;opqre3eTFTCA| HF6| T TI TLE OF THE | NVENTI ON CARTRI DGE AND PRI NTI NG APPARATUS
BACKGROUND OF Tmm”“mmmwmmmp 5 1. Field of the Invention [0001] The present
i nvention rela” l“ ri dge having a chanber to hold a recording

mat eri al used for primting therein. Mre specifically the invention
pertains to a technique of transmtting informtion between a cartridge
wth a bDITLEI OFSTHEOLNVEBNIAONt he cartridge with such a chanber. 2.
Description of the Related Art [0002] Various printers and printing
appar at us ar eCARURIPGESANDf PRINTINGI ARPARATUSXanpl e, printing apparatuses
that eject 15 inks onto printing paper for recording, such as ink jet
printers, and printing apparatuses that use toners for printing . A

cartridge set on such a printing apparatus has a chanb mlmm"lmmm
recor di ngagreRobUNd! OFi kaEanNvEkTaONa toner therein. Mamm he
remai ning quantity of the recording material is an inportagtydechnique in

20 the pihlnkiRIgaBRakRUTnveWtlilos the printing apparatus counts and manages
t he consuned quantity by software, a proposed techni que uses a sensor

mount ed gangie car iridgeebane diAChe SBASULPIBAL o $C8a oL aBXANRLEngPAL ent
Lai d- Open Gazette No. 2001-147146). [0003] A variety of senSors nmay be

appl i cabkgafgert B8 BENG0S rarIRMHE A tine Ry Fdgepr YHeinghenépeondi ng
material to be detected is a conductive ink, the sensor may neasure an

el ectri cypeal Sdpdeer{0s tey erene deh ¢ 5 BeREaqHaNtdd Va0t ddthiglite gensor
1 may use a piezoelectric elenent |located in a resonance chanber di sposed

in the chagbemieh ihe M AG-hE: S850EHERE B &7 1 Blgd i FRAIMUIE d &, £888BaNCE
frequency of the piézoelectric elenment and thereby detect the presence or

the gpsencq ehet ke HeAYA NE RLRIdAlL Idhanddle resonance chamber. The
sensor may neasure a tenperature, a 10 15 20
2, Description of the Related Axt
[0002] Various printers and printing apparatuses are widely
used for printing; for example, printing apparatuses that eject
15 inks onto printing paper for recording, such as ink jet printers,
and printing apparatuses that use toners for printing. Acartridge
set on such a printing apparatus has a chamber to hold a recording
material likeaninkoratoner therein. Management of theremaining
quantity of the recording material is an important technique in
20 the printing apparatus. While the printing apparatus counts and
manages the consumed quantity by software, a proposed technique
uses a sensor mounted on the cartridge for direct measurement (see,
for example, Patent Laid-Open Gazette No. 2001-147146).
[0003) A variety of sensors may be applicable for the sensor
25 ~mounted on the cartridge. When the recording material to be
detected is a conductive ink, the sensor may measure an electric

resistance to determine the remaining quantity of ink. The sensor



viscosity, a humdity, a particle size, a hue, are mmining quantity, or a
pressure of the recording material, such as ink. In such nmeasurenents, a
speci al sensor may be used according to the physical property to be
measured. For exanpl e, when the physical property to be neasured is the
tenperature, the sensor may be a therm stor or a. thernocouple . when the
physi cal "gopéet ¢ paeﬁée%@%a’rl@d eilemeRE pPeatGFelint Aer SEARBRCHEG BBPST
pressure sensor. [0004] In the prior art cartri dge wi th such a sensor, the
det ect i oﬁmsgoqts@fdr}%ah@lﬂhmoghpilsééagd&eeﬂé%%ﬁ R HPLEEA AP RRISHEE have
a sufficiently high reliability. For exanple, when the sensor nounted on
the cartfhggEcgenasrs fredpeRsemie toe ph@zca%%@ﬁ*éélgfeJt@i@errfe@@ﬁidtharﬁﬁt'er| al
held in the chanber, a variation in conposition of the recording materi al
may changetaat spei BUREEBCEC D ohhe R enR . offkdiprresoradindcapterdgé éan not
sufficiently assure the reliability of the detection, unless the circuit
st r uchd ur & Heorreslomagetee chiaowreirs a’dha5$@mks¢nonna§herlermnqotai frenpdebseteona
condition. Such adjustment of the circuit structure, however, takes much
ti me and visbarsiand abhdedididlyl, ya pact tatesizike 20086, a25eid0blg dAnanheky,
problemmay arise in the prior art cartridge, when the detection result
gi ves a himar prasggnate drtlex amuaydimepnegentiialg tsheelpreesemée ofnt bach
absence of ink . When the detect ion 2 circuit breaks down to
cont i nuousdasunenpIit fna isgentiadadevadtmaplbetimedanapydshgnal the hbysical
mal functi on can not be detected accurately. This causes the poor
reliabil ignopdrtheodet ectadsanradesulFbr &xBMARYhER ThE dHWENEIONrbperty
[ 0006) The object of the present invention is thus to solve the drawbacks
of the primbeantasterbdi ipiehedtsnpesatduabovehandrisopmayiloe ;atheechiisgoe of
flexibly handling a change in detection condition of a sensor nounted on a
cartri dgerrdthhemebypueisur i Higed clee plifkfsiciednplpphirglh telbalmdastyeal is
detection result. [0007] In order to attain at |east part of the above and
t he ot herthel@tetbwty ectlse sdesqr asentbe rvente osurs skmscted to a cartridge
having a chanber to hold a recording material used for printing therein,
t he cart rli000d] bei ngrmount egrabraapti Risirtg idyecapparatasch dheensot: i dgpe
includes : a sensor that detects a state of the recording material held in
t he chanbdeteat tomdi ¢ i caryr Bed ptutoumizdulae fiikatd Kdeteicktdéenakcaxtieimal byd
specified detection condition of the sensor; a detection nodul e that
carrilds owy time tetvecdisnt tincleent he hsggcirel édbdétieyt | dfox enahintrileEn; winech an
out put nmodul e that 20 outputs a result of the detection. [0008] The
cartridgetlnd gdresomventriteedl lvas theseasorifipat dele¢ecs schd st epfort lude
recording material held in the chanber . In response to reception of the
ext er nal | 3bsgree dfethdeteasiidimaoaderiah hfld he Sensbambele T aptriedgeon
carries out the detection under the 25 specified detection condition. The
cartri dgeinossnpmsiusen @ ff ithed réepediingnmabadi & il onay cclbeese ttiehepstiatem of
the recording material held in the chanber, but receives a specified
condi t i ondsiuétabde c®nditgont.heTHetretdoroar t Thirs radpangeneot stlids cafeingdtyi vel y
enhances the accuracy of the detection. [0009] In one preferable
appl i20at i @psetet hbei mednitadlkoin)ithheobuthet desddtd cof, turel ess t thdgeiowtpat s
data corresponding to the 5 specified detection condition, together with
t he resul stvficthee dépectilon. d¢OSdDjoThéscadristge ot hilse appivi ogttiiomm
outputs the result of the detection, together with data corresponding to
t he specifi¢eectbonctondithomi t iontheds ushmenst afi et lascuite sdevaduitsn
condi tion

however, takes much time and labor and undesirably increases the

cost.
25  [0005] Another problem may arise in the prior art cartridge,
when the detection result gives a binary signal, for example,

representing the presence or the absenceof ink. Whenthedetection



10 itself). This arrangenent enables an outside of the cartridge, which has
given the external specification of the detection condition, to verify the
reliability of the detection result. [0011] The recording material held in
t he chanber of the cartridge may be an ink of a predeterm ned col or used
for an ink 15 jet printer or a toner used for a photocopier, a facsinmle,
or a | aseirpuihtercainCan ThecebhibBUORA)YdeeRUt ik Igeasdfed valvuAeot
absence of the recording material in the chanber or the renmining quantity
of the rebefdinggyynatienadl thkhwadénsotipnycant heriisdefieasadeacrudie¢Bast one
of a tenperature, a viscosity, a humdity, a particle size, a hue, a
renai ni nghieantiibygs ahd popressiliebdfl itlye ofechredidegemition alesul®@013] | n one
preferabl e application of the invention, the output nodule of the cartridge
outputs the result of the detection 25 by radi o comruni cation. Adoption of
the radi o comuni cation effectively enhances the degree of freedomin
i nst @l | asUMMARY OReTHBr INVE®ION [0014] The sensor may be a piezoelectric
el enent that has a varying resonance state with a variation in state of the
recor di ngpomgler i al Th&hepguak! all enpr peedene iAveht Sofit IHCEHHE BHPEOESe an
excitation pulse to the piezoelectric elenent and neasures a 5 ~ '
vi br at i oahef dthebadckez aet etid peiekeaedttédhil BGPOHSHE danddw] exohteabhantpul se.
The procedure detects the state of the recording material, based on a
resonancerstatie af tebanpyazoekfeclektbelenenilibigre thengesonadeeestadbe i s
shown as a resonance frequency of the piezoelectric elenment. The resonance
frequencyon@pitesends saskherifotieedd et af @aretidgasind ﬁ@e\rlebF/aéﬁ@nr@ﬁgt he
pi ezoel ectric elenment . [0015] In the cartridge with the built-in sensor of
the pj ezaekegFiice eplteRRRMight he1delAatiitgn ordiddrer timh hegimen as the
speci fied nunber of vibrations, which is used as a criterion to nmeasure the
tinme requooed for theovhBi-atboatrfhihher Pl&OeIRA igE 10 eeh8BRA andl Ankhi s
structure, the cartridge neasures a tine required for the specified nunber
of vibrabitpes, randred piisaddr o praiateditaim ised § oditder oasyr gment
together with the neasured tine. [0016] The nunber of vibrations used as
the det eclirgticeRdhbirofig2d dreymiber spebbided PycorPiasd hzverdfalauskdr £bAY
vi bration, on which the neasurenent starts, and a position of a term nating
vi brati oprien iwy cdhdieineasHeeraric rdidids Ydiny i hoahtes- el af egr dat angay be
specified as a tinme between the starting vibration and the term nating
vi brgg i opppaasetsan rhe @ositidde AndlRRlesi:aatddigsolb thblraét oo @ardsthee
position of the termnating vibration. [0017] In one preferable enbodi nent,
the cart dfdge: PasoadiBEREE driall 56 Dd €5 thdahanbé £l acnEspdi-agepoibhe
state of the recording 5 material held in the chanber.

module that receives an externally specified detection condition

of the sensor; a detection module that carries out the detection
under the specified detection condition; and an output module that
20 outputs a result of the detection.
[0008] The cartridge of the invention has a sensor that detects
thestateof therecordingmaterial held inthe chamber. Inresponse
to reception of the externally specified detection condition of
the sensor, the cartridge carries out the detection under the
26 specified detection condition. The cartridge does not use a fixed
detection condition to detect the state of the recording material

held in the chamber, but receives a specified condition suitable



[0018] The cartridge nmay receive the specified detection condition and
output the result of the detection by radio conmunication. For this
purpose, in one preferable structure, 5 the cartridge has-a radio

comuni cation nodule that transmts data to and froman outside by radio
communi cation. [0019] The radi o conmunication nodule typically has a | oop
antenna fer ShehdesartidPvat i BAls |arraRIeRRE s kRl et 1 wrenkances

el ectromotive force is induced in the antenna. The 10 el ectronotive force

i nduced kthet hecameeynafmgpebdetieictiioad to supply el ectric power into the
cartridge. This does not require any battery or its equivalency to be
mount ed ¢O0@He car tini doe e fcrad lde sippddloa tsiorpld ff itdse tirevesttrimt urghef t he
cartridge. [0020] Another application of the present invention is a 15

pri nti ngoappatanadulemniiichcaerddgerodgeund ddtm icoreespomnddngcuesielde above
is mounted. The present invention is accordingly directed to a printing
apparat uspeictilf iadc deteicddenmaonted ibher eongetivber eithethar resdyje bdfsthe
chanber to hold a recording material used for printing therein. 20 The
cartridgdeiceeludes: a sensor that detects a state of the recording nmaterial
held in the chanber; a condition reception nodule that receives an

ext er nal l[gosgieci f i ethedebeetiiagecomdihienapplibatsensentpatdetget regunpdul e
that carries out the detection under the specified detection condition; and
an out pubfniitkifetehat oaytiudes iy ai t R Slth ofrtdwepaied fod torchelpe i £ hédng
apparatus further includes: a condition specification nodule that specifies
the det e@eit@rtd@itidndit iam (Fereitheldatwint Buibatheehda aasi drhe€on@sul dnof

the detection output fromthe output nodule of the cartridge; and a
veri 10 catitgr1mdul eht badr¥ehgéhest theal Bsslldn eutidigiedetteeheobartridge,
which has given the external specification of the detection
condition, to verify the reliability of the detection result.
[0011] The recording material held in the chamber of the
cartridge may be an ink of a predetermined color used for an ink
15 jet printer or a toner used for a photocopier, a facsimile, or
a laser printer.
[0012] The sensor may detect the presence or the absence of
the recording material in the chamber or the remaining quantity
of the recording material. The sensor may otherwise measure at
20 least one of a temperature, a viscosity, a humidity, a particle
size, a hue, a remaining quantity, and a pressure of the recording
material.
[0013] In one preferable application of the invention, the
output module of the cartridge outputs the result of the detection
25 by radio communication. Adoption of the radio communication
effectively enhances the degree of freedom in installation of the

cartridge.



[ 0021] The cartridge detects the state of the recording material ~r ~ -5 -
under the detection condition specified by the printing apparatus, and
outputs the result of the detection to the printing apparatus. The
cartridge does not use a fixed detection condition to detect the state of
the recording material held in the chanber, but receives a specified

condi ti of0(E4ilt abl eTher s¢heodehagthom e zodlecry angehement Hisaefiastad vel y
enhances the accuracy of the detection and ensures the sufficiently high
reliabi | vayybhgttesqranne agagppearth asvaf DoRRen lim shetpral shabiec n¢ati on
of the present invention, the output nodule of the cartridge outputs data
correspomdtagitd. 15Td e sgidcEflie praietegetriconncbhdist sbnyctoget depl e s et he
result of the detection. The input nodule of the printing apparatus

recei vesekhétattput pddtse, togeidepierdtdléeteriesalementt Reddetesctues out put
fromthe output nodule of the cartridge. The verification nodule of the
pri nts ngvappacabns fotigppl esoébect npakldakatwird hesbendetedthieosx @0 aiohoint i on
specified by the condition specification nodule, verifies validity of the
det ecti opullesul tThe prieccage @ftEot$ ehpontene pfofhé e corduhgtmdtee tDal he
specified detection condition) and carries out a preset series of

processi pgsedl ahi B0rk8ohhacset atatef oEheneepoedbBletBi-eti alleméht[ 0028te The
printing apparatus of this application conpares the input data

corr espogdiengdsdrizhecdaitenid ok Coneint | 88 Beaeisve@d nfdeomidificgalt réEgenhai t h
the specified detection condition. In the case 7 of correspondency of the
i nput dapaekectbershecd fdmehilet atld p8s 60MEEE ifddquUdtRYOE &PE & HENBPRAE BhYS
verifies the validity of the detection result and carries out a preset
serifgs Okepli0eRISEHY dteh abbBi® viteastiahtobft Hhpieeoendichg imBé B&ha&ht . | N
the structure ~5 of detecting the presence or the absence of the recording
materi al [poidle pregel S9Li s rehiBHRCESUNItARY e 0Ot 86h8Br0fo@ the
remai ning quantity of the recording material or calibration of an

ari t hmet igg e@%RINRTEAR kakmewe!) eoRPHEabc8Aonl BohAetrtasemal Be given as
correspondency of the input data to the specified detection condition, on

the 10 cemler ap¥ciktheaphinfibé P BRAALUSHERY wheEh! Yslhited R\ALI 8Fiyeoliohhe
detection result or give the user a warning of the invalid detection
result. [HO0RdaThee pHeSENe irB@Aat d:SthkSo shdteicdredftthepi brot1getbad of
transmtting information to and froma cartridge, which has 15 a chanber to
hol dis r eqem@dintg mMaheiHiad stisedchos, phierid g idey wéasulse afi intd réghaieat i on
transm ssion nmethod includes the steps of externally specifying a detection
conditi ofc arBeNS@pediHiidld i Sntlpsied o thgbeatiohdge amdl i Souspdtko
detect a state of the recording material held in the chanber, from an
out si de afidre 120 Garltat«dplatands@kitng aheesubbugbmdatectbgarheli ahths
carried out in the cartridge by the sensor under the specified detection
condi t i onhedwegudgddminte. cartridge to the outside that has given the
external specification. [002y The first information transm ssion method of
the 25 irfgens] on exired Adhb¥r YFeeibi 6160 udeless koe Consttigncehdieosensor
fromthe outside of the cartridge, and nakes a result of detection, which
IS caori ethyolle ypdet riba Bpesidd=LAd idet €t & ont Brt iw@ndilinec oroutopuvhiikcdm t he
cartridge to the outside that has given the external specification.

the measurement starts, and a position of a terminating vibration,

on which the measurement ends. The vibration-related data may

be specified as a time between the starting vibration and the

terminating vibration, based on the position of the starting
25 vibration and the position of the terminating vibration.

