;éée' I$X% 6H T'W LI QUI D DETECTI NG APPARATUS, LI QUI D- AMOUNT DETECTI NG
APPARATUS, LI QUI D DETECTI NG METHOD, AND LI QUI D- AMOUNT DE

BACKGROUND OF THE INVENTION 1. Field of the Invention Thﬂmmmmm,ﬁnti on
relates to a liquid detecting apparatus or a |iquid-anount gaﬁggting
apparatus for detecting a liquid or the anount of a liquid I"i"4 contai ner.

For exanple, the present invention relates to an appara cting
t he remai ning anobunt of ink in an ink tank of an ink-jeﬂ%ﬂm m&w ﬂ@@.
Description of the Related Art In an tnk-jet printer, i S in an

ink tank, and the ink is transferred fromthe ink tank to an 1 nk
di scharging unit (head) through an ink path, whereby droplets of ink is

di scharged. inothe bRKECEINErAPPRRATURS presepcamouNebseneeTokci nk nust be
detected with a relatively high precision. Afirst reason for this is that

it is diffiepPARADUYI SUahUYD dBEREOTNIRGE METHEDRI ANDOL.agUUDtARDUNDK fromthe
ext ernal appearance of the ink tank. As a second reason, if the ink is
di scharged to such an extent tOFEEJTNG MeTEOXONPl etely used up, ink that
serves as "primer" beconmes unavailable. That is, air enters the ink path,
preventing the ink frombeing transferred to a
BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a liquid detecting
apparatus or a liguid-amount detecting apparatus for
detecting a liguid or the amount of a ligquid in a container.
For example, the present invention relates to an apparatus
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
discharging unit (head) through an ink path, whereby
droplets of ink is discharged. In 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 reason, 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



-2 nozzle. In that case, ink nust be supplied again fromthe start to
allow ink to be discharged, or the ink discharging unit could be degraded.
As a method 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 el enent
to discharge droplets of ink. If the heating el enent generates heat even
though ink is not present, the heating el enent could be damaged. Thus,

di scharging of ink (printing) nust be stopped when the remaining amount of
ink reaches a certain level. Furthermbre, as a third reason, when a

| ar ge-si zed print sheet is used, if the remaining anount of ink is not
detected precisely, it is possible that ink is used up during printing and
printingoup1t0 that thheechEe0MeaKVALEt BEOBLHPE: ¥HEWRALAt 8rof sREELY,
econony, etc., described above, it is necessary to detect the remaining
amount gkairgktacgurakekyx Koowe aetbBrdrgbddebecthagihkedisdphpyngganmount of
ink include (1) nechanical detection, (2) optical detection, (3) detection
based o@ingéhasggelinvel aegrheal.reskshamneehof4prdaieehhogihgsedkonnchange in
capaci tance, and (5) detection based on count of discharged anount.

Exanpl eanofink3jetdepechiton, basedtharmhangethadeliecknbwal, tLeswktahce incl ude
(1) Japanese Unexam ned Patent Application Publication No. 6-226990 (Patent
Docunentink) in an 3nk(2llapanespi®ayehtaPabll bygati braklong2120&6t( Pat ent
Docunent 2), (3) Japanese Patent Publication No. 2798948 (Patent Docunent
3), anddisrhaapandseplamtsgantnédkpat &At thppheeatihonePabbhtagkpariges
11-179936 (Patent Docunent 4). O the exanples of detection based on change
in el echpptakveastbeugbeinkcédrdphgrresens  nthRolsadisel 6seMeRk Pat ent
Docunents 1 to 3, a pair of electrodes is provided in a liquid, and a

curr ent CP¥1lfelet 8arpgeEl ecThB8esAt FERRAIERIpBRet R0 UPEANTAEIY PESESt Or
havi ng a high value of resistance, The voltagg agglied ho the pair of

el ect r o88s SEARRGEsVHEPe FBFNGSBAPABIpABSBRLCEr 186sERBENEF fhe i quid

bet ween th% gai; of el ectrodes. According to the nethod di scl osed in Patent
Docunenf®424R 4PY&Mnating current is used for detection of a liquid. The
related art I bove, _ h r h e_f i obl ens.

First, when %&%ﬁé%% g%%fr%%taf om%gtﬂ?%%g%’2&?%€u?d9%£8¥%9?%§5art di scl osed
in Patept.:Doc S , C kSO0 depending 0 he type of
t he eleg%%ggegﬂggé %%ehggﬁbo%gn?égo?éﬁh%ﬁkﬁaugggﬁﬁﬁug? ?ﬂ% gﬁr?gges of the

el ectrodescakeqdl pkakyst@ychanoes gpdshBhal khati 9A% akeuskutgg into the
I"i qui d, possi bly causing change in the characteristics of the liquid (ink).

Furtheraa&@ngaggghd&ﬂ? badt peiAet hgdapt hat tHae &@ifler Betomuwkr @atin.as W ll be
described later in relation to enbodi nrents of the present
From the viewpoints of safety, economy, etc., described

Y

above, it 1s necessary to detect 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 (5) detection
based on count of discharged amount.

Examples of (3) detection based on change in electrical
resistance include (1) Japanese Unexamined Patent

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



- 4 invention, the inpedance of the circuit systemtends to be high, which
makes a detection at high speed difficult. According to the art discl osed
in Patent Docunent 3, in order to overcome this drawback, the direction of
a current that flows through electrodes is reversed at a cycle of

measur enent period. According to this nethod, however, a direct current is
used for neasurenent itself, and ions generated by the neasurenent with the
direct current are elimnated by a flow of a DC current in the reverse
direction for the sanme length of tine3 Therefore, the speed of neasurenent
is slow According to the art disclosed in Patent Docunment 4, since an
alternating current is used, the problemof the electrolysis does not

ocour . oyeYerankLeUbG a1 IBLATY Yk Bnafoan) 090 BNAEL tohtCpochieflet ot i ng

change in the anount o I qul ased on change in capaclitance. Thus,

| evel s Q?te$§EdJ§R$néEét?QE@nta§9bi§éH£EénPﬁoqeé?§Eb@@ pgopt reliable.
SUMVARY OF THE T NVENTI ON Accordingly, a mmin objective of the present

inventipBchiseh® By eVERAL ehechrph¥ebe (heRbmahbanpa@bnti APhUiEsembACCUrTiNg
and not to change in.characteristics of the liquid while allowng reliable
detecti pip1TbetpPbRSRAL LDvenbbew, (PAtene Bspementhejeof, provides - 5
Of the examples of detection based on change in
electrical resistance, according to the methods disclosed in
Patent Documents 1 to 3, a pair 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 palr of electrodes
changes depending on the presence or absence of the liquid
between the pair of electrodes. According to the method
disclosed in Patent Document 4, an altermating current is
used for detection of a liquid.
The related art described above, however, has had the
following problems.
First, when a direct current flows through a liquid as
in the art disclosed in Patent Documents 1 to 3, an
electrolysis occurs depending on the type of the electrodes
and the components of the liquid. Thus, the surfaces of the
electrodes are likely to change, and metallic ions are
eluted into the liquid, possibly causing change in the
characteristics of the liquid (ink). Furthermore, according
to the methods that use a direct current, as will be

described later in relation to embodiments of the present



a liquid detecting apparatus for detecting a liquid contained in at |east
one container, the liquid detecting apparatus including a |iquid detecting
circuit including an electrode unit formed, at |east, by a pair of

el ectrodes that is to be disposed in contact partially with the liquid in
the container, the pair of electrodes being electrically connected to each
ot her when the pair of electrodes is in contact with the liquid; an

i npedance; and an alternatingcurrent signal source; wherein the liquid
detecting circuit inputs an alternatifg-current signal that does not
contain a direct-current conponent to the electrode unit via a certain

val ue of inpedance outputs a signal representing status of electrical

connect } g pe RALLRL-CLECLRA0RS 08 QULRULS 2 RLNBLY, sl gna

represen I ng % e presenc or a sence of "€ EC ric connecti on ?meen t he

f : 1 ni f
ot or m iy 1 G EnchaRee BronEehibRorer ko, spPat R PRAstTEe: rode unit

based on thqt@dmayni'@&atrh@uatpytdtw%@@ tt%@e%tﬁ&étrp&n&'i%ﬁ The

present inventlon anot her aspect thereo provi des a IQUId anount

detectlagdeppeaa&UérteﬁedetegtaagwbaekaneﬁatdeteétthUb@ gopLakagd in at
| east one container, the I'iquid detecting apparatus including a |Iiquid

detecti pga€i FeBs tHEbUthGléBt@b@EErQgeréﬂbEsE@rH@dabﬁyélﬁabf of
el ectrodes that is to be disposed in contact at | east - 6 partially with

the |iguédshRehbetCcpBEabaer, Atherpang @b ehest medasdbenbgeokbectsically
connected to each other when the pair of electrodes is in contact wth the
| i qui d; darettpedanert anduasdakber nabsngementettseignakndoiuvae; wherein the
liquid detecting circuit inputs an alternating-current signal that does not
cont ai ngendrated-bwr tbat meapporerhtt @ithetbkedirede onirtrehhreugh a certain
val ue of inpedance, outputs a signal representing status of electrical
connect ¢bimbeaednbyhe pabw of el BEt rodeentand sthepueyeashbi nary si gnal
representing the presence or absence of electrical connection between the
pai d of d&reetiodesobatbd samehéesatpuprisitgmal; AhGrgépseni KhAgSnARE for
determ ning the presence or absence of the I|qU|d at the electrode unit
based oﬂft%%a%Fﬁ§?9n§|bﬁaFlBHtput frontthe I|qU|d detecting circuit. The

pr esent |nvent|on i n anot her aspect rovides a |iquid detecting
met hod for Qﬁﬁ4¥R961?|EﬁﬁdPEBn Bh %s? ? BESRT ORRCUBHR Giher, wherein
an aIternatln curient sk naI t hat _does not conBalnro iLrec %ﬁrrent

