TI TLE OF THE | NVENTI ON CARTRI DGE AND PRI NTI NG APPARATUS BACKGROUND OF THE

I NVENTION 5 1. Field of the Invention [0001] The present invention relates
to a cartridge having a chanber to hold a recording material used fof
printing therein. Moré specifically the invention pertains to a technique
of .transmtting information between a cartridge with a built-in sensor 10
and the cartridge with such a chanber. 2. Description of the Related Art

[ 0002] Varimns ¢ i Tdersveedrpsn nti ng apparatuses are widely: used for
printing; for exanple, printing apparatuses that eject 15 inks onto

printing papercAefrIme® A Ipr SHEIN@SAPPAKRABYs Pri nters, and printing
appar atuses that use toners for printing. A cartridge set on such a
printing apparatus has a chanber to hold a recording material |ike an ink
or a toner therein. Managenent of the remaining quantity of the recording

materi al @b AP R Mt CENrEtEok N 20 the printing apparatus. \Wile the

printing apparatus counts and nanages the consunmed quantity by software, a

proposed }echnigue S ensor_mounted on the cartridge for direct
neasu?’errefn‘t Cl'l(ﬂﬁ’see]gl#l °# ﬁ%xﬁ%‘%‘?@?"%t ent Laid-Open Gazette No. 2001-147146).

[ 0003] A wyariety of sensors may be applicable for the sensor 25 npunted on
t he cartr%@&gf When! BRI TR 1Ty SR 4° LG efe FOdRt R T e 99 LTeHRIG i ve
i nk, the sensor ma ure an electric resistance to determne the

" emhi ni N RIS (57 SP IR TPRETOCRIOMAESFAP LSS, TR RO EREgd

| ocated in a resonance chanber disposed in the chanber of hol ding the
recor di ndv‘?ﬁﬁ eﬁnglE&Cﬁ;ééfurtehe invention pertains to a technigie of

transmitting informationbetweenacartridgewithabuilt-insensor

10 and the cartridge with such a chamber.

2. Description of the Related Art
(0002] Various printers and printing apparatuses are widely -
used for printing; for example, printing api:;aratuses that eject
15 inks onto printing paper for recording, such as ink jet printers,
andprinting apparatuses that use toners forprinting. Acartridge
set on such a printing apparatus has a chamber to hold a recording
materiallikeaninkoratoner therein. Management of the remaining
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
256 mounted on the cartridge. When the recording material to | be
detected is a conductive ink, the sensor may measufe an electric

resistance to determine the remaining quantity of ink. The sensor



t he resonance frequency of the piezoelectric elenment and thereby detect the
presence or the absence of the recording material in 5 the resonance
chanber. The sensor may neasure a tenperature, a viscosity, a humdity,
aparticlesize, a hue, a remaining quantity, or a pressure of the recording
material, such as ink. In such neasurenents, a special sensor maybe used
according to the physical property to be neasured. For exanple, when the
physi cal peopeisey al@itachéegeadyr edementhé ocanpdr ahurerethsasensochambygrbe a
therm stor or a thernocouple. Wien the physical property to be neasured is
t he pressdiespdsee Tehiorchambdrec ihpildsdagritheseasordihfBle i ltthempabsoreart
cartridge with such a sensor, the detection is carried out under a fixed
det ecti on ttendesbaanasdf rdguamyy i thavpiazsalétereotd Yerdwgh atel tabirkbly.
For exanpl e, when the sensor nounted on the cartridge detects the presence

or the abserce ehet peeseaeedbRocNBtSidahchaid tine theoramiehatariani ahi on
in conposition of the recording material may change the optimum detection

condi t4 on @ eBEHAK AN EhGRAbEL. d98hE Ale @l S infd ALY aZQeﬁi?%'i“é%utrQE} a
reliability of the detection, unless the circuit structure Tor the

det ecti on; i . ot i . _det L0 it .
adj ust rrenylo%fC%tgﬁg%%?%g{dﬁ?dg??ﬂ%g?%%@@lzg' Fhbpt %f&ﬁ@iﬁirﬂ%qgﬁgﬂitrﬂg%r and

owever, takes nmuch ti

undesi r abloy. iangnl&g%gﬁsfet 08 B trectd MR /ALCT HIADLEM ARY. afhseylg the

prior art cart when t resul't dives a binary signal, for

examl e, [eht GSEALA0 1 0B BT ESENGE ALy LIBLAAEnCE 0Ll pltc MEDDE; o

;
detectionmf clFcul r'ea 0 Ccon uously outpu vaﬁue of

the binary, sianal, cshe, MRLEMEY onegan. 0ol he SRLECLRY AR Al perty

10 to be measured is the temperature, the sensor may be a thermistor
or a thermocouple. When the physical property to be measured is
the pressure, the sensor may be a pressure sensor.

[0004] In the prior art cartridge with such a sensor, the
detection is carried out under a fixed detection condition and

15 may not have a sufficiently high reliability. For example, when
the sensor mounted on the cartridge detects the presence or the
absence of the recording material held in the chamber, a variation
in composition of the recording material may change the optimum
detectioncondition. The priorart cartridge cannot sufficiently

20 aggure the reliability of the detection, u_nless the circuit
structure for the detection is adjusted for the new optimum
detection condition. Such adjustment of the circuit structure,
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



This causes the poor reliability of the detection result. 5 SUMVARY OF THE
| NVENTI ON (00061 The object of the present invention is thus to solve the
drawbacks of the prior art techni ques di scussed above and to provide a
techni que of flexibly handling a change in detection condition of a sensor
mounted on a cartridge and thereby ensuring 10 a sufficiently high
reliability of a detection result. (00071 In order to attain at |east part
of the abevercand blreaket fewnred atcert iohjeetls; otitepupr eaaeideni/enl ivalus of
directed to a cartridge having a chanber to hold a recording naterial used
for printitegbihergigigrdls €Retnid e disi g capud e Bele Be P édicRGirhzely .
apparatus. The cartridge includes: a sensor that detects a state of the
recordi ng Trlerdaalsdieltthd pddie £dprder1idy condifid e ¥ £6€DPEH OReslPEUIl € t hat
receives an externally specified detection condition of the sensor; a
detection nodule that carries out the detection under the specified
detection condition; and an output nodule that 20 outputs a result of the

det ect&on.st%@&g&l o}h@@rﬁﬂﬂgﬁdﬁ the invention has a .sensor that. detects...

the state of the recording material held in the chanber. In response to
reception he ext.gr.nall. ecd fi.ed detectian _conditian of the sensar,
the cartr i[gggé]car ri télgqeoﬁbﬁ/%cztpc?gft é-‘g’tei &n Givder THE Osfbé‘csi %hé‘lcf && E&46n

Pt e i BraRbLkdas s Molod' sk LLked 08 SPLERDEANIAL O AL At !

the state © e recordrn erma er, eceives a
specified conditiaon . suitable 3 the .detectj.an. Thi s _arrangenent thus
ef fecti velp%oen éé?'nc?estectkﬁlelqél& rffagfg/leécfl lﬁ'e%(%ltd&@ﬁgor% 4 d(‘)arlf ction

prefer abl ecoezl'Pdt?thlicoe}’} o ger}s%er Imrcla\lﬁ?l@teldogh 51[ r<]:€3"1rtrid<_:{e and thereby ensuring

10 a sufficiently high reliability of a detection result.
[0007] In order to attain at least part of the above and the
other related objects, the present invention is directed to a
cartridge having a chamber to hold a recording material used for
printing therein, the cartridge being mounted on a printing
15 apparatus. The cartridge includes: a sensor that detects a state
of the recordingmaterial held in the chamber; a condition reception
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
25 specifieddetection 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



out put nmodul e of the cartridge outputs data corresponding to the 5
specified detection condition, together with the result of the detection.

[ 0010] The cartridge of this application outputs the result of the
detection, together with data corresponding to the specified detection
condition (here the data includes the detection condition 10 itself) . This
arrangenent enabl es an outside of the cartridge, which has given the

ext ernal $pecthecdetentabnt heTldes extrangeronti thos, ef Pevel véyy tdehances
reliability of the detection result. [0011] The recording material held in
t he chanbeheohctheacgabitr icthige detycledoan i nk of a predeterm ned col or used
for an ink 15 jet printer or a toner used for a photocopier, a facsimle, or

a | aser g@mmr [ 08821nENg reaRsQh 1Y Al &G 118 dF eseiCenPint \n absgace of
the recording material in the chamber or the renmmining quantity of fthe

recor di NngoRLAk| ﬁbduféeoﬁm@ea@feh%eewtgﬁtmw %ca:tre%%n%ﬁg eperpé a
tenperature, "a viscosity, a humdity, a particle size, a remai ni ng

quantijy, S§QG1§1gﬁea%EE%tQBnt hentgeabd, n%ﬁ@%%&' @ enl Qgé?»keg 10N6f the
preferabl e appiication of the Invention out put nodul e o the cartridge

outputs therresylt, of the detection 25 by radio conmunication. Adoption of
the radi o conmunication effectively enhances the degree of freedomin

|l f th d 00141 Th I i
el omont 1190 0as' o ToEr e regs-na% BALP REBEERELo0aPYaPRsh PRECPREETH (he

recordi ngofr@r}ee&;%@ ctIQﬁ gy %}et% wPEIQ%%%‘érceo restﬁ%nd ggttl'}le sgggli-%:“?adan

detectioncondition(herethedataincludesthedetectioncondition
10 itself). This arrangement 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 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.



excitation pulse to the piezoelectric elenment and neasures a 5 vibration of
the piezoelectric elenment in response to the excitation pulse. The
procedure detects the state of the recording material, based on a resonance
state of the piezoelectric elenent. Here the resonance state is shown as a
resonance frequency of the piezoelectric elenent. The resonance frequency
represents a tine 10 required for at |east one vibration of the

pi ezoel ec{00kilel emethe spABdTlmbhy bbeacpitérbdyecwirtibh thembuil thian hessar of
the piezoelectric elenment, the detection condition nay be given as the
speci f i edvaupheyg m¥sondniad istase whtisla rarisedoasiasthatiest whe tocaordinge t he
time required for the vibration of the piezoelectric 15 elenent. In this

structurematbeigart rriggevedbasbs rddaturedul ted s terucharspapbliied adnber
of vibrations, and outputs vibration-related data used for the measurenent,

toget her wkthtathenmpasweedd i tle p0O1621&bernUNMReenihhtVidHBthoAsuHsgdaas
the detection condition 20 maybe specified by a position of a starting

vi-bratg ony i BRaWhbe £ tiep MBASHI BBERE -l dhleht ANfe3pBASEAhOE @it gERbRAt i ng
vi bration, on which the nmeasurenent ends. The vibration- related data may

be speci fL6dsas arké ?E»o*&%@ﬂ?c"e_“d&?@?éé ﬁ:rhte' 80a¥E Ryt hon-nd-difey m&@é!‘&%iﬁ i ng

vi bration, based on e position of the starting 25 vibration and the

position gbsLheohehrioabhadcy! BEaLLOBe LHALLLLBC90e BRI ehablka enbadient,
ge h r et

the cartri as a nmenory that stores a parameter cofresponding t

f ' jal _held ip th . 400 h i d
my rocei UACt RECOBERT: SIS oh i SO ot B Gf RRA T AT R TECo CEBF Lhe

det ecti Onp?éz%"é‘.dﬂegtric element. The resonance frequency represents a time

(10 required for at least one vibration of the piezoelectric element.
[0015] In the cartridge with the built-in sensor of the
piezoelectric element, the detection condition may be given as
the specified number of vibrations, which is used as a criterion
tomeasure the time required for the vibration of the piezoelectric

15 element. Inthisstructure, the cartridgemeasuresatime required
for the specified number of vibrations, and outputs
vibration-related data used for the measurement, together with
the measured time.