[0017] In one preferable embodiment, the cartridge has a memory

that stores a parameter corresponding to the state of the recording



[ 0026] The present invention is further directed to a second nethod of
transmtting information to and froma cartridge, which 5 has a chanber to
hold a recording material used for printing therein. The second information
transm ssion nethod includes the steps of externally specifying a detection
condition of a sensor, which is nounted on the cartridge and is used to
det ect amsttgtrdadf hed rigcdtdi hamieat-i al held in the chanber, from an
outside of the 10 cartridge; making data corresponding to the specified
det ect i orf00DBIdi t i OIThet ogetheidyet may resesivef tHet exdd it icat r dedeottonn t he
cartridge by the sensor under the specified detection condition, - output
from t he coardtirticdge &n0dt leitquitsi tdiee ofretchd tcaofr itdge; dandcvionf yiyngradio
correspondency of the output data to the specified 15 detection condition,
S0 as deteammiure csadiiati .t y Fofr theésdptiepbeen tLesohe. pf8berhbIhessecondre,
information transm ssion nethod of the invention externally specifies the

- det ecs | orosdlt i 08gethadhe reeiisoEohhoni thei ontiidia eot hhbe reardniitdgdatand
makes data 20 corresponding to the specified detection condition, together
W th a resuldndffet eat icutsiaid pit 4D tdemaaitddidigsn to the outside of the
cartridge. The nethod receives the result of detection and the output data
and veri flpg$of he corfesRAMISNEYmiin £ & QIH b G eRd %%ﬁi&@fl?pﬁé‘cs fhedoop
detection condition, so as to determne the 25 validity of the detection
resul t. Hiiterald Zogestsh deshnaidat enbangesthbecsetsalid tbvmahitateongt i on
transm ssion fromand to the cartridge. 9 [ 0028] These and ot her objects,
f eat ur es,arasREEE roMdt 1AV aFHAQGRS ok t hggpeegenini nveat i Hiahihd . becare nore
apparent fromthe follow ng detail ed description of the preferred

enbodp mend1 &t Foridiei A eeFPARHARE <l BVt RESn t2rBRl BE%@RIlHEéaV;@E@PEy _
DRAW NGS [0029] Fig. 1 schematically illustrates the construction of an ink

cartri dgeldrtone: esieeof ihhe @h@séﬂktkmagétiOﬁhiéo@ééé hbg. réglisra any
fl omchart showi ng series of processing 10 executed by the ink cartridge and

a print erpdttdhe orodes iquiiRlidheant bas mbUe3th dh @he3cshowsagbenrd ikhgispl e
of detection of the presence or the absence of ink in the node of the

i nvent i onded 0032]y M Tnp 2 STdemBhé Ca hycthtaissf aties ¢dectndgsnal structure
15 of a printer in one enbodi nent of the present invention; [0033] Fig . 5

i's a bl oclgodopgr am ghovhds EE%lHBEE&Bﬁ'dﬁrtﬁéub%egén%‘%HVéﬂHuﬁ@Vﬁﬁea
included in the printer of the enbodi nent;
15 printing apparatus, on which the cartridge of the invention
discussed above is mounted.

The present invention is accordingly directed to a printing
apparatus with a cartridge mounted thereon, where the cartridge
has a chamber toholda recordingmaterial used for printingtherein.

20 The cartridge includes: a sensor that detects a state of the
recordingmaterial held inthe chamber; aconditionreceptionmodule
that receives an externally specified detection condition of the
sensor; a detection module that carries out the detection under
the specifieddetectioncondition; andanoutputmodule that outputs

256 a result of the detection.

The printing apparatus further includes: a condition

specification module that specifies the detection condition; an



[0034] Fig . 6A and 6B show t he appearance of a detection nenory nodul e
attached to an ink cartridge of the enbadinent; 20 [0035] Fig . 7 shows
attachment of the detection menory nodul'e to the ink cartridge; [0036] Fig
8 is a block diagram showi ng the internal structure of the detection
menory nodul e; [0037] Figs. 9A and 9B show the novenent of ink cartridges
25 nount dapot moduleitdigs refraives the seepahsi therdetret e ovddteframt he
printer of the enbodinment; [0038 Figs . 10A and 10B show i nfornmati on stored
i n an EEPR@WwOput mesluidedfithe herdeidoei amdrere i focht Eon peg3dje Fhagt 11
is a flowmhart showing a series ,of processing executed by the detection
menory noewli€iies tthe emsoditmedt tHeO@Red®iigpn.12 is a timng chart show ng
the operations of the 5 respective constituents of the printer according to
a third deg2Ence; [10R44]rHixgddesbons thevald tagef atitusd doyrdippd hetet bad
pi ezoel ectric elenment in response to a drive command DRIV and a vibration
octurd irngnide it tiee ple¢zatlient ¢omd Bt Borespecdfidedloyf 084 Yrikitgindldpparatus,
fl omchart showing a verification routine executed in the enbodi nent.
DESCRI PTla@d €kt ptiEs RREFESRED: HMBE RENENTe ¢ 0043 |t oCrlee padertdingcappyiragusut t he
invention is discussed below 15 Fig. 1 schematically illustrates the

const r uctihen catrtai dgekdcastiotlgeecl@ ahded detodstd i oridiaaioter o38eokca
printer 20, on which the ink cartridge 10 is nmounted, in one node of the
present ignestdonorf Ui pEctt@inghacausas Halkl iothe cejertiead HuivRreaepkicst
a specified condition suitable for the detection. This
10 arrangement thuseffectivelyenhances theaccuracyof thedetection
and ensures the sufficiently high reliability of the printing
apparatus.
[0022] Inone preferable application of the present invention,
the output module of the cartridge outputs data corresponding to
15 the specified detection condition, together with the result of
the detection. The inputmodule of the printingapparatus receives
the output data, together with the result of the detection output
from the output module of the cartridge. The verification module
of theprinting apparatus compares the input datawith the detection
20 condition specified by the condition specification module,
verifies wvalidity of the detection result in the case of
correspondency of the input data to the specified detection
condition, and carries out a preset series of processing relating
to the state of the recording material.
25  [0023] The printing apparatus of this application compares the
input data corresponding to the detection condition received from

the cartridge with the specified detection condition. In the case



1

head 25 onto a sheet of printing paper T fed by neans of a platen 20 24.
The internal structure of the printer 20 is not specifically illustrated or
described here. A built-in control device 22 of the printer 20 conputes the
gquantity of ink consuned for printing and other data and transmts the
conputed data to the ink cartridge 10 via the transmtter receiver 30.
Tr ansmi ssifogostregmandsercre@f Thet napujk despt trdghelerandfind deheEbiodevi ce
22 of the printer 20 is performed by radi o comruni cation in this node,
al t hough ol idsitan t rtdes mrsigitamarappraliregisavierdify eise thet spdediby odbkéell
conmmuni cation. An el ectromagnetic induction nmethod is applied for radio
comuni castartion hiesulddendyararieshentnet bodsehy sbeiadopfedrboesshagsane
pur pose. [0044] The ink cartridge 10 has a conmmunication controller 12 ~"'S
t hat takeslatangetoftltostete of themmerdcdingomatanienior yIndiita ekkraectifet hat
t akes charge of operations of witing and reading data into and froma
menory 14f datsensnyg the/phagenge arptlez abketicel of ehensrdordiangdmateensdr,
controller 19 that actuates the sensor 17 and uses the sensor 17 to neasure
t he remitiengrguant séyies oshprothesiagsmdy e tdmprastien édhe rematning
quantity of ink according to the follow ng procedure . The sensor 17 is
att ached duare irtesefaite rebaraehghtat e Mt L bri Ga Milsposish bl @narikheladber 16
. In response to application of a driving voltage to its el ectrode (not
shown) , ddprapiczseleetdich ebapaBht9bnt hersensofadd ofsnslesteekpandetcy
def ormed. When the 15 electric charges accunul ated in the piezoelectric
el enent age wschangeddun tdd T aprcilfie def-ei@liiodn conarigy dns el eased
and the piezoelectric elenent freely vibrates. The sensor 17 is attached to
t he nesonssiaerhpniele p8insonghadpdhadd agyencyi of thkeihveeidibyats @hel S
restricted by the resonance frequency of 20 the resonance chanber 18 . The
r esonanceidyeaniient yeehlther gesenanrcesehavhemitlly 68 v 18eh BLe aedierg ilod t he
presence or the absence of Ink in the resonance chanber 18. Detection of
t he resonsgmeld r equency accordingly specifies the presence or the absence
of ink in the resonance chanber 18 and the remaining quantity of ink 25 in
the ink cigopy] dge IPne [QR4RhtF Bvertisn afd Py hartcelRan g serFdemethod
processi ng executed by the sensor controller 19 and by the control device
22 of theoPprd reredmA0: iddel et Lontd®ldel fhibn S achualilageConsliicted by a
circuit including gate arrays. For the better understanding, the series of
procassi ng cesatidredolyolde sensedingnidtd il 1@ dsrdeserimerthaeaending to
the flowhart of Fig. 2. - The control device 22 of the printer 20 outputs
a commandriod fdetsactnfigrmbie chetaansnys giantmdthad inak vded ahepetddd et :
detection condition (step S5). Specification of the detection condition
will be destoemsellyaseeci hyited ad | detlder ik @aidid dge dD a eegiseas theich
command of detecting the remaining quantity of ink and the specified

is mounted on the cartridge and is used to detect a state of the

recording material held in the chamber, from an outside of the
20 cartridge; and making a result of detection, which is carried out

in the cartridge by the sensor under the specified detection

condition, output from the cartridge to the outside that has given

the external specification.

[0025] The first information transmission method of the
25 invention externally specifies the detection condition of the

sensor from the outside of the cartridge, and makes a result of

detection, which is carried out under the specified detection



10 detection condition via the conmunication controller 12 ( step S10 )

[ 0046] After reception of the specifiedgdetection condi tion, the sensor
controller 19 sets a starting pulse, on which the neasurenent starts, and

t he nunber of measured pul ses (step S11) . As nentioned above, the
resonance frequency is used for the 15 detection. The setting of step Sl1
speci fi esonfibt pohs@utputhéronprke cant st dgpe & ERsoPULTLYR &dpaftohas g ven
measurenent as the starting pul se and the nunber of pul ses as the neasured
pul ses .tFererxkanphd, spheisetctings.are the 1St pul se as the starting pul se
and 4 pul ses as the nunmber of neasured pul ses. Another procedure may 20

al ternat (006§ specThy phessherinventpidise saftiraheer dipatted polseewmmahi ch
t he neasurenent ends. In the above exanple, the termnating pulse is the
5t' " pul setho8igf tFanbans ttife shasthagipnltseaadd: tde at eantnafigag wulge of

t he neasurenent and the nunber of neasured pulses in the resonant vibration
of the smrasercHambebtb®AHa CBceodphginagr rabltureededt pid nefi nhhehelst et i on
condition, the sensor controller 19 outputs a driving pulse to the sensor
17 (st eprhéBecdh® isEBsaEtEonof réhen i ezoehettiddcietbuess tise $8eps of:
accordingly excited to have vibrations and resonates at the varying
resonancexteegHengyspethrgingr hadeedct Noft 86Rd Of ibheot esonanser chanben 18
after di sappearance of the applied voltage . The sensor controller 19 waits
for detegti @huRfelhen M tdahd WG a8t 1 3Sused -to detectba statbhef dehect i on
condition- ( step S13 ) , and starts- counting tine in response to

det ecti opeebrihegShatbirRE1PHESE (At tBet ERbMBet ! fhohhen exetPl@e bt Filge 3)
(step S14). [0043] The sensor controller 19 waits for detection of the

ter mignat 'bagtwh§@;%aklﬂﬁgpd@s@tcdwézﬁforﬁirwt@eahéf Ope£X80PH edetldcdipul ses)
at the step S15, and in response to detection of the term nating pul se or
the presebnBdihehn, of et BES ,wiiIPBSr&EOUNE idT0dkhectiBh cdeh Dekdh RUitS ihheheount
(step S16) . The sensor controller 19 also outputs the ordinal nunber of
the pul seagh r¥digeod ehdereigamantieentdse (Wecd flilcd BEtb2tiBnt d6n@xaiphe of
Fig. 3) . The 15 ordinal nunber of the pulse on which the measurenent ends
i's obtai pegphy #ddhnenkhearuFheleO0toMEAEUHEEHsDUESES (He PEbBEPidge} haBd
exanple) to the starting pulse (the 1St pul se of the resonance vibration in
this exarph@Fyingnd cdreddpbndenicheost Bnpubtephl d8€aexanphe %’éefigiea. 20
~0049~ As the sensor controller 19 outputs the count and the detected

ordi ml erkerioh hadpulise,visa bhedeesmrmaheatrhongeept 66l tre detetbeon
control device 22 of the printer 20 receives this detection result (step
S20) and reheaks the termi nating condition of the detection (step S30). In
this enbodi ment the 25 control device 22 checks the ordinal nunber of the
pul se indgb27li th thgLogdtohd delreriaRre onhelReisPlsdidn t hetabdi red  adBber
of the pulse matches with the specified detection condition. In the ~4

pr ocedur & riferitiich Bderidia £ udedl f8fs 22hd afei &@sSidhecondi trabn neabeheof
the pul se corresponding to the position of the termnating pulse fromthe

Sensor ceRinsddd efrdfl afhd heutrRideardfi dge: 10arthedgent rond emak2sacaacdi ngly
calcul ates the position of the 5 termnating pulse fromthe specified
det egd i orcaRGddrlinSt 6 he specified detection condition, together with
a result of detection, output from the cartridge to the outside
of the cartridge. The method receives the result of detection
and the output data and verifies the correspondency of the output
data to the specified detection condition, so as to determine the
25 validity of the detection result. This arrangement desirably

enhances the reliability of information transmission from and to

the cartridge.



S5) , conpares the ordinal number of the pulse with the cal cul ated position
of the term nating pul se, and determ nes whet her or not the ordinal nunber
of the pulse matches with the specified detection condition. One nodified
procedure may specify the starting pulse 10 and the term nating pul se,
recei ve the nunber of nmeasured pulses with the detection result, and

det er mi nd0 her ghaft ERE i APLETNUPRBIERCHS  nEEAREE Ul $68REEChed i t h
the specified detection condition. [0050 When_it is determ ned at steg S30
that the 3@V AISFURBLMCIBY BF R AT GTalE hé L]ANE PRES FRREUSTYNI¥O
condition, the control device 22 of the printer 20 verifies the normal

det ect | orrhestfed loadng Petaddes siesgrdipdicm plofhpnRraéesgeddenpofaBesénsor
17 is accordingly used for subsequent processing. For exanple, when the

det ect i owitds iihie masrv@msing eczysigitt®. of ink in the resonance 20 chanber
18, the controller 22 of the printer 20 determ nes that the renaining
quantdty of ink is be ow a preset |evel of the resonance chanber 18, and
uses the detected renmmining quantity of ink for subsequent managenent. Wen
it is detBRIEFQEICMRIRTHONSIF (THE DRAVINGS nal nunber of the pul se does not
correspond to the detection 25 condition, on the contrary, the control

devi ce 2200291 he priig erl 2@heardtfiicesl yhe Idasueeree thfe apnetroctilon of
detection (step S50) and does not use the detection result for subsequent
processi rep Bk cd0051dgd nin heneodedefof hehermsesent nieveniohomi scussed
above, the ink cartridge 10 detects the state of ink in the chanmber 1G (
for exanpl0030} he presgnce g ihelabsenne ahdwit)g useleies hefcprdickisaing
externally specified by the control device 22 of the printer 20 ws outside
t he 10k cardautded 0 thelhirsk aramngeipntandeeprimgter set tdey modeedfcdud ti on
for the detection and thus flexibly handles the change in state. For
exanpl e, imeemrieedure flexibly handl es a change in optinum detection
condition due to a variation in conposition of the ink held in the chanber
16. Data [008d5m ssipig 1@ brbweethd beinakpdarbf iddgecki anditiie priotcerce?0 is
carried out by radio comunication. There is accordingly no fair of any
fail ed comt achhe bethowene tde jmkniert2€ mandetbe thk tavéntilge; 10 traveling in
the course of printing. This structure thus ensures stable data

transm ssf0@82] I n t heigt rusdhematofcdahiy iddderrhhesitte tatérhdyetimctire
outputs the data relating to the externally specified detection condition

t ogetlher of tdn phintdet ethi oneresbbdim&he ebnthel bees@ltoinvartpennt er 20,

whi ch has specified the detection condition, verifies the detection result.
Thi s arral@988ent t hBsgessiis esbl bek siifdfgreaimeshbdyihg giner ehtabhl tey rafc e
detection as well as the data 20 communi cati on. [0052] One enbodi nent of
the present &nvemtich devikiscischaided| ow tifhenigtian qfe tdfe emdbadimantton is
applied to an ink jet printer 200 in this enbodinent. , Fig. 4

schemat i cHI03¢]i | | usFigt & ahd éBmsRomathes hippetuaeacef of kedet eot 2on 2@Mory
especially the 25 operation-related part. Fig. 5 shows the internal

st ruct ur enofludecantaghedetocan22g8kotarheiggenvér tRé0embadimenpri nter 200 of
Fig. 4, as a sheet of printing paper T is fed froma paper feed 16 uni t
203 @0d | D0SGIveyedFby . Meamowef aatpanent 226 thenketace iohentreor§ mordylre nt
head 211 through 216 onto the printing paper T to forman inmage . The

pl at en 22860j shdr inkncantridgated by a driving force transmitted froma
sheet feed notor 240 via a gear train 241. The w- - '5 - - rotational

angl e of {0B6)I at enFig2® is arbasukelidgramsbovddgrtigdnterfhd griugtimeads
211 through 216 are |located on a carriage 210, which noves back and forth
al ong a wpét hhef dehecpipnt nagopapwedfleThe carriage 210 is connected with a
conveyor belt 221 actuated by a stepping notor 223 . The conveyor belt 221
is an end(@¥37]bel t FAgand 9is asyiamke ¢ Host wien nidverstreppi gl Mo tarrt22ees a
pul l ey 229 | ocated on the opposite side. Rotation of the stepping notor 223
noves2& hemounteyoonbelcailagnd aiekeisre e eatrangeiliorshedeiveac knedial¢ ort h

al ong a conveyor gui de 224.
in the printer of the embodiment;