Ith rna rren Is used o em o
conponent 1S |np rontan a ernatlng carrent source to an

el eCtrO%Peé‘ﬁfélyéf?adﬁgétﬁbge%l: ¢ of ubiee gg”g?:st 598 ?EeﬁkEQQ‘Ee?”&h bei ng

formed by a pal ectro isto osed I'n contact at | east

partial by ¥ﬁéﬁo&hﬁahh99'd g, th% CQEEébEQEg EhenBai Knotnel grbhAadessbei ng
el ectrically connected fo each ¥her when the pair of electrodes is in

cont acttmé thi dhegl bayed, owhehehheaisi gaghchennesent rAgsst akus1ef el ectrical
connection between the pair of electrodes is output, wherein a binary

si gnal depseseatang thetpbesenaadoreadhsencerotieekbegtibncakecasnecti on

bet ween the pair of electrodes is output based on the output signal, and
wher ei nréhiealpresence or absence of the liquid at the electrode unit is
determ ned based on the binary signal. The present invention, in another
aspect thereof, provides a |liquid-anount detecting nmethod for detecting the
anount of a liquid contained in at |east one container, wherein an

al t er na¥VMMARYIr @BnTHE| FREENTRAN does not contain a direct-current conponent
is input froman alternatingcurrent signal source to an el ectrode unit

t hrough a céraaarfinglie, o Tapedabicectivie ef ckhe odecsant bevetiotmed by a
pair of electrodes that is to be disposed in contact at |east partially
with thes|fQqupEeYartheleshrainets ﬁﬁ@nﬁéﬁFlGP)ePécﬂﬂaaég B&PRg el ectrical ly
connected to each other when the pair of electrodes is in coniact wth the
| i qui d, OSFieT BRI a2R¢ gRAF F@pFB@EﬂFlﬁB sharasteriarécer PEaftPeonngitfon
between the p of elec es Ls ou wherein a binary signa
represé%?t%% ?% Oﬁtﬁgeﬁﬁi ﬁbgsﬁﬁgganelectrlcal connection between the
pair of elegtrodes is out ut based pn the out$

presence or sé?trcees%ft VIR LT at™ t WeS eFRRET

on the binary signal

| d wh h
5d€h%£$?fi2EH%YE$%$h2dtbgsed



_ g According to the present invention, an alternatingcurrent signal that
does not contain a direct-current conponent is input fromthe
alternating-current signal source to the electrode unit through a certain
val ue of inpedance. When the alternating-current signal is input to the

el ectrode unit, a signal representing the status of electric connection
between the pair of electrodes of the electrode unit is output, and a

bi nary 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 determ ned based on
the binary signal. Thus, since an alternating-current signal that does not

contain algg;ﬁ%t o I%ow %gﬁ%ﬁ%ﬂ%@ S!%:- an:fétt CoCd_ lr??S eI g%)l%de unit, a direct

current 2do not |qU|d avo n the

charact efl gl 63401 f g |id %LH@ rIb: NI S Lr%aenlﬁﬁ.qﬁ.\ma?é:ie%gccﬂ ch“ on

i rrpedance et ect| on speed can pe | ncr eased. Sl nce

presencgy ar%%%n%%cq dllrgy'ad 15386 &fdinad Ry cq}ito‘?ﬁttt 10013 adq]rfa_;a@h si gnal ,

di gi tal p ocessing Is allowed, serving to I nprove t Ity of

det ect | @neBRUEE DESORIRTLM 06 THeRRAMNGS Fidi: b Sk diagam shovi ng an

equi val ent i npedance - circuit: Fig. 2 is a diagram show ng the
resul tstafta i My afd méﬁostéte 1Qﬂuidtaia{5&ﬁ gdmadance Wit WHe shaid n Fi g.

1; Figs. 3A and 3B are diagranms specifically showing the difference in

circuit inpedanestdue dro diHd effnce heimeairddes being electrically
connected to each other when the palr of electrodes is in
contact with the liquid; an impedance; and an alternating-
current signal source; wherein the liquid detecting circuit
inputs 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.

The present invention, in another aspect thereof,
provides a liquid-amount detecting apparatus for detecting
the amount of a liquid contained in at least one container,
the liquid detecting apparatus including a liquid detecting
circuit including an electrode unit formed by a pair of

electrodes that is to be disposed in contact at least



detection and AC detection; Fig. 4 is a diagram show ng the construction of
. a liquid-anpount detecting apparatus according to an enbodi nent of the
present invention; Fig. 5is a waveformchart for explaining a detecting
operation according to a first enbodinent; Fig. 6 is a diagram show ng a
liquid detecting circuit in the first enbodinent; 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 enbodinent; Fig. 8 is a di agram show ng
a third enbodi ment of the present invéntion, and it corresponds to Fig. 6
for the first enbodinent; Fig. 9 is a waveformchart relating to the
circuit diagramshown in Fig. 8 and it corresponds to Fig. 5 for the first

embodi mpALiiE19y $AthS tReClficMily dna9haMcehnewing 2 kAW thir of
electrodes being electrically connected to each other when
the pair of electrodes is in contact with the liquid; an
impedance; and an alternating-current signal source; wherein
the ligquid detecting circuit inputs an alternating-current
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 output signal; and determining unit for determining
the presence or absence of the liquid at the electrode unit
based on the binary signal output from the liguid detecting
circuit.

The present invention, in another aspect thereof,
provides a liquid detecting method for detecting 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 via 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 liquid
in the container, the pair of electrodes being electrically

connected to each other when the pair of electrodes is in



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

. first enbodi nent; and - 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 nments
of the present invention will be described with reference to the
acconpanyi ng drawi ngs. According to the present invention, a pair of

el ectrodes is disposed in a liquid, and the presence or absence of the
liquid is determ ned based on a currem -that flows between the pair of

el ectrodes. The current that is used herein is an alternating current, not
a direct current. The reasons for this wll be described bel ow. Wen the

el ectri qggnc]{aecsg g}iag}pet}f:g:tl £l %éroe?ﬁ—f 4 @afgnae{l}e]erjegar;éostrgnatcf gvvi th aliquid

is neasured, for exanple a circui ester’ ctrical® resi stance

does notsdapand, smuch O£ hey d&oﬁ{r?él?@ié}ﬁt etbrl‘etheé %Itirro%efs’ and the

electrical resistance is large at first, an ecomne ower as tinme el apses.

Thi s phenemBiYuLAN e el@l natk Ry d NENSassy i (}Llé%rte%et}fdﬁg{gess of

electrolysis that is caused by the nmeasurenment itself wth a direct current

bet ween dre lediqdass addrughs ¢ hel hanumns HeRends, Gsidsl ay on the

material of the electrodes, the conditions of surface treatnent, the area
of surf geds iof cld@anioddd hid hendpgulighsdderc hifaachaipld isGyrefl t hed i qui d,

- 11 etc. Now, let the distance between the el ectrodes be denoted as L and
t he crosdhesedin ared aresernfe tde asaideodes dHy Augluiwhiagh tHee current flows
be denoted as A Then, L/Ais known to be a constant value (= K) in a given
cont ai nelecirmdesgirsittanice detdfrniresd ipdet et woen Himargl edignedes is R =
K/ k, where k denotes the conductivity of the liquid. Considering the

i npedance (Z¥hebpresentt Hevengdomodés another aspect thereof,

provides 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 liquid in the container, the pair
of electrodes being electrically connected to each other
when the pair of electrodes is in contact with the liguid,
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 electrodes is
output based on the output signal, and wherein the presence
or absence of the liquid at the electrode unit is determined

based on the binary signal.



based on what has been described above, an equival ent inpedance circuit

. shown in Fig. 1 is considered as appropriate. In Fig. 1, a resistor Rdc
represents the resistance of the liquid as nmeasured with a direct current
over a short period. A capacitor Cx represents the electrostatic
capacitance of the liquid. A resistor Rac represents the resistance of the
liquid as nmeasured with an alternating current. Since val ues of neasurenent
di ffer between neasurenment with a direct current and neasurenent with an
alternating current, the capacitor ©®is connected in series with the
resistor Rac. Fig. 2 is a diagramshowing the results of a cal cul ation of
t he equi val ent inpedance circuit shown in Fig. 1. In the calculation, ink
for an ink-jmicqrdiieretoasnehpsedems tfieedd i d.ad miRidnaidde horizontal
axis represents the frequency (Hz), and the vertical axis represents the

out put yertage ¢idhabetmeendbbe ebectéRdesnod aheecegubyatent circuit shown
- 12 in Fig. 1. Furthernore, in the circuit showmn in Fig. 2, a signal

sour ce Mmpsnant ACs Sigpat SoommcCehe anllt arnesisgotuiPents &ighgnal - source
resistor. As is apparent fromFig. 2, under the conditions of the liquid
and t hesehecé¢rbdeshenelbetralieuhattothratghrequentaes watudi gher than 100
Hz, the resistance as neasured with an alternating current is several Ms2,
whi ch i smpedstaatial |y equivalent to the resistance as neasured with a
direct current; however, at frequencies from 100 Hz to 1 kHz, the

resi stance ditamtiheldytelarsenescyravs? 339500 182)inmtd teveihalecr eases to
approxi mately 1/10, 000 dependi ng on the conditions of the liquid and the
el ect r feRCLAPHS PREF cateSighalf BEPHAFAYLLNG 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 1s 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 characteristics of the liquid.
Furthermore, thanks to a low conduction impedance, detection
speed can be increased.

Furthermore, since the presence or absence of liquid 1is
determined by outputting a binary signal, digital processing

is allowed, serving to improve the reliability of detection.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing an equivalent impedance



(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 present
bet ween the el ectrodes); however, with an alternating current having 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/ constaft-val ue over a considerably wide 4
- 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 pSSSFBF to prevent an effect of stray capacitance and/or
cross-talks, g Caysfsgg ?fé%fgﬁtsﬁgp§g$ngﬁé'§e s ! O §T£%8H1§£1oiﬁ's
tendency is r nforce out put vafue of detection is binary i gs.

and 38 grerALagraua20ae! LhbBlinkoahankBAsLhendhh! ehengg 10 Clrault

i npedance between detection wt Irect current and 'with an

al ternating ﬁilig}é enga e!ﬁh@ 3§Aa§@0&‘§a@rémgeépé’élﬁf&@ﬁj{z 0S¥y { fg ar gl r ect
current, and Fig. 3B shows a nodel of detection with an alternating

current gs kReFbdse 3A andc3Br Vhpandn¥d dgeote gh@hakesodr seswekfspectively,
and a resistor Rg is a signal-source resistor. Cs denotes a stray

capaci t gaecechebweandt he gkeetradas. S-Sw denotes an el ectrode sel ecting
switch, and WSw denotes a switch that operates based on conduction through
the liquid. fAhe. p4insi padiidyfier ehoribet teencdXis tetetioonoanad AC detection
is that only one threshold (whether a certain level is exceeded or not) is
used i nlbQudldtembuon deeéeceasnpweprbbreshel dscoedtiegetoatnOeabedisealtl y used
in AC detection. In DC detection, it is required that a current that flows
bet weenofhthel presedss ib¥enitibmi:zed in order to

3A

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 present invention, and it corresponds to Fig. 5 for
the first embodiment;

Fig. 8 is a diagram showing a third embodiment of the
present invention, and it corresponds to Fig. & 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. 10 is a circuit diagram showing a fourth
embodiment of the present invention, and it corresponds to

Fig. 6 for the first embodiment; and



£ '14 alleviate the problemof ionization. For this reason, the values of

. the signal-source resistor Rg and the inter-el ectrode resistor Rdc nust be
very large, as in the DC detection nodel shown in Fig. 3A. Thus, the effect
of the stray capacitance Cs attributable to wiring extending fromthe
signal -source resistor Rg to the el ectrodes and the el ectrodes thensel ves
becones larger. In the exanple shown in Fig. 3, the value of the

signal -source resistor Rg differs by three orders of magnitude between DC
detection and AC detection. This diffltence leads to a difference in tine
that is taken before the conditions of the el ectrodes stabilize and
measurenent can be started. For exanple, in the case of DC detection
assum ng that;theisteay,c i C i Tde Lg.a.k val ue on the
order of 50 gé%f %ﬁug? 3 2??3F3§§e§2§?Fn§e§??gﬁ?tggukg?cégg?gthe nunber of
el ect r odgs gramS MRbhn( 8rdFid.f 13 1 Augh i4eteeticaRosilf ikces 19, isf ghhe nunber

of containers to be nonitored is small) or if a slow cycle of overal

det ect i RGORERAL QAo ides8pt abl e. 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

preci sion, and the di stances between the el ectrodes and the containers tend
to be | oEgCRIPTIA OFagelE PREFERRED EMBODISENTISe that a detection circuit
is required for each color and a single detecting circuit does not suffice,
or the circuNowgcoambgdimenon bécthespcemphéxinFanthenneiél ba DC detection,
nmeasurenment of a peak value is critical in order to check to what extent a
vol t age desplriibed witthe relfegtemode o itdes aavompginyemat idrewiTiass, a peak
detector is usually used. In the peak detection, in principle, a value

det ect ed nushcperdend Gat thet heevghteinyventiipot aspeaki dfdata, and the

val ue nmust be cleared before a next neasurenent takes place. That is, in DC
det ect | 6AeCtAosedi disofitsposad 48 & dedAudkl e@ica TP Les en@eRTi n

measur enent due to an anal og del ay of the stray capacitance and clearing of
a previ @sepseuefofthend 184 deét SatETMifsREs Pasisd SPeralqurheddu®fnt t akes
a longer_.tine t he ot her .han i.n AC detection, since.t ri,gi nal

i rout SBARREE D IS Red T R SRR vi 1S PHENY G, “Bhe ti e
taken unti| nvergence t .val IS ch _shartgr than, i e DC
detecti gr?,eda%l i r%gs T%cr)lr %&gte%%’t%]kcnlgn%a%gggfngn nl%%’ (;))ar gérféﬁr%y%ﬁrrgfﬁlgt’ed based
on a S'@%%'r%@%%nﬁsﬂﬁﬁ”¥ﬁis will be described below.