[0016] The number of vibrations used as the detection condition

20 may be specified by a position of a starting vibration, on which
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] Inone preferable embodiment, the cartridge has a memory

that stores a parameter corresponding to the state of the recording



comuni cation. For this purpose, in one preferable structure, 5 the
cartridge has -a radio communi cati on nodule that transmts data to and from
an outside by radio comuni cation. [00191 The radi o comruni cati on nodul e
typically has a loop antenna for such conmunication. In the course of
comuni cation, an electronotive force is induced in the antenna. The 10

el ectronotive force induced in the antenna maybe utilized to supply

el ectric PEWETiak el darths dg@madit s does not require any battery or its
equivalenﬁy to be nounted on the cartridge and thus desirably sinplifies
the structl0P&8bf th&hearcartgedop0Ryl veothes apel ismtdbhied theeptésent
invention is a 15 printing apparatus, on which the cartridge of the

i nvent i on cadididuisgedanBoveiimithooheedcesthe présdiite | deeatidrni soycecaddiongl y
directed to a printing apparatus with a cartridge nounted thereon, where

t he cartricdgenurhasita ahanfer thisopdraosecodidi ngemptrefeabblsedtirartprient i ng
therein. 20 The cartridge includes: a sensor that detects a state of the
recor dsng tted eakakibigkthdmathel thasheunhiaacobdinddnl ¢ ebaptd Lingmwoitd datihat
receives an externally specified detection condition of the sensor; a

detecti on ypdHE® fhal GarFUESi dYtby headed esdimih idieion | he specified
detection condition; and an output nodule that outputs 25 a result of the

det ect i on.{pflg] pPri ntily SRPAS abdmbi LDl oh NRbEHES: £ 8pERRYILI BRs a 100
specification nodul e that specifies the detection conaltlon; an 6 inpu

modul e t halndaaal ¥ey then'@sthintat fi6n detiCthan-Q Hilto f LoMmuhhRe @Y lRUt
nodul e of the cartridge; and a verification nodule that verifies the result

of the detgftiddRctromotive force is induced in the antenna. The
©10 electromotive force induced inthe antennamaybeutilizedto supply
electric power into the cartridge. This does not require any
battery or its equivalency to be mounted on the cartridge and thus
desirably simplifies the structure of the cartridge.
f0020] Another application of the present invention is a
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 printing therein.

20 The cartridge includes: a sensor that detects a state of the
recordingmaterial heldinthe chamber; aconditionreceptionmodule
that receives an externally specified detection condition of the
sensor; a detection module that carries out the detection under
the specifieddetectioncondition; andanoutput module that cutputs

25 a result of the detection.

The printing apparatus further includes: a condition

specification module that specifies the detection condition; an



[ 0021] The cartridge detects the state of the recording material 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 condition suitable
for the detection. This 10 arrangenent thus effectively enhances the -
accuracy ohputencdtbetthert randieasurtes rebalsudf ithiceddt gchigh awigwbEkpny of
the printing apparatus. [0022] In one preferable application of the present
i nvent i onthetdret pot puidutesdoEeled chlmerédger;i algd aové pif scdafan cerxddspohdng to
15 the specified detection condition, together wwth the result of the

det ect i onveHid ilempuhenredushd tofoft theprdadddtgicappar at us recei ves the out put
data, together with the result of the detection output fromthe out put

nodul e of [pb@1icart r itdgeradthei §¢s HEteatbdha Bt £ofehd hecdrd Md RAtappanat us
conpares the input data with the detection 20 condition specified by the

- condi t§ onusged fhe deiter AR Erdi vEsh blbes irakiadb} ¥ hefpite: et appheatuasul t
in the case of correspondency of the Input data to the specified detection

condi ti ONanANBUEBLE & @hOUEs81BIE5 eheS@Et &St Dbn RIPERE Yt i¢lphpparatast he
state of the recording material. 25 [0023] The printing apparatus of this

appl i cati @hCOAPRESSghNGoe 5N Af & BOLEESHON POuh chﬁrtbg;tdi%rﬁ%fd BBtect
condition received ffom the cartridge with the specified detection

condi tiongplsthe 5@%%e7rééo£&fﬂ§ﬁgeagﬁa%eqfd I henknR Al 3O bR ives

speci fied detection condition, the printing apparatus verifies the validity

of the dgfeghieq 183! LoRRILIBh' | §810Ub18 PESECIRE" | §3cOLe PERCCSSHRY

] 10 arrangement thuseffectivelyenhances the accuracyof thedetection
énd ensures the sufficiently high reliability of the printing
apparatus.

[0022] In one 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
thedetection. The input module of the printingapparatus receives
the output data, together with the result of the detection cutput
from the output module of the cartridge. The verification module
of the printing apparatus compares the input datawith thedetection

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



relating to the state of the recording material. In the structure 5 of
detecting the presence or the absence of the recording nmaterial, the preset
series of processing may be conputation of a remaining quantity of the
recording material or calibration of an arithmetic expression for such
conputation. In the case of no correspondency of the input data to the
specified detection condition, on the 10 contrary, the printing apparatus
may verify the invalidity of the detection result or give the user a

war ni ng offt herireeabindedetectti 6he Lapurt dafeORdltThespeesenedi debacionni s
also directed to a f irst method of transmtting information to and froma
cartri dgecomdiithohas thespaivhanyenpporhtlgd derefordi hhenmutéidakyuséd ther
printing therein. The first information transm ssion nethod includes the

st eps of : deéererinal kesspeciahyi ngraidet eati anpeendit eniek afspnsoessumigch
is nmounted on the cartridge and is used to detect a state of the recording
mat eri al heldtingt he t¢thagbete 7 bheareaniGirdemat etia120 tardhd dgeicande
making a result of detection, which is carried out in the cartridge by the

sensors undgrad tecspes ichieash-sledeed bentheapdehtent eHtpdcdrDmd hereankni dge
to the outside that has given the external specification. [00251 The first

i nformat i emet pRASEE S5 O STRIrhedo 8 st DRy Wy DAVEShbARaeXbaldRll YemBeal hiyes
the detection condition of the sensor fromthe outside of the cartridge,

and mekes @RS ¢hi o Pk nedRd 8614 PRy miltieGR 150 £ i i8d-LUlHBERIL LberaReeii ki ed
detection condition, output fromthe cartridge to the outside that has

given the,externalh specifdncabhOReat POR61 tHhenkresant ridlyentieBphsabuther
directed to a second
of the input data to the specified detection condition, on the
10 contrary, the printing apparatus may verify the invalidity of the
detection result or give the user a warning of the invalid detection
result.
[0024] The present invention is also directed to a first method
of transmitting information to and from a cartridge, which has
15 a chamber to hold a recording material used for printing therein.
The first information transmission method includes the steps of:
externally specifying a detection condition of a sensor, which
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, ocutput from the cartridge to the ocutside that has given
the external specification.
[0025] The first information transmission method of the
25 invention externally specifies the detection condition of the

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

detection, which is carried out under the specified detection



met hod 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

speci fying a detection condition of a sensor, which is nounted on the
cartridge and is used to detect a state of the recording material held in
the chanber, from an outside of the 10 cartridge; naking data correspondi ng
to the spechflitdodetadtipwn £ roondhe it tickpet hertive bhtaidesthat dfasdgieeti on
carried out in the cartridge by the sensor under the specified detection
condi ti ontheoakpatnhilospthd fdastriictige to the outside of the cartridge; and
verifying a correspondency of the output data to the specified 15 detection

condi ti onjo@gelas detraenphgs¥ati dhiyneiohhes del:aqid o™i HeRHd td Q024&o0Rhe
second information transm ssion nethod of the invention externally

speci fi esmbhBoded el nmaandidd eAretmbBeonsens@id tremd ke reutisiqee Rhithe
cartridge, and nakes data 20 corresponding to the specified detection

condi t§ onpakegeh ifbe Mt bho 181 4 e8kbla9hgteteat 0Ny s S8R Mp £ 1M tdensakt hi. dge
to the outside of the cartridge. The nmethod receives the result of

det ecti onthantk ddied QUERHna4al é‘PQnﬁrﬁﬂsé'ﬁLSﬁ ﬁé&&?&hgiﬁ%@@%é’ s%feﬁzégSf‘?Ut put

data to the specified detection condition, so as to determ ne the

val i dity. Bebbaadoteapba yasy b aliLecaphangamERt oAesir 0L noBONaNgERLhe

reliability o tion“transm ssion froma 0 e cartri 00281

These and ;t ey, 0bke5t Sind QLI A% ASRECLS, 1, 80d AWAN AYEs A Lhe DL gsent

i nvention w econe nore appare oW ng detaile escription
of the pr%&@%&ﬁﬁn@”ﬁQQ%?@Q& held in the chamber, from an outside of the

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

15 detection condition, so as determine validity of the detection
result.

[0027] | The second information transmission method of the
invention externally specifies the detection condition of the
sensor from the outside of the cartridge, and makes data

20 corresponding to the specified detection condition, together with
a result of detection, output from the cartridge to the ocutside
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 wvalidity of the detection result. This arrangement desirably
enhances the reliability of information transmission from and to

the cartridge.



wi th the acconpanying draw ngs. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00291
Fig. 1 schematically illustrates the construction of an ink cartridge in
one node of the present invention; [00301 Fig. 2 is a flowhart show ng
series of processing 10 executed by the ink cartridge and a printer in the
node of the invention; [00311 Fig. 3 shows the principle of detection of
the presence or the absence of ink in the node of the invention; [00321
Fig. 4 scl@®8iical | yhéséusindit esctehre iohtjecnal, sfedctives, laspéc@spriaw@r in
one enbodi ment of the present invention; [00331 Fig. 5 is a block diagram
show ng tadvantageslofstheginessentoinaenohbnoti dekecemensd el agpramrehief pomnt er
of the enbodinent; [00341 Fig. 6A and 6B show t he appearance of a detection
menory nodal Bohldwihgddétanbed desaript tge of the Erdbe redtem20d {051
Fig. 7 shows attachment of the detection nmenory nodule to the ink
cartridgewifR086d kt@emBahgingbleakidyagram showing the internal structure
of the detection nenory nodule; [00371 Figs~ 9A and 9B show t he novenent of
ink cgrtridges 25 mounted on a carriage relative to a transmtter receiver
nodule in the printer of the enbodi ment; (00381 Figs. 10A and 10B show

i nf or mat | gRy Bk Ohedlck PrafoREEROMiAOpRARINESd i n the detection nmenory nodul e;
[0039] Fig. 11 is a flowchart showing a series of processing executed by
the detecijqm) menor y; godil &) 0L PECETPP BBt rates the construction of

an ink cartridge in one mode of the present invention;

[0030] Fig. 2 is a flowchart showing series of processing

10 executed by the ink cartridge and a printer in the mode of the
invention;
[0031] Fig. 3 shows the principle of detection of the presence
or the absence of ink in the mode of the invention;

[0032] Fig. 4 schematically illustrates the internal structure

15 of a printer in one embodiment of the present invention;

{0033] Fig. 5 is a block diagram showing the internal structure

of a control device included in the printer of the embodiment;

[0034] Fig. 6A and 6B show the appearance of a detection memory

module attached to an ink cartridge of the embodiment;

20  [0035] Fig. 7 shows attachment of the detection memory module

to the ink cartridge;

[0036] Fig. 8 is a block diagram showing the internal structure

of the detection memory module;