[0038] Figs. 10A and 10B show information stored in an EEPROM

10



~0053~ Ink cartridges 111 through 116 of] six color inks are 15 mounted on
the carriage 210. The ink cartridges 111 through 11G of the six color inks
basically have an identical structure and hold inks of different
conpositions, that is, different colors, in the respective built-in

chanbers., Bl.ack jnk ,.cyan.nk (C , magenta ink (M, yellowink (Y)
light cydRCimdeeLER (tﬁ?d qel%rﬁtl?@ W&g@ﬁyafﬂogf‘ ‘M are respectively held in
the ink ﬁartridges 111 through 116. The light cyan ink (LC) and the |ight
magent a iAR3YULM) aFddadildstEde 1Bl ke Ep N iRG & FerigssoplpEOEgEsing
densities of the cyan_ink (C) and the magenta ink (M and are accordingly

| i ghter e¥eEHIted fayarkheh dehpat jaik memerdhdadie srdderithe ignoqagnets pet ect

i on menory nodul es 121 through 126 (discussed later in detail) are attached
to these [56‘1{0]cart rikiges121ils ehtdugho Idert Hhowlagethe orpremtorgnsnodurbs 121
t hrough 126 exchange data with the control device 1~ 222 of the printer
200 by r adispestrimeni cansbhtuents hefsthectRirenodr t Absoeabodi wenta thard
detection nenory nodul es 121 through 126 are attached to the side faces of
the i nk c@dueargges 111 through 116. -"o (0054] The printer 200 has a
transmtter receiver nodule 230 to make communi cati on and exchange data
with the [6@4Ecti on Fienor W3npdhbes 121 vdttoagd ERB Ul r elpgdsiedThéo a
transmtter receiver nodule 230, as well as other electronic parts

i ncl udi neitdredieedtr feed arstrndr 1240esphusst eppd iy i gromR3d ARIVanneneoder
242 are 10 connected to the control device 222. Diverse switches 247 and
LEDs 248 vorbmat igperatdwrn: jpanein 24t gniddre feamntisidewmdnt herpti nter 200 are
al so connected to the control device 222. [0055] As shown in Fig. 5, the
cont 1ol de0d2e 222 miap. a4CRY 2511dWnahaeoii®erind ke vepadfathaisnofoilbg nehol e
printer 200, a ROM 15 252 that stores control prograns executed by the CPU
251, a RAM3Z adain ithaisstddimarenpor ary storage of data, a Pl O 254 that
functions as an interface with external devices, a tinmer 255 that manages
time, and a drive buffer 256 that accunul ates data for actuating the print
heads 211 through 216. These constituents 20 are nutually connected via a
bus 257 DERGRIRIRGN|ORISEHE PREXERREID BMBORUMENTS | | at or 258 and an out put
divider 259, in addition to these circuit elenents. The output divider 259
di vi des p0048] si gnabrse nodipott damamiriyowsthe liavent2sd i bs consedbiedou.nal s
of the six print heads 211 through 216. The print heads 211 through 25 216
receilie dmidffldschemepriesdityi nigl ivdd =texdt | bhe oconstrejicedbnorof ram timé
drive buffer 256, and in response to reception of driving pulses fromthe
out put dicAameridEd ¥ eotd inksradnrsomtdeEn esganidiany 308 of mopzlieseac6r,diomg t o
the on-off data. [0056 Like the stepping notor 223, the sheet feed notor
240, the vdncgdhe24pk chetridnsniQ tiermpeskederimodd wod80of ik phresent
operation panel 245, a conputer PC, which outputs object inage

invention. The printer 20 causes ink to be ejected from a print
head 25 onto a sheet of printing paper T fed by means of a platen
20 24. The internal structure of the printer 20 is not specifically
illustrated or described here. A built-in control device 22 of
the printer 20 computes the quantity of ink consumed for printing
and other data and transmits the computed data to the ink cartridge
10 via the transmitter receiver 30. Transmission of data between
25 the ink cartridge 10 and the control device 22 of the printer 20

is performed by radio communication in this mode, although the

data transmission may alternatively be attained by cable

11
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--data to be printed to the printer 200, is connected to the PIO 254 of the
control device 222. The conputer PC specifies inmage data to be printed,
makes the specified i mage data subject to a series of processing including
rasterization, color conversion, and hal ftoning, and outputs the processed
imge data to the printer 10 200. The printer 200 detects the shifyt,

posi t i onCEMMURE CEEAPRagePr D181 BASEAMBURE heC AU EAeRt MeERPHel #irdRPhEeAnount
of the stepping notor 223 , checks the sheet feed position based on the
data frofPEhEagheogermunRcabipantd %S fieitesSat darihescBpyBadf Pakh Pae
conputer PCinto on-off data of the inks to be ejected fromthe 15 nozzles
of the prdepthdadeor2thet Fes@gPZP®seand actuates the drive buffer 256 and

t he out put divider 259. Q05'7] The control device 222 transmts data by

wi rel ess [0@44ind f r Gimet hekded et idye tEnbey aucwirestd @it idr coglrd26 epplat ed
on the ink cartridges 111 through 7,16 via the transmtter receiver 20

" nodul®e 23Qacoraless ichg rgiet df domtRiod @64 onMve itaednism t & aremoegetort rablere 230
accordingly has an RF converter 231 that converts the signal fromthe PIO
254 i nt 0 1&n thktetn&keisnghewgeentt AEyasignal off waipisgetnfir cgaéhny datdaa

| oop antenna 233 that receives the AC signal fromthe RF converter 231. In
t he st rudtimceamwhérema naini4 ap sEmsennk’ havingatete earectel ¢ ebpmantenna
233, application of the AC signal to the | oop antenna 233 causes

el ect r ommgweti senaductonhrahdeextd et hecoliders ailteemeandcr §&nendt esan
electric 19 signal. In the structure of this enbodi nent, the wreless
comuni cableesennge li7st o esdarsiuteethe aremad nimicegquaht di gteefntek of MHeespneotrer
200, so that the wireless comunication techni que using el ectromagnetic

i ndut® i o7 e askopt ©d he Meenguim iMequ2Oi apd ftiek abconingtiortildgesllawinhbr ough
116 respectively have one antenna -- conmmonly used for reception and

t ransm ssirrddurtehe Theusetuserol7 tike aembhetiedend, a Mds@mmrard etaamblear 18,
transm ssion may be separate froman antenna for reception in at | east

ei t her thehiph he eriFeat ihlen ink ctanioexdyes 1hd rebpongk td 6pplhcthéon
structure of the 10 enbodi nent, the working electric power required for
each of tdfeadmkvdagtwoldgese €&l tishe ey ddes (hot siyapin)edcidipbagbhelectric

el ectromagneti ¢ i nducti on between the antennas used for conmunicati on.

Anot her aritesrenes faf swpsgnedrelecisi dipowererapnde derfovinddd swhanataky.
(0058 The structure of the detect ion nenory nodule 121 attached 15 to the
i nk dart reldge il dlsmiss ussednbkdiosd FngthéApiszaeleonhtrivi elemndtFege. 6B
is a side view showi ng the appearance of the detection nmenory nodule 121.
The det eciisrhawywi ynnmodikest424, ttheodgif ok ?G tiiouneadrgy idhealespect Bve i nk
cartridges 111 through 116 have an identical structure, except the ID
nunber stihedoidzrelactifhe 20efmehkovireglygi stilssites r ederalssandgrt hg is
detection nenory nodul e 121. The detection nenory nodul e 121 has an antenna
133 f or meak tescleed Hian tied ateonanqeatdhemibeon 18 .t o thialtmtdeb Sregiuent31 ofan
exclusive IC chip 135 having a diversity of functions (discussed |ater)

i nst al | eccheefigean vidbrsrison imdidss i3t achdty ddreegtesoriaaqey dsequerky oxf t he
absence of ink, and a wiring pattern 139 that connects these el enents.
~00599 Fithe Feponancerhanimy 8 owiTye aesechneatf reueheydet e rescpance

chamber 18 is varied according to the presence or the absence of

ink in the resonance chamber 18. Detection of the resonance

frequency accordingly specifies the presence or the absence of

ink in the resonance chamber 18 and the remaining quantity of ink
25 in the ink cartridge 10.

[0045] Fig. 2 is a flowchart showing series of processing

executed by the sensor controller 19 and by the control device



|

|
menory nodule 121 to the ink cartridge 111. The detection nenory nodule 121
is attached to the side face of the ink. cartridge 111 via an adhesive | ayer
141 of , for exanple, an adhesive or a double-faced adhesive tape. The
sensor nodul e 137 |ocated on the Wrear face of the substrate 131 is fit in
an openi ng 143 forned in the side face of the cartridge 111. A resonance
chamber 4310fs ther A IERY de0t he THENSENSHFIWT I Leind1l8 BreAedW ety ¢
el ement 153 working as a sensor is attached to one side wall of the
r esonancecepbrBered Hy aFiwosd] iTsd uditer Fatestrbetare B9 tHe RAEQY on
menory nodul e 121 is described. Fig. 8 is a block diagram show ng the
i nt er nal uUBgeuetanding, t Hee deetiesi oh PEMDESS HillgxeaqPied e e ansVh
menory nodul e 121 has an RF circuit 161, a power source unit 162, a data
anal yzercaeBroahe EEPRAM destrdbledr a¢66rdang BEPROM f86vchagst eEtFom. 15
controller 168, an actuation controller 170, an anplifier 172, a conparator
174, 5an Bseickh&trol dErA, cea2 2 ofirther piit; 1A 0 cuttpuit stencomid 84l offwie tactrisist or s
Trl and Tr2, and resistors RlL and R2, which are |ocated inside a dedicated
TC chi p iB&.rdn@iGlindThheaRE iciyr cfiiinkl 6hdde mpealidties dadecnpah scdrik tACsi gnal
20 generated in the antenna 133 by el ectromagnetic induction, and outputs
an el ect (stepo®sd) .cogperd it caakiem afi tiye t Getdenbdnl abndi ttiont e lgovies
source unit 162 and a signal component to the data analyzer 163 . The RF
circuit dfdceaksedf lactironsn Yeteddei ve@ha Sninalarfrrdricgteha couwtquetiwes ttHe 8
(discussed later) , nodulate the received 25 signal into an AC signal, and
transm t cohraAQ i detad ctt Dnd BRetraansim itteguascet yef imdahe t23®Gmdc 1 fived
printer 200 via the antenna 133. The power source unit 162 stabilizes the
el eckr i cdpoweridh congdnyierent a thp donhruemdatd d¥fcatttralled 62 (@repdt@ui s t he
stabilized el ectric power conponent as power supplies in the dedicated IC
chip 135[@oub]of tharsepspecapdubs dBthe Npesepatat @eebeeibh et iosuch as
dry cells) is accordingl ynount edonanyof the ink cartridges 5 111 through
-116 . | pheheectase wWerardllersuppl yetsne etakbéngl etilsie ponethiiah ttiee f or m
of the signal fromthe transmtter receiver nodule 230 is relatively
restrict mdasturemdatest 4:0ts Mam yhanduhised 2 meysaesd malllsged nekagesaichar ge
storage el enment, such as a capacitor , for accunulating the stabilized
power soAsceneyenensidediyvd hethewate sbhasmd ciEramidndyb2i s abiskdudlomothéei ng
specifically illustrated. Such a charge storage el enent nmay be | ocated
bef orfe t HetpondpnsouTke sattidg2of ~0062~SThespadt Bf hwal yrerpdb3e ahal yzes t he
signal component input fromthe RF circuit 161 and nmainly takes a comuand
and dat aviib@mtion of the sensor 17 used for the measurement as the starting

pulse and the number of pulses as the measuredpulses. For example,
the settings are the 1°* pulse as the starting pulse and 4 pulses
as the number of measured pulses. Another procedure may

20 alternmatively specify the starting pulse and a terminating pulse,
on which the measurement ends. In the above example, the
terminating pulse is the 5® pulse. Fig. 3 shows the starting pulse
and the terminating pulse of the measurement and the number of
measured pulses in the resonant vibration of the sensor 17.

25  [0047) On completion of the setting of the detection condition,
the sensor controller 19 outputs a driving pulse to the sensor

17 (step S12). The sensor 17 of the piezoelectric element is

13
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15 the anal yzed signal conponent. The data analyzer 163 carries out control
to select either data transm ssion to and fromthe EEPROM | 66 or data
transm ssion to and fromthe sensor nodul e 137, based on the result of the
anal ysis. The data anal yzer 163 also carries out a series of processing
required_for i thificatlo f e | i Nk I [ !

i nvol vedaicr%].:ogéi'(tEiL glgtlyaén)g%éseﬁg%haﬁ% %?g%?ggén%%ﬁdp%?gﬁg%%é%jrggr;cgn%'l g%?glﬁxgo and
fromthe_ EEPROM 16

E (% or_the senz_?lr m)gul.g 1%7 (il%co[%dkngoéo ﬁge (raesHI Bcof t he
dat a anaFy R 1 &gﬁgegﬁgiV% F63FdehtPFi &8 the Sbj cEF nk %ar?rlage,
based on informatjon. regarding the rel ative posi.ti.ons. of the respective 25
Ul car CPPOGES 14 FHEREQRUTPRARHERTT 61 Che PRE L&T [abe g0 (1'% REHsor
transmtter receiver, nodyle 230 and 1 Ds stored. in the nespecﬁ'i ve ink
cartri dg&&"¥p odgh W#i&s ?rs%S\RﬁcFﬁoﬁi g5 TheaSLAYTERI. PRAES25°T Bftail s
of this processin%,mﬁll be discussed later. Fig. 9A is a perspective view
“showihg the FESPETdRe 6PREREIPRI ESEEPTT T e £ BRI GRURES g § 1iMRe 10
detection nmenory nodul e 121 through 126 attached_thereto to the transmtter
receiver’?ﬁﬁmﬂq§e2§6{dﬁﬁﬁﬁtQBTSﬁ%ﬁghﬁhétﬁé§ﬂpﬂbﬁ§ﬂSﬁeﬂéFi6n§16#n9hé1iHE
cartridges 111-through 116 to the transmtter receiver nodule 230 al ong
their w ¢ eXEowed Qi Bite PocedenSi4entifying the object ink
cartridge, the control device 222 shifts the carriage 210 to the side where
t he tranjﬂpﬂ@ rred@iey erenmsaul @30} ke obatwril t Thecr odateohion 20 the
carriage 210 facing the transnmtter receiver nodule 230 is outside a
pri nt abl ESANFELIRY SAEE i9F Ehgs PreacanduoRer pft RulsepudfarecBrmPRies
enbodi nent, the detection nenory nodules 121 through 126 are attached to
the 49 de 4 Zdsast) e thel cted Slibdgasdiin rreeegRelle. dALeRtine mbvEment of
the carriage 210, at nost 15 two detection nmenory nodules enter a
t ransm t tEBIE NG PEl&fdOE rone (e aataRymPereP f it &r SHSIE 60RBG 10PN
this state, the data analyzer 163 receives a requirenent fromthe control
devi ce 25Rs/Famenand LAlaHts Epererert detiaRibie) 230ThmEermay esnbyeliedui r ed
series ofsﬁrocessing for identification of the obj ect ink cartridge 20
i nvol ved %% afe3@ PvEPYHF sEhenorddsaads ugbere Aferidty  Phee dal awhighs mhssi on
to and fromthe sensor nodule 137. The details of the processing will be
di scussed'qatEeNGh sneler(afice EHENY Itbhdmathe eBaBRIcAPE dF1g denti f iTE&t i on
of the object ink cartridge 25 involved in data transm ssion, in the case
of dafa tethdmsareRe¥ @fa!%'d? PRORT CRS'THEPROMV 166 SUrRBeas s Hhas PPER 1TGT

transmits an address used for a reading operation or a witing operation,
23 by adding the number of measured pulses (4 pulses in this example)

to the starting pulse (the 1°° pulse of the resonance vibration
in this example), and is equal to the 5 pulse in the example of
Fig. 3.