When the electrical resistance between electrodes that
are in contact with a liquid 1s measured, for example, by a
circuit tester, the electrical resistance does not depend
much on the distance between the electrodes, and the
electrical resistance is large at first, and becomes lower
as time elapses. This phenomenon can be explained by
increase in ions due to progress of electrolysis that is
caused by the measurement itself with a direct current
between the electrodes, although the phenomenon depends
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,



For exanple, the level of a sine wave becones highest at 90 degrees, and

. the level of a rectangular wave (with no DC) that has passed through a
first-order integration circuit shows hi ghest positive value or negative
val ue just before the polarity of the wave changes. - 16 From what has
been descri bed above, in detecting a liquid, use of an alternating current
i s advantageous than use of a direct current, so that an alternating
current is used in the present invention. Now, |iquid-anmount detecting
appar at uses accordi ng to enbodi nents 18f -t he present invention will be
described. First Enbodinent Fig. 4 is a diagram show ng the construction of
a |liquid-anount detecting apparatus 10 according to a first enbodi nent of

the pregept 'ﬂs@ntuge 7S §00W0,L8 FLOyedn 2nEORYUEEE¥g.LIgUid that is to

be detected by the i qui danount detecting apparatus 10 Is contained in

cont ai ngegoteTds@Rdafd) tnEOEr8X8MBEELibhal NErbh AYEdr RADUNEHBLGELT NT
apparatus 10 is used in an ink-jet printer, the containers T are I nk tanks,

and thethirgubf WRikhetpentakpens Fibesi BK §BAbtb8 Hsed.inThBg, IﬂkAJet
printer. In fhe case of a color ink-jet printer that uses ink'of

plurality ehowal @bSbeaaceshathft VYafhak Lank)1h8ap@@veﬂeaoﬁealﬁé§h of the
colors. The liquid-anpbunt detecting apparatus 10 according to this

enbodi ment reeligdasca Ri qoi dhdel eghiagbetwedht tRE, eBcconbaol! €8 B0+ and a
remai ni ng-anount indication unit 40. The liquid detecting circuit 20

i ncl udek/an wbBeskeghabenoted7theouvndu¢Viyil§, onthapetlgnte. (Zs) 22, a
swwtch (SW 23, a threshold detecting unit 24, a data extracting unit 25,
and a detect©ensideringetl?d hmpédaned etixlodectmen At (oectodbe). A
specific circuit configuration of the |liquid detecting circuit 20 will be
descri bedsedt er. whatAlasi rar demerabed dhovhe AT sHghruRledlrce 21 passes

t hrough the inpedance 22 (The inpedance 22 is a source inpedance to form an
at t enuatBPedPrrRet Rarevhtaghoresist Bhde. ¥, 18hePRBYA8TER 88nponent thereof is
renoved, and the resulting AC signal not containing the DC conponent is fed
to the @PEEPPB&@tEHItgnZElgA %uf?lEP@thBBtBHFlEPPH?FFBFénEEels gener at ed

dependi ng o, whether Lhe ¢lggliods HaLLs,29 A1 GoNLagtYiih,fhe 1Tauia

over a short period. A capacitor Cx represents the
electrostatic capacitance of the liquid. A resistor Rac
represents the resistance of the liquid as measured with an
alternating current. Since values of measurement differ
between measurement with a direct current and measurement
with an alternating current, the capacitor Cx is connected
in series with the resistor Rac.

Fig. 2 1s a diagram showing the results of a
calculation of the equivalent impedance circuit shown in Fig.
1. In the 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 axis represents the output voltage

(mV) between the electrodes of the equivalent circuit shown



The switch 23 is controlled so that the AC signal fed fromthe AC

signal -source 21 via the inpedance 22 will be input to a sel ected one of
the el ectrode units 26. The el ectrode units 26 are forned by paired

el ectrodes 26a to 26e that are disposed so as to be in contact at |east
partially with the liquid in the container T. Wien in contact with the
liquid, the paired electrodes 26a to 26e becones electrically conductive.
In this enbodi ment, the electrode units 26 are provided on the detector
substrate 27, and the detector substridate 27 is disposed inside the
container T. In this enbodinent, the electrode units 26 are di sposed - 18
inside the container T, and parts of the |iquid-anount detecting apparatus
10 Otheinhgﬁ the electrode units 26 are disposed outside the container T.
In this enbodinent, four pairs of electrodes (26a to 26d with 26e) are
provi ded i n PRecROMALOCT 1] (£200; SLEELT ORG,PAL 15y eNE) OS2 dott ed

ellipse in Fig. 4). The electrode pairs are torne y detectinhg el ectrodes

26a to 26drapdya ¢angRNaeleshhadesdfeceThgndebectingrslerbrpde; 26a and the
common el ectrode 26e, the defecting electrode 26b and the conmon el ectrode

26e, thegidahectbngcel eekrader26c and the comnmon el ectrode 26e, and the
detecting el ectrode 26d and the common el ectrode 26e are disposed in

proximty toaeath gpherent of FOMJF £ €C2 | ogledPal tise dhuDiei®rcd idfD teleect r odes
26a to 26d are disposed in parallel at a regular interval in the vertica
di recti nhquieantihehki gledtrbdebeinonhai nelctlasidecr easedeghbrcsasf ace of
the liquid shifts fromupper to lower as viewed in Fig. 4. That is, the

| i qui d satf héghbecthes MLO6GeHzi, nthkereelititeaktedasentasnratienitheaanount of
the liquid decreases. The detecting el ectrode 26a is disposed at an

upper nosiltposatiog anvmgnthésdeewerphgM@ estricted s26abis¢ardalllis is a
position that cones into contact with the liquid in the container T when

t he coneaPaBRlENitstputhe TReigénreri a§ Bmrasuredew2shi s dispesed in the
proximty of the bottom surface of the caontainer T. -1 Furt her nore,

9
one confiBRTERECt PEHEVEEe P& HrEGPEBEL6A SrEMdEPBcHBr toubskiateth?, and the
single common el ectrode 26e_is associated with all the four detecting
ol o0t 1088 38aEE. JANSHHESLoRORCEraEEPode. BBk 15 SO ot GG Gk gr ound
(GN\D) . éThe conmon electgod% %GE SEZEdeEB gnne Eed Lo common connecti on
with a c&rt&PRpot&8nfPRIF°8F & Gréund: “But, érgﬁn iAg P§ ndt needed as Iong

as a f|8$58£t§oﬁgr8%tthe liguid and the electrodes.

This indicates the following:

(1) In detecting a 1liquid 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 ligquid 1s present
between the electrodes); however, with an alternating
current having a frequency of several kHz or higher, the
overall impedance can be reduced by three or four orders of
magnitude.

(2) According to the calculation described above, the
resistance of the liquid as measured with an alternating

current is a low / constant value over a considerably wide



cUrrent is prevented; however, the comon el ectrode 26e is 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
el ectrode 26e are forned so as to have substantially the sanme surface area,
shape, etc., so that their inpedance characteristics can be nearly equal
This is because if inpedance characteristics differ anong the el ectrode
units 26, a range for detecting correct status of |iquid beconmes narrower
(Detections are nade by a single citddit.). Al though two containers Tl and
T2 are shown in Fig. 4, the nunber of containers T is arbitrary. Wen nore
containers T are provided, the detector substrate 27 described earlier is

provi degahar sragbeaddhbonatnfont hoel ol adndipHb, addhti pal s nages 23a of

the switch 23, ass C|at f he detecting e ectrodes 2 ato 26d for the

contai ngp; d. fEH&EQﬁEQDEQnthE 59ﬁﬂ98d6£80£58d§w§§@hf9£o&h€h§09£&hgﬁr T
added is connected to a line to which the common el ectrodes 20 and is

axe conpggted, vahnexe ddrand Fesastdbe fKetsw@tgﬁnéxﬁleHEPHtﬁléhsrgn een
each trerebY grounded' detecting unrt connectin betw the thxeshol.d of

el ectrigpédhe; dnaptakbibbngtt bgrsbatus s 26a t 26 d binary sign xepresen
airs e~ectxode xt utputs a xi nnect~'on the p of ting un 2~ ~ el-ect Cc

26e . o~ 'Theadatd exlpass BHDE OX PHSEATE Sn 26Bfd¢Ot 268 afchwnit esenting
the Pres airs ~ eiectxde xeshld detecting rePx een each f the p utput from
the th wapetiednor thd/srgnabss-neikxY bestxagethasc3bchas a ~pU and a unit
3" ~r 24, ~~ex a the cntr es a determn~'ng the liquid at th and rt rnciud
a x absémpedénicgnas dawput Irxpadéiicoébra pkéSehentlhnbynaxyY s

reinforced if an output value of detection is binary.

Figs. 3A and 3B are diagrams specifically showing the

difference in circuit impedance between detection with a

direct current and that with an alternating current. Fig.

3A shows a model of detection with a direct current, and Fig.