(0037] Figs. 9A and 9B show the movement of ink cartridges
25 mounted on a carriage relative to a transmitter receiver module

in the printer of the embodiment;

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

10



[0040] Fig. 12 is a timng chart showing the operations of the 5 respective
constituents of the printer according to a third sequence; [0041] Fig. 13
shows a voltage actually applied to a piezoelectric elenent in response to
a drive command DRIV and a vibration occurring in the piezoelectric

el ement; and 10 [0042) Fig. 14 is a flowhart showing a verification routine
executed in the enbodi nent. DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS [ 0043]
One node dhctudedi iy bhe dréechient mepory dicsedsesed below. 15 Fig. 1
schematically illustrates the construction of an ink cartridge 10 and a
transm tt §03%cei veFi80 ol &s px iffiicerci2;t amowiticch theibnkofgrtodakgeidd is
nounted, in one node of the present invention. The printer 20 causes ink to
be ej ect edxécubed byi hhe HeadcRiocantmemarsheedude pm mhiengmpaddémehitf;ed by
means of a platen 20 24. The internal structure of the printer 20 is not

speci fi caldga0]i | | ustigt etk drs destiihgdriaie shbwhtyl thé Beanitidngdeyi €ge 22 of
the printer 20 conputes the quantity of ink consunmed for printing and other

data and respsatiset homanpuiat dash taet zﬁﬂrrﬁexcaa&ééﬁ@ﬁqileoviaa therd
transmtter receiver 30. Transm ssion of data between 25 the ink cartridge

10 and thgeg@aheel, device 22 of the printer 20 is performed by radio
comuni cation in this node, although the data transm ssion may

al ternati ygigybe atgapned,by cable B %ﬁ%éa@&&aﬂg tehlﬁgagrggggegh it&

i nduction nmethod is applied for radio comunication

another nptBodeNBYthec 84ORLAE {R'rdfSoSedB PW RASEe LORAALATHRIVENG a
cartridge 10 has a comruni cation controller 12

vibration occurring in the piezoelectric element; and

10 [0042] Fig. 14 is a flowchart showing a verification routine

executed in the embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(0043] Onemode of carryingout the inventionisdiscussedbelow.
15 Fig. 1 schematically illustrates the construction of an ink
cartridge 10 and a transmitter receiver 30 of a printer 20, on
which the ink cartridge 10 is mounted, in orne mode of the present
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



5 that takes charge of control of communication, a nmenory controller 15
that takes charge of operations of witing and reading data into and from a
menory 14, a sensor 17 having a piezoelectric elenent, and a sensor
controller 19 that actuates the sensor 17 and uses the sensor 17 to neasure
the remaining quantity of ink. The sensor 10 17 neasures the renaining
quantity of ink according to the following procedure. The sensor 17 is
attached to a resonance chanher 18, which is disposed in an ink chanmber

216, I n redPUHECR ot Appl ARG IGF CSTAIREE AR i R MRk 18 @BRIdFE (not
shown), the piezoelectric elenent of the sensor 17 is distorted and

def or ned. IMERIIR CRIMBMIBGHE IO HAY §84 Sa@edful BEEdaNAthaE Jrieherd|mast e

el enent are discharged in this state, the deformation energy is rel eased
and the #HleRrd cke¥iEhe| 2Bt PR¥FR@EY-vi brates. The sensor 17 is attached
to the resonance chanber 18, so that the frequency of the free vibration is
restrict e®@dy] t he rBsenaiceaiteddgrcy0dia®@ themnescaanon ohainbel 148.12The
resonance frequency of the resonance chanber 18 is varied according to the
presehice tnat hekassemegobi ¢oft ol dfecomsonangbiocharbeemnd8y doettantli lar of
the resonance frequency accordingly specifies the presence or the absence
of ink iDhstteat estrencshathmrbel G mididihe o mar il gy guahtrdadiofg iddea 25 in
the ink cartridge 10. [00451 Fig. 2 is a flowhart show ng series of

pr ocessi ngntesadfreth byehbeysansosensotrollaerirkPa pid zby 1ebe rdentlreatertdeyvi ce
12 22 of the printer 20. The sensor controller 19 is actually constructed

by a circand 4 neEngimngogate ldrarays. thatr theubekketheugdpsstandingd udes
series of processing executed by the sensor controller 19 is described
accor di ngthe skheor Dnvebatiéaohr&itthe Zemaining quantity of ink. The sensor
10 17measures the remaining quantityof ink according to the following
procedure. The sensor 17 is attached to a resonance chamber 18,
which is disposed in an ink chamber 16. In response to application
of adrivingvoltage toitselectrode (not shown), thepiezoelectric
element of the sensor 17 is distorted and deformed. When the
15 electric charges accumulated in the piezoelectric element are
discharged in this state, the deformation energy is released and
the piezoelectric element freely vibrates. The sensor 17 1is
attached to the resonance chamber 18, sb that the frequency of
the free vibration is restricted by the resonance frequency of
20 the resonance chamber 18. The resonance frequency of the resonance
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



The control device 22 of the printer 20 outputs a conmand of detecting the
remai ni ng quantity of ink and a specified detection condition (step S5)
Specification of the detection conditionwill be discussed |ater in detail.
The ink cartridge 10 receives the commuand of detecting the remaining
quantity of ink and the specified 10 detection condition via the

comuni cation controller 12 (stepSIO . [00461 After reception of the

speci fi ed2¥epécttihen rontiay oR0. t Abesasworcomniuidoklenolsetis actuwmlling

pul se, on which the neasurenent starts, and the nunber of neasured pul ses
(step Sllyonstpgchedthoredismovg; irtd uddsgngate BregyencyFes tiseddtoren he 15
detection. The setting of step Sil specifies the pulse in the vibration of
t he sensounddrsisanding, ttee npasieeneht pascedeisg arteagtedpubs elanddrimomunber
of pul ses as the neasured pul ses. For exanple, the settings are the Ist

pul se as ¢tdwetsdhrét nyp Al desamdbédpatsesding tdehruthewchhrreaswgl. @l ses.
Anot her procedure may 20 alternatively specify the starting pulse and a

terni pat i Tige pohseol devr i Zhot g easit @R0 bt s 4 Bohfignabe\ xame, the
termnating pulse is the 5th pulse. Fig. 3 shows the starting pulse and the

t erm nat i fge MértA A BRaRRaSY &ME/MK 3Nd 4 Bpetuben @ftcFEASHIRMIPWRES I N
the resonant vibration of the sensor 17. 25 [00471 on conpletion of the :

setting ofst&s defect seac%@@latcll% oft F@le’se@é@éc@paﬁrebhe&tlanowl@qt S
driving pulse to the sensor 7 (step S12), The sensor 17 of

pi ezoel ecfikengbeqenheks 13 a%%g&ql NgkkeeX fict %grtc‘%lla%\ée 1% l%rec%,tél% el

resonates at the varyl ng resonance frequency wth a“variation in state of

the r esong&gﬁaﬁiﬁ B@fﬁ?ﬁ{eé@uﬁj r%m%%’ﬁ n&%&%% biee APeha edle% %é&gﬁeg he

sensor contr 19 waits tecti starting pul'se set as
' 10 detectionconditionviathe communicationcontroller 12 (step S10) .

(0046] After reception of the specified detection condition,
the sensor controller 19 sets a starting pulse, on which the
measurement starts, and the number of measured pulses (step S11).
As mentioned above, the resonance frequency is used for the
15 detection. The setting of step S11 specifies the pulse in the
vibration of the sensor 17 used for the measurement as the starting
pulse and the number of pulses as the measured pulsés. 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 alternatively 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



-5 the detection condition (step S13), and starts counting tine in response
to detection of the starting pulse (at atimng tl in the exanple of Fig.

3) (step S14). [00481 The sensor controller 19 waits for detection of the
term nating pul se or the preset nunber of pulses (for exanple, 10 4 pul ses)
at the step S15, and in response to detection of the term nating pul se or
the preset nunber of pul ses, stops counting the tinme and outputs the count

(step S1QccoHiePRNSAL; CORLPRLEL 12 ;Eli?)atso%txcﬁ’%ggo 1g AN pal g%%ogf

t he pul se on measur enent en m ng [

Fig. 3) . ordi I, ,0f nul se on i t asurenent  ends
i's obtaiH§%§§E§§§%&ﬁﬁgﬁ%ﬁgﬂﬁﬁﬁﬁéfE%ﬁnﬁ%§§%¥§hqﬁbﬁ§%§ﬁ%Aﬂidﬁg%ég?%P %ﬁ%ﬁ
exanple) .to,the starting.pulse (the it | se . the resonancg, vibration in
EhreP eGPt 18 i s BbpEar hiCel 4 Bl 4 caf R e hpé s9fos" 20
[ 00491 As the nsor. controller 19 outputs the count and the _ detected

br di nal | ARG TIR e RS VIO (IR SEomhi Ui i SRl HOH 5 Sqhes
control device 22 of the printer 20 receives this detection result (step
'S20) "and t&'}?eg@stetor%qr’ercmtilﬁ@ (e5RE FiLd o RN YBEBCTPUREIRT Pl ERAR . In
this enbodi ment the 25 control device 22 checks the ordinal nunber of the
pul se i nPiRSPRREH ThARFRIIRD Hetldithi HeTheth&u bte nGt the Bridihdtl nimber

of the pulse matches with the specified detection condition. In the 14
procedur €l e¥aPkpdf T cbht F9F¢RrSPP) receives the ordinal number of
the pul se corresponding to the position of the termnating pulse fromthe
sensor cdfPAd] | er IThofsemsor nkonarotldgeliOwathe foontieslelodn 2 cicdali ngl y

cal cul ates the position of the
terminating pulse or the preset number of pulses (for example,

10 4 pulses) at the step 815, and in response to detection of the
terminating pulse or the preset number of pulses, stops counting
the time and outputs the count (step S16). The sensor controller
19 also outputs the ordinal number of the pulse on which the
measurement ends (at a timing t2 in the example of Fig. 3). The

15 ordinalnumber of thepulse onwhich the measurement ends is obtained
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
contreller 12, the control device 22 of the printer 20 receives
this detection result (step S520) and checks the terminating
condition of the detection (step S830). In this embodiment the

25 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



5 termnating pulse fromthe specified detection condition (step S5),
conpares the ordi nal nunber of the pulse with the calculated position of
the term nating pul se, and determ nes whether or not the ordinal nunber of
t he pul se 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 neasured pulses wth the detection result, and

det er m nepwdegdere orf rdtis heodeputhe maoriyero lgfe meas ureent ipidss ehenmhohiesni t h
the specified detection condition. [00501 When it is determ ned at step S3
0 that thewdral ndltheumbkese cbSrebpthdipgltset napokes iwntdf the tdetwatatamg
condition, the control device 22 of the printer 20 verifies the normal

det ecti orpkdefroddbhe. sdineor emaitiaij equant of yetof inkkcdetettigd by. t Fhesensor
17 is accordingly used for subsequent processing. For exanple, when ‘the

det ecti orcamstbllsepresepiceddia misenealelilanksi nthbe gesppange @ ahanber
18, the controller 22 of the printer 20 determ nes that the renmaining

quant bty @frmivat Sndehonsa PF&saihd eiciafi ddedesanait eorianhel he@nd
uses the detected renmaining quantity of ink for subsequent managenent. Wen

it is detegyn ReshpRired eRe BRaihal nurtR Ohdi 13k ﬁﬁ wnRelieh the ulse fogs not
e

correspond to the detection 25 condition, on t contrary, the control

devi ce 22, ¢ 1on R REI to2RiNEE i AEESuTLL, %&wa@%@%l%sawhsﬁfl@& &P not
detection (step S50) and does not use the detection result for subsequent

processi nghe 454k 899 khind ot H2 8RR 1 hAEREESARN ﬂﬁé’ggéb%l%%@@?&&?ove

the ink cartridge 10 detects the state of 1 nk in the thanber

exanpl e, éc%ﬁd?%féﬁ“c% m&@?f‘%@a% Lk X eré%&’%h“e%‘@&&?ﬂg etu S nal l'y

speC|f|ed e control device e pr

10 and the terminating pulse, receive the number of measured pulses
with the detection result, and determine whether or not the input
number of measured pulses matches with the specified detection
condition.