20  [0049] As the sensor controller 19 outputs the count and the
detected ordinal number of the pulse via the communication
controller 12, the control device 22 of the printer 20 receives
this detection result (step S20) and checks the terminating
condition of the detection (step S30). In this embodiment the

256 control device 22 checks the ordinal number of the pulse input
with the count to determine whether or not the ordinal number of

the pulse matches with the specified detection condition. In the

14



specification of either the reading operation or the witing operation, and
data in the case of the witing operation to the EEPROM controller 165. The
EEPROM control l er 165 receiving the address, the specification, and the
data outputs the address and 5 "' the specification of either the reading
operation or the witing operation to the EEPROM 166 to read or wite data
from or Preeedhre EEPROM 46800¢ 00853 Rt dat keBt3actenalves the FRPROA166 is
shown in Figs . 10A and 10B. As shown in Fig. 10A, the inside of the EEPROM
166 10 isunbeyleifychit piidied dortuespandsect t @hde PORiE iy e Ehedlsrmima tididrenor y
space is a readable and witable area RAA that includes a user nenory used
for readpnysantirawm ithengenborreomt nd ey uentift yhefirilnkaxndidgketOdat®ieand a
menory area of classification code . The latter half of the nenory space is
a read onbytavtaeROA2n aductdidyhb icaflouimtesn thed positdentid¥i ngheach
inlc cartridge is witten. [0066] The IDinformation is witten into the
r ead 50nl yeaneaaROAgppludEet 6raint elednem c Df i édedsted @ct owncomiinr yomoteteas 121
through 126 with the EEPROM 166 to the respective ink cartridges 111
t hrough 3%6, defipexespie ordihhe wonbee off thaniibed withgthbeadehedtad 20
menory nodul es 121 through 126 or in the course of manufacturing the ink
cartri dgpsesitiohhodugie tamithe ipk ptigse?20dnd Sieddovietkd hleahle xr eadnaind
wite data fromand into the readable and witable area RAA whil e being
al | oned thewddin=tagudiasa ofritia phiese ead chelsywrleahepekutf ileel der ¢ ohobi t ed
fromwiting data into the read only 25 area ROA. [0067] The user nenory in
the readabhaigadnw i tabh>drEiedRplotedusehdpspect yitHosmartangregbsei ng
the remai ning quantity of 24 ink in each of the ink cartridges 111
throwgh 3h6. tHee Lt iZdpulerds rebeivaf ohaaturte Ot heakepadNdUYses
quantity of ink and may give an alarmto the user when the remaining
quanti tywakhi fke icethaltowa reese!, idedeletddnialss @heates domdrdenti fypug the
type 5 and other factor s of the ink carte idge are stored in the nmenory
area of elasehf bgaheaBugedepunstBemacardabl @isndthei spdt ef ae@adLéctIbr user
may utilize these codes according to the requirenments. (0068J The 1D
i nf or mat icomast@ioed in the read only area ROA includes information on
manuf acture of each ink cartridge, to which 10 the detection nmenory nodul e
i s attacligdso]l nf or MMdON: @R’ ddieeHeRied HBMHETLp EBE tdaiter hé ke-dlewn, ntfiBer
m nute, the second, and the place of manufacture of each of the ink
cartis dges the phneeghattheisswithr eHecagetberibni sbnapaionn thetbenteall only
area ROA as shown in Fig. 10B. Each piece of information is witten in a
4-bit todkyvi%ehbh BENBhY Bf Latednzb e ilfl dhfrtiemabir-anlt akakbyioacyptep a
menory area of 40 bits to 70 bits. Immediately after the power supply to
the prints0)200The atmadyiagi abheitynbiginkhéeconteadl bgdevhees@a2o00f 1Vhe
printer 200 reads the ID information including the information on
manuf act ureeaototrigngegpesid ¥Yeri kbosqientdgescktsing .t hFongixahl «f ,r shehhe
detection nmenory nodul es 121 through 126. The control device 222 may give
an al ar mihe fdeeaston e laxaapt esemben hishebdakce arftinlddge tle exponedcer
when the remaining quantity of ink is below a preset |level. (0069] The
cont eat s adfanides ivsf,othet contirntladenl2 i of ttiee FERROM220166tetmtihesdehatt i on
menory nodul e 121 are not restricted to the above description. Oher pieces
of i nf or nAte pemarhyiadg goahe iicga fiided i s befllver HERROM 186 cacdoritk ngsboahke
requi renents. The 25

chamber 18, and uses the detected remaining quantity of ink for

subsequent management. When it: is determined at step 830 that
the ordinal number of the pulse does not correspond to the detection
25 condition, on the contrary, the control device 22 of the printer
20 verifies the occurrence of an error in detection (step S50)

and does not use the detection result for subsequent processing.
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whol e EEPROM 166 nmay be designed as a readabl e and writable area. For
exanple, an electrically readable and witable nenory, such as an

N. AND-type flash ROM nay be applied for the EEPROM 166 to store the ID
information including the informati on on manufacture - - of the ink
cartridg?. In]the structure of the enbodinent, a ~ serial-type nenory is
appl i ed fl8Pdthe EERROVhESBOAROOL 7d)e IBFagfaitc 45% Ot iPat d1i6cHFSAPs3PBH et 0 and
fromthe sensor nodule 137, on the other hand, the data anal yzer 163 clears
the counttdie ipk cpEEsifes a0deckeerantianiatdd otk tife té6nthambgevitée 10
222, and sets the received detection condition in the detection controller

1 68. I n ridsgorsample t hBeguiasaifeorr £he ahseaas ohiabaaindesnthe Rendet i on
controller 168 specifies the settings for neasurenment from which pul se

(cal | ed seefrenngg Jpulspecitfd eghibyhtpal sentrol Héesigmad2 ikt ple PramtEre20

pi ezoel ectric elenment 153 of 15 the sensor nodul e 137. The data anal yzer
163 then @itaigien thenfmhdcaft budpattd ng Taigr BviragIshgnal deoes it s&tuanyon
controller 170. The actuation controller 170 outputs a driving signal to

t he transiistest sohdli tdimeh oz ahd dppeceson amd wilmgs Vidlexidel t diamidd es the

pi ezoel ectric element 153, in response to the command. The 20 resonance
consequentiangs ciur sitag ei.nt Rerperanel ectthe wtarahired F3l 4xsi knp lhiafhidde by t he
anplifier 172 and is input into the conparator 174 to be converted into a
rect angulcrangd senspphahum Bed exonipar atandl74ow odpear € tdhevauipuiosi gmal
fromthe anplifier 172 with a preset reference voltage Vref and converts

t he out putorspapial iomid aha5inletieddgih arhevalhrembecot @i nPatn thrensedsisticaf t he
conparison. [0071] The detection controller 168 receives the signal from

t he dOnparaitwererl hanichkassartsi dggSHD taerdritha pofintleer Gduntsercak?6 €26 outt o
activate the counter 176 for a period of a specified nunber of pulses from
a preset sy antiingguhgel cathieorcoumthereli/$acoontisnghe pufsds afeaey &eed day t he
oscillator 175 in the active state of the SET term nal and outputs the
resul ti ngcaoadt ke tweerouthpubr int &r @0 &nd Ahe Tind- caut pitigani® trdv&lhiecei ves
a condition value forty detection fromthe detection controller 168) and
out put s tie tlesuwdurge cofindr Imtahisg t Tad sf sanuchereowntuer ehstrand stthaksle
condition value for detection to the control device 222 via the RF circuit
161. I n tdetstrantuiesobnt hi nehbeatinettura dietbbadicdeontvalink cdl tfradge
detection is obtained as the sumof the nunmber of neasured pul ses and the
ordi nal nleroertpot st tiee staduat Tagapihgseo thaexterneid yosoe oiaf i addede afidrhe
term nating pul se on which the nmeasurenment ends (the 5th pulse in the

i 'l ustratednéikianph &agefilecondit tha dedldnt iy retsidiowi sEhbecotierst bet 2y

pul se and the nunber of measured 15 pul ses representing the neasurenent
time. Theobutlritpuinited 28 ,nerilcd hasospocif edditvhe ke et tal e alopart 188,
[0072] The followi ng describes the processing for identification of the ink
cartri dgegenifiienrtdiggfetie¢ct dnd ndanldcceFhiscrrangeneny thusi ehsusesxdrut ed
by the control device 222 of the 20 printer 200 in cooperation with the

dat a anal yeéfscientby hilgh reliability of the detection as well as the data

20 communication.
[0052] One embodiment of the present invention is discussed
below. The technique of the invention is applied to an ink jet
printer 200 in this embodiment. Fig. 4 schematically illustrates
the internal structure of the printer 200, especially the
26  operation-related part. Fig. 5 shows the internal structure of
a control device 222 of the printer 200. In the printer 200 of

Fig. 4, as a sheet of printing paper T is fed from a paper feed
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detection nmenory nodul es 121 through 126. Fig. 11 is a flowhart show ng a
series of processing executed in comunication via the transmtter receiver
nodul e 230 by the control device 222 of the printer 200 and the detection
menory nodul es 121 through 126 of 25 the ink cartridges 111 through 116.
The control device_ 222 of the printer 200 and the data, apal yzers 163 of the
r espect i HE- dePe AR SneRBY §YRBIN BE2R81°0% Fr BlRhen 26 Sest 8P & cd/insiCeat i on
27 via the transmitter receiver nodule 230 and carry out a process of
readi ng R¥RN Pingf Beadt 2 bh (HGugh 2dquenke)the pariatddy prrgai RitR) fagtess to
the menory to read data and information other than the ID information or
wite i ffbifagcon Bhethatangi2hi 7f Huamn epdorotated by 8 elohd e F@&TEe) |
and a process of transmtting data to and fromthe sensor nodule 137 (third
sequenc&ralguidjedit rnoea tshiretofepevipet UEA Viata vieent traintdhl + h&hgser
repl aces any of the inlc cartridges 111 through 116 in the state of power

"~ suppPy, metathiondhengiencd pregstattamié2per s orkdmrras] hysad ar-iqcR4?2.
execution of a previous comunication process, or at any other suitable
timng, The primt éreRDH Iadshrdegh fler rrate Aot ethoul & oane iefyet 6.0,
corresponding ink cartridge and wites or reads information on the

remai ni nghiglamaoves dadinlandtiorh falemg ke wirdsdetoedr tihee gpramed nof plalpe rEEPROM
166 . These ser ies of processing 15 are different fromthe general

printi ndl pr dressaaniage € 1dai & icethn@utt eidnw CohrLadcad yon bailich2 2 hecdetagetd on
menory nodul es 121 through 126 via the transmtter receiver nodul e 230.

[ 0074] by er deeppingsiaidt Si23conThaiaatvearomiced tt h21 det aat ¢ odil e@sirel t
nodul es 121 through 126, the carriage 210 with the ink 20 cartridges 111

t hr ddgh drid wwpatheddraoredrs pardtdpmima ngegwer &2 Pramt i2ngpuadesuta e
position or froma right-side non-printing area and shifts to a left-side
non- pri Ntooat ed em thhkerppddict ¢ rankm t Rerareori v thwdubpp23§ metboceazed. | n
response to the novenent of the carriage 210 to the left-side non-printing
area, eawdves theecbvegbecbebh 2airany maklak ashe 2h rirditeughl & 26h appeadhi ng
to the transmtter receiver nodule 230 receives the AC signal fromthe | oop
ant enna 233 Hdrtheatcagsai torveyeceguidendddal e 230 via the 28 ant enna
133. The power source unlit 162 takes the electric power conponent fromthe
recei ved[08633$i gnal Iakdcsuppi dess t hel stiabbhdz erh e rs iso Wl dikagende t he
respective controllers and circuit elenents inside the detection nenory
noddbe. Mdrentedpattiheechrtriaget 20Dl emtharnchkccactirti dgkentbl sthioddie 116
detection nenory nodule ~ can thus performthe required processing. [0075]
On a st arf Die tdiex pradeessinkg basticag lynhavanami tddntoical dtweudthars rrid er
recei vernodul e, 23 0 with the respective detection nenory nodul es 121

t hr ough h@Bd imdes contdidif edmvitceoR@@sot ithe, pthateis, different colors,

in the respective built-in chambers. Black ink (K), cyan ink (C),
magenta ink (M), yellow ink (Y¥), light cyan ink (LC), and light
20 magenta ink (LM) are respectively held in the ink cartridges 111
through 116. The light cyan ink (LC) and the light magenta ink
(LM) are adjusted to have approximately 1/4 of the dye densities
of the cyan ink (C) and the magenta ink (M) and are accordingly
lighter in color than the cyan ink (C) and the magenta ink (M).
25 Detectionmemorymodules 121throughl26 (discussedlaterindetail)
areattachedtothese inkcartridges 111 throughl1l16. Thedetection

memorymodules 121 through 126 exchange datawith the control device
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10 200 determ nes whether or not there is a power-on request (step S100 )
The processing of this step determ nes whether or not the printer 200 has
just received power supply to start operations. Wien it is determ ned that
there is a power-on request, that is, in the case of an of f irrnative
answer at step S100, the f first sequence 15 starts to read the ID
i nf or mat 8@ ®f dhe IRy iddtase Ri0OOnbrerst i rAstiiNEst CBLL Qhy odght o 6s F e ebU i 04
and subsequent steps). [0076] Wen it is determned that there is no
power - onofeguestembdrhiment,, ithe Hetegsaonf memasygatcdwke nadieEhapughep26100,
on the other hand, the control device 222 determ nes that the printer 20
200 is erceudthgchhd gersralsigis fiecag pf cdessirdndagibidgesntiiy terendines
whet her or not there~is a request on replacenent of any of the ink
cartridgegelll through 116 (step S102) . The request on replacenent of any
of the ink cartridges 111 through 116 is given, in response to the user's
- presss of [@@54lnk cartid g@gen2srr epb aseerentt dardndn t247 reretiberopedatieonspanel
245 in the state of power supply to the printer 200. The printer 200
di scont i neesakbe @ensaiiataturdmndgepeloaess dardeitkadye Hert eceploaceawatyof
any 1 of the ink cartridges 111 through 116 . The request on repl acenent
i S out puinodilleys actiudhrcepiaaerenly ofiralysef. threi tkananittdgeseddivelhr ough
116. [0077] When it is determned that there is a request on '- -~~ - ' ~
~~5 "repmacemenk3of asneldf as-diteer kR ectaiviicdgestd| indhudiugh thebsheethat
is, in the case of an affirmative answer at step S102, the control device
222 st ar tfeddhendtors 2 496 g tesrc & teppi@ad mbherl R2znf andatnoantbdart he2detrect i on
menory nodul e of the replaced ink cartridge (step S104). Wen it is
det et nedrinkait ddhare die reMw@lestevdreel @22epl béesept ofviaoyesf 28Neandk
cartridges 111 through 116, that is, in the case of a negative answer at
step S10Z.Emn2iberrcant spéyat ibe el phsdavicbe P2dhidetidenbhahd patintke | D
i nformati on has already been read correctly fromthe respective detection
menmory medw esrel 2 ddrdnigte d2dd ato tdre tddrc0d1 pweicswmd y or at anot her 15
adequate timng, and specifies the object of access (step S150) . The ink
cartri dgepossl t hr oughsHlhéh afn tHhigy emodinerortava ewriavabhabhasobj estss of
access, the EEPROM 166 (the nenory) and the sensor nodule 137 (the sensor)

When t s okhect cohtaetesshe Ssopdwea tERROMFlGhe wwhaleisyintet i caseRoM t he
menory at step S150, the 20 second sequence starts to gain access to the
menony of23teltdet etbiren remrwlnpdobeamd2dxebuoagdhoit 26hd Trp 25200)a RAREN
t he obj ect of access is the sensor nodule 137, that is, in the case of the
sensor at2=t efha$150 wed fowtdwipdiand;, dtwedde of segeenee PIDartg thatead
the detection result fromthe sensor nodule 137 (step S300). 25 [0078] The
first thribugltidies alshandirseguencesiiaheedesenabeibvivatet ai t iméds 2Ehtchened
above, the first sequence is executed when the control device 222 detects
t he powermarmegesueiste Ofaridia pirive GUEfeA0@5H thize wequestlatr st epltac gmant  of
any of the ink cartridges

actuating the print heads 211 through 216. These constituents

20 are mutually connected via a bus 257. The control device 222 also
has an oscillator 258 and an output divider 259, in addition to
these circuit elements. The output divider 259 divides pulse
signals output from the oscillator 258 into common terminals of
the six print heads 211 through 216. The print heads 211 through