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

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

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

Cs denotes a stray capacitance between 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



th a ux e~ the deternining its 26 based on 20. ~, thernox ing ~ the

el .ectxde un clxcult in9 sw'tch a ~iqu~-d detecting able of contrl'~ ct
~unCt~.onWth th is cap e_seie di 7.a¥Ys a contxol.l-ex 30 a switch 23 ~nd
tion unit 40 sp in steps . des 23a f th _anount indica a container 'T unit
n the remaining re iiqu~d ~'n tn tre detexm ning, nl ng ~ning anunt ~ t
determ nation bY a.nent~ the xe~,a~ xema~ the result ~ Zn this enbod based
on a controller 30. five steps. , source 21 Passes of th represented in m
the A~ s~.gnai vent in the ~' ~ anoonil4ys signal utput fx xebY a D~ cnP fed
t the An AC i npedance 22 ~ whe ting ~~ signal' ys thxugh the the resin is
renoved. signal - 21 switch 23. The switch 23 electrically connects the

AC-si gnal 1 6py5 €€ 2let9rBefl ok heofleb8E1bAY €l ectrodes 26a to 26d. That is,
the switch 23 forwards the AC signal having passed through the inpedance 22

to a sel ecteathongiof tdsdslet egld ngh BleLtdodase 208y t0 2h(dirMhen the |iquid

is present between each of the pairs of electrodes 26a to 26d and 26e, the

det ecti pgsebe6irrgesndbentoinbdraceeet £6bei cabl yt6pNREE REst Opéhe comon
el ectrode 26e. Thus, a current flows between the detecting el ectrodes 26a

to 26d aedythergemas theehéode détecBinénimofiorvenews i Fhe. gsmaund.
Accordingly, the signal input to the threshold detecting unit 24 exhibits
no si gnThusanthehafifjectno¥othaget{&SyncepsbbtshgaatsfaonrMutsbsaftoci ently
attenuated.). On the other hand, when the liquid is not present between
each ofwihéngaexsendiirpefromdebe26aghal26duand 2€sisthe Ret ot theg

el ectrodes 26a to 26d are virtually open circuited. Thus, no significant
currentelteohsodes weed the aée@trbdgsetbemﬁgu@ssZBacomeQGHaagarthe conmon
el ectrode 26e. Accordingly, the sjgnal fut to the threshold detecting
unit 24 exhibi theRragpiheSkanme 4129\/%19615 t Helte ofadge 21f Wien t he si gnal
descri bed above is input to the threshold detecting unit 24, a threshold
detectlBthglp%??ﬁ?ﬁeﬁeséﬁaoénR%u?beeGélBé Bhr?ﬁeoﬁ%?éét?gn is input to

the dat%a§§££g tlngtggég %g dg@gcgggg géé ggt geggiénZS his22
difference leads to a difference in time that is taken
before the conditions of the electrodes stabilize and
measurement can be started.

For example, in the case of DC detection, assuming that
the stray capacitance Cs is 5 pF, Tdc is a large value on
the order of 50 Usec. Thus, a single detecting circuit
suffices if the number of electrodes is small (e.g., if a
rough detection suffices or if the number of containers to
be monitored is small) or if a slow cycle of overall
detecting operation is acceptable.

However, for example, in the case of an ink-jet 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,



carries out a synchronous detection. The data extracting unit 25 receives a
. clock signal for detection fromthe ACsignal source 21, the clock signal
being controlled so as to be synchronized with the signal input fromthe
threshol d detecting unit 24. The clock signal and the AC signal are
originally the sanme signal generated by the AC signal source 21 with this
enbodi nent, so that the cycles of these signals can be synchronized with
each other. Since the signals are synchronous with each other, neasurenent
can be speeded up by a use of the synthronous detection. Cbviously, the

cl ock signal may be generated separately fromthe AC signal by another
signal source. In that case, synchronous detection is facilitated by
synchr oz 30 pidse 106 $iiftals deAaw &1 13318 FLlRel 8 AJ Lhgycase

where the clock signal and the AC signal are the sange Signal gengthed by

the sameocdiognaindgs @uisGeglEh@icdrlca i IAGIdNG Walels 230Ul RYS 8 Rinary signa
representing the presence or absence of electric connection Between each of
t he pai theofcigloaditr edes 136a attq 26 @ caidche2b6@ompi@xdet ermning unit 31
receives the binary signals, and determ nes the presence or absence of the
liquid at thBuetketmode, ubht bc2B8ebasedon) mes9AbENALEOPEOL pbgKbi nary
signals. Furthernore, a signal representing the result of determ nation by
the det ¥pdiuei g emitti8:1i Sni ppdiert aot bheck- t33whaeMekRiend- amoBlkagadi cation
unit 40. The renaini ng-anount indication unit 40 includes, for exanple, a
di spl ay 2PRiER dosphay elelkdrodesi miisgsadnuat gafehhe ihiequi dhizg , each
container T in five steps. For exanple, if the liquid is detected by al

the fouPcékefeit6g&ounissuggaddyt osete rdmaithengeakodateotibhquiid i n one
container T, ."4" is displayed. If the liquid is detected by the | ower three
el ect r oBEOAPLC262p YR LHEt dBFeEkeduppsitnbst heldcunsde bhiet vabuét he
detectingtel ctrode Zga and the common el ectrode 26e), "3" is displayed.
Sim | ar PYEPRF PReVRLGHi dofFe dapectBe Belnsnaust brecisared| befpodeaunits
26, "0" iLs.displayed. Fig. 5 is.a waveformchart for explaining a detecting
B opera?%%ﬁ #%gfﬁ¥§msﬂﬁogﬁﬁﬁﬁtPl?ﬁg'deFﬁéFihﬁ'obérBFiéﬁggﬁB%ﬁnianig. 5is
only an r_illystrating the_detecting,operation, and not rel ated
to the g?é?ggggfgghg gﬁggtFéﬁg’uﬁptgx E2ahd™EhdSafBbRE oF ink in the

cont ai nges kNaFLg. ;4. [ r_th urpose of exp|anation, the
det ecti ng 3g£§§?¥gnagﬁo&% ?ﬁ ﬁggigg ?gléﬁ 8§aﬁ%$es %¥e0§P%fg§aEﬂ§nges as

"ink pres@ntiearifk 8BS&Nbrevibik RLESENLE d._"i.nk sent". In.Fig. 5,
part (A) is a wave orn1chgffvéf an EC signaﬁ%%hfﬁiﬁk1é§%%% T A ﬁgvlﬂal
source PHe dherAllsmgashresedtl €6ka804! aonye¥erhaying a period of 2 sec and

an anplitude of +5.0 Vto 0 V. - 24

On the other hand, in AC detection, since the original
circuit impedance is lowered by 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 example, the level of a sine wave becomes highest
at 90 degrees, and the level of a rectangular wave (with no
DC) that has passed through a first-order integration
circuit shows highest positive value or negative value just

before the polarity of the wave changes.



Part (B) is a waveformchart of the AC signal fed fromthe AC-signal source
via the inpedance 22, wth a DC conponent having been renoved therefrom
and the anplitude thereof ranges from+2.5 Vto -2.5 V. As indicated by Pl
in part (B), the connection between the switch 23 and the nodes 23a is
switched at a cycle of the period of the AC signal (2 sec). Mire
specifically, the connection between the switch 23 and the nodes 23a is
switched at the timng of a falling edge of the rectangul ar wave, i ndicated
by an arrow P2. Thus, during the firslké period of the AC signal (0 to 2
sec), the swtch 23 is connected to a node 23a associated with the
detecting el ectrode 26a for the container Tl. Then, at the timng of 2

~tsec, the spibeh, a3l naswhichedeLo,an0adg,ade afr?‘)&é@étﬁ Lyt the

detectlng el ectro or the contal ner Thus, "Tn econd period (2
to 4 seqlquile AGeSicgnaln neuthe 1AG %h%%'nts%r Qavgiktbéefaﬁg tRahhe

det ecting electrode 26b. Thus, connection with the elecfrode units 26 can

be effi gis@ntley aSWitrehad &Mﬂ‘e@ﬁ”%'o' itha tSWnt ghitegnak ihhecawrbalR 23 in
synchroni zation with the AC signal fromthe AC signal source 21.

Furt her i@, iW theUipddsdrtatinntta othet ection of the liquid in a single
container T, by switching connection with the electrode units 26
sequentially for all the containers T1, T2, ..., the single liquid
detecting circuit 20 can be

Now, liguid-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 liguid that is to be detected by the ligquid-
amount detecting apparatus 10 is contained in containers T
(Tl and T2).

For example, if the liquid-amount detecting apparatus
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 printer. 1In 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 liguid-amount detecting apparatus 10 according to
this embodiment includes a liquid detecting circuit 20, a
controller 30, and a remaining-amount indication unit 40.

The liquid detecting circuit 20 includes an AC-signal



- 25 connected, by time division, to the electrode units 26 of all the

. containers T. In Fig. 5 part (C is a waveformchart show ng signals input
fromthe electrode units 26 to the threshold detecting unit 24. The
waveformin the first period of O to 2 .sec represents the status of

el ectric connection between the detecting el ectrode 26a and t he comon

el ectrode 26e for the container T1l. The waveformin the next period of 2 to
4 sec represents the status of electric connection between the detecting

el ectrode 26b and the comon el ect~0dd 26e for the container T. The signals
input fromthe electrode units 26 are input to the threshold detecting unit
24, where a threshold detection is perforned. Part (D) is a waveform chart

howi [ f h hol d,d i b7y 2 I hi
cxanpl SS3EERr G0l Alps 2 aREEAREEAl 195 126" (A Phi Sonxhnml 91 set in the
[ id th ' Hat.i QR h d
T s T R v P i R A NI S SR

ina rangg.of 12 SSMSE%r%té Y RgggﬁpseﬁgﬁﬁreggaEBY§FtB@n(gbg threshol d

val ue P3, "as enclosed in a dotte ipse in part (C), an inverted value is

out put. Hagt (k) fgﬁc%ef eV%fiQrcm%h%hf%Ba\e%@qoa skgrak Quipug fromthe data

extracting unit rring to the waveform - 26 <chart in part (D)

synchr opays -48heC i QR uis Rer hannedebasedranetiheaeyel.e of the clock signal,
and a binary signal representing whether the voltage is approximately +5 V

is output. |pantRe exgARhegshewatéd By gthd, Adeteghabnsosrperibrmed at the
timngs of 1, 3, 5, ... sec, as indicated by an arrow P4. For exanpl e,

det ect i @asisespenireuddd tale Impeeanice ke (Thestimpedaodef 28Mi6 80 2 sec. In
t he waveform chart shown in part (D), the signal has a voltage of
appr oxi meelce thpédased hat farsi gnalatrepuesenmt wagh" tbket ggatpessent” is
output. This signal is maintained until the next detection. The next

det ect i aesiis tparion nedhatredys @c DCAcompionenitngherge fsiignaemerethe2Ravef or m
chart shown in part (D) does not have a voltage_ of approximtely +5 V, so
that a gihgnalesndprioge®G g gnedl Pade capdedings thet PGt COBPRPEAT vSto t he
above case, this signal is maintained until 5 sec, which is the timng of
t he nextfe(ﬂiett@ctﬁf@n.e%wt&éﬁeor‘%ﬁlﬁ@ dét-ecti St CSERENPONEREESN with the

cl ock signal as described above,. (ever, detection c be rforned at a
stabl e GyfffFengs s AT dﬁ%le&ﬂr’g)gc@ﬁ‘f iwét?rt e|rora’frplc()ef etl%g:tlrlgé]jg? d
detecting .cirguit 20 will he described. Fi.g .6 is a circuit diagramof the
l'i qui d d‘g’tléccst iczzalg %1 ct tcofg:a_acgcc@rla_‘lhngcq}eo ']Tl!gﬂusl%e‘nbodi ment. An AC signal

2OV coas {Zhe Bubch 83090 URAL-3ER4%53 dRAL RAYI RE 82qRAD! Ebyde of O to

5 V and a frequency o
from the AC signal-source 21 via the impedance 22 will be

input to a selected one of the electrode units 26.