[0050] When it is determined at step $30 that the ordinal number

15 of the pulse matches with the detection condition, the control
device 22 of the printer 20 verifies the normal detection (step
S40). The remaining quantity of ink detected by the sensor 17
is accordingly used for subsequent processing. For example, when
the detection result represents the absence of ink in the resonance

20 chamber 18, the controller 22 of the printer 20 determines that
theremainingquantityof inkisbelowapreset level of the resonance
chamber 18, and uses the detected remaining quantity of ink for
subsequent management. When it is determined at step S30 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.

15



5 outside the ink cartridge 10. This arrangenment does-not set any fixed
condition for the detection and thus flexibly handles the change in state.
For exanple, the procedure flexibly handles a change in optinum detection
condition due to a variation in conposition of the ink held in the chanber
16. Data transm ssion 10 between the ink cartridge 10 and the printer 20 is
carried out by radio comrunication. There is accordingly no fair of any
failed oAbt betirveerne heder bfit the 20rasent hienerk: tam tdi styes <6 takewed i ng
in the course of printing. This structure thus ensures stable data

t ransm sdilen.inkn cehd rsdgec tldr degkctlsi shrpdeatehef nkolarin i tdge cimn@wuiteput s
the data relating to the externally specified detection condition together
wi th the deirexawopleeshetprddmnooatitdlel @rs2-e of itkg yumdert ehe2@ndithicn has
specified the detection condition, verifies the detection result. This

ar r angenesitdinesl pnspees il uthle tehembllydbirgber 2hiebidhd yprofmtdie 20
detection as well as the data 20 communication. [00521 one enbodi nent of

t he ppesenitdintkenthcoAnkscdiseudgediobelms theahgehentudoel-hbe dewention is
applied to an ink jet printer 200 in this enbodinent. Fig. 4 schematically

i Il ustratesced hoddittardiale ot kvet deeeet ibheaRdi tihes 2001 8ppalles the: 25
operation- related part. Fig. 5 shows the internal structure of a control

devi ce 224 4a{qd e Ritarter 200 ekinbhe, PEAOLS 02O R G, B Shept of
printing paper T is fed froma paper feed 16 unit 203 and is conveyed by

means of @A ePn28pc S A& & /G e@on&i?ﬂbrﬁr ke hﬁ?dag%érﬁggﬁkﬂh 1416

onto the printing paper T to form an | mge. e platen 225 1s driven. and

gg;?t f?a%o@%i%%g JOERE 14N M thethd ATbeie8t T5eth MLt M2 a
10 between the ink cartridge 10 and the printer 20 is carried out
by radio communication. There is accordingly no fair of any failed
contact between the printer 20 and the ink cartridge 10 traveling
in the course of printing. This structure thus ensures stable
data transmission. Inthestructurecf thismode, theinkcartridge
15 10 outputs the data relating to the externally specified detection
condition together with the detection result. The controller 22
of the printer 20, which has specified the detection condition,
verifies the detection result. This arrangement thus ensures the
sufficiently high 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
25 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

16



5 rotational angle of the platen 225 is nmeasured by an encoder 242. The
print heads 211 through 216 are |ocated on a carriage 210, which noves back
and forth along a width of the printing paper T. The carriage 210 is
connected with a conveyor belt 221 actuated by a stepping notor 223. The
conveyor belt 221 is an endless belt 10 and is spanned between the stepping
notor 223 and a pulley 229 |ocated on the opposite side. Rotation of the

st eppi ngunbt 0284 wvesividyedcopwesars béla p22ateans2 frakiescd heecajectged 210
shift back and forth along a conveyor guide 224. [00531 Ink cartridges 111
t hrough f#6maofrmix heeldr linkisrangh 25 ottt eHeopr i hein@rgdmge T216. £dhe i nk
cartridges 111 through 116 of the six color inks basically have an

i dent i cabnsinand Ur ghanglabehdinks ofideéhfaiecprbraesposy td apsvihbatorse
different colors, in the respective built-in chanbers. Black ink (K) , cyan

ink (C) trafBgentadi fkol M) sheyeltdm nbkokY240 Ji0Rtgsyarvdih 64E) ,TRE
| ight 20 nagenta ink (LM are respectively held in the ink cartridges 111

~-the O%Qh"%ér@at]__gﬁahi%’léﬁnthaﬁf@eﬁ‘%Eﬁ he hégbhrEBAPLR %HEOdE’MQ@ﬁ?' |

adj usted to have approxi nat el /4 of the dye densiti€s of the cyan |nk-(c3

and the ﬁ@?%%k”ﬁe&% é‘ﬂg ?i‘mﬁoé&fggﬁ%@éngi—é( léég%&roﬁ“ac@éﬂiélgé‘rl‘z% e cyan

ink (C and the nmagenta in tection nenory nodul es rough

Lo ! TRl AL DORLA b VSR SEEELLD e b serhy gl |
11§ e onkiDLJBLER H, 327 Blnd i PULDLSL 200 B TAR 0 oL gahon. I
126 arepatlached ;to (DE.3' A% Fages Ofnb0goL e GB0YY 995, LhhiERLo8gD, 116
10 and is spanned between the stepping motor 223 and a pulley 229
located on the opposite side. Rotation of the stepping motor 223
moves the conveyor belt 221 and makes the carriage 210 shift back
and forth along a conveyor guide 224.
{0053] Ink cartridges 111 through 116 of six color inks are
15 mounted on the carriage 210. The ink cartridges 111 through 116
of the six color inks basically have an identical structure and
hold inks of different compositions, that is, 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 Detectionmemorymodules121through126 (discussedlaterindetail)

are attachedtothese inkcartridges 111 throughl1llé. Thedetection

memory modules 121 through 126 exchange datawith the control device

17



5 [0054] The printer 200 has a transmitter receiver nodule 230 to nake
communi cation and exchange data with the detection nenory nodules 121
through 126 by wirel ess. The transmitter receiver nodule 230, as well as
other electronic parts including the sheet feed notor 240, the stepping
nmot or 223, and an encoder 242 are 10 connected to the control device 222.

D verse swtches 247 and LEDs 248 on an operation panel 245 on the front
side of tdke pfinherprRO=nardd @lbsoradnpectrrundcaheconontImltivegicac22e

[ 0055] As shown in Fig. 5, the control device 222 has a CPU 251 that

cont r ol s afhehdpesmbodnsent , ttie: wikalee tprdmmemo2O0nodauREM 135 b ddtat 26t or es
control prograns executed by the CPU 251, a RAM 253 that is used for

t enpor ar yared acagehetl datthe a RO R4 bt chbungk | NS Wisdgds iNtiethaetgn t h
external devices, a tinmer 255 that nanages tine, and a drive buffer 256
that accumgl.ates data for actuating the print heads 211 through 216. These
constituents 20 are mutually connected via a bus 257. The control device 222

al SO'sha%oam]osci-'-'ﬁeo%&%%e%ngo@nhggtmﬁ%% 9% cd AR ba, these

circurt elenments. T ut put divider 259 es pulse signals output from

the osci ldahQke 228nhil Lo £BRRHLEREAZhS e Hat d BE 3 ¥nB'ddte NeAdS mehb AT ough
216. The print heads 211 through 25 2167receive on-off data representi'ng ink

ej ect | on s i %%Ste%u 4 B B8, i Ul fernyg g?:agigg:ft%erre%@%'éi%e%fom

reception o rom't he output divid ej ect 1 nks

ot SECAt, opn SrPR O fa

st eppi ng not or sheet € enco

transm ttf%rec{ %%q:io\{:e&clrﬁqdlélh% %%%’ppa.l.@l% %etor 223, and an encoder 242 are

[ 10 connected to the control device 222. Diverse switches 247 and

LEDs 248 on an operation panel 245 on the front side of the printer
200 are also connected to the control device 222.
[0055] As shown in Fig. 5, the control device 222 has a CPU
251 that controls the operations of the whole printer 200, a ROM
15 252 that stores control programs executed by the CPU 251, a RAM
253 that is used for temporary storage of data, a PIO 254 that
functions as an interface with external devices, a timer 255 that
manages time, and a drive buffer 256 that accumulates data for
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

18



operation panel 245, a conputer PC, which outputs object inage data to be
printed to the printer 200, is connected to the PO 254 of the control

devi ce 222. The conputer PC specifies imge data to be printed, makes the
specified i mage data subject to a series of processing including
rasterization, color conversion, and half toning, and outputs the processed
image data to the printer 10 200. The printer 200 detects the shift position
of the camzazdge Zi®dvhserd ton the oreasif edeeret. of t he driving anount of the
stepping notor 223, checks the sheet feed position based on the data from

t he encode0s@42, expardshiehetpppiagseshsnton ¥y eeticvelsét onaddaoteqmpuber PC
into on-off data of the inks to be ejected fromthe 15 nozzles of the print

heads 21kHehrepugisdl @4 andleet tedesmibheedr ryeei et f @63ARDE 2nd, t Bagouhput
di vider 259. [0057] The control device 222 transmts data by wireless to

and fromdga-=deler tdaie IMeny,y amedihrs k2 bt hibuah 26 pimentedeen iinagei nk
cartridges |11 through 116 via the transmtter receiver 20 nodule 23

connegting oy tth e Q2 colhdid st ehor €6l VehneMmdd €0288e P10
accordingly has an RF converter 231 that converts the signal fromthe PIO

254 i nto Ay et @HRALLAGrEY" HEDE cEAE22ST IR it ¥ %EEE L84YSCY nale a

| oop antenna 233 that receives the AC signhal fromthe converter 231. In

h . . . . :
the Stru(éaH:rae.t%%EeFé%ﬁgeibn?géﬁésaeﬁgn &ffo%%&g%ﬁ%@ng%%@gg&%% f ghna

233, application o Ignal to the- ses

el ect romagnstd L ool PEUELLARANMLEXEA] £5 LAG ALNRL. A0 ennd Lo ganerate an

electric 19 signal- ture odi nent’,” the W reress
communi Caéﬁ'llcfh%ﬁgggng.ﬁ ' SR &ﬁ%ﬁ&t&%ﬁeﬁﬁr{agé%é‘&'w@ A ANCE 1 A DB 1B
200, so tha e W Teress o nrcati echni gue "dsi ng
‘ 10 200. The printer 200 detects the shift position of the carriage
210 based on the measurement of the driving amount of the stepping
motor 223, checks the sheet feed position based on the data from
the encoder 242, expands the processed data received from 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 divider 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
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el ectromagnetic induction is adopted. The printer 200 and the 5 ink
cartridges ill through 116 respectively have one antenna commonly used for
reception and transm ssion in the structure of the enbodi nent, but an
antenna for transm ssion nay be separate froman antenna for reception in
at least either the printer 200 or the ink cartridges 111 through 116. In
the structure of the 10 enbodi nent, the working electric power required for
each of tshegnailnk camt tiheégest rui¢tuhe ovgh tiibs i smbodimead ,t hrloeiglvireless

el ectromagnetic induction between the antennas used for comruni cati on.
Anot her camnemniaalbde sappkyisfredtaciciad pavehemaytdenpl ovi sethce paf atel v.