25 216 receive on-off data representing ink ejection or non-ejection
from the drive buffer 256, and in response to reception of driving

pulses from the output divider 259, eject inks from corresponding
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111 through 116 . The first sequence starts an operation of reading the ID
information fromthe detection nenory nodul es 121 through 126 ( step S104 )
and executes an anti-collision process (step S106) . The anti-collision
process is carried out to prevent interference in the process of reading
the IDinformation fromthe respective detection nenory nodul es 121 through
126 . | MmeheleaskCcePraipgi Farehenorheffi daf@-of the anti-collision process,
the anti-collision process is carried out all over again. In the structure
of this H®56hbodi nenke ttdie reg egupiangt mgeouf 22 adithea sineeti Eacfomtahe40,
transmtter receiver nodule 230 is capable of conmunicating sinultaneously
wi t h nul thel endedect A, nther yravgufieseft wecgdvest modudenaRy , nedd ddd n
this enbodinment). At the time of starting comrunication, the control device
222 has operyeioncppmebd245, thecompitdorP@t ivani dhr o tithes sl etheictd torimeegeor y
nodul es 121 through 126 attached to the respective ink cartridges 111

t hr odgh- dd6anbonbedoointéd tartrthager 2ifer A0 anits -aoinecieah r ddesPIG
accordingly required to prevent the interference. In the anti-collision
process, 254heof rans mdrtero eteiiver 222dul Bha30oPuoet p ssperif iofs tiwedd
information, and only the detection nenory nodul e having the identical part
of the |&rntafos et ippirgied®s nealess dves epevti€ieds imnhgeotihes sebpett oro nenory
nodul es fall into a sl eep node. The control device 222 accordingly
identifiesribe ¢Dprdawgminonmefludiegdebectronatesn) ycabotl®rofe #digon nk
cartridge 25 located in the communi cabl e range and establ i shes

comuni cahdom Mtddhidtes drledit guis tRewd e hayd dgthhto tHedtnaderd D i nf
ormat ion . No further details of the anti-collision process are described
31. 10 hereo.[ OO pAfitesr Lio® aatecesl théismi o peess.icdhefconé redrtieavgee 222
actually reads the ID information fromeach of the detection nenory nodul es
121 thropgh dx4edioa the niaisumnaintzer K8 dkstvepgiamounSI8the. s¥pping

concl usion of the process of reading the ID information; - ~~ - the
program astbg 22®MdHeckeanairheat 68efrecesSicnWddm] ooy thebsggs eft oy
carries out the second sequence, according to the requirenments. [0080] Wen
the progeam shabtisrt 2@ 25eeaPARRIUERC oddi D idte] AdrdeddTer A sharts a

menory access operation to gain access to the
computer PC into on-off data of the inks to be ejected from the
15 nozzles of the print heads 211 through 216, and actuates the drive
buffer 256 and the output dividexr 259.
[0057] The control device 222 transmits data by wireless to
and from the detection memory modules 121 through 126 mounted on
the ink cartridges 111 through 116 via the transmitter receiver
20 module 230 connecting with the PIO 254. The transmitter receiver
module 230 accordingly has an RF converter 231 that converts the
signal from the PIO 254 into an alternating current (AC) signal
of a preset frequency and a loop antenna 233 that receives the
AC signal from the RF converter 231. In the structure where a
25 similar antenna is located near the loop antenna 233, application

of the AC signal to the loop antenna 233 causes electromagnetic

induction and excites the other antenna to generate an electric

19



EEPROM 166 (step S200) and issues an active node command to each of the
detection nenory nodules 1.21 through 126 (step S202) . The active nbde
command is output with the IDinformation to each of the detection nenory
nodul es 121 through 126. The data anal yzer 15 163 in each of the detection
menory nodul es 121 through 126 conpares the received ID information with
the stor@HIP®Li nf dhaER®n SEFRATETs R s TR 1Fe SPHREL G /nal TREK Wi &tht i ng
a ready for access_to the control device 222 , only when the two pieces of
| D i nf or feNeRigrble deangedls weehragERIot A 20 HEGEEY dTﬁEaESﬁt?glt%vi ce
222 receives the response signal ACK to the issued active node command, from
each of Phéntdere2®? orsordmaty thedyissless ¢APOUHHCAREON srrCiRt Tiat |YS X cut es
the nenory access operation to have access to the nenory in each of the
det ect i oaleehvopagpdtuliesinducthppugh adeptedep BPrimirr mipdrandddess 25
operation may wite data into the EEPROM 166 or read data fromthe EEPROM
166 5 | nirkt kertcasgest He IEEPROMaiont 16l Fespe6Bivedyi heyet lmaeadaitearnadf t he
menory specified by the control device 222 and 32 gains access to the
EEPROM 186mmdhéy BERROM caomeceipitdonl §5dr esaissror s sudn €91 dacastreatoreiof o t he
specified address in the EEPROM 166, based on the specified address and
speci f i caheoambbdeneher bie aresditrguepdoat coanemishéonw by nige opepataton. On
conclusion 5 ~ of the menc~ryaccess operation to the EEPROV~ 166; the
EEPROM conbmohh eantldimad rfans metcepa ioas ponste IssaptaleiAGEr epeesenthtag 200
conpl eted access and the accessed address to the control device 222 via the
dat a anabyzenhelfl3k daetsedoas SeEnuanosidls 1er.e Ter thaasedutoueadof fide
exanpl e, the operation of witing the 10 information on the remaining
guantd t i esbotiimeks ,i the wbekirgpebddtvel ded@sdn arquemedy fordabed @R1thdér ough
126. [0082] When the programstarts the third sequence, the control device
222 st ar iakacasnsodgas tesTinpeigt 108 itosgaphied téssugh ¢ hectsensaynebial e
137 (step S300) and issues an active node conmand 15 AMC to each of the
det ect i odnderuripntbdtuivesnlPie tdntamgied 26 oG tfepr S30@hniaatinnt heAraskenf the
menory access operation. Each of the detection nenory nodul es 121 through
126 att aehednnhe fbe sudplardf edgesritlpdheougdy bESprecvédedsséperaceéive node
command AMC and identifies the ID information received with the active node
20 commah@oFeC. Onithevherudtherd € eheetkddet idronembirpmods liedent dcabcnedh t he
stored ID information, the correspondi ng detection nenory nodul e sends back
a rebponse shgnahk Aaamuch dge dlllovisd diecpseededelowt heFisubs@quent front
processing. This process is shown in the timng chart of Fig. 12. The
upper - nostiewamd®llg i BBEIsh sidendpretemingthedappebransaicfsilondéesnetant he
control device 222 and the detection nmenory nodule 121. A rise of the
active noesocynmaddlACM o tTee kieglkctevel mehowng nddiledhd detbebugh hR6Ory
nodule 121 is set in

mounted on the respective ink cartridges 111 through 116 have an

identical structure, except the ID number stored therein. The
20 followingdiscussion regards only the detection memory module 121.
The detection memory module 121 has an antenna 133 formed as a
thin metal film pattern on a thin £film substrate 131, an exclusive
IC chip 135 having a diversity of functions (discussed later)
installed therein, a sensor module 137 that detects the presence
25  or the absence of ink, and a wiring pattern 139 that connects these

elements.

[0059] Fig. 7 is an end view showing attachment of the detection



the active node. [0083] After the output of the active node command AMC to
activate one of the detection nenory nodul es 121 through |26, the control
device 222 transmts data DN for specifying the detection 5 -- condition to
the activated detection nmenory nodule (step 'S304) . The activated
detection nenory nodul e receives the data DN for specifying the detection
condi t i GFEERTEY SO ehadk &P tdepaRk T HHEFIAER L - ThEh8 R TF/F T HAVMEMIY? t hen
outputs a detection command DC, in response to the response signhal ACK (
step S3BiYle IRHe igepbtpictsdlpocmraridlepCansy cbethact eyt idae ddtlaDN
for specifying the detection condition. [0084] In response to reception of
t he det ecta oancedimesd veC, layeyr deth afal foer <o dd plas adbeésdvesiognal CLR
to the counter 176 to reset the value on the counter 176 to ' 0' (see Figs.
8 and 15id@dle- fibted datlesing fape . 165he wesequenttiyleutPulleocatad or Wwmmand
DRIV to the actuation controller 170. The actuation controller 170 receives
t he “@ri vieezonimrel oRlthe osdcd tued tee tIREL tranS stior slrdpbanichgli2 3. f&snshibwn 1 n
the timng chart of Fig . 13 , the drive conmand DRIV repeats the foll ow ng
transi stim the offdefidce tofi cére 28rtudidgeglOl.t e tesmisarstorchEnibg0rist
charging to apply a voltage to the piezoelectric elenent 153 , turning OFF
t he transs $bamelr inahde tendagsdinbialetiteT, tndnspstoveTe2ttoe adiesday gi ng
after elapse of a preset first time period, and turning OFF the transistor
Tr 2 aft erselvapkdnofadapaseir secrthdidi et pericosiddvaluct age rapriatte25 to
the piezoelectric elenment 153 is supplied fromthe power source unit 162,
and t he ¢granbent 19f.charge is restricted by the resistor RL . The electric
charges accunul ated in the piezoelectric element 34 153 are di scharged
vi a 1he [00B0%i st or THE 2ind&engl agi it e diSehar get kst et ed iyaihe
resistor R2. The on-off intervals of the transistors Trl and Tr2 acre set
to nake 1he ifg eguendypedt. t RegVi Hriat bdd] gekeyiatn Bhbkenp €Zoalrasd friafl
el enent 153 close - 5 - to the resonance frequency of the resonance
chanber - sibdetuetudethe dattbe isansaiorypiodel d 321 . ~0086 dehecthenmesmd iy of
t he charge and di scharge by neans of the actuation controller 170, the
pi ezoel esdbduTe el Zenis AD3RYI OIvd et ale18 &r pauencyo vt @sarntia the, r&sdneance
frequency of the 10 resonance chanber 151. A voltage, due to the vibration,
i s then gratyated s, theEEPEON cote rofl 1ltel o5 c2z0eEERPROMA 61 eavidt eld3ion The
vi bration basically has the resonance frequency determ ned according to the
proper t ycohtrbeleesnnancanchanbetidblcodtieopleperty, odn tdrepY £B8ONANTCER ,
chanber 151 here represents the level 15 of ink remaining in the resonance
chanber a5lompardtwis 1gahoah resdil lidwy e3enanceuhteqUENEy arsoappuoxumst el y
90 KHz when the resonance chanber 151 is conpletely filled with ink, and is
appr oxi navel ytwd Cc #éizs idterr ¢ IMerl akdi Drheané@ semie eh&mbendl®l, iwhlsied up
by printing. The resonance frequency is varied according to the size

are located inside a dedicated IC chip 135.

{0061] The RF circuit 161 demodulates and inputs the AC signal
20 generated in the antenna 133 by electromagnetic induction, and
outputs an electric power component taken out by the demodulation
to the power source unit 162 and a signal component to the data
analyzer 163. TheRFcircuit 161 also functions toreceivea signal
from the output unit 178 (discussed later), modulate the received
25 signal into an AC signal, and transmit the AC signal to the
transmitter receiver module 230 of the printer 200 via the antenna

133. The power source unit 162 stabilizes the electric power

21



20 of the resonance chanber 151 and the properties of its inner wall, such
as the water repellency. The resonance frequency is thus neasured for each
type of the ink cartridge. The resonance frequency of the resonance chanber
151 prior to filling the ink cartridge with ink (that is, under the
condition _of the perfect. 25 vac of t esonance chanber 151).1is
olTght |y SaePBRER TS FREHN hp Ba it BT TS 228t b e
151 that i.s vacant by consunption of the filled.,ink, This ., be_ascrj bed
Lo the 381eckRifl bPakE RETEFIERE 87 PRESFNAUPDIAFF GF FHE NeSbRahcd thanber
151 even after consunPti on of the ink. In the case of detecting the
remai ni nGTg@aht ? BPAHPE ithe FERERe MPESRaht e cAShBEPRI8E S FASEF I PREST
frequency of the vibration of the piezoelectric element 5 153 , |
t he- det e CHCHPTBRACEL S + a2 BCOTRHY L X BRYNGEASH @Y edithiectHora r F HD88FS The
pi ezoel ectric element 153 vibrates at the frequency close to the resonance
f r equenct lobh¥aedhRdddnandd ErmrBer RYe FiiechupRlY HiggepEdhsyel aet¥éfced
vi bration under the applied voltage, as described above. The vibration is
anpl i fi e®@WET He LRRPIGHT ef U aygnal SroApiie LHEDSTAS tesHRGHNMY 1edUland i s
conpared with a reference voltage Vref. The conparator 174 outputs a
rect angul%C hevee =5 gheg 1 ooes thawteg  t Hee et Rfdrian BEMOKY PPdske (ledt MRy
el enent 153, based on the result of the conparison (see Fig. 12). The
det ect i oflegdmaldly éncledei apthardsissoregcangemantwaseckiafhal caphPitsrand
generates a set signal SET, which specifies a tinme period to activate the
count er g ferumietatingthepusal biredpowapouras aeget ar e dbyd vt yrErrCOVP
and the specified detection condition (the starting pul se and the nunber of
meast? ed gavrsss Junilth k4 idltkough atbtexeephe epefFigicalRlyt hélevsareiag.pul se
is a 1St pulse, 20 and the neasurenent tinme corresponds to 4 pulses . The
det ect i orfudm@ cheirioeds t owrge chemsat msyhall oGET sdsb¢ fordghemawar sOELEE i S
accordingly froma rise of the lit pulse to a rise of a 5th pulse, that is,
4 pul ses Wil HébZ.ect angul ar wave signal COW. [0087] Wiile the set signal
SET is in the active state, the 25 counter 176 counts the pul ses of the
rect angul [@P68kve siTreafla COMRaBy zetri 1l 4 zamal pee s e beafignal ghnporeuie hopubut put
fromthe oscillator

from the RF circuit 161 and mainly takes a command and data from

15 the analyzed signal component. The data analyzer 163 carries out
control to select either data transmission to and from the EEPROM
166 or data transmission to and from the sensor module 137, based
on the result of the analysis. The data analyzer 163 also carries
out a series of processing required for identificationof the object
20 ink cartridge currently involved in data transmission, in order
to control data transmission to and from the EEPROM 166 or the
sensor module 137 according to the result of the data analysis.
The data analyzer 163 identifies the object ink cartridge, based
on information regarding the relative positions of the respective
25 ink cartridges 111 through 116 mounted on the carriage 210 to the
transmitter receiver module 230 and IDs stored in the respective

ink cartridges 111 through 116, as shown in Figs. 9A and 9B. The



175. The output tinme of 4 pulses is varied with a variation in 3G
resonance frequency. The counter 176 counts up until the set signal SET
output fromthe detection controller 168 is inverted in response to
detection of the termnating pulse. Aresulting count CNT on the counter
176 is thus varied wi,th the variation.in resonance.5 - Lrequency. The count
ONT i s GRLA G FEIEoREPER=aaPPcHL 232081 9 S0 Red pla itler 308 vi%d the
output unit 178 . The aqutput unit 1ngoutputs dat% cgrres onding,to t he
det ect i Gh REFRAQG OV E 4 SheIShAE gh NG RRS 1ENPRS; &1t hE&Cc IRt GRTHEFEEES222 |
In the structure of this enbodinment , the data corresponding to the
det ect i I &hgiadbn 11§ BRE bREI fRTCID Pl MO MBS lA N AT RYISureE (the
5th pulse in the exanple of Fig. 12) . The specified detection condition
itsel f, atf@ched therehditfalthfiisen o iy steqairy Madelg 1330 -1SFiful se in
t he exanple of Fig. 12) and the nunber of neasured pulses (4 pulses in the
exanpl e 9G¥ sPPys th® pomayianeémrdEbiaing b thg puk cairtlr idge schbhthroughT .
[ 0088] The control device 222 receives the count CNT as the detection
resul t aieh tive tdu & wwoyamEsFeridinay aiy srthaagetler 2360n adoadi thed r( whdtdsdi nal
nunber of the term nating pul se) and determ nes the remaining quantity of
i nk, basl@@68h t he IrethievetofessafnidehfifThegattaiab]procaducerdeticios,nes
the presence or the absence of ink in the resonance chanber 151. The
control tewicmta2d devéce Agdg thefp: ddencerafiagek 20 thethesudenodegieanber
151 when the count CNT is greater than a preset reference level, while
det er m nilmg tirteen satisarece refeiinleri motthée rzsdnandecehadher TS Il anreari @5 cfhe
count CNT is not greater than the preset reference level . The control
devilfe 22% ofariveaqge idterfkOiha i < ramsmidtyer wfedinie dmapiudtes 260 et ed
fromeach of the print heads 211 through 216 by 37 the software counter
and cal cobtat Bde tdheprinltmlrionstangts .onAkoshthie purpose. oA reamdfdhentn thee
control device 222 can accurately nanage the current level of ink in each
of the istructuteiafe-lily envadigreritl 6, tHraskdt et itdre reaicont atcgighliad t121
consunption and the --5 ~ inf ormat ion regarding- the presence or the ~
absence tifireugh kL3 axichettachedr pgonamce dshdeives ¢51tlobtiained ritromozsch of
t he detection nmenory nodul es 121 through 126 attached to the ink cartridges
111 t hr olyh tH&uqlo089%]- | Hithetke mevanentfoimihegragrihger 2bi thgafrantity
of 10 inlt based on the count of ink ej action, the cal cul ated remaining
quanbi t yted detkedsicenenany mosinlidse eaterah reamsningaglantanye dfo iard
since the quantity of ink ejected at a tine fromthe nozzles in each of the
print hebdem2he theaneyhtRE6 Hecaiardetoduih 330 i atlinopisi  retedzz| ehdidatet er,
in viscosity of ink, and in working tenperature 15 of ink. Substantially no
i nk renmadnglyperhes ¥ asorsinges chaskpvl resentwiigamathestonbirél gleviee izl i s
consuned in each of the ink cartridges 111 through 116. One preferable
pr ocedur eldcihe tteransmititiemgeniénerhvodet e r3d handoaarsgapdowy nagigresence
or the absence of ink in the resonance chanber 151 by each of the detection
menory 28ehbdalodspude s s gy IBentsl Ginatgan OF divet Pl ettatakafar firicdgmce!
to the state of ' absence' and corrects the conputed ink consunption from
t he 2ouninB9lvad s6f daspe tesnsmassaen, hacdenéscited thenmegorthi sl |k f or
accurate nanagenent of ink consunption. The correction may sinply reset the
quant i t ytsangmksebanupptied frepshg Zegfsartheodyl ecagdei t Yhe sl bd ehe
detection result of the correspondi ng detection nmenory nodul e, or may
nmodi fy thBecanecaspimige wbil whee drigitesed Thpseur matdenepiceendt est e
inlt-end

flowchart.