The electrode units 26 are formed by paired 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 the liquid, 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, the electrode units 26 are disposed



- 27 250 kHz, which is used in a CMOS logic circuit. A capacitor Cl
renoves the DC conponent in an AC signal fed fromthe AC signal source V1.
The capacitor Cl is grounded via a resistor Rl having a resistance of 4.7
kS2. Furthernore, the capacitor Cl is connected to the switch 23 via a
resistor R4 having a resistance of 22 kS2. In this circuit diagram an

i npedance network Zs is inplenmented by a T-shaped circuit forned by the
capacitor Cl and the resistors RL and R4. Transistors QL and @, in
conbination with transistors @B and-@8 Hformdifferential 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 Vwth this
enbodi . r t t a f ransi r 1h detecting
change TSRS EH ol R R R B U Pent

f1ows t%ek@%tﬁ?%%%ﬁ%%& thtﬁg Eﬁ?@&i%kgk QOB L MIBRCt NG 1Rasospatanti al of

the transistor ropped bel ow that of the transistor (4. Practically,

a curregh HloQeR) Yk e HNe R NdleapP!l i ed for detection is on the
negative side and 1s lower than the threshold value (i.e., when the liquid

is not in cophaehiWw thobRemehect rade PRLLS 86) e1dbBRSEEE0S64Dtand B cause
a collector current of the transistor Q4 to be inverted and the inverted

current 2ts@ Wi G d)he reoldrestitfedfint RRet cangiasher @6,(cwhareby a - 28
voltage is generated across a resistor R5 having a resistance of 3.3 kS2. A
vol t age ellecgadeleatiped radrosh dis e sins 0ok ednley 1Wper iih Figde#erm ned t hat
the electrode units 26 are not in contact with the liquid, Wth regard to

t he vol Tage ejedratded pacnGs s rtehe aresids byr defectthegr ellacitansleisp 2bet ween t he
collector current of the transistor @ and the resistor R5 is chosen so

t hat theéot 2édsiagtidore @@muam led esdinndat ede(.at Taendeitegnipgt edeicairoge
approximately 5 V). Thus, when a voltage is generated across the resistor
R5, a sil§ralanchgthe soguion @lantrasie ddeactthen defFestdre eberitrpoel op) of a
CMOS that _perforns next synchronous detection is fed to a D input term nal
t her eof 26Ph@ngrthee COMPS aief tr adeK 46Fputthee ARLRSIt iFe #E6CETRIEI ock si gna
(detectiagn signal) that is exactly tg% sane as_ the AC si.gnal described

ear | i er 205n@nChrtie SR EIETHLEAS ebe 1 RTE Jhe6 ISHFETACYI gnal  out put

fron]th%lé%f%o éﬂ26d and the common electrode 26e are disposed in

proximity to each other, forming electrode pairs.

The detecting electrodes 26a to 26d are disposed in
parallel at a regular interval in the vertical direction.
When the ligquid 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 becomes lower in the vertical
direction when the amount of the liguid decreases.

The detecting electrode 26a is disposed at an uppermost
position among the detecting electrodes 26a to 26d. This is
a position that comes into contact with the liquid in the
container T when the container T is full. The detecting
electrode 26 is disposed in the proximity of the bottom

surface of the container T.



source V1 and the input to the capacitor Cl and the clock signal input to

. the CLK input term nal of the DFF correspond to the signal represented by

t he waveform chart shown in part (A) of Fig. 5. The AC signal having passed
t hrough the capacitor Cl, which does not include the DC conponent,
correspond to the signal represented by the waveform chart shown in part

(B) of Fig. 5. - 29 The signal input fromthe electrode units 26
(Detectorlnput) corresponds to the signal represented by the waveform chart
shown in part (C) of Fig. 5. The signal -fed to the D input termnal of the
DFF (Detector-Qutput) corresponds to the signal represented by the maveform
chart shown in part (D) of Fig. 5. The signal output fromthe DFF

Ph De d d, by th

et or m chll 07 SHAMICTS pHre QR i Lot i TR G g, 7 is a
f h nb f th d

cor r copbhcreeELgt BlpRrERRE P F e idnbin: eRT S Aol ef‘?P%lr's%WPé‘%oS?neﬁ? N

the AC sianal %EBg\EaPQdCQHPH“ 0t payi PQuPecﬁ’QtéSE'PP{SdeféQ@{PMQé“ééa

rectangu ar wave; ereas in the second enbod ne wave Is used. In

Fig. 7,+8n,g6191 RAk ébﬂﬂé‘h 89&8’&}03% ?’bé? sptgoﬁhg d SOYT Lhre Zc%réémg‘or

rect angul ar wave, as shown In part 'S sitgnal 1S conver

exanpl e, GNB§0U9hTﬁe|@Ehﬂéﬁseiéb£§6de'968 8n&hDE KO cbhkEdt¥@VE, Shown in
part (B) The signal shown in part (B) is obtained by converting a

rect angumeﬂa&@nh@belans waen(ar ct—:-'r"&@)i.nw?\é%e@ﬁda&eB@V'angjr@ulﬁ@ .companent
fromthe sine wave. In part (A of Fig as conpared with part (A of

Fig. 5, gkbenphageiksnshi htedelyad/ Bon@gsasndi cadwdobya Poirdbus, the sine
wave crosses 0 V at - 30 1, 2, 3, ... sec. Then, detection is perforned
when theuekenk s$sgpakvenses; (hbeaveéhe shaecwavenrebebesode n2 6e nlsn | evel ).
The timng of detection is indicated by an arrow P4, as in Fig. 5. In the
case whgreuandsfineimaeethe gseundasscospaity wsth dbeacagtenbere af
rectangul ar wave i s used, advantageously, the signal requires a narrower
bandmndPﬁteahéaﬂhétetbﬁethrﬁéhgl@bﬁeheétluﬂdééite@4rhdlat|on can be

all eviated. Furthernore, since the waveformis not considerably affected by
the environnkht il AOFRIFEINCIIREERARS #63 He AL DIthh ELMRR nave)
during ditectl getectlon can be gerforned appr o rlatelﬁyeven in a

| ar ge- sFzE&4 ﬁﬁgﬁra GsaFR WRAFRRALBe aF sEAnkeve oS 3Py ?%E%?% pbifit tend to be

| ong. Furt herm eed _can be d with the case

d i d
whor Cober AR ERer Shee. | SaBRa HEE ans S FMEE CHEe L TR R RFe L oo
frequengy,  LOWEYeL, a5 described eaylLglay ! hensi e, YaygcIYSL e

synchroni ze € system
impedance characteristics differ among the electrode units

26, a range for detecting correct status of liquid becomes
narrower (Detections are made by a single circuit.).

Although two containers Tl and T2 are shown in Fig. 4,
the number of containers T is arbitrary. When more
containers T are provided, the detector substrate 27
described earlier is provided for each additional container
T, and put additional nodes 23a of the switch 23, associated
with the detecting electrodes 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



It is also possible to use a lowpass filtered rectangul ar wave. In that
case, the inpedance (Zs) 22 is inplenented by a |lowpass filter and a
resistor for adjusting inpedance. Third Enbodinent Fig. 8 is a circuit
di agram showi ng a third enbodi nent - 31 of the present invention, and it
corresponds to Fig. 6 for the first enbodinent. Fig. 9 is a waveform chart
relating to the circuit diagramshown in Fig. 8 and it corresponds to Fig.
5 for the first enbodinment. In the first enbodi nent, power sources of t5 V
are required, as shown in Fig. 6. In contrast, in the third enbodi nent,
only a power source V2 of +5,\ suffices to achi eve the same functions as
the first enbodinent. In th‘s2 circuit, the average \&gl tage of neasurenent
equal s the DC conponent of the clock si gnal edl'hmé‘ a 5 V power source is
used, neasurenent is perfor med at SCM%? nearly as a center. For the
pur pose of conpari son, DG rigovver source V3 of 2.2 V, connected to the base
of the transisto @er‘q‘»sﬂtjsed Furt her nore, altho% all the nodes 23a of
t he svmthhESCQF‘ connected to the detecti n el et} es 26a .to 26d in the
flzeei f&tbodi nent , . a node 23a' that ha oohRB ct ed to eancez#ﬁ%’n el ectrode 26e
and is thegjewﬂ%érounded IS ﬁd;jnm%‘nal |y pr oy. g@d‘?% e third enbodi nent.
Fornex&hpl &, whep t { hedpbiler” of therllbquoﬂ“ﬁet ecting apparatus 10 is off,
the sw tﬁ%% 2;31r|6§' seI ectivel y¢ (nim?é’ct ed to tcp ggeode 23a'. For exanpl e, when
the liquid det ecth gse@]‘a‘é’?at us 10 is mﬂ\eﬁ‘ d on or of 1,grstaﬁe node 23a' is
sel ect ed, \Qﬂeméb§/ t he capacilf Js0ROEL"T's qui cKkl y \chfaﬁ“@(e or di scharged without
- 3&9@%{%}& ng a c rEecto Tl ow t rogghPéFgctrode unlé@n@@tﬁhat are in
cont act gatﬁ% |qU| d. Thatudd% 49 mmedi at 1@¢*t-1'e‘r the |qu g det ecti ng

r

apparoét {;eelCBh or when Q@CEIa |d det ec agaaép atus 10 is not
in operati@p & otent| al didd er‘—’er?ce remaj ns et e each of A1 pairs of
el ectrodes (bet meeghtahpfﬁ% ectin g@t:@fbees 26a to e conmon

el ectrodee?s@s)t ’?he remai ni.ngspe en ial di %r:sméé ?s reduced as tinme

el apse“’se rHovvever ft’cm%QS repe tcegl mm} imes, the electrolysis of the
liquid c g@np%@?es Thugutpntt e third enbodi ment, in or der to avoid
this si atlon SWech 23 i's connect ed to the no gtaﬁﬁg whil e the
system j ssg@toﬁeg‘y for neasurenent by the q@ﬂ@iéet ecting apparatus 10.

24. . oller



Fourth Enmbodiment Fig. 10 is a circuit diagram showing a fourth enbodi ment
of the present invention, and it corresponds to Fig. 6 for the first

enbodi ment. Fig. 11 is a waveformchart relating to the circuit shown in
Fig. 10, and it corresponds to Fig. 5 for the first enbodinent. The circuit
according to the fourth enbodinent, simlarly to the third enbodi nent, uses
a single power source V2 of +5 V. In the third enbodi nent, the DC power
source V3 of 2,2 Vis used for conparison and detection. In contrast, in
the fourth enbodi nent, a clock sigral2ihavi ng - 33 passed through
resistors R2 and R5, with a DC conponent maintained as it is, is applied
equally to the bases of the transistors QL and 2 serving as inputs to the
t hreshol d. ge |ng unit 24, and a threshold detection is carried out at
apprOX| e é hal f of the power-supply voltage, i.e., at 2.5 V.

