17, wherein a
plurality of the electrode units is provided in the single container and
di sposed at a plurality of positions in a direction of |owering of a
liquid surfake iH detectange methodeareaseioly the Idigumd 14 the container,
wherei-n binary signals representing the presence or absence of electrical

connectimn bie¢neen the mAsSReg! i yEgmal r seplteshethyodas yraQdut, and
wherein the remaining amount of the liquid in the container is determned

I'n a stapvhisSerdde J8RURNYKCZQG £a14% o RIS PASE, O, T B PLALY § gnal s

associated with the respective pairs of el ectrodes.
electrodes is output based on a period of the

alternating signal generated by the alternating—current

i) signal source.

17. A detecting method according to Claim 14, 15
or 16, wherein a clock signal for outputting the binary
signal representing the presence or absence of electrical
connection between the pair of electrodes is generated, - and
wherein control is exercised so that the alternating—current
signal generated by the alternating—cﬁrrent signal source

and the clock signal will be synchronized with each other.

18. A detecting method according to an§ one of
Claims 14 to 17, wherein a plurality of the electrode units is
provided in thé single container and disposed at a plurality
of posifions in a direction of lowering of a ligquid surface
in accordance with decrease of the liguid in the container;
wherein binary_signals representing the presence or absence

of electrical connection between the respectivé pairs of
electrodes are output, and wherein the remaining amount of

the liquid in the container is determined in a stepwise
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"~ ABSTRACT OF THE DI SCLOSURE A |i qui d-anmpunt detecting apparatus detects the
anount of a liquid in containers. The |iquid-anpbunt detecting apparatus
includes a liquid detecting circuit and a determning unit. The liquid
deteecting circuit includes electrode units disposed so as to be in contact
with the liquid in the containers, which becones electrically conductive -
when in contact with the liquid, an isgpedance, and an AC-signal source. An
- AC signal not containing a DC conponent is input fromthe AC-signal source
to the electrode units through the source inpedance, and a signal H
representin% tge st.at us gf gLectric.cOnEection of the  electrode units is
out put . "BV FRePASFE, CBad88 BRRERE S4PpatS FFAGFatedprhER yERE gnal
represen%gn%c%g%eprgsencefo% ab enge of electrical connection of the
el ect r odé€ “&mits |spo&fﬁu9._ %ﬁg 48 S?Nining unit determ nes the presence or
absence of. the liquid at the electrode units based on the binary signal
out.put fromthe liquid detecting circuit. Fig. 4 -----------