[0064] After identification of the object ink cartridge
25 involved in data transmission, in the case of data transmission
to and from the EEPROM 166, the data analyzer 163 transmits an

address used for a reading operation or a writing operation,



timng (the timng when the ink in each inlc cartridge is conpletely used
up) to be adequately estimated in each of the inlc cartridges 111 through
116. Such adequate estimation effectively mninm zes the waste of the
val uabl e resource, due to the remains of non-used 5 - ink-in the
in7c-cartridge,regtaced in response to detection of the ink end. This also
desi r abl §rpeéféaasipRe ofnlelithathethg| vea2@ingi geTRESRNDOI NG NSt Lpi P i or
to detection of the inlc end, which causes hitting w thout ink and may
danmage t RPeppLtaPnheadd ¢aVA0IN Ithe Ifesst odctheevsitingsopebabiarnEd the
printer 200 10 transmts the data corresponding to the detection condition
(t he or dEREROMuabrtrollehelder nilhw EEFRON septrologet heb weedivhegcomt CNT
as the detection result, to the control device 222 via each of the detect
i on nenoeydmedsl, eshd Hpddiriught k86, anfheheodr ralowtgritce th@2addneshugnderi fy
detection has been carried out accurately under 15 the specified detection
condid t ohheWgaci £icst tleh esfineiethetrhaheded 2¢ing rodeas nicin beenhearr i etngut
under the detection condition specified by the control device 222, the
count CNdpgreenoastbhehdeEBEROMN1EESUbt readnot weltabdeta Theoproreintre
accordingly does not carry out determ nation of tl~e presence or the
absence ehei EEPROMONG6Qrrecti on of the quantity of ink consunption, based
on the count CNT. The procedure may otherw se carry out the correction
whil e gi Joogplan al ahe satbher wsefurant ¥se therorsudd iof shbenconrechson
only for limted purposes . In the case of m smatch of the detection
condi ti onoat hadprosedne gmywrdehestiga fan] wiee dindite: det enti BRAPROMNES®! Y
nodul e on the ink cartridge and advise the user to replace the ink
cart10 dges £l y dheiaeatitdo ey keetddAsver The Edroetaedl Do f Ak heedry
carried out accurately under the specified detection condition according to
a processipage agt aneeabdawlel Antheritewtbabsireaf REAJthdd indbedethe psegram
enters this verification routine, the control device 222 transmts a
speci fi ethettergctib08 TN dielbiddfgDind agartdint thet hempiesegeg0it 1the cdbsance of
in)c and a detection comrend D2 to each of the detection nmenory nodules |21
t hrough 126G ctliecbadatehd HaemdlcyCardd 683a% kLT itdatdughcdds. ( steplS408), and
waits for a response of the detection result fromany of the detection
menory nmodillfefl 2hd hiemghy 126a6é ibeai tkadacniiydgeeal KoA houghi dA61DSt ep
10 S410) . The control device 222 receives the detection result (the count
CNT) 1&nd iddlca 3k ieer besdofidi-ngdént 1 hei Ag¢tedh dmke eadittiideDl sf woirtasy . of
t he detection nmenory nodul es 121 through 126 of the ink cartridges 111
t hrough 10666y radithec ammuRiEe@hbeRohSt 8PwiSHROdn - inkky (MO2eBechegehyved data
DT is then conpared with the specified detection condition D1 (step $430).
When t he RGgcer ved tdad ot &Thmetc bEst e tbtehe ispetridmdndatzesii@l chrdughon
D1, the control device 222 verifies the validity of the detection result
(step S440)6 anth mhlecsERREM debaci tha reepaldt ivef 1gictadteidybe anputatigan 20
of the remaining quantity of ink by the software counter (step S450). The
concr et e Jragc eyt exainglle Amocdesicobgrae sffepabdhificeampageshehé&etcaeunt oGNT
given as the result of the neasurenent by the sensor nodule 137 with a
presed valarexysmepudésl)laridreedls 12 6valruen' the tcarsfd af kanwlentuldngount
CNT is smaller than the 25 preset value while setting a value '0' to the
flag Fn wiien ittke caotnti AGNE 031nohrenghl 216t harhd hper iprreset ovwalisealdbepsl S452
and S454) . Only when the count CNT is smaller than the preset value, ~0
t he procetubetbomrat esdt el valdad aof ram pmelious lbhesetaflbhye Bmdlwwithbillee
value of the currently set flag Fn (step S455) . In the case of m smatch,
it means drtedt RRARe thabe Feihasajllisveleen crligngeddfdadm tthremvigheerda@ ondyt he
value '1'. The procedure accordingly

area ROA but being prohibited from writing data into the read only

25 area ROA.

[0067] The user memory in the readable and writable area RAA

is used to write information regarding the remaining quantity of



5 ~ determnes -that the remaining quantity of ink in the ink cartridge has
just reached alnost 1/2 of the ink capacity and corrects the conputation of
the remaining quantity of inlc executed by the control device 222. Nanely
the control device 222 resets the cal culated remai ning quantity of inlc to
1/2, based on the detection result 10 (step S458) . [0093] Even when the
conput at 1@k ot edwh adhdihe dgkqeantirigoes iLak thoaugheltoduntThsy nietswf t war e
counter has sone error, this arrangenent desirably corrects the conmputation
with the2detesadonthesubforngaion non tttee e gy quanttiity off iinkk Bnd he
sensor nodul e 15 137. One preferable procedure may carry out fine

adj ust mremdy afivee Gor eéatrimohocoké fusdenthdam thieeramat.himti guenpi egsodninised
for conputation of the remaining quantity of inlt fromthe count by the

sof t war elsaeit®r a byeckefeleiad.t Oiergetreldoiorestbht i egandi tige tthepe

remai ning quantity of ink lay the sensor nodule 137. 20 [0094] When it is
det ensm nedd adtiséepe 34 ot dike ihgcebyvedidataaPE Btspalichesciv leridiey
specified detection condition D1, on the other hand, the control device 222
verifiesatbe dmvabkdi Eycat ibhecstnd eatilon reesidhll o shemrI4E@NH1 aade @MHAAISE S
subsequent managenent of the remaining quantity of ink to the software
counter Zhe(sé€p S Yt ililde tthheseCasdbesi hcbbraxpgct 8tk Hdateduibfcind s SONME
trouble in the correspondi ng one of the detection nenory nodul es 121

through [daat t achedet @pt harbRtha€abh sd8eaallh ihoughd B 1yTheLonigol 41
device 222 may thus give an alarmrepresenting ' There may bé a trouble in

the ink caelhddgen e I8k mantifie c@lh@es MY che ik yerc PYadd asbinei @n LED
248 on the operation panel 245 of the printer 200, by displayling a preset

nNess@ge fRe dedfe @4TPhEmMoy Indtiild €5 BEitdlcnlr- - 18iFsRhaY i6h ol RBe Ed ML er
200; or-by outputting a voice alarm;- for-- exanple, by syntheti'c voice,
froma speateertkONA | Rhavhblirt hendrmtere 2Qthe s dRe, Cane vherg1dbe
printer 200 is connected with a conmputer, which outputs print data to the
printer 3@0manhfadtfirdisecddOnalr itMeeihdCeartheagentiel 20PotEYN OUE PLE
alarmdata 10 to the conputer to give an alarm on the conputer. On

conpl eti g800EAt A8 EROVED ST BsmL i dH AGLTHNGeabhBnl{0gta8) ROLSad OshodrhD
and exits fromthe verification routine of Fig. 14. [0095] As descri bed

above, the pigcedss e @a&hgi@@osfrrﬁmfoﬁh@@kéntm vl 9RSa0f-bhe to
detection nenory nodul es 121 through 15 126 attached to the respective ink

cartrs dgesbit hduiapghed 1 Granehand {ihesrhie; oF eeReI b &4 i &XaMbfory
conput ati on of the remaining quantity of ink) according to the state of ink

in each atebherink watd rislors philtls .t hipMeRidt6igehrtBrt bBe REIM £T=1Z001 VWien
it is determned that each of the detection nenory nodul es 121 throudﬁ 20

126 is noobnehé Yoopedat ebo bicaproeediia JMk ednies!, the conbubatdonieé the
remai ning quantity of ink fromthe count by the software counter with the

det ecti op2pestl that pietiirre osheradie tgremaimiing aua@didy ticliudindg egiedes
1/2 of the ink capacity. When it is determ ned that detection has not been
carri ed anfoundetohhen2bamefgctiuod eOrdid respepedivel edkbyatbei ggatroia
device 222, on the other hand, the count CNT given as the detection result
is rat rehrabbh. 1ThefpobAceddr eteeoidhngéyodpesod@lesarzy thitoddn 126.
The control device 222 may give an alarm to the user, for example,
when the ink cartridge is expired or when the remaining quantity

of ink is below a preset level.

[0069] The contents of the information included in the EEPROM
25 166 of the detection memory module 121 are not restricted to the

above description. Other pieces of information may also be

included in the EEPROM 166 according to the requirements. The



determ nation of the presence or the absence of ink or correction of the
quantity of ink consunption, based on the count CNT. The procedure nmay

ot herwi se carry out the correction while giving an alarmto the user, and
use the result of the correction only for -5 limted purposes.- In the case
of msmatch_of the detection condjtion, the procedure may detect a failure
of the d¥hedei BRFREH0YSP FeduPe Hietdned MiScaceiTaRiye STWELTARACt FESTser to
replace the ink cartridge. [0096]. Tn the structure of the above enbodi nent,
the cont FOF 2B2HBYEce2R 2L FtY¥ Her bty Acdda0® evdciird§abhe PEPSEY L hFBEdh t he
third sequences in the course of comunicationof the transmtter receiver
nodul e 236 aht NANBchYBe fhesheR@ft iRy raveplisduifey the ERPBOYhlaseto
attached to the ink cartridges 111 through 116. The control device 222
verifi es stigrevene &k ynépruheigatisaiwhinesbt infomaaton 0B Banghacyerect i on
menory nodul es 121 through 126 and nakes the detection result reflected on
t he conpwtfatilen ofk ttertehdgai ngIlgubhei sproftivmke. chdde serbedingnt, a -
processi ng are executed, while the control device 222 establishes

conmuni c &eirdm lwitivipee acimaofy tie agetlectd diomeriey \ERRROM 6121 t hr ough 126.
The object of 20 conmunication is successively shifted one by one fromthe
det ect i ol00®0Iory nuduthel@dsomft Hatheftaresmt 401 dihe cdehéchiomn thenseysavdul e
126 on the right end. The carriage 210 thus successively noves by the width
of each mududar tlBi’dgenahesbopsrtimend,. e Idattshenediyzeaygé 62101esrat thest op,
the control device 222 establishes 25 comuni cation with the detection
menory nuctuing edf 17 6e rearriesgondengct hencanrtdiitdge £Asmehe aned-qir deivvoasl| y,
the transmtter receiver nodule 230 of this enbodi nent has the size
subst@ant izald,y 43 seecer thspoade irged aldthectt niralcordiithi cof ihwehendletactibdges.
The preferable procedure successively shifts the carriage 210 by the total
wi dt h of domrralllercardsi dgus asdpcassesot htecarittdingdev ceh@2@etecesbabl i sh
comuni cation with two detection nmenory nodul es 5 at each stop position.--
"-Thi s atbrrdntiageousiey deaditaeon donerelneer 168- epeshiffieknghandeposntyisoni ng
operations of the carriage 210. The control device 222 carries out the

anti - col lficst mrapuoemest Soo hatidhhpnksées(awl fed statttihg punl e¢ f ercenbechn
data transm ssion fromand to the nultiple ink cartridges. 10 ~0097~ The
above enpdisenn tbetwoidpealonsiger €domnthkl paspeclscasic |dlestarat iNse afid not
restrictive. There may be many nodifications, changes, and alterations

w t hddt dEpasensgrimoduidadiscopfherdasd bnblykzetrhes Ireihenchavasterostaas of
the present invention. For exanple, the detection nenory nodul e of the
above of outputting a driving signal to the actuation controller 170.

The actuation controller 170 outputs a driving signal to the
transistors Trl and Tr2 and applies a driving voltage to the
piezoelectric element 153, in response to the command. The
20 resonance consequently occurring in the piezoelectric element 153
is amplified by the amplifier 172 and is input into the comparator
174 tobe convertedintoarectangular pulsesignal. The comparator
174 compares the output signal from the amplifier 172 with a preset
reference voltage Vref and converts the output signal into a
25 rectangular wave according to the result of the comparison.
[0071] The detection controller 168 receives the signal from

the comparator 174 and asserts a SET terminal of the counter 176



15 enbodinent is not restricted to the ink cartridge of the ink j et
printer but is also applicable to a toner cartridge . The detection nenory
nodul e may be attached to the bottom face or the top face of the ink
cartridge. Arrangenent of the detection nmenory nodule on the top face of
the ink cartridge advantageously heightens the 20 degree of freedomin

| ocat i ont@fa¢hivatanshe teewnter el Verfoipdu IR 3w Hd &iSRAGHS ad gHEnber
structure of the whole ink cartridge. Wen _the detection nenory nodule is

| ocat ed @h BPhkseopifecd Grrased SHRIEANGr PHEE S - adBy@ st @Rl &F st 'th STt i nk
chanber ensures arbitrary setting of the remaining quantity of ink as the
timng fokredenbees opeRSrated ey preesrel biatele bbseecist adId Ve ditabs@npl e,
the timng with the inlc consunption of approximately 1/2 or the timng

cl ose toofriie AT terminal OB oSy bbeduesubf 1k e aivy & cehhe diiint
detects the presence or the absence of ink, when the quantity of ink
consGnptunntr @ashesTaboott e vhith@78nyreceapaci by cofds tdetrectdlore nbgyr = -
alternatively be carried out at the timng close to ink end or 5 ~ at

t he~ti m dgtbaviog &rbessiguaidtectafon nkoxonslbet i 668 -o0erda aqyrtgatter the

remai ni ng quantity of ink. The structure of the enbodi nent uses the

pi ezoel egesulttehgrenintlbBansei st ¢ raartie ngupubksd,74d dved teérim catd gl gl se,
or the nunmber of nmeasured pul ses corresponding to the detection tinme as the
ext er nal Irg1apecodt idsk et oot itan the condirblofevide et edial checRAdiiTonitay be
a detection timng (defined, for exanple, by the tinme of detection, by the
i nterval 16f.detecthOnst BlicONrPoyErtisippnhodiment f ethencyndit det ecdloa. The
data corresponding to the specified detection condition sent fromthe ink
cartrd dg€otrodtheceashr 0k devhiaeaf akheher suhest nelye Liuhisepast méasheed
detection condition or a code allocated in advance to the detection

condi ti opulfbe shad amopi-dspandhtgbés dthehdeteatt Ongoukd | amataysnothde
sent fromthe ink cartridge to the control device, when not required.