Fur t her rmre,Tfagh? gsgnpotentLal  olo1 e LEansLet ofy Ddisiche mai ntai ned

hi gher by the d va In t s e I men det ecti on nust

be perf%gg@e%'ln%%%a'o% WeoneeLdengl aB tBbaLEEIEAl g0l gygl . Thus, the

resi stor having a resistance o Is used for a slig ol t age

di vi si O&ha%%rsebtheh%w%%% pat eptiakqef thBeakr aRghat OhatEnhSphovened. Wth
the circuit configuration described above, stablé detection I's allowed even

if the pawehmBURBLY mglehag@ef byctyabese1EUEERepABr 8 the akbgaatiMgl t age
remai ning at ‘the base of the transistor QL when the electrode units 26 are

i n cont agdkcwirbllelshedlal ¢w degan be virtually equal to the signal voltage
that is applied to the base of the transistor @, so that the output is
hardly affecwrdn ThatliguitihésSphesantobetwdeh ecttonotathdepaims oved (the
dynam c range can be increased). In the waveformchart shown in Fig. 11, as
wi | | beelederstiesd 2faoropared @BX @¥e( Qthe- d¥beQR)LLg thectkodkssi§aal V
(Detector-Input) that appears inmmedi ately bel ow, which - 34 attenuates

i n accortgadéd wireh etlles tirdtdad lof comaecgsdstantbeofomiensiedagkredar ce
resistor R2 (20 kS2) and the conduction resistance of the liquid as

neasur ed6fi-t h Thwsal tecuwawieng ddomenbetyssunttiet §ebectdpIselpatrares

enbodi nent), can be virtually cancelled, as indicated b¥ﬁP6 enclosed in a

dotted €PRi §Se 266 &&Q:Wﬁ% C°H$°Br@ﬁ@F§F8detﬁéevaPBQ &f tREVarf&AuiPed cl ock

signal C%g %%o%h%tuau cor Q%%Hbgd L %g%n% 1nput E es' Egg glgf

detecting unit 24 exhibits no significant change in voltage
(Since the signal from V1 is sufficiently attenuated.). On
the other hand, when the liquid i1s not present between each
of the pairs of electrodes 26a to 26d and 26e, the detecting
electrodes 26a to 26d are virtually open circuited. Thus,
no significant current flows between the detecting
electrodes 26a to 26d 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



the switch 23 and the conduction resistance of the electrode units 26 in
the liquid is equal to the resistance of the resistor RL (820S2 in this
enbodi ment). Thus, it is possible to use a variable resistor for the
resistor RL to allow adjustnent in accordance with an actual state. The
enbodi nents descri bed above exhibits the foll ow ng advantages: (1) Since a
conplete cycle or several conplete cycles of an AC current flows through
the detecting el ectrodes 26a to 26d, liquid is prevented fromionization,
serving to avoid change in liquid eh&?2aeteristics. (2) Electric signals are
processed separately fromthe containers T, and no DC current flows and
only a weak AC current flows. Thus, the safety of a systemthat deals with

aqueous cLLauLd 680 0°sARMOYRHuS(dbNERIUREM™PAE LehnExLROLYLAYR
unit 25 receives a clock signal for detection from the AC-
signal source 21, the clock signal being controlled so as to
be synchronized with the signal input from the threshold
detecting unit 24. The clock signal 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, measurement 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 signal and
the AC signal are the same signal generated by the same
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 electrodes 26a to 26d and Z6e.
The determining unit 31 receives the binary signals, and
determines the presence or absence of the liquid at the
electrode units 26 based on a combination of the binary
signals,

Furthermore, a signal representing the result of

determination by the determining unit 31 is input to the



determ ne the presence or absence of electric connection instead of
determ ni ng anal og anounts. Thus, no adjustnent is needed, reliability is

i nproved, and the precision of neasurenent is determ ned only by the nunber
of electrode units 26 provided. (4) Wth the electrode units 26 provided
for neasurenent, only one liquid detecting circuit 20 suffices. Thus, the

| i qui d-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 el ectrode 2aki-ts 26 can be nade small. Thus,
preci se detection is allowed w thout occupying a | arge space, and a | arge
nunber of electrode units 26 can be di sposed. (6) Since neasurenent can be

perfor”?%n&%%%ﬁé%a%%ﬁﬂ%r%ﬂd@é&@igg ﬁ?@%C%bQ“’TEQer%RS§ﬁiB _IRagweenent and

di splay as a e can bé i nprov i 'nce power consurption is snall

even a Qﬁhﬁ%@éi%?"‘%‘h%@ %eri%g%eiss EB%SlegBﬁlplE@) ash%?lléwn%ich” the

audio to the AMfrequency ban can'be used, substantially“no particular
measur e gis$ el 1ee %Q%b&%ﬁnﬁngﬁ%bh%doEa@h@t&@Quiﬁghnsb@%ﬁ the operation of

the single |iquid detecting
container T in five steps. For example, if the liquid is
detected by all the four electrode units 26 as to the
remaining amount of liquid in one container T, "4" is
displayed. If the liquid is detected by the lower three
electrode units 26 but not by the uppermost electrode unit
26 (the detecting electrode 26a and the common electrode
26e), "3" is displayed. Similarly, if the liquid is
detected 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 operation shown
in Fig. 5 is only an example for illustrating the detecting
operation, and not related to the status of the electrode
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 signal
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.



circuit 20 suffices constantly for all the detecting el ectrodes 26a to 26d,
. the effect of mutual cross-talks - 36 during observation and detection
can be substantially elimnated. (10) Since a container T has to contain
only the electrode units 26, the structure of the container T can be
simplified. Al though the present invention has been described in the
context of specific enbodinents, the present inventionis not limted to

t he enbodi nents descri bed herein, and various nodifications are possible,
including the follow ng: (1) The |iquyg-anmount detecting apparatuses 10
according to the enbodi nents can be used in various apparatuses for
detecting and/or displaying the presence or absence of various i quids or

t he renaining amount of thereof in various_containers T hog limtation
to detecting fhE (Bhatfi AgWanBtatMof d Rk Ph Bheisk- Tbgn%}lﬁ?@r *?®) In the
embodi LS feserLied ahore: Lihe e nLag,amoygt QLhi qupd T & container

component having been removed therefrom, and the amplitude
thereof ranges from +2.5 V to -2.5 V.

As indicated by Pl in part (B), the connection between
the switch 23 and the nodes 23a is switched at a cycle of
the period of the AC signal (2 HUsec). 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
Hsec), the switch 23 is connected to a node 23a associated
with the detecting electrode 26a for the container T1l. Then,
at the timing of 2 psec, the switch 23 is switched to a node
23a associated with the detecting electrode 26b for the
container Tl. 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
electrode units 26 can be efficiently switched by
controlling switching of the switch 23 in synchronization
with the AC signal from the AC-signal source 21.

Furthermore, without limitation to detection of the
liquid in a single container T, by switching connection with
the electrode units 26 sequentially for all the containers

Tl, T2, .., the single liquid detecting circuit 20 can be



of "0" to "4". Alternatively, four LEDs may be provided for each contai ner
. T, indicating the remai ning anmount of liquid by turning the LEDs on or off.
For exanple, when the liquid is detected by all the four electrode units
26, all the LEDs are turned on. If the liquid is detected by the | ower
three el ectrode units 26 but not by the uppernost electrode unit 26 (the
detecting el ectrode 26a and the common el ectrode 26e), three LEDs are
turned on and one LED is turned off. - 37 If the liquid is detected by
none of the LEDs, all the LEDs are fuymed off. (3) In the third and fourth
enbodi nents, the node 23a' that is connected to the ground is provided as
one of nodes of the switch 23. Alternatively, for exanple, the arrangenent
may be such that, the switch .23 can be di sconnected fromall _the nodes. That
1) {he SRS Bt iy e S Ry (s TREn B ISC LERESUBTELR AG Bifect r odes
26a to qu %i% be electrically disconnected. (4) In the enbodi nents, the
presenc?‘ r S EMEY Q&Pqﬁsq i'd is detected by all the electrode units 26.

Al ternativel r exanple ection may.-be sequentiall erformed in a
Singl e contatRef T~ star BPAG fEbmitne GRPSrAEm: ctee: Phaelnli b SaTEe he
detecti l.e d 6 t n,el ect e ; I DRI ection
of the g% gghgg%%}%h%égﬁggggfﬁghggﬁggugg %§ %ﬁch§%§§h3§§t§%§%ggeﬁ§w an

el ect [ odglinizly 26 pifd B Wlshind MY RERSED280hekhRA I3uiod f0as gen detect ed.

Furthernore, without limtation to detectio e presence or absence of

liquid Qleprle n@ERItHNG AN, Ol 1licqi e £BnReE@ALA! BREwlen! ifiei d in ot her
parts can al so be detected. For exanple, when the apparatus is used in an

i nk-j et qerdeditang @1eEtrede Vkal 2ndd thay cBRAmBhOY ded roded 26Rarher thienk pool )
di sposed at the i mredi ate upstream of a printer head, detecting the
pr esenceocortadhzanad .of Thek wiareform38n the abambeeribdr bernaoes in order to
protect the printer head, it is possible to exercise control so as to stop
pri nti ngisielc irepireseattar hred thahats ok eilechati cpresaertctilont be teleamber . (5)
The i npedance 22 for renpving a DC conponent in a

the detecting 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

threshold P3 (substantially -1 V in this example) is set in

the negative side to output the status of signal attenuation

at the electrode units 26. That is, when a value input from

the electrode units 26, which is in a range of +2.5 V to -

2.5V, becomes more negative than the threshold value P3, as

enclosed in a dotted ellipse in part (C), an inverted value

is output.

Part (E) 1is a waveform chart showing a signal output

from the data extracting unit 25. Referring to the waveform



signal fed fromthe AC-signal source 21 can be inplenented by various

. elements, for exanple, one or nore capacitors or resistors, or a

conbi nation thereof. If the original signal generated by the AC signal
source 21 does not include a DC conponent, the inpedance 22 can be

i npl emented only by a resistor. If a DC conponent needs to be renoved, a
capacitor is connected in series with a resistor. (6) In the enbodinents, a
plurality of electrode units 26 is provided in a single container T to

. detect the remaining anount of liquidéein 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.

Al di h d fl
oo 9 00 LAREESTEL VGO B0 8 REeS A eE) SUEEPlo, 081 11 o
Furt her omr e, o cgnglygt%pnFﬁgSéfgg]gcgﬁgﬁ]be Jpde éfﬁéiytg L hermore,

det ection spee ncr éased rnore, Since e~ presence or

absence: o4 G thd Syt gﬁg Y1 L. &%y%@m@iﬂﬁm §ighay,; digi tal

processi ng serving to i ove the reliability of
det ecti Qfeput: 4Py ﬁh@lé\%m 1e Ashbri gy def@ect s ngq @ppat abys; for detecting a

liquid contained in at |east one container, the Iiquid detecting apparatus
Conprlsb@ﬁformed at the timings of 1, 3, 5, .. usec, as indicated by

an arrow P4. For example, detection is performed at 1 usec

in the first period from 0 to 2 pusec. 1In the waveform chart

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 performed at 3 Msec. 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 psec,
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 the liquid detecting circuit 20 according to this
embodiment.