[ 00581 The structure of the detection nenory nodule 121 attached 15 to the
ink cartprdgeekl2obs dbsthssethdeliow lddsg.cdimurs d it echrg\sardkisgngbB i s
asi de vi ew showi ng the appearance of the detection nenory nodule 121. The

det ecti ok 1eRFRONhaREE RS ihdhddirctdls boptErint @8e0h vt he ere 2pec hinge thrk
cartridges 111 through 116 have an identical structure, except the ID

nunbes steieddMerRides Ther 20nk8LAWING dUSGURSI AR THPOREES QALY atf@nna -
detection nmenory nodul e 121. The detection nmenory rodul e 121 has an antenna

133 for ”%%ml?%ngm %%%5@% ale ddlim RAtLey ErBst?hiEEiian Eh@ﬁé‘l%%trrugcg:ﬁnlje;%’f an

excl usi ve . aving a diversity of functions (discus ter)
B
0591 ifhonl s R0 AP SR, 3] SE0TROLCLs e, Bl 00 20 JRror
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10  embodiment, the working electric power required for each of the
ink cartridges 111 through 116 is supplied through electromagnetic
induction between the antennas used for communication. Another
antenna for supply of electric power may be provided separately.
[(0058] The structure of thedetectionmemorymodule 121 attached
15 to the ink cartridge 111 is discussed below. Fig. 6A is a front
viewandFig. 6Bisasideviewshowing theappearance of thedetection
memory module 121, The detection memory modules 121 through 126
mounted on the respéctive ink cartridges 111 through 116 have an
identical structure, except the ID number stored therein. The
20 following discussion regards only the detection memory module 121.
The detection memory module 121 has an antenna 133 formed as a
thin metal film patternon 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 anend view showing attachment of the detection



doubl e-faced adhesive tape. The sensor nodul e 137 | ocated on the 5- rear
face of the substrate 131 is fit in an opening 143 fornmed in the side face
of the cartridge ill. A resonance chanber 151 is formed inside the sensor
nodul e 137, and a piezoelectric elenent 153 working as a sensor is attached
to one side wall of the resonance chanber 151. 10 [00601 The i nternal
structure of the detection nenory nodule 121 is described. Fig. 8 is a

bl ock di agmamyshoding 13w tiont ke nialk catrtudddee10l . t hehéleledeid i de@apeyodul e
121. The detection nenory nodule 121 has an RF circuit 161, a power source

unit 162mogudat a21a08l yZeicHéES c A HeEBRGM eapkr of leie L6l caitEERYEAVILG66, a
detection 15 controller 168, an actuation controller 170, an anplifier 172,

a conpar a@r oh/4alds PEE1 Lhaker 1175.08 CpYAt @kaﬂaﬁﬁe aRrOW s 4 L orl48, two
transistors Trl and Tr2, and resistors R and R2, which are located inside
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chip 135 %g%b%E the sensor nodul e 137. No separate electrlc power,

L1 [0060] The internal structure of the detection memory module
121 is described. Fig. 8 is a block diagram showing the internal
structure of the detectionmemorymodule 121. The detectionmemory
module 121 has an RF circuit 161, a power source unit 162, a data
analyzer 163, an EEPROM controller 165, an EEPROM 166, a detection

15 controller 168, an actuation controller 170, an amplifier 172,
a comparator 174, an oscillator 175, a counter 176, an output unit
178, two transistors Trl and Tr2z, and resistors R1 and R2, which
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 l6lalso functions toreceiveasignal
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



such as dry cells, is accordingly nounted on any of the ink cartridges 5 111
through 116. In the case where the supply tine of the electric power in the
formof the signal fromthe transmitter receiver nodule 230 is relatively
restricted, the detection nmenory nodule 121 nay desirably include a charge
storage el enent, such as a capacitor, f or accunulating the stabilized
power source generated by the power 10 source unit 162, although not being

speci fical il us F r S I p1:\ l. d
bef ore t%gh%%%5¥ﬂﬁ%ﬁ cgqﬁﬁ%lgﬁ%égT% %Sggf #ﬁ%gggkgugﬁgpézer fggbégggégeS t he
signal copponent. input fromthe RE circuit 161 .and.mainly .takes a .c nd
2nd dat PO 5 EOHE " ST PPEE G el p SHERL: Shé S0E SRArGBEFIIas
carries qut, c rol, t elect eith data_transm ssion ta and fromthe
EEPROM. S PoT Ha0s TF £her SSFOR BN FomiihECBBROF SRl E A 87 eBased
on the result of the 3naLysis. The data anal yzer 163 al so carries out a
series ofUSTRRLEY AGLLEquiT *ECPHLIRILKIPHIESS InalY offd obpecrrsyidars
cartridge currently involved in data transmssion, in order to _control data
transhi sdildntRECRHA ¥liéom LReEEPRER BB @ thensUPBEHIGManBahe 32CA&d6T di ng
to the result of the data analysis. The data analyzer 163 identifies the
obj ect i BOWEAT iR LH§LOBHSEF hohlgnd bhmen bihe tagasailhg erhec el et odpdsi ti ons
of the respective 25 ink cartridges ill through 116 nounted on the carriage
210 to t RS0 iparskitiegly aesitvdctesdutbe 28T eridi dtDgescaverodnl e HR ¥ egyect | ve
ink cartridges ill through 116, as shown in Figs. 9A and 9B. The 22 details
of this pglesdesdilyyginclhdeea dilvrums et dramgs e1lEmgnt9Asiish as perapactiitwe,vi ew
showi ng the positions of the ink cartridges ill through 116 and the
det ect i of areorynubaiul eg t2e stualilidrd®power source generated by the power

10 source unit 162, although not being specifically illustrated.

Such a charge storage element may be located before the power source

unit 162.
[0062] The dataanalyzer 163 analyzes the signal component input
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
outa seriesof 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. %A and 9B. The



attached thereto to the transmtter receiver nodule 230. Fig. 9B shows the
positional relations of the ink cartridges ill- through 116 to the
transmtter receiver nodule 230 along their widths. [00631 In the process
of identifying the object ink cartridge, the control device 222 shifts the
carriage 210 to the side where the transmtter receiver nodule 230 is

| ocated. The |ocation of 10 the carrjage 210 facing the transmtter receiver
nodul e 298tadlsonf stiaks PHPFatabre “Flalrgéﬂ?e A5 ShSREd A atiggs. §AJan8P9BS in
the structure of this enbodinment, the detection nmenory nodules 121 through
126 are &t PAERRACESVEhELSWdENPHERY Bhet Besihkorér PFi Besink| Farhrbdghs116.
Wth the novenent of the carriage 210, at nost 15 two detection nenory

nmodul es daterhuovghnthé tarad|tehe sngeats canderoronmodie lier a@dnthtenghetdbver
nodule 23 0. In this state, the data analyzer 163 receives a requirement
from t heatoathell dbeireec222 theatrhestisnem teeeirveceimodulmpdidloe 2BOgand
carries out required series of processing f or identification of the object
ink cart eBdgewthayasisd dmaldathat iansrifsshennkacaeessifigethd 1menpoyghand:
data transmission to and fromthe sensor nodule 137. The details of the
processi ngewtbl the dransssedekatretenireh mefielenceot @lengf thuehawi ath80641
After identification of the object ink cartridge 25 involved in data

transni s§0EaB) i N the €16 rofccdl 8f LIRS S50 £ hbGB £ 1o ther EERROM 166,

t he data anal yzer 163 transmts an address used for™ a readi ng operation or

a Witingnapesratien, dedisvesid istatdrencak ehthekgbhel 6 eadivha qpekaihereor the
witing operation, and data in the case of the witing operation to the

EEPROM c @Rkl L4 8Em16Be r Thee EEPROMSaN ehhel s 1hR-4€£81 ViTHk WBGation of

10 the carriage 210 facing the transmitter receiver module 230 is
outside a printable range. As shown in Figs. 9A and 9B, in the
structure of this embodiment, the detection memory modules 121
through 126 are attached to the side faces of the ink cartridges
111 through 116. With the movement of the carriage 210, at most

15 two detection memory modules enter a transmittable range to and
from the transmitter receiver module 230. In this state, the data
analyzer 163 receives a requirement from the control device 222
via the transmitter receiver module 230 and carries out required
series of processing for identification of the object ink cartridge

20 involved in data transmission, access to the memory, and data
transmission to and from the sensor module 137. The details of
the processing will be discussed later with reference to a
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,



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 fromor into the EEPROM 166. [00651
The data structure in the EEPROM 166 is shown in Figs. 10A and 10B. As
shown in Fig. 10A, the inside of the EEPROM 166 10 is roughly divided into
two sections. The fornmer half of the nenory space is a readable and witable
area RAAsphatfisaktdas of usiethemerios yrya€ingobpeeading aid sMd tiAgrihe

remai ning quantity of ink and other data and a nenory area of classificat

i on codeopdbatliaht eandhadfa ofn tthe WEH)bfslﬁﬁ@ewiritangeagegatioﬂr ga RA in
which ID 15 information used for identifying each ink cartridge is witten.

[00661 ThepkBui BHREPBILER 165 W itHLREDROM tBaLk8ade@nhysarede; rERE to
attachnment of the detection nmenory nodul es 121 through 126 with The EEPROM

166 to thggrespecthyeddik Cardrisgesnklinkhoughy s kol gxameLe. ah§ the

course of manufacturing the detection 20 nenory nodul es 121 through 126 or
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printer a oth read and wi romand 1nto

dabl Al , i i [ ] f
the reaqoBnrsahBoReREL ERRROM 185, bR BFREoR et Sh 0RhE tteh PR S8 Re 1 end
only ZStﬁéggEgg%v%%g 671 The user nmenory in the readable and witable area

RALA is “information regarding the remaining quantity of 24

ink in eﬁﬁﬁ#ﬁf the ink cartridges 111 through 116. Th%ﬁgrinter, 200 reads
the info on onTPRed? bfved i ek Wiantt EHeoFEPRRM e Ifafhgiie 1BnFaP8rm t o

t he user when the remainin uant i of ink
10A and 10B. As sh%wgl ?n FE% 10A, the inside of the EEPROM 166

10 isroughlydivided intotwo sections. The former half of the memory -
space 1is a readable and writable area RAA that includes a user
memory used for reading and writing the remaining quantity of ink
and other data and a memory area of classificationcode. The latter
half of the memory space is a read only area ROA in which ID

15 information used for identifying each ink cartridge is written.
{0066] The ID information is written into the read only area
ROA prior to attachment of the detection memory modules 121 through
126 with the EEPROM 166 to the regpective ink cartridges 111 through
116, for example, in the course of manufacturing the detection

20 memory modules 121 through 126 or in the course of manufacturing
the ink cartridges 111 through 116. The printer 200 is allowed
to both read and write data from and into the readable and writable
area RAA, while being allowed to only read data from the read only |
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



is below a preset |evel. Diverse codes for identifying the type 5 and ot her
factors of the ink cartridge are stored in the nmenory area of
classification code in the readable and witable area RAA. The user nay
utilize these codes according to the requirenents. [0068] The ID
information stored in the read only area ROA includes information on

manuf acture of each ink cartridge, to which 10 the detection nenory nodul e

is attache#. ihngéachedf athe®ninheamwaridga®niln tHewat e.16t.heTheuprihber
m nute, the second, and the place of manufacture of each of the ink

cartri dgesolidatibr eghihtbrinatishobadtas tBRakRihgf guARtiey bp LAR &gad only
area ROA as shown in Fig. 10B. Each piece of information is witten in a