[0099] | BrEhaast hiebet oDt Hheecenhadt iRat putes end wbilcof thbem@fspresence or
t he absence of ink is perfornmed by the hardware logic . The detection may
al t er nat evidky (BRecaft iped seutirby hiehe 13 okt waredcerbingleat.i onhe | condet exanpl e
of this nodified structure, the count on the counter 176 is not transmtted
to the coatielmdievtherw2de mnthé ke adetiert polsavmirphamduber ddt eeataesdt he
presence or 25 the absence of inlt and transmts the result of the

det erdm naplileesr egprdisegtiihe phesareeuaeniche abisenceThé oukptd thétcbisr ol
devi ce 222. 45 WHAT IS CLAIMED IS: 1. A cartridge having a chanber to

hol d a r eagr thend nteirioralt adsdch frore @aitat iang iyirereils3 .sai d cartri dge being
nounted on a 5 printing apparatus, said cartridge conprising: ~- ~wW~-- a
sensor th@072let ect TR St &R 1efvitke r aeerdiibgsmat ehei al phetdssing for

identification of the ink cartridges 111 through 116 and the access
to the memory, which is executed by the control device 222 of the
20 printer 200 in cooperation with the data analyzers 163 of the
detection memory modules 121 through 126. Fig. 11 is a flowchart
showing a series of processing executed in communication via the
transmitter receiver module 230 by the control device 222 of the
printer 200 and the detection memory modules 121 through 126 of
25 the ink cartridges 111 through 116. The control device 222 of
the printer 200 and the data analyzers 163 of the respective

detection memory modules 121 through 126 establish communication

21



in the chanber; a condition reception nodule that receives an externally
specified detection condition of said sensor; 10 a detection nodul e that
carries out the detection under the specified detection condition; and an
out put nmodul e that outputs a result of the detection. ' 2 . Acartridge in
accordance wifh claiml, wherein, said output_ 15 nodul e outputs data
correspoN&F‘nB{jFot?ﬂ’éS@bEE?FiE%C%%Y%Et‘?%#uﬁ%r?d?lq PO Cesget REF R PHOTRRS
result of the detection. 3. A cartridge in accordance with claim 1, wherein
the recoPditifpdaterPalrD neriafdet (A1pPEFOBITHGRdd *BFBFes8®Lgamning
cartridge in accordance with claim_1) wherein the recording material is a
toner foRC&RFSoRE BlRe A1 dcHrerd daFackiti i omat ion g§8erpEhatefhe2s 5.
A cartridge in accordance with any one of clains 1 through 4, wherein said
sensor débPetnfopmasenseopriifreAtd ogmatiery egoks AgMREIEndapupatiky of
chanber. 46 6 . Acartridge in accordance with any one of clains 1

t hr ough 4nkweeepndsag@uerpebr FASUPESCEES| ehdtraymmmidit ing deser fouard

avi scosity, ahumdity, aparticlesize, ahue, arenminingquantity, 5 and a

pressur e foom tthe secwodi mpdvalteerli3yl (third- sequepaglw ~ - - - 7 . A
cartridge in accordance with claim1, wherein said output
[0073] At the time of power supply, at the time when the user

replaces any of the ink cartridges 111 through 116 in the state
of power supply, at the time when a preset time period has elapsed
10 since execution of a previous communication process, or at any
other suitable timing, the printer 200 reads the information on
manufacture of the corresponding ink cartridge and writes or reads
information on the remaining quantity of ink into or from the
predetermined area of the EEPROM 166. These series of processing
15 are different from the general printing process and are carried
out in communication with the detection memory modules 121 through
126 via the transmitter receiver module 230.
[0074] In order to establish communication with the detection
memory modules 121 through 126, the carriage 210 with the ink
20 cartridges 111 through 116 mounted thereon is apart from a general
printing executionpositionor froma right-side non-printing area
and shifts toa left-side non-printing area, where the transmitter
receiver module 230 is located. 1In response to the movement of
the carriage 210 to the left-side non-printing area, each of the
25 detection memory modules 121 through 126 approaching to the
transmitter receiver module 230 receives the AC signal from the

loop antenna 233 of the transmitter receiver module 230 via the



nodul e outputs the result of the detection by radio communication. 10 8 . A
cartridge in accordance with claiml, wherein said sensor is a

pi ezoel ectric el enment that has a varying resonance state with a variation
in state of the recording material, and said detection nodul e applies an
excitation pulse to said piezoelectric el ement and nmeasures a vi bration of
sai d 15 peoBBe? ekl i c THSeREWEY| POVESHOHVE 184 hekegcFhats Bt SOV ET A
cartridge in accordance with claim8, wherein said detection nodul e detects
a resonafeBreRelt g sheseeeepyed €l atonpd AL FEPPldssathe i akdguized f or
at least one vibration 20 of said piezoelectric elenent. 10. A cartridge in
accor daneevwer t HoeT ae nYolt aier ep rcbei e weael I Vo rcortclept I &rs mstl| &l #&EE: ves
specification of a nunber of vibrations , which is used as a criterion to
measur e e¢hemenhe Aogdide dhexl¢tgctien vingharyomnogtilsai d Thice ZrHragtice

el ement, and said detection nodule measures a tine required fox the
speciff i edonunbtievt amdraitonst alcmantsutisy tbeadebact dbatwemely andule used
for the neasurenent, together with the neasured tine. 11. A car tridge in
accor dancenwthhscparfivifl rheheegunredepmonbesiof.vi brations received by
said condition reception nodule is w5 specified ~by a position of a
starting[007H at i onon-a- ot hich theeproceeasugepent ifkath Sconanch Bcgosdt i on

of a termnating vibration, on which the neasurenent ends, and said
det ect i oof mheit e rdeiBrim nestbeve bmativde-23d wi €dtdatr@spective detection
memorymodules 121 through 126, the control device 222 of the printer
10 200 determines whether or not there is a power-on request (step
S100) . The processing of this step determines whether or not the
printer 200 has just received power supply to start operations.
When it is determined that there is a power-on request, that is,
inthe casecf anaffirmative answer at step 8100, the first seguence
15 starts to read the ID information from the detection memory modules
121 through 126 (step S104 and subsequent steps).
[0076] When it is determined that there is no power-on request,
that is, in the case of a negative answer at step S100, on the
other hand, the control device 222 determines that the printer
20 200 is executing the general printing process and subsequently
determines whether or not there' is a request on replacement of
any of the ink cartridges 111 through 116 (step S102). The request
on replacement of any of the ink cartridges 111 through 116 is
given, in response to the user's press of an ink cartridge
26 replacement button 247 on the operation panel 245 in the state

of power supply to the printer 200. The printer 200 discontinues

the general printing process to be ready for replacement of any



based on the position of the starting vibration and the position 10 of the
termnating vibration. 12 . A cartridge in accordance with any one of
claims 1 through 11, said cartridge further conprising: a nenory that
stores a paraneter corresponding to the state 15 of the recording materi al
held in the chanber. 13 . A cartridge in accordance wth any one of clains
1 t hr ougkfihe dakdacrrt¥iddge Fldr EREPUEBpYE si RS BeduRr b cdoreiii eameBh
nodul e that transmts data to and from 20 an outside by radio
communi c&si eutPwher BF ar sa¢tuahriel rreenerleiafearmhefesher hak| gaspetdgeed
detection condition fromthe outside via said radi o communi cati on nodul e.
25 14. Aldar threyehi Aléccordance with claim 13, wherein said radio
comuni cati on nodul e hasal oop ant ennaforthe comuni cati on, and conprises a
power sup@d¥7lnodul @hiehatitwt ki 2t eaamialeatt thavt ither®$ isf ar ecedueditcedni n
said antenna to supply electric power into said cartridge. 15. A printing
T Tapparat usenilbleeasndr fi 4ge ofiunhedihkecepnyriBgesailtllcahkoudgerbayinpgasa
chanber to hold a recording material used for printing therein, said
cartri dgesgoimrtlsi ngseaoSensaf fibattdetexhswer sitabeepfside, taeocdhbgol

material held
device 222 starts the first sequence to read the ID information
from the detection memory module of the replaced ink cartridge
(step S104). When it is determined that there is no request on
10 replacement of any of the ink cartridges 111 through 116, that
is, in the case of a negative answer at step S102, on the contrary,
the control device 222 determines that the ID information has
already been read correctly from the respective detection memory
modules 121 through 126 at the time of power supply or at another
15 adequate timing, and specifies the object of access (step S150).
The ink cartridges 111 through 116 of the embodiment have two
available objects of access, the EEPROM 166 (the memory) and the
sensor module 137 (the sensor). When the object of access is the
EEPROM 166, that is, in the case of the memory at step S$150, the
20 second sequence starts togainaccess to the memory of the detection
memory modules 121 through 126 (step S200). When the object of
access is the sensor module 137, that is, in the case of the sensor
at step S150, on the other hand, the third sequence starts to read
the detection result from the sensor module 137 (step S300).
25 [0078] The first through the third sequences are described in

detail. As mentioned above, the first sequence is executed when

the control device 222 detects the power-on request of the printer



in the chanber; a condition reception nodule that receives an externally 10
speci fi ed detectlon condition of said sensor; a detection nodul e that
carries out the detection under the speC|f|ed detection condition; and an
out put nodul e that outputs a result of the detection, said printing
apparatus further conprising: 15 a condition speC|f|cat|on nodul e t hat

speci fi €209 her debecréawe sonelh tiepitacemémpuet rasdulaf thw indealads tdges esul t
of the detection output from said output nodule of said cartridge; and a
veri fi catidmhrodighel that Trer £ es selmanesudtants bheoRradetacoifareadigiy A
printing apparatus in accordance with claim15, wherein said output nodule

of sai d chetID dgeE coutapiion daba cloe réspondi org remotlyemsgeateti 22l ddtsnigion
condition, together with the result 25 of the detection, said input nodule

of sai d peénisitegyp IPPaYy ahdetenad aean bhe, i6Wqlltl sdanaprdoges Herepidtnd he
result of the detection output from~9 sai d out put nodule of said

- cart i dgehe and isadsl Madidn pabessméuberafessaitl ty p e 89t appa i diSee@npares
the input data with the detection condition specified by said
in the process of reading the ID information from the respective
detection memory modules 121 through 126. In the case of a failure
in the middle of the anti-collision process, the anti-collision
process is carried out all over again. In the structure of this
10 embodiment taking advantage of radio communication, the
transmitter receiver module 230 is capable of communicating
simultaneously with multiple detection memory modules (two
detection memory modules in this embodiment). At the time of
starting communication, the control device 222 has not yet acquired
15 the ID information from the detection memory modules 121 through
126 attached to the respective ink cartridges 111 through 116
mounted on the carriage 210. The anti-collision process is
accordingly required to prevent the interference. In the
anti-collision process, the transmitter receiver module 230
20 outputs part of the ID information, and only the detection memory
module having the identical part of the ID information gives a
response, whereas the other detection memory modules fall into
a sleep mode. The control device 222 accordingly identifies the
ID information of the detection memory module of the ink cartridge
25 located in the communicable range and establishes communication

withthedetectionmemorymodulehaving the identical IDinformation.

No further details of the anti-collision process are described
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condi tionspecification nodule,verifiesvalidity ofthe detection 5 ~iesult in
the case of correspondency of the -iizput- data to the specified detection
condition, and carries out a preset series of processing relating to the
state of the recording material. 17. A printing apparatus in accordance
with claim16, wherein 10 said verification nodule conprises neans that )
in the cheé¥eof no correspondency of the input data to the detection
condition specified by said condition specification nodule, notifies the
non- cor r 5@ dencyAftBril8hefanei hodl bisioansnotesng tiné oromtioh devirel from
a cartridge, which has a chanber to hold a recording material used for
printing22heaciwylbpinkddd dheafPoinfoansni egi bromerludd of obipe | & rect hen st eps
of : externally specifying a detection condition of a sensor, 20 which is
nmount ed vemeaydmecdniesdf@lantdrosghskdlétoidetleetdatstatal yiet s eCorel ng
material held in the chanber, from an outside of said cartridge; and naking
a resultsobsilet ettt conclwsiion o thapreetk sxud £ ineasHingy clae tD dgiobwya s, o
sensor under the specified detection condition, 25 output fromsaid
cartri dgehtopirbgrauit sxde st Hatormhahig \cemntuie extiermgdrapes froation, &
19. A method of transmtting information to and froma

subsequently carries out the second sequence, according to the

requirements.
(0080] When the program starts the second sequence, the control

10 device 222 starts a memory access operation to gain access to the
EEPROM 166 (step S200) and issues an active mode command to each
of the detection memory modules 121 through 126 (step S202). The
active mode command is output with the ID information to each of
the detection memory modules 121 through 126. The data analyzer

15 163 ineach of the detection memory modules 121 through 126 compares
the received ID information with the stored ID information and
transmits a response signal ACK representing a ready for access
to the control device 222, only when the twopieces of ID information
are identical with each other.

20  [0081] The control device 222 receives the response signal ACK
to the issued active mode command from each of the detection memory
modules 121 through 126, and actually executes the memory access
operation to have access to the memory in each of the detection
memory modules 121 through 126 (step S204). The memory access

25 operation may write data into the EEPROM 166 or read data from
the EEPROM 166. Ineither case, the EEPROMcontroller 165 receives

the address of the memory specified by the control device 222 and
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cartridge, which has a chanber to hold a recording material used for
printing therein, said information transm ssion nmethod conprising the steps
of: 5 ' externally specifying-a detection condition of a sensor, which is
nounted on said cartridge and is used to detect a state of the recording
material held in the chanber, from an outside of said cartridge; making

dat a corgaispordicegst bot blee SERRRAN ddé 6det Ehei BRPROM corndi td oker tldgetBedswi th a
result of detection carried out in said cartridge by said sensor under the
speci f i exr detistd diateodidiom om, intd ptite fomen Sl el caidresyent ahiech&EGROM de of
said cartridge; and verifying a correspondencyof the output data to the
speci f i erbdlettendddwncahdi kpenifsedasddedes mimd spaddidi tgatafort v detdetd on 15
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[0083] After the output of the active mode command AMC to
activate one of the detection memory modules 121 through 126, the

control device 222 transmits data DN for specifying the detection

~ condition to the activated detection memory module (step S304).

The activated detection memory module receives the data DN for
specifying the detectioncondition and sends back a response signal
ACK. The control device 222 then outputs a detection command DC,
in response to the response signal ACK (step S306). The detection
command DCmay be included inthe dataDN for specifyingthedetection
condition.

[0084] In response to reception of the detection command DC,
the data analyzer 163 outputs a clear signal CLR to the counter
176 to reset the value on the counter 176 to '0' (see Figs. 8 and
12) . The data analyzer 163 subsequently outputs a drive command
DRIV to the actuation controller 170. The actuation controller
170 receives the drive command DRIV to actuate the transistors
Trl and Tr2. As shown in the timing chart of Fig. 13, the drive
command DRIV repeats the following transistor on-off cycle twice:
turning ON the transistor Trl for charging to apply a voltage to
the piezoelectric element 153, turning OFF the transistor Trl and
turning ON the other transistor Tr2 for discharging after elapse
of a preset first time period, and turning OFF the transistor Tr2
after elapse of a preset second time period. The voltage applied
to the piezoelectric element 153 is supplied from the power source
unit 162, and the gradient of charge is restricted by the registor

R1l. Theelectric charges accumulated inthe piezoelectricelement
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the vibration generated in the piezoelectric element 153 close

- & ~ to the resonance frequency of the resonance chamber 151 included "~

in the sensor module 137.
[0085] As the result of the charge and discharge by means of
the actuation controller 170, the piezoelectric element 153
vibrates at a frequency close to the resonance frequency of the
10 resonance chamber 151. A voltage, due to the vibration, is then
generated on the electrode of the piezoelectric element 153. The
vibration basically has the resonance frequency determined
according to the property of the resonance chamber 151. The
property of the resonance chamber 151 here represents the level
15 of ink remaining in the resonance chamber 151. Inthis embodiment,
the resonance frequency is approximately 90 KHz when the resonance
chamber 151 is completely filled with ink, and is approximately
110 KHz when the ink in the resonance chamber 151 is used up by
printing. The resonance frequency is varied according to the size
20 of the resonance chamber 151 and the properties of its inner wall,
such as the water repellency. The resonance frequency is thus
measured for each type of the ink cartridge. The resonance
frequency of the resonance chamber 151 prior to f£illing the ink
cartridge with ink (that is, under the condition of the perfect
256 vacancy of the resonance chamber 151) is slightly different from
the resonance frequency of the resonance chamber 151 that is vacant

by consumption of the filled ink. This may be ascribed to the
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5 153, thedetectionconditionmaybeunder considerable restriction.
[0086] The piezoelectric element 153 vibrates at the frequency
close to the resonance frequency of the resonance chamber 151,
which is triggeredby the forcedvibrationunder the appliedvoltage,
as described above. The vibration is amplified by the amplifier

10 172, is input into the comparator 174, and is compared with a
reference voltage Vref. The comparator 174 outputs a rectangular
wave signal COMP having the frequency of the piezoelectric element
153, based on the result of the comparison (see Fig. 12). The
detection controller 168 inputs this rectangular wave signal COMP

15 and generates a set signal SET, which specifies a time period to
activate the counter 176 for detection, based on the input
rectangular wave signal COMP and the specified detection condition
(the starting pulse and the number of measured pulses). In the
illustrated example of Fig. 12, the starting pulse is a 1°* pulse,

20 and the measurement time corresponds to 4 pulses. The detection
time period, when the set signal SET is in the active state, is
accordingly from a rise of the 1°° pulse to a rise of a 5" pulse,
that is, 4 pulses of the rectangular wave signal COMP.