An AC-signal source V1 (21) in this embodiment uses a

signal having an amplitude of 0 to 5 V and a frequency of



a liquid detecting circuit conprising an electrode 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
| iquid;, a source inpedance; and an alternating-current signal source;
wherein the liquid detecting circuit inputs an alternating-current signa
not containing a directcurrent conponent to the electrode unit through the
source inpedance, outputs a signal 4+ ewesenting status of electrical
connecti on between the pair of electrodes, and outputs a binary signal
representing the presence or absence of electrical connection between the

pair o ect.rode b sed on the out S and d term ni ng neans for
deternlnl g%%hé p% Séncé &6°° gb%@n@eegbs %ggﬁlqﬁﬁﬁ i the el ectrode unit

based on thexbLOBLY Shonal oubByLs! RO phecblgbhddel sohngeclighil. 2. A

i qui d- annun% |ng appara us™f or € anount  of

cont ai nedqf ¢ gty kﬂ%saggggggg&t@bngce v1, 4%het@%5acq% 4 %%tggt'ng.apparatus

conpri sing urd Circuit rising an el ectrode unit forned

by a pab&oekdehegaroqee ﬁq@ko&sRﬁth@lqbsaoeeqls%aae@t@et4ab hgnst

partial 'y wth the liquidin the container, the pair of electrodes bei ng

el ectri %Irlaﬁee%@ect eflel @apACh tekhen WherohhecRalr +of teleglniedes 2iss in
contact with the liquid; a source inpedance; and an alternating-current

si gnal sQureerewhereirn RUh@akiigy d dekeskingeCiofCizt XKKNPUtEH &this
alternating-current signal not containing a directcurrent conponent to the
el ectrode rgniit tiaoughm,t he sepedancepadancek aut Aut Smplemgndledr BT @senti ng
status of electrical connection between the pair of el ectrodes, and outputs
a bi nar ¥-shgpald ceépcedentfiomgetihbyptbsenepact talbs€icandf thleectri cal
connection between the pair of electrodes based on the output signal; and
det er m mesgsheans RloendefRdr.m ni ng t he presence or absence of the liquid at
the el ectrode unit based on the binary signal output fromthe liquid
detecting ciFeanpsisBorR @bt eedi @9, appacembsnatéondivhght branaiaterar 2,
wherein the binary signal representing the presence or absence of
electr|@§Iaéénﬁéctﬁ@ﬁmbéﬂﬁééﬁepﬁéaéaﬁmpéﬂfé?éébr&@é§h|§°@@95@tabased on a
period of thg alternatln %nal generated by the alternating-current

signal Sdgre detec}?d e LELErhg "dpFafatas &Scé0di g #8% aim 1, 2, or

out put t ERERESD 8r3h§.§ﬁ§%'3§p?b oHEPR lﬁﬁé%éﬁés&ﬁi "5 tiseanear
el €01 | Gt 169nEC! o1 USI VReD LSRRG BLatodes pand pyere sgg contro

so t hat ternating- current SI g ter natl ngcurrent

Signal $ourcesand bie Sheskyyl 4BRkcbibl BRaSKEChEORHLd Wl each of her .

Furthermore, the arrangement 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 value (i.e., when the
liquid is not in contact with the electrode units 26).

Transistors Q5 and Q6 cause a collector current of the
transistor Q4 to be inverted and the inverted current to

flow to the collector of the transistor (06, whereby a



5. A detecting apparatus according to any one of the preceding clains,

. Wherein a plurality of the electrode units is provided in the single

contai ner and disposed at a plurality of positions in a direction of

|l owering of a liquid surface in accordance with decrease of the liquid in
the container, wherein the liquid detecting circuit outputs binary signals
representing the presence or absence of electrical connection between the
respective pairs of el ectrodes, and wherein the determ ni ng nmeans
determnes, in a stepw se manner, thegemaining amount of the liquid in the
cont ai ner based on the binary signals associated with the respective pairs
of electrodes. 6. A detecting apparatus according to any one of Clains 1 to

4, wherei I Lit f th | ectrod its i ided in the si
cont ai ndP ARECAFSpBSRATAFS] BFGPAFI Py oS53 6P HASPPofls in a direction

of | Owerrieggs%gn%el ic> UEQ3SE%aC% iv%lﬁ:%?gge{ g’c .C envgr_tahl:e%%rcgrasses fh the 1iquid

. e
in the confainer, ereéern e [ qul ig circult puts,” based on a

peri od kaﬁg%oé'hgrBﬁﬁgggngr&%“ESSEQQ@EmQ%%%r% &4 Mt HSectrog
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al t ernating-current Si source, binary signals representing the presence

or absengeQf 2g! geLr heal 1 RORBAELLENLREHWRR GhRG AESPECtive pairs of

el ectrodes, wherein the determning nmeans determnes, in a stepw se nanner,
the remai ni ng; &E0HESa A weuhé%ﬂta@eta@néga£§an§er9§§eéhen the binary

signals associated With the respective pairs of electrodes, and wherein the
al ter natrieRgs€Ukr @B, $heN2k15@WHEENLD BeRRREhed ko cbhe cphbiralchlry <ot

el ectrode units such that a connection of the alternating-current
of the transistor Q6 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 sufficient for
detection by a DFF (D flip-flop) of a CMOS that performs
next synchronous detection is fed to a D input terminal
thereof.

The DFF receives, via a CLK input terminal thereof, a
clock signal (detection signal) that is exactly the same as
the AC signal described earlier, 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
signal input to the CLK input terminal of the DFF correspond
to the signal represented by the waveform chart shown in
part (A) of Fig. 5. The AC signal having passed through the
capacitor Cl, which does not include the DC component,

correspond to the signal represented by the waveform chart

shown in part (B) of Fig. 5.



signal source with one of the plurality of electrode units can be swtched
. 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
bei ng switched in synchronization with the period of the alternatingcurrent
signal. 7. A detecting apparatus according to any one of the Clains 1 to 4,
wherein a plurality of the electrode units is provided in the single
cont ai ner and di sposed at a plurali-tygof positions in a direction of
lowering of a liquid surface - 44 in accordance with decrease of the
liquid in the container, wherein the liquid detecting circuit outputs

bi nary sign representing the presence or_absence of,electrical
connettton et TRE TetRect iRl BIF el (R e 2Gn Bl Boe

det erm nj LNnes, .1 , W ner he mai ni mount of
the 11 qurBerh PR Sk Ph ko, shE s e PR ar S by s S CBa 5 e th the
respect j aj f.el o] , el Nt hen| L qui t i j LCHi t
Gener at SEEE B E RS A B R o T Bt b e e £8P e ShEH i ng the
Presencengh apseRERa0l ofl EALTDER! (BOBBEELEOBuPELIPCBoLREpERRECELVE PaITS
of el ectrodes, and exercises control so that the alternating-current signal
gener at edeby; §hg1 akbgERAELREACHY T €AL ﬁhga@brﬁoaﬁsetasﬂoaheiﬁlggktSIgnal

wi Il be synchronized with each other, and wherein the alternating-current
signal spuree Fsgcobnectrid toghhe phupaki Eyomf tekeprrodendBets such that a
connection of the alternating-current signal source with one of the

pl ural i bytetterechitpde) uabksesponbe sy thbedignad eepnaesthesdobyt he
alternating-current signal source to another one of the plurality of

el ect r otlkeunatefotrihechanneshown betpeen the aktBtgatbng-current signal
source and the plurality of electrode units being switched in

synchroni zation with the clock signal. 8. A detecting apparatus accordi ng
to any one of the - 45 preceding clainms, wherein the electrode unit is
provi ded a iyeeenrdt Boedinertl ity of containers, and wherein the liquid
detecting circuit_sequentially outputs, by tinme division, signals
represent i ngf & at st Hf2 SfFEF TR CRBFMTR PO Dt WP@%@W%%@E‘%‘PVe pairs
of electrodes in the pLuraIi%é of cgntainers. 9. A detecting aEBaratus
accor di A tBEaRYeB8RBCof PVFPEFARR L #8971 CWABFEFRPPRES eF8ct Fde”unPE of the
l'iquid ?gtegtin Cl cgit i§ di sposed inside the container, and wherein
parts o ThetfPHufdld %@SPlhg circuit other than the el ectrode unit, and
the determ nj r ' ed o [ c i.ner.. 10. A detecting
appar at us a?crg?tﬁgpfrosgneﬁn%%%ﬂg?snfhe%geggd%{]n%n%f;%%s}f %/\hDec}ei nawplurality

of the ebasLrofe HalinkSnBERVLdRdveandnblBtebh LEPEIANCeAhAIgLt eristics of

t he pIuraltyo ectrode units are conmbn so as to faci tate
det er m Yat L onyheteBsN8hi 28E1 88cond embodiment, a sine wave is used.
In Fig. 7, an original signal output from the AC-signal
source 21 is a rectangular wave, as shown in part (A}). This
signal is converted, 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 rectangular wave into a sine (or like) wave and removing a
DC component from the sine wave. In part (A) of Fig. 7, as
compared with part (A) of Fig. 5, the phase is shifted by

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



11. A detecting apparatus according to any one of the preceding clains,

. Wherein the liquid detecting circuits outputs the binary signa
representing the presence or absence of electrical connection between the
pair of electrodes using at |east one of a positive-polarity signal and a

negative

- 46 polarity signal of the alternating-current signal. 12. A

detecti ng apparatus according to any one of the preceding clains, wherein
the liquid detecting circuit is allowed to disconnect the
alternating-current signal source f+ @0 a node of the electrode unit to
which the alternating-current signal is input fromthe alternating-current

si gnal

source.

13. A detecting apparatus according to Caim1l2, wherein the

|l iquid detecti,ng circuit is allowed to connect the alternating-current
d 9¢t 5N9 chked

si gnal

Sourée toa

gFoUnding point or a connecting at certain potential.

Then, detection is performed when the clock signal

rises

(when the sine wave reaches a minimum level). The

timing of detection is indicated by an 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 requires a narrower bandwidth, and therefore, the

problem of undesired radiation can be alleviated.

Furthermore, since the waveform is not considerably affected

by the environment and conditions (because of the nature of

the sine wave) during detection, detection can be performed

appropriately even in a large-sized apparatus in which the

distance to a detection point tend to be long. Furthermore,

detection speed can be improved compared with the case where

a rectangular wave is used because of a use of a higher

clock frequency. 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 (Zs) 22 1is

implemented by a low-pass filter and a resistor for

adjusting impedance.

Third Embodiment

Fig. 8 is a circuit diagram showing a third embodiment



14. A liquid detecting nmethod for detecting a liquid contained in at |east
one container, wherein an alternatingcurrent 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 being
formed 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

el ectrically connected to each other when the pair of electrodes is in -
47 contact with the liquid, wherei-n3d signal representing status of

el ectrical connection between the pair of electrodes is output, wherein a
binary signal representing the presence or absence of electrical connecti on

b based h I, d
her o1 n°EnENBr BESREBE oF KBAERER” oF THne| PHOF AURBNNe 8l ELeY oferuhit i o

determ ped based ORubHL@LRANYE3LONG! sol2- whnklghhndz ﬁgla!en&e?s%ﬁg' ng net hod

for det i ng-an anoun a lrgdird contained in at one cont ai ner,

wher ei n, ?” ﬁét859?5¥99a93ﬁ53ﬁtsﬁbQH?En”QE Coﬁtahﬂh“ achE@EFoﬁHEre“t

conponent Is In roma ernati ngcur ent S1 g source to an el ectrode

uni t thegughya goysfethgpfgﬂe@eembealﬁgﬁ@trode uni t belng formed by a pair
of electrodes t Is to be disposed in contact at |least partially with the

liquid in the, coidaiNess diSoRehéne] SbpetToseschbei g ebegtipeal ly
connected to each other when the palr of electrodes is in contact with the

l'iquid, ruheieka, aasi gAaknr eAr esgnt 6Ny shatuathsel echricgal taopaect i on
between the pair of electrodes is output, wherein a binary signal

repr eseshbogimbRtpr eaepce powaksenaecef vel et rbcul sadfteesi @ bet ween t he
pair of electrodes is output based on the output signal, and wherein the

pr esencechtieabseheesamet fiankitqund as the éhestr esbodihmenits determ ned based
on the binary signal. - 48 16. A detecting nethod according to Claim14
or 15, whereim thies beiecyisi ghla¢ aepragenvdohgaghec prresesieeenentbsence of

el ectrical connection between the pair of electrodes is output based on a
peri od efiuehe hheePfacpmgoneghabfgther slegkbyignalal t EPHELI A§- 8uPr ¥nt

signal source. 17. A detecting nethod according to Caim14, 15 or 16,

wher ei nP@"eF oBRUEFHnAP Pé?douWﬁGPPFﬁ&ePﬁelﬁlH§F§°§Wﬁﬁaﬁtr§pbe¥eﬁFlng t he

presence or_absence of el ectrical
nearly as a center. For the purpose of comparison, a DC

power source V3 of 2.2 V, connected to the base of the
transistor Q2, is used.