4-bit tomd§ §iveidnNENDFY ¥ @Re aBErtfgeh Qﬁ@fﬁrﬂﬁtﬂi@{q Rttt yOegUPhRS a
menory area of 40 bits to 70 bits. Imediately after the power supply to

the printer,208,0f ey 134ihabl 81 {EPLBRI- 408 f&f\tirq?érﬁtgr 1GRy t?%ﬁt%et he

printer 200 reads the ID information I ncluding the tiron
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detection nenory no 1 rou 6. e control device may- gi ve
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when t he renainin uanti nkK IS OW a prese
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{10 the detectionmemory module is attached. Information on the year,
month, the date, the hour, the minute, the second, and the place
of manufacture of each of the ink cartridges 111 through 116 is
stored as the ID information in the read only area ROA as shown
in Fig. 10B. Each piece of information is written in a 4-bit to
15 8-bit memoryarea, and the ID information totally occupies a memory
area of 40 bits to 70 bits. Immediately after the power supply
to the printer 200 or at any suitable timing, the contro} device
222 of the printer 200 reads the ID information including the
information on manufacture of the respective ink cartridges 111
20 through 116 from the detection memory modules 121 through 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



store the ID information including the informati on on manufacture 5 of the
ink cartridge. In the structure of the enbodinent, a serial-type nenory is
applied for the EEPROM 166. [00701 In the case of data transm ssion to and
fromthe sensor nodule 137, on the other hand, the data anal yzer 163 clears
the counter 176, receives a detection condition f romthe control device 10
222, and sets the received detection condition in the detection controller
168. | n whepoERPRAM §6 wavthagesiignies detzadasiablopadict vohtabhe atet®cti on
controller 168 specifies the settings for neasurenent from which pul se
(cal | ed Eounraxanp il so) aleadiiciallpulrsedaklehandi gnatablepoendérpm sineh

pi ezoel ectric el enment 153 of 15 the sensor nodul e 137. The data anal yzer 163
t hen gi ves an ooy peff lasgpRAM, ngay el eppdisdgfialk thet REPROW uaéé oo
controller 170. The actuation controller 170 outputs a driving signal to
the trassostate IDiraferrat?i amdnappldies shérinfidigataldraga danufwcture

pi ezoel ectric elenent 153, in response to the command. The 20 resonance

consequest! yhecauks idigtiriddie. pimzagiecstiGcehesedE 152 dnfbctilddd eda by the
anplifier 172 and is input Iinto the conparator 174 to be converted into a

rectangukariul sgpsi gaabryThe cppRacat ebr i eemRaiediskhe output signal
fromthe anplifier 172 with a preset reference voltage Vref and converts

the outpgofdgnal tAlth& Fad SEIANMIALNRMEALIPL Nl P Ent Aol the

conparison. [00711 The tection controller 168 receives e signa rom

the conparahee 174, 8 5SSt A nakh ! ¢hdl BQEaOBnEng@Uﬂ&?rc%%érgﬁtﬁé’

activate the counter 176 for a period of a specified nunber pul ses from
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osci |l at or tthe active state
E 10 222, and sets the received detection condition in the detection

controller 168. In response to the setting of the detection
condition, the detection controller 168 specifies the settings
for measurement from which pulse (called starting pulse) to which
pulse in the signal output from the piezoelectric element 153 of
15 the sensor module 137. The data analyzer 163 then gives a command
of outputting a driving signal to the actuation controller 170.
The actuation contrcoller 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 converted intoa rectangular pulse signal. 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



of the SET termi nal and outputs the resulting count to the output 51 unit
178. The output unit 178 receives a condition value for- detection fromthe
detection controller 168, and outputs the resulting count transmtted from
the counter 176 and this condition value for detection to the control
device 222 via the RF circuit 161. In the structure of this enbodi nent, the
condition value 10 for detection is obtained as the sum of the nunber of
measur edtopakseyagadthhrecorndiril lignfer of pehaéodt aft engppal§sedt hatbes, the
ordi nal nunber of the termi nating pulse on which the nmeasurenent ends. (the
5 th pul © bnlehe frowsarepteseexsimpteing Mhescondhe countakuéd7fagoonher wi se
be the starting pulse and the nunber of neasured 15 pul ses representing the
measur enehe pudeesTheneubpetl by thé78schidyaberi ncor par ahedachitbestata

anal yzer 163. [00721 The foll owi ng describes the processing for

identifi edtthe IET theminklcantrodgestd khd keeugh ihbbcondt the theceasputo the
menory, which is executed by the control device 222 of the 20 printer 200 in
coopeg-at @A twiLtyl :t'thdab&t?@@ YZES 1563 @dcd fee s det €64 0N HBMPL YueDdEkes- 121
through 126. Fig. 11 is a flowhart showi ng a series of processing executed

in comupkeatkeBnVifrdihehd @88kt 67 keaek¥en iAW e 230 byuther §08hEO
device 222 of the printer 200 and the detection nmenory nodul es 121 through

126 of 23560 ciinl &GAY EJgRSm: bk bV QPR 18unths £oBLEQAl cHiEYECRaZR2.0f  the
printer 200 and the data anal yzers 163 of the respective etection nmenory

nodul es 123,Lhegyahed28: eshall il CORIUNICALLORCZT NI A4 hd RENSTELLEE

recei ver nodul e 230 and carry out a proces readi ng the nfor mati on

(T1rst sqqyence) ¢nd PLAGESH.QM oBLA} B0erBEAERENEY LHE HBHAREY 1A (E3d.data

and i nformati on of he an

! 10 for detection is obtained as the sum of the number of measured

pulses and the ordinal number of the starting pulse, that is, the
ordinal number of the terminating pulse on which the measurement
ends (the 5 pulse in the illustrated example). The condition
value may otherwise be the starting pulse and the number of measured
15 pulses representing the measurement time. The cutput unit 178
may be i‘ncorporated in the data analyzer 163.
(0072] The following describes the processing 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



ID information or wite information on the remaining quantity of 5 ink
(second sequence) , and a process of transmtting data to-and fromthe
sensor nodul e 137 (third sequence). [0073] At the tine 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 tinme when a preset tine period has

el apsed 10 since execution of a previous comunication process, or at any

ot her suvtabreetivamgnlgher preer evenmodekrli2 Ihendnhfarmyt Poh arcroedss act ure
of the corresponding ink cartridge and wites or reads information on the
remai ni ngfqueadtiingytlvd IDrkngonm tororf  fir & heeqpreedet) erarpnedeas e @diniweg EEPROM
166. These series of processing 15 are different fromthe general printing
process andeasetcarhié ecmomyt tionreadnidat 8 andn nficdimatherdet@eti ohamenne y
nodul es 121 through 126 via the transmtter receiver nodule 230. [00741 In

order toIpsimbbisit tonminnediticoinfbirhatiendeh agid ermaterieky quadulies d21
t hrough 126, the carriage 210 with the ink 20 cartridges 111 through 116

nmounted GRRN e98cbAd ARl ddON argeaepabeBEE NG NG LRGUHU Q1Y BASK! L8Rags from
a right-side non-printing area and shifts to a |eft-side non-printing area,

where therbhapssl kkakor feauver 1A8duke 1330 despueeated. I n response to the
novenment of the carriage 210 to the left-side non-printing area, each of
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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 gquantity 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 execution positionor froma right-gide non-printing area
and shifts to a 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



el enents inside the detection nmenory nodul e. The respective 5" controllers
and circuit elenents in the detection nenory nodule can thus performthe
requi red processing. [00751 on a start of the processing routine in
conmmuni cation of the transmtter receiver nodule 23 0 with the respective
detection nenory nodul es 121 through 12 6, the control device 222 of the
printer 10 200 determ nes whether or not there is a power-on request (step
S100) . dheepnacessi nglef pohiex sbepcdetel i &3 whetdheheoelnatribepopetnt er
200 has just received power supply to start operations. Wen it is

det er m nedmpbatnt eren ichear povkreama equestt, ahfiatugislied Rhkhet goseigédan
affirmati ve answer at step S100, the first sequence 15 starts to read the ID

i nf or mat peRefrosut-be d@leagéoeoneﬂgryegp«d@t@ﬁe d3acib1odgh 88 £stenislos
and subsequent steps). [00761 When it is determned that there is no

power - ONe 8MEREE, inkhdlk ithe | BetbEt £88emBhoRyNeRRAIIIE angyer rakpst epyvS100,
on the other hand, the control device 222 deternlnes that the prlnter 20

200 igs. exgRuELDgekECAGENST Aby PE | i dilh AGPIe aetgwesi%ﬁuagaﬂ gﬁw nes.
whet her or not there is a request on replacenent of any o thg In

cartridge nlgﬂugh ggggrﬁﬁgh%sgggﬁ§%%§)PTOEQgSl%%uest on repl acenent of any

of the ink cartridges i rou I'ven,” in response to the user's
press of 65%? nk caétrl e 25 acegﬁnt but t on %47 Qn. t he 0 eratég Banel
bas in tHD @ ot o L bl %8% 5#&%? 565° HhepRTRrEr=500
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{ 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 caseof anaffirmative answer at step 8100, the first sequence
15 starts to read the ID information from the detection memory modules
121 through 126 (step 5104 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 S$100, 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
25 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



[.00771 When it is determned that there is a request on -5 -replacenent of
any of the ink cartridges ill through 116, that' is, in the case of an
affirmati ve answer at step S102, the control device 222 starts the first
sequence to read the IDinformation fromthe detection nmenory nodul e of the
replaced ink cartridge (step S104) Wen it is determned that there is no
request on 10 replacenent of any of the ink cartridges ill through 116, that
is, in thé casdnifcarnepdgevd dnsheough Xtep Fhe2regunesheorcoaplargmenthe
control device 222 determnes that the ID information has already been read
correct| ysf bapptibeatespesttuel dedpriconenent \anynedulkes 12k throughgda6 at
the time of power supply or at another 15 adequate tim ng, and specifies the
obj ect ofiiaceassugst @psS150) . The ink cartridges 111 through 116 of the
enbodi nent have two avail abl e objects of access, the EEPROM 166 (the

menory) he s r dul.e ANEE e ) + n; th 1 f .access
is the 2%%?? 166?@$ﬁalf?sggiﬁﬁ%ﬁ2&%g§g§o?ﬁgﬁetﬁ%%%fyl%t%é$§%£§§%§ac% e 20

~-secongl s I iy IEfNRECESS - o etegti. menory
rodul s $oE R SaGh TFe (4ren 5500 < whin the ony set of dtcees’i Spe

sensor mdul en 13 chlllof S LEciBRaEASE Blolde £208ED s 7o Shel ShAG.oan he

ot her e third sequence starts to read ection resu romt he

sensor mdye 137,(3t P SIOR). ¢ 25,0 AOIAL. The JJ st hraugh thecthicdon

sequences are descri ntione ove, I TSt sequence

|5, executed el oLie LR glrlsy) GEaR32 det eRLs LG paet an Lequest of the

printer § he “request o acement o ( € I'nK™

1o ougBIE oM ahgh FELENRS. YIS ThBTOT oL 2. L 1O

!f‘ 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 S150, the

20 second sequence starts togainaccess to the memory of the detecticon
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 $150, 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 wmentioned above, the first sequence is executed when

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



126 (st epS104) and executes an anti -collision process (stepSI06). 5 The
anti-collision process is carried out to prevent interference in the
process of reading the ID-rnformation fromthe respective detection nenory
nodul es 121 through 126. In the case of a failure in the mddle of the
anti-collision process, the anti-collision process is carried out all over
again. In the structure of this 10 enbodi nent taking advantage of radio
communi cdPPofr the regunshi enercpiacewentnodubey 23D thecaphbtarbofridges
comuni cating sinmultaneously with nmultiple detection nenory nodul es (two
det ect i ohlidriorougiodubes The fhirsterdmpmensrarfs arheperaeiofi ofstaatiing
communi cation, the control device 222 has not yet acquired 15 the ID

i nf or mat tba IPdmfidensdet@cifirom thaodyt eodube snehiryt mooudles 126 vhtauyhkrd to
the respective ink cartridges ill through 116 nounted on the carriage 210.