[0087] While the set signal SET is in the active state, the

256 counter 176 counts the pulses of the rectangular wave signal COMP

by utilizing pulses of a high frequency output from the oscillator

175. The output time of 4 pulses is varied with a variation in
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5 - Erequency. The count CNT is output to the control device 222 of -
theprinter 200 via theoutputunit 178. Theoutput unit 178 outputs
data corresponding to the detection condition, as well as the count
CNT, tothecontrol device222. Inthestructureof thisembodiment,
the data corresponding to the detection condition is the ordinal
10 number of the terminating pulse (the 5ﬂlpulse in the example of
Fig. 12). The specified detection condition itself, that is, the
ordinal number of the starting pulse (the 1°F pulse in the example
of Fig. 12) and the number of measured pulses (4 pulses in the
example of Fig. 12), may alternatively be output with the count
15 CNT.
[0088] The control device 222 receives the count CNT as the
detection result and the data corresponding to the detection
condition (the ordinal number of the terminating pulse) and
determines the remaining quantity of ink, based on the received
20 count CNT. The actual procedure determines the presence or the
absence of ink in the resonance chamber 151. The control device
222 determines the presence of ink in the resonance chamber 151
when the count CNT is greater than a preset reference level, while
determining the absence of ink in the resonance chamber 151 when
25 the count CNT is not greater than the preset reference level. The

control device 222 of the printer 200 counts the number of ink

droplets ejected from each of the print heads 211 through 216 by
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t rough 116, based on the calculated ink consumption and the
5 rinformation regarding the presence or the absence of "ink in the "~ -
resonance chamber 151 obtained from each of the detection memory
modules 121 through 126 attached to the ink cartridges 111 through

116.

[0089] In the structure of managing the remaining quantity of
10 ink based on the count of ink ejection, the calculated remaining
quantity of ink is deviated from the actual remaining quantity
of ink, since the quantity of ink ejected at a time from the nozzles
in each of the print heads 211 through 216 is varied with variations
innozzle diameter, inviscosity of ink, and in working temperature
15 of ink. Substantially no ink remains in the resonance chamber
151, when almost half of the ink is consumed in each of the ink
cartridges 111 through 116. One preferable procedure detects the
timing when the determination regarding the presence or the absence
of ink in the resonance chamber 151 by each of the detection memory
20 modules 121 through 126 is changed from the state of 'presence'
to the state of 'absence' and corrects the computed ink consumption
from the count by the software counter at the detected timing.
This allows for accurate management of ink consumption. The
correction may simply reset the quantity of ink consumption to
256 1/2 of the ink capacity, based on the detection result of the
corresponding detection memory module, or may modify the count

by the software counter. This arrangement enables the ink-end
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5 ink in the ink cartridge replaced in response to detection of the
ink end. This alsodesirably prevents the ink in the ink cartridge
from being used up prior to detection of the ink end, which causes
hitting without ink and may damage the print head.
[0090] In the structure of this embodiment, the printer 200
10 transmits the data corresponding to the detection condition (the
ordinal number of the terminating pulse), together with the count
CNT as the detection result, to the control device 222 via each
of thedetectionmemorymodules 121 through1l26. Thecontroldevice
222 can thus verify detection has been carried out accurately under
15 the specified detection conditiéon. When it is determined that
detection has not been carried out under the detection condition
specified by the contrxol device 222, the count CNT given as the
detection result is not reliable. The procedure accordingly does
not carry out determination of the presence or the absence of ink
20 or correction of the quantity of ink consumption, based on the
count CNT. The procedure may otherwise carry out the correction
whilegivinganalarmtotheuser, anduse theresult of the correction
only for limited purposes. Inthe case of mismatchof the detection
condition, the procedure may detect a failure of the detection

25 memory module on the ink cartridge and advise the user to replace

the ink cartridge.

[0091] The control device 222 verifies detection has been
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: -8 the presence or the absence of ink and a detection command D2 to

each of the detection memory modules 121 through 126 attached to
the ink cartridges 111 through 116 (step 8400), and waits for a
response of the detection result from any of the detection memory
modules 121 through 126 of the ink cartridges 111 through 116 (step
10 S410). The control device 222 receives the detection result (the
count CNT) and data DT correspoﬂding to the detection condition
D1 from any of the detection memory modules 121 through 126 of

the ink cartridges 111 through 116 by radio communication (step

8420) .
15 [0092] The received data DT is then compared with the specified
detection condition D1 (step S430). When the received data DT

matches with the specified detection condition D1, the control
device 222 verifies the validity of the detection result (step
S440) and makes the detection result reflected on the computation
20 of the remaining quantity of ink by the software counter (step
S450) . The concrete procedure of the processing at step S450
compares the count CNT given as the result of the measurement by
the sensor module 137 with a preset value (step S451), and sets
a value 'l' to a flag Fn when the count CNT is smaller than the
25 preset value while setting a value '0' to the flag Fn when the
count CNT is not smaller than the preset value (steps S452 and

S454) . Only when the count CNT is smaller than the preset value,
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with the value of the currently set flag Fn (step S455). 1In the
case of mismatch, it means that the flag Fn has just been changed
from the value '0' to the value 'l'. The procedure accordingly

- 5 ' determines that the remaining quantity of ink in the ink cartridge
has just reached almost 1/2 of the ink capacity and corrects the
computationof the remaining quantity of ink executed by the control
device 222. Namely the control device 222 resets the calculated
remaining quantity of ink to 1/2, based on the detection result

10 (step S458).

[0093] Even when the computation of the remaining quantity of
ink from the count by the software counter has some error, this
arrangement desirably corrects the computation with the detection
result regarding the remaining quantity of ink by the sensor module

15 137. Omne preferable procedure may carry out fine adjustment of
a correction coefficient in the arithmetic expression used for
computation of the remaining quantity of ink from the count by
the software counter, byreferringtothedetectionresult regarding
the remaining quantity of ink by the sensor module 137.

20 [0094] When it is determined at step S430 that the received
data DT mismatches with the specified detection condition D1, on
the other hand, the control device 222 verifies the invalidity
of the detection result (step. S460) and entrusts subsequent
management of the remaining quantity of ink to the software counter

25 (stepS470). Inthiscase, it isexpectedthat there is some trouble
in the corresponding one of the detectionmemorymodules 121 through

126 attached to the ink cartridges 111 through 116. The control

41



10-u 10-u 10-u@10% u& ()-! -3%0% u-u& ()-!p-3%d0%u& ()- # %0% u& ()-!t#
%W 0%iu& ()-TYZXOPE: 1 10 3 UA0% & ()-!'\3 U0 (<(& ()- &I0UC&' ()-!X
&109BBQ ()-!f &IOYW(F(& ()-!'N &10% . & ()-PYzZ[PE 1 10 10( 10(
10(1 =10% & ()-!| F- WO0%(h(& ()-!'yF- %A0%r(Y(& ()- 3# WO0% & ()-!p3#
WOUP(P(& ()-c%bCPE: 1 10 10(L"10% & ()-9"10% & ()-L"10% & ()-9"10% & () -
X- 109 J&SEY1&e 1892 &MmpY- LRHEPELVE 3D abpimojepsgseypting 'There ' may be a
TH'10% & () - #"109%&R ()-!'$10% & ()-L"10% & ()- Y40% & ()-XdYNC 1 10 10( 10:
trouble in the ink cartridge' to the user. The alarm may be given
by flashing an LED 248 on the operation panel 245 of the printer
200, bydisplayingapreset message on, for example, a liquidcrystal
- - ~b--display of ‘the printer 200, or by outputting a voice alarwm;” for "
example, by synthetic voice, from a speaker connecting with the
printer 200. In the case where the printer 200 is connected with
a computer, which outputs print data to the printer 200, via a
bidirectional interface, the printer 200 may output alarm data
10 to the computer to give an alarm on the computer. On completion
of the above series of processing, the program goes to 'END' and
exits from the verification routine of Fig. 14.
[0095] As described above, the proceéure of the embodiment
checks the operations of the detection memory modules 121 through
15 126 attached to the respective ink cartridges 111 through 116 and
modifies the processing (for example, computation of the remaining
quantity of ink) according to the state of ink in each of the ink
cartridges 111 through 116 set in the printer 200. When it is
determined that each of the detection memory modules 121 through
20 126 isnormallyoperated, the procedure may correct the computation
of the remaining quantity of ink from the count by the software
counter with the detection result at the time when the remaining
quantity of ink reaches 1/2 of the ink capacity. When it is
determined that detection has not been carried out under the
25 detection condition specified by the control device 222, on the

other hand, the count CNT given as the detection result is not

reliable. The procedure acc¢ordingly does mnot carry out
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alarm to the user, and use the result of the correction only for
-5 -limited purposes.- In the case of mismatch of the detection
condition, the procedure may detect a failure of the detection
memory module on the ink cartridge and advise the user to replace
the ink cartridge.
[0096] In the structure of the above embodiment, the control
10 device 222 of the printer 200 executes the first through the third
sequences inthe course of communicationof the transmitter receiver
module 230 with each of the detection memory modules 121 through
126 attached to the ink cartridges 111 through 116. The control
device 222 verifies the validity of the detection result from each
15 of the detection memory modules 121 through 126 and makes the
detection result reflected on the computation of the remaining
gquantity of ink. These series of processing are executed, while
the control device 222 establishes communication with each of the
detection memory modules 121 through 126. The object of
20 communication is successively shiftedone by one fromthe detection
memory module 121 on the left end to the detection memory module
126 on the right end. The carriage 210 thus successively moves
by the width of each ink cartridge and stops there. While the
carriage 210 is at a stop, the control device 222 establishes
25 communicationwiththe detectionmemorymodule of the corresponding

ink cartridge. As mentionedpreviously, the transmitter receiver

module 230 of this embodiment has the size substantially
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%40%08&' (Fokal=whb@h of two ink cartridges and causes the control device
222 to establish communication with two detection memory modules

5 =-at each stop position. -This advantageously reduces the humber ™ ™~
of shifting and positioning operations of the carriage 210. The
control device 222 carries out the anti-collision process, so that
there is no fair of the interference in data transmission from
and to the multiple ink cartridges.

10 [0097] The above embodiment is to be considered in all aspects
as illustrative and not restrictive. There may be many
modifications, changes, and alterations without departing from
the scope or spirit of the main characteristics of the present
invention. For example, the detection memory module of the above

15 embodiment is not restricted to the ink cartridge of the ink jet
printer but is also applicable toa toner cartridge. The detection
memory module may be attached to the bottom face or the top face
of the ink cartridge. Arrangement of the detection memory module
on the top face of the ink cartridge advantageously heightens the

20 degree of freedom in location of the transmitter receiver module
230 and simplifies the structure of the whole ink cartridge. When
the detection memory module is located on the top face of the ink
cartridge, adequate division of the ink chamber ensures arbitrary
setting of the remaining quantity of ink as the timing for detection

25 of the presence or the absence of ink, for example, the timing

with the ink consumption of approximately 1/2 or the timing close

to ink end.
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"10%R' ()re#dlpe’’ @pout' 10P&' OfF- tsl’le__o%gg'k()capacity. The detection may
alternatively be carried out at the timing close to ink end or
5 - at the'timinghaving a less quantity of ink consumptionora greater
remaining quantity of ink. The structure of the embodiment uses
the piezoelectric element 153, sets the starting pulse, the
terminating pulse, or the number of measured pulses corresponding
to the detection time as the externally specified detection
10 condition. The detection condition may be a detection timing
(defined, for example, by the time of detection, by the interval
of detection, or on power supply) or a frequency of detection.
The data corresponding to the specified detection condition sent
from the ink cartridge to the control device of the printer may
15 be part of the detection condition or a code allocated in advance
to the detection condition. The data corresponding to the
detection condition may not be sent from the ink cartridge to the
control device, when not required.
[0099] In the structure of the embodiment, detection of the
20 presence or the absence of ink is performed by the hardware logic.
The detection may alternatively be carried out by the software
configuration. In one example of this modified structure, the
count on the counter 176 is not transmitted to the control device
222, and the detection memory module determines the presence or
26 the absence of ink and transmits the result of the determination

regarding the presence or the absence of ink to the control device

222.
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used for printing therein, said cartridge being mounted on a
5 printing apparatus, said cartridge comprising: -~ - " 7T 0T
a sensor that detects a state of the recording material held

in the chamber;
a condition reception module that receives an externally
specified detection condition of said sensgor;
10 a detection module that carries out the detection under the
specified detection condition; and

an output module that outputs a result of the detection.

2. Acartridge in accordance with claim 1, wherein said output
15 module outputs data corresponding to the specified detection

condition, together with the result of the detection.

3. A cartridge in accordance with claim 1, wherein the

recording material is an ink of a predetermined color.

20
4. A cartridge in accordance with claim 1, wherein the
recording material is a toner for any one of a photocopier, a
facsimile, and a laser printer.
25 5. A cartridge in accordance with any one of claims 1 through

4, wherein said sensor detects presence or absence of the recording

material in the chamber.
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7. Acartridge in accordance with claiml, wherein said output

module outputs the result of the detection by radio communication.

10 8. Acartridge in accordance with claiml, wherein said sensor
is a piezoelectric element that has a varying resonance state with

a variation in state of the recording material, and
saild detection module applies an excitation pulse to said
piezoelectric element and measures a vibration of said

15 piezoelectric element in response to the excitation pulse.

9. A cartridge in accordance with claim 8, wherein said
detection module detects a resonance frequency of said
piezoelectric element as a time required for at least one vibration

20 of said piezoelectric element.

10. A cartridge in accordance with claim 9, wherein said
condition reception module receives specification of a number of
vibrations, whichisusedasacriteriontomeasure the time required

25 for the vibration of said piezoelectric element, and
sald detection module measures a time required for the

specified number of vibrations, and outputs vibration-relateddata
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measurement starts, and a position of a terminating vibration,

on which the measurement ends, and

said detectionmodule determines the vibration-related data,
based on the position of the starting vibration and the position

10 of the terminating vibration.

12. A cartridge in accordance with any one of claims 1 through
11, said cartridge further comprising:
a memory that stores a parameter corresponding to the state

15 of the recording material held in the chamber.

13. A cartridge in accordance with any one of claims 1 through
12, said cartridge further comprising:
a radio communication module that transmits data to and from
20 an outside by radio communication,
wherein said cartridge receives the externally specified
detection condition from the outgide via said radio communication

module.

25 14. A cartridge in accordance with claim 13, wherein said
radiocommunicationmodule hasa loopantenna for the communication,

and comprises a power supply module that utilizes an electromotive
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a condition reception module that receives an externally
10 specified detection condition of said sensor;
a detection module that carries out the detection under the
specified detection condition; and
an output module that outputs a result of the detection,
said printing apparatus further comprising:
15 aconditionspecificationmodule that specifies thedetection
condition;
an input module that receives the result of the detection
output from said output module of said cartridge; and

a verification module that wverifies the result of the

20 detection.

16. Aprinting apparatus in accordance with claim 15, wherein
said output module of said cartridge outputs data corresponding
to the specified detection condition, together with the result

25 of the detection,
said input module of said printing apparatus receives the

output data, together with the result of the detection output from
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of processing relating to the state of the recording material.

17. Aprinting apparatus in accordance with claim 16, wherein

10 said verification module comprises means that, in the case of no
correspondency of the input data to the detection condition
specified by said condition specification module, notifies the

non-correspondency.

15 18. A method of transmitting information to and from a
cartridge, which has a chamber to hold a recording material used
for printing therein, said information transmission method
comprising the steps of:

externally specifying a detection condition of a sensor,

20 which is mounted on said cartridge and is used to detect a state
of the recording material held in the chamber, from an outside
of said cartridge; and

making a result of detection, which is carried out in said
cartridge by said sensor under the specified detection condition,

25 output fromsaidcartridge tothe outside that hasgiventhe external

specification.
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15

19. A method of transmitting information to and from a
cartridge, which has a chamber to hold a recording material used
for printing therein, said information transmission method

comprising the steps of:

externally specifying a detection condition of a sensor,
which is mounted on said cartridge and is used to detect a state
of the recording material held in the chamber, from an outside
of said cartridge;

making data corresponding to the specified detection
condition, together with a result of detection carried out in said
cartridge by said sensor under the specified detection condition,
output from said cartridge to the outside of said cartridge; and

verifyingacorrespondency of the output datatothespecified
detection condition, so as determine validity of the detection

result.
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