Furthermore, 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 node 23a’'.

For example, when the liquid detecting apparatus 10 is
powered on or off, the node 23a' is selected, whereby the

capacitor Cl is quickly charged or discharged without



connection between the pair of electrodes is generated, and wherein control
is exercised so that the alternating-current signal generated by the
alternating-current signal source and the clock signal will be synchronized
with each other. 18. A detecting nethod according to any one of Clains 14
to 17, wherein a plurality of the electrode units is provided in the single
contai ner and disposed at a plurality of positions in a direction of

| owering of a liquid surface in accordance with decrease of the liquid in
the container, wherein binary signal SZ epresenting the presence or absence
of electrical connection between the respective pairs of electrodes are

out put, and wherein the remaining anount of the liquid in the container is

deter”‘ESQs&H?aaSEGE%bﬁ% to- £48w %ﬁ?@ﬁ?hbéi@Qt?BdEhﬁanBaéE ﬁhgeals
associated wth the respective pairs of electrodes. .A( A A A

-A.A A Bre in contact with the liguid. That is, immediately afte
.A. AyN. AN. AyN. A. A. A AN, . Aa9AAAA3@A@A' AA A.A A AA . AA A A2

A3, AL 5. Ah8. AL QuAl abt¥eAthgAappliHadusA0AL s3pBWE4BH 6n or when the
f.40B} xsnid_ Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] cajeahcal eakeakeapcappaleaRakcha] ¢a! BB in" ##¥&atieh, gaw, ,,, #- -|--}xsn
i d _Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]calc
a] ca] capoatnalead] aafcafealkeakremains between each of the pairs of
I (/>/t/1/117]/+0A00000000”71! 2935} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca}eatcaﬁea]¢hktapea]thpcdp¢ap¢ahqap¢ap¢apdapcaﬁaaroaPéd]aaﬁca]ca'556
X66677AJ]7A7m788C858t88889999991 g:}: ; 5;
}xsnldtZPcaPmaPnaPéaF@apda]@éFéa]cEP@aF@mPeaPéa]@QFéaFeaPca]ca]ca]ca]ca]ca
]ca]ca]c%%ca]ca]calca]ca]ca]ca]cal . o
<<J=K=>0 ¥ & PEACtPe EPERFEREEEELFRG] 2aRses . However, if this is
HEHdHeHhH|wwnhcAY]ca]ca]ca]caLca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cakca]ca]ca]ca]
Ca]Ca]CéfﬁﬁfEQFCEFE¥UFémeS' e electrolysis of the liquid cou

cal] cal hH HHHI | TUEVGVI XYYZ\ ENJ < = aabb}lxsnid_Z]]

gafggfgg é gfca]EBPEa]&8]Eé%g§§%éﬁtﬁﬁeﬁfégf8§]céFc&f g%cﬁfc&YEé ca] ca] ca]

Ca]Ca]Cgkgg]ggLﬁchakcalRbbg%q%ch 23 is connected to the node 23a‘

while the system is not ready for measurement by the ligquid

detecting apparatus 10.

Fourth Embodiment

Fig. 10 is a circuit diagram showing a fourth
embodiment of the present invention, and it corresponds to
Fig. 6 for the first embodiment. Fig. 11 is a waveform
chart relating to the circuit shown in Fig. 10, and it
corresponds to Fig. 5 for the first embodiment.

The circuit according to the fourth embodiment,
similarly to the third embodiment, uses a single power
source V2 of +5 V. In the third embodiment, the DC power
source V3 of 2.2 V is used for comparison and detection. 1In

contrast, in the fourth embodiment, a clock signal having
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in this embodiment, detection must be performed using
signals on one side of an intermediate level. Thus, the
resistor R4 having a resistance of 220 kQ is used for a
slight voltage division, whereby the base potential of the
transistor Q2 is lowered.

With the circuit configuration described above, stable
detection is allowed even if the power-supply v&ltage
fluctuates. Furthermore, the signal voltage remaining at
the base of the transistor Q1 when the electrode units 26
are in contact with the liquid can be 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 improved (the dynamic range can be
increased) .

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
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attenuates in accordance with the ratio of the resistance of
the signal-source resistor R2 (20 kQ) and the conduction
resistance of the liquid as measured with an alternating
current (assumed to be 500 £ in this embodiment), can be
virtually cancelled, as indicated by P6 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 Rl to allow

adjustment in accordance with an actual state.

The embodiments described above exhibits the following
advantages:

(1) Since a complete cycle or several complete cycles
of an AC current flows through the detecting electrodes 26a
to 26d, liquid is prevented from ionization, serving to
avoid change in liquid characteristics.

(2) Electric signals are processed separately from the
containers T, and no DC current flows and only a weak AC
current flows. Thus, the safety of a system that deals with
aqueous liquid can be improved.

(3) Measurements at the individual electrode units 26
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1nstead of determlnlng analog amounts. Thus, no adjustment
is needed, reliability is improved, and the precision of
measurement is determined only by the number of electrode
units 26 provided.

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

(5) Since conduction resistance is lower compared with
DC detection, the area of the electrode units 26 can be made
small. Thus, precise detection is allowed without occupying
a large space, and a large number of electrode units 26 can
be disposed.

(6) Since measurement can be performed quickly compared
with DC detection, the speed of measurement and display as a
whole can be improved.

(7) Since power consumption is small, even a battery-
powered operation is possible.

(8) Since signals in the audio to the AM frequency band
can be used, substantially no particular measure is required
against undesired radiation.

(9) Since the operation of the single liquid detecting
circuit 20 suffices constantly for all the detecting

electrodes 26a to 26d, the effect of mutual cross-talks
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eliminated.

(10) Since a container T has to contain only the
electrode units 26, the structure of the container T can be
simplified.

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

(1) The liquid-amount detecting apparatuses 10
according to the embodiments can be used in various
apparatuses for detecting and/or displaying the presence or
absence of various liquids or the remaining amount of
thereof in various containers T, without limitation to
detecting the remaining amount of ink in an ink-jet printer.

(2) In the embodiments described above, the remaining
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 liquid
by turning the LEDs on or off. For example, when the liquid
is detected by all the four electrode units 26, all the LEDs
are turned on. If the liquid is detected by the lower 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.
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are turned off.

(3) In the third and fourth embodiments, the node 23a’
that is connected to the ground is provided as one of nodes
of the switch 23. Alternatively, for example, the
arrangement may be such that the switch 23 can be
disconnected from all the nodes. That is, the arrangement
may be arbitrary as long as the detecting 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 sequentially
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 liquid by electrode units 26
below an electrode unit 26 with which the presence of the
liquid has been detected.

Furthermore, without limitation to detection of the
presence or absence of liquid or the remaining amount of
liguid in a container T, liquid in other parts can also be
detected. For example, when the apparatus is used in an
ink-jet printer, electrode units 26 may be provided in a

chamber (ink pool) disposed at the immediate upstream of a

printer head, detecting the presence or absence of ink in
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the chamber. Furthermore, in order to protect the printer
head, it is possible to exercise control so as to stop
printing if it is determined that ink is not present in the
chamber.

(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 example, 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 only by a
resistor. TIf 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 single electrode unit 26 may
be provided at the bottom of the container T to detect only
the presence or absence of liquid.

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

Furthermore, since the presence or absence of liquid is

determined by outputting a binary signal, digital processing
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is allowed, serving to improve the reliability of detection.
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CLAIMS:

1. A liquid detecting apparatus for detecting a liquid
contained in at least one container, the liquid detecting
apparatus comprising:

a liquid detecting circuit comprising an electrode unit
formed by a pair of electrodes that is to be disposed 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
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 source
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

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

binary signal output from the liquid detecting circuit.

2. A liguid-amount detecting apparatus for detecting

the amount of a liquid contained in at least one container,
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the liquid detecting apparatus comprising:

a liquid detecting circuit comprising an electrode unit
formed by a pair of electrodes that is to be disposed 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
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 source
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

determining means for determining the presence or
absence of the liquid 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 representing 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.
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4. A detecting apparatus according to Claim 1, 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

synchronized with each other.

5. A detecting apparatus according to any one of the
preceding claims, wherein a plurality of the electrode
units is provided in the single container and disposed at

“a plurality of positions in a direction of lowering of a
liquid surface in accordance with decrease of the liquid
in the container, wherein the liquid detecting circuit
outputs binary signals representing the presence or
absence of electrical connection between the respective
pairs of electrodes, and wherein 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.

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

provided in the single container and disposed at a plurality
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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 determining means determines, in a stepwise

manner, the remaining amount of the ligquid in the container

based on the binary signals associated with the respective

pairs of electrodes, and wherein 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

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 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 positions in a direction of lowering of a liguid surface
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in accordance with decrease of the liquid in the container,
wherein the liquid detecting circuit outputs binary signals
representing 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 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 signals
representing the presence or absence of electrical
connection between the respective pairs of electrodes, and
exercises control 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 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 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 with the

clock signal.

8. A detecting apparatus according to any one of the
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preceding claims, wherein the electrode unit is provided a

in each of a plurality of containers, and wherein the

liquid detecting circuit sequentially outputs, by time
division, signals representing status of electrical
connection between the respective pairs of electrodes in

the plurality of containers.

9. A detecting apparatus according to any one of Claims 1
to 7, wherein the electrode unit of the liquid detecting
circuit is disposed inside the container, and wherein parts
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 ény one of the
preceding claims, wherein a plurality of the electrode unit is
provided, and wherein impedance characteristics of the
plurality of electrode units are common so 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 electrodes using

at least one of a positive-polarity signal and a negative-
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polarity signal of the alternating-current signal.

12. A detecting apparatus according to any one of the
preceding claims, wherein the liquid detecting circuit
is allowed to disconnect the alternating—-current signal
source from a node of the electrode unit to which the
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 liquid detecting 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 partially with the liquid in
the container, the pair of electrodes being electrically

connected to each other when the pair of electrodes is in
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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 electrodes is output based on the output signal, and
wherein the presence or absence of the liquid at the

electrode unit is determined 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
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
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,
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 electrodes is
output based on the output signal, and wherein the presence
or absence of the liquid at the electrode unit is determined

based on the binary signal.
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16. A detecting method according to Claim 14 or
15, wherein the binary signal representing 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.

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—current signal source

and the clock signal will be synchronized with each other.

18. A detecting method according to any one of

Claims 14 to 17, wherein a plurality of the electrode units is
provided in the single container and disposed at a plurality
of positions in a direction of lowering of a liquid surface
in accordance with decrease of the ligquid in the container,
wherein binary signals representing the presence or absence
of electrical connection between the respective 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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manner based on the binary signals associated with the

respective pairs of electrodes.