The anti 1ge6l(dtH081 P4 peesisetscutes andingl Yed EiE 1@dptocpEevisted BE0E) .
interference. In the anti-collision process, the transmtter receiver

-module: 288 2th ot il Bi PBsh pelockhe 1P daardmblieno prdvenkyihberdereateon -
menory nodul e having the identical part of the IDinformation gives a

r esponse ;i nWIgs gRsoddies ek adehgCt he N FeMH A wRAWES riodl bhkntOspaceheep
node. The control device 222 accordingly identifies the ID information of

the det egbi@BcBARaMIBARLEUREsI I KRk oCahi13410€ 2P hocalRdoE R ERC1ure
comuni cabl e range and ‘est abli shes comunication wth the detection nenory

modul e hayi pge thEad B8N Gale bRCiNERITRL prB'[QeE's'.”@ﬁ %E?L%él?iswﬁ

anti-col[1sion process are described 31 here. [00791 After

anti’CO|FE5E9Qsp£QC r'é@Qnﬁpghﬁobvg§V5§§ingZZD?Q&H?EkXUE@%Q% biechbs
i nformat fon from each Of the detection

f 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 medule 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

withthe detectionmemorymodulehavingthe identical IDinformation.

No further details of the anti-collision process are described

31



menory nodul es 121 through 126 via the data anal yzer 163 (step 5 S108) . On
concl usi onof the process of reading the ID information, the programexits
fromthis conmmuni cati on process routine, or subsequently carries out the
second sequence, according to the requirenments. (00801 When the program
starts the second sequence, the control 10 device 222 starts a nenory
access operation to gain access to the EEPROM 166 (step S200) and issues an
active nmbdeecommand to each of the detection nenory nodul es 121 t hrough 126
(step S202) . The active node command is output with the ID information to

each of [g0m]det echEparNEABI ¥nfRdEbesid2dnt PrOUEEs 126he TEEnEHRLR @dplyger 15
163 in each of the detection nenory nodul es 121 through 126 conpares the

recei ved2b D ddd @By indd tthet 18 5k A6 £Hat Doh N 5iRId QN oFNfhet @SBt L Sna
response signal ACK representing a ready for access to the control device

222, 0”'Mefﬂ@§g hB8uive Pbecerr8highDLbef PLaBthoNafs ahseptisal sy {hggch
other. 20 [00811 The control device 222 receives the response signal ACK to

the isssugdgacti v, pade) GRARRNSE Eh@@%ﬁ&f%%ﬂ%gge@ﬁé% BFDEY A LUl es.

121 through 126, and actually execut _nmenory dccess operation to have

access  PnkNeyBRIREY cliceashoal e Qe RIS K0 £5, A7l hg pugh

126 (step The nmenory access 25 operation may wite data rnfo fhe

EEPROM 1 a - t he ng% 6 n.elLhe h ROM
controlIggbgégﬁgggégvégrgﬁgg]gﬁgrgsg 0 ég %% u?ﬁbépe%Fﬁsggigé ?ﬁgggontro
devi ce 2%%a?9?e%% g?ins access to the EEPROM 166. The EEPROM control |l er 165
reads or Ft88-data fromor into the specified address in the EEPROM 166,

based on speci fj ed address and specifjcation of either
m&ga]p Whené%eprogramsté%tsthesecondsequence,thecontrol

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 cutput 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 S5204). The memory access

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

the address of the memory specified by the control device 222 and



the readi ng operation or the witing operation.. On conclusion 5 of the
menory-access operation to the EEPROV 166, the-EEPROM controller 165
transmts a response signal ACK representing a conpleted access, and the
accessed address to the control device 222 via the data analyzer 163. The
second sequence is here termnated to end,.for exanple, the operation of
witing the 10 information on the remaining quantities of inks into the

r espect i9pe nsgéceesisohonen® rEERRSHI16$ -1 2 ThehEBEgAM 1osnt fobBet Miferradss
program starts the third sequence, the control device 222 starts a sensor
access opematiters tletgatnoncorsinto tihe spensbiedouidesd87i( Sthep BITOM and

i ssues an active node command 15 AMC to each of the detection nenory nodul es
121 t hr dusgh b2@edsbapth&392¢¢ihted rmddres sasendfspds. ferar yormecke st tdyEar at i on.
Each of the detection nenory nodul es 121 through 126 attached to the ink
cartri dggse kkhdinpuge kit orecat Wi thel taialg wepenmdel commeand oAMS 1ianicbn
identifies the IDinformation received wth the active node 20 command AMC.
Onl yswhest tites reeebredatBekBf opaRhiteBn $d dan | cebroMF t Bst he nst-grexhdiD

i nformation, the correspondi ng detection nenory nodule sends back a

I espons exci Al 1AC BBl t Saddch DML t e @ﬁ@@ds1%@.31&“@1(2&“%%@%@&1&&@0%55l ng.
This process is shown in the timng c art of Fig. 12. The upper-nost row

DAT in RidhpilddeRiesant %n@tﬁé@c&éé&é&‘ £88PBshet yaale the ot rQly devi ce
222 and the detection nenory nodule 121. A rise of the active node conmand

ACM to the Plghrhevelarshons, 1Al he; det gkl QLB Yo @@QH&@ 12l et in
33 the active node. [00831 After the output of the acti node command AMC
to activatg pne ofe é hgndet eeli Qu AR Y vl ES d2doh hoeugh 1146 e
10 information on the remaining quantities of inks into the respective
detection memory modules 121 through 126.
[0082] When the program starts the third sequence, the control
device 222 starts a sensor access operation to gain access to the
sensor module 137 (step S300) and issues an active mode command
15 AMC to each of the detection memory modules 121 through 126 (step
8302), as in the case of the memory access operation. Each of
the detection memory modules 121 through 126 attached to the ink
cartridges 111 through 116 receives the active mode command AMC
and identifies the ID information received with the active mode
20 command AMC. Only when the received ID information is identical
with the stored ID information, the corresponding detection memory
module sends back a response signal AC and is allowed to proceed
to the subsequent processing. This process is shown in the timing
chart of Fig. 12. The upper-most row DAT in Fig. 12 represents
25 data transmission between the control device 222 and the detection

memory module 121. A rise of the active mode command ACM to the

high level shows that the detection memory module 121 is set in



control device 222 transmts data DN for specifying the detection 5 -
condition to the activated detection nenory nodule (step S304) . The
activated detection nmenory nodul e receives the data DN for specifying the
det ect'i on condition 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 10 command DC may be included in the
dat a DNther a§§éé’ef ViRl - the detection condition. [ 00841 In response to
receptlon of the detection command DC, the data anal yzer 163 outputs a

cl ear silPB33] CLR ®dtee tdwumerputl 76ft bheeset itviee mealeuecamaie a¥Onter 176
to 1 01 (see Figs. 8 and 15 12) The data anal yzer 163 subsequently outputs
a driveactnmatne oDRIOL thet@etact atirmmeunmodiulers 170.tHheugc ti?#,i bhe
controller 170 receives the drive command DRIV to actuate the transistors
Tri andc®n2roAsdshbwe 222 thentmiitsgdabamN 6brFecilByindehdr deeeceanmand
DRIV repeats the followi ng transistor on-of f cycle twce: 20 turning ON the
t r arsi-st.ehditiiohoeoctne ghdgi tat applat ectviodd agendrey ridde1pi €zeelesinis el enent -
153, turning OFF the transistor Trl and turning ON the other transistor Tr2
for di sghar gichd vaftker delkapse onofnetmopfemetuflier sk ckiiie spehiodatandnt geri ng OFF
the transistor Tr2 after elapse of a preset second tinme period. The voltage

appl i ed g2 cligvtibg theaeekeet bhclEeidn 4248 déicﬁll@@&k@drééc}%ﬂé@ﬁl gawer
source wunit 162, and the gradient of charge is restricted by the resistor

R. Theaeikectthe i €8s ReGWalbabethdm JtQURILZAR @ E | n JIRiRIMG B¢, 153 are
di scharged via the transistor Tr2. The gradient of discharge is restricted

by the ﬁﬁsféélﬁén& toTE'ﬁe%s;ﬁJnéé‘EﬁéﬁéllsAC@f (sl §38851 St@lsSaltbcRRdnTr2 are
set to make the frequency o
1 10 commandDCmaybe included inthedataDN 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
15 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:
20 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
25 to the piezoelectric element 153 is supplied from the power source

unit 162, and the gradient of charge is restricted by the resistor

R1. Theelectric charges accumulated inthe piezoelectricelement



the vibration generated in the piezoelectric elenent 153 close 5 to the
resonance frequency of the resonance chanber |5l included in the sensor
nodul e 137. [0085] As the result of the charge and di scharge by neans of

the actuation controller 170, the piezoelectric element 153 vibrates at a
frequency close to the resonance frequency of the 10 resenance chanmber 151.
A voltage, due to the vibration, is then generated on the el ectrode of the
p|ezoele%$$|érélém§ﬂhamiﬁd1ﬁba thir &tvieeys Isdsical ¥ . haBhehgneskiemdncet
frequency determ ned according to the property of the resonance chanber

151. Thedigehpeye yisoreshoicssdrenddicchaaberorF2 heMher epreémmntetrealwvel 15
of ink remaining in the resonance chanber 151. In this enbodinent, the

r esonancef ftrlegusreoys i st cappriosd ratcke I fr20arkHsenhen hake reseonfimeguentandier 151
is completely filled with ink, and is approximately 110 KHz when the ink in
t he resotaaceilshanben déietrstedein uphdypigrdatéagridhelgmsonant®e Iesgiency
is varied according to the size 20 of the resonance chanber 151 and the
proper ties wife irescnanele Bakhnensychf ashd e ssiagicd epahbercys1 ThesT@semance
frequency is thus neasured for each type of the ink cartridge. The
resonancen theqsensyroholiiter @sonance chanber 151 prior to filling the ink
cartridge with ink (that is, under the condition of the perfect 25 vacancy

of Lhe rERmBINOe cHaNbes ki1l S eldahtht il bekeal Lhafhe! B hespaagee

frequency of the resonance chanber 151 that iIs vacant sunption of the

filled i pke TRicSaPBBrOCASCFdPES-t 97b0e 3p Sg%éoéf@@tﬁcofel'emér&n {&¢ inner

wal | of the resonance chanber 151 even after consunption of the ink. In the

cas ebof b eLt L 0% ¢ tP& R U PE 18NS ¥ 12T rLBKRLACL B LESORAYCE CRIDEr
( 10 resonance chamber 151. BA voltage, due to the vibration, is then
generated on the electrode of the piezoelectric element 153. The
vibration basically has the resonance freguency 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 filling the ink
cartridge with ink (that is, under the condition of the perfect
25 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



on the frequency of the vibration of the piezoelectric element 5 153, the
detection condition maybe under considerable restriction. [00861 The

pi ezoel ectrit el ement 153 vibrates at the frequency close to the resonance
frequency of the resonance chanber 151, _which is triggered by the forced
vi bration under the applied voltage, as described above. The vibration is
anplified by the anplifier 10 172, is input into the conparator 174, and is
conpareamaﬂﬁhramaneﬁewént@kv@mﬂdgeJVF@&'Waiﬁe060nbaraeeonaﬂdeothmbsra
rectangul ar wave signal COW having the frequency of the piezoelectric

el ement 15158yehasite vcdrimimmsidn odf thkeigkopaln sdre Ceee Bifgdef2ytimdmbe
detection controller 168 inputs this rectangular wave signal COW 15 and
gener at ehearsed isigyadubii t Wit Ainkpeni the resdiampetiaatbdro 15achayate t he
counter 176 for detection, based on the input rectangular wave signal COW

and t heoaperkf Eedgdeheqt bentaendibi-abiont Be sharpiagoputserandet BReAunber of
measured pulses) . In the illustrated exanple of Fig. 12, the starting

- pul se i 3§58, ke @it 84 1 3R candithen RaskE apBRY ddmcréafmsep@élgﬁrietﬁ}oﬁul ses.
The detection tine peri od, when the set signal SET is in the active state,

s accqu@mg'y frrﬁ@ﬁlém@l@ét%b@e'fenwt%sﬁQfl%rr %%8% c%ﬂs%%ﬁ%égt that

IS, ses of the rectangular wave signal COWP.

si gnal §E$sb5tbnthgeré%5h&ﬁcét@E@quéh@g 8% eaén&sgoAZchoeﬂﬁabEQelgﬂlses of
t he rectangul ar wave si gnal il1zing pulses o I gh frequency

out put tvh?.@htl@t9§§%éJ:@B?fé/etﬂg§orgga Lb_tl;%‘ttl&d TEa0F Eﬁg%ﬂﬂﬁ%d §o¥€51l38d W th

a variation in sonan requency he counter nts up un t he

set signal ?e§§}_%8g&%0\fr Om'x‘ﬂéev‘i%&%%&bﬁnlgoﬁmséeﬂgféd %?3 thd éﬂéﬂﬁsﬁgﬁ
response ection the term nafing ) resul ting coun
! 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 pericd 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
25 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



the counter 176 is thus varied with the variation in resonance 5 frequency.
The count CNT is output to the control device 222 of the printer 200 via
the output unit 178. The output unit 178 outputs data corresponding to the
detection condition, as well as the count CNT, to the control device 222.
In the structure of this enbodinent, the data corresponding to the
detection condition is the ordinal 10 nunber of the term nating pul se (the

Sth pul se in the exanpl e of ig. 12) . _The specified detection condition
Ctoelt terapance SHETRNE naTHA AR S 1 AC ST RGP SEq FRE SRl 96 i n
the exanple of Fig. 12) and the nunber of neasured pul ses (4 pulses in the
exanpl e S5 Cﬁi'ﬁ?uﬁﬁg?ﬁ‘r‘?&gﬁ AF EBF hAPR FORy TR 16d PrA L RiltH S CHUKE SPPESENT.
[00881 The control device 222 receives the count CNT as the detection
resul t &IERECHarE ebred fed i tind mtldet-echi BRSUEBRAY tGIHNY (RE @rdi nal
nunber of the termnating pulse) and determ nes the remaining quantity of
i nk, basd® epurlterr ddéi véed thosc yamt eENVitThehgcvaaliapiosedur segonaengienes t he
presence or the absence of ink in the resonance chanber 151. The control
devite L[2ZRugercar.ni Ahs chenpr@¥Enice coftpiutk tont hhecorsombrisy ctmpr of51 -
when the count CNT is greater than a preset reference level, while
det er m ribegert int @b 8Acel a0t he ptipmtturet r 238nartee ohapbennlifll Whentphitishe
count CNT is not greater than the preset reference level. The control
devi ce ZRZaofotrhespondiry t200he detes ttilvm conder iof, iaskwe UI apl tets cejuett ed
fromeach of the print heads 211 through 216 by 37 the software counter and
cal cul atew  tthret hakcaarsdndv e £22 . t hn thaspese tof-enahialgesenbodImencont r o
devi ce 222 can accurately nanage the current level of ink in each of the
i nk cartghedgataldorresponding to the detection condition is the ordinal
10 number of the terminating pulse (the 5" pulse in the example of

Fig. 12). The specified detection condition itself, that is, the

ordinal number of the starting pulse (the 1°* 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



t hrough 116, based on the cal cul ated ink consunption and the 5 information
regarding the presence or the ~absence -of ink in -the --- resonance chanber -
151 obtained fromeach of the detection nenory nodules 121 .through 126
attached to the ink cartridges 111 through 116. [0089] In the structure of
managi ng the remai ning quantity of 10 ink based on.the count of ink
ejection, the calculated remaining_ quantity of ink is deviated fromthe
actual rEREi APRGAERMETEFCehrAtRC2 G HEE ThE PGudRti EYNEHMPER O Eretingt a
time fromthe nozzles in each of the print heads 211 through 216 is_varied
wi th varPHFPBAS °fn"GAIERSHtanef8f, SOREFode SEMIFDf23HhKkSARNYCFRTABE kY ng
tenperature 15 of ink. Substantially no ink remains in the resonance chanber
151, wheW*BREBSENALFYL NG Hevisk afs 1aEnsnmarch pfeddie énkt RRTEKRRAg alELi dges
111 through 116. One preferable procedure detects the timng when the

det er m nBlkeHgheddfdi Mg aese Pt eSenceadrul hbedbdahic eonFunikiam amé EBsonance
chanber 151 by each of the detection nenory 20 nodul es 121 through 126 is
chanded indarnhtionaregatdipgethageresence her dthat eksfericabsdndek andtberrects
the conputed ink consunption fromthe count by the software counter at the
det ect edrespnagece dhasbat | 1ds dodriaecufabe sachgeireme detenk iconsenprion.
The <correction may sinply reset the quantity of ink consunption to 25 1/2
of the imbkdadpacily thivaseth 016 e adtieert o arhe eakl dafr idiges aQlr esponghng
detection nenory nodule, or may nodify the count by the software counter.
This arrangenent enables the ink-end 38 timng (the timng when the ink in
each ink cartridge is conpletely wused up) to be adequately estimated in

each of {dgsdink camhrtfges ruddutdUgindddngSucd RARAUANRy §okin¥RY Bt

effectively mnimzes
10 ink based on the count of ink ejection, the calculated remaining

quantity of ink is deviated from the actual remaining guantity
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
25 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



the waste of the valuable resource, due to the remains of non-used 5 ink in
the ink cartridge replaced in response to detection of the inkend. This
al so desirably prevents the ink in the ink cartridge from being used up

prior to detection of the ink end, which causes hitting w thout

i nk and may

damage the print head. [00901 In the structure of this enbodi nent, the
printer 200 10 transmts the data corresponding to the detection condition
(the ofdMias HildEdndnst Waep e Hakiidyepahdayk Carpybdaerd swrenpintedBunt

CNT as the detection result, to the control device 222 via each

of the

det ect i ¥fefewd! yrIrbguidsquatelyheduipatod 6in FAshcoftte igdvrastridgeean thus
verify detection has been carried out accurately under 15 the specified

det ect i A lcompuglarllameuich adededbent sionathbon eddieadtiived vnagnpot zbeen
carried out under the detection condition specified by the control device
222, th&heowmst€NE gheers hsalb e regetuectd odueasulthe semains elfi abheus#he
procedure accordingly does not carry out determ nation of the presence or

t he BAbsenkeinfrheiinROcartedtgectéphaoddtire regapnisty t ofde trde cims wipthen,

based on the count CNT. The procedure nmay otherw se carry out the

correct iak endli | igisvabgoaie Sl @bl prehenusathe and irsehehienk eavkiriaget he
correction only for limted purposes. In the case of m smatch of the

det ect i @romcio8dhdivied Upeppiocadiite tary idet £ttt fakl ¢re, ahildieceakesti on 25
menory nodul e on the ink cartridge and advise the user to replace the ink

cartri dge+ttli@@9%4 tHhitcany alndlenif eiadda aflid isigletigedd on has
carried out accurately under the specified detection condition

been 39
according to

a procegghaiy rout e c3owr Aftfie Hlrowehar ten@fodﬁhgnt,léhev\g%@nft@% Blo@gr am

enters this verification routine, the contro

10 transmits the data corresponding to the detection condition (the

15

20

25

ordinal number of the texrminating pulse), together with the count
CNT as the detection result, to the control device 222 via each
of thedetectionmemorymodules 121 through126. Thecontroldevice
222 can thus verify detection has been carried out accurately under
the specified detection condition. When it is determined that
detection has not been carried out under the detection condition
specified by the control 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
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 thecorrection
only for limited purpeses. Inthe case of mismatchof 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.

[0091] The control device 222 verifies detection has been



device 222 transmts a specified detection condition Di regarding 5 the
presence or the absence of ink and a detection- command D2 to each of the
det ection nenory nodul es 121 through 126 attached to the ink cartri'dges ill
t hrough 116 (step S400) , and waits for a response of the detection result
fromany of the detection nenory nodules 121 through 126 of the ink
cartridges 111 through 116 (step 10 S410) The control device 22~ receives
the det &H%FY &4 ﬁcwét%uwdem)th&n&p&a%l@ﬁ E6FEESPERIFRGILE 10Re
detection condition D fromany of the detection nenory nodul es 121 through
126 of AMCHHOL &Pt RiRIRICFFING W%{FQWQLF@OBVI d-advlae doanahiast icdn Fistep
S420) . 15 [00921 The received data DI is then conpared with the specified
det ect i drt .coWBenitde ProgsaepnS43®) thiearifécredenvusitdatea PTe cortteids with
the specified detection condition DI, the control device 222 verifies the
val i di t ydesfigeh@d2det ottt s @smmCiEi@q}v deSeAd)icandondkesonliEl degectiiog resul t
reflected on the conputation 20 of the remaining quantity of ink by the

sof t har eelzopresencst ep tS45)senddeoftomir ehd prdeesr confedirearpt Ae s ng  at
step S450 conpares the count CNT given as the result of the neasurenent by
t he sensmchhodutke I35t avt hom mpneset medhiled steptS4bilgh, 1 tseiched teal ue
1l to a flag Fn when the count CNT is smaller than the 25 preset val ue

whi | e sedtd Adgkacealtud db@s talt berblghs EnewWnebtephes ocoudndCNRiitSs meir smal | er
than the preset value (steps S452 and S454) Only when the count CNT is

smal | er #dporidie ofir es€tdatad dtelorft@ebing tPE 86AHHE oFONRarERS: d tel dralemmcafy a
previously set flag Fn-1 with the value of the currently set flag Fn (step

Eﬁiﬁ) o i s 108%h8udh SuBtehchbtinreaas thhaigeher  kagohgness j(wtlegheen
lg S410) . The control device 222 receives the detection result (the
count CNT) and data DT corresponding 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
S420) .

15 [0092] The received data DT is then compared with the specified
detection condition D1 (step S$430). 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
8450} . 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,



fromthe value 1 0 1 to the value 1 1 The procedure accordingly 5 determ nes
that the remaining quantity of ink in the ink cartridge has just reached

al nost 1/2 of the ink capacity and corrects the conputation of the

remai ning quantity of ink executed by the control device 222. Nanely the
control device 222 resets the calculated remaining quantity of ink to 1/2,
based on the detection result 10 (step S458). [00931 Even when the

conput at o RECTHE TR MM fHuEmt i Y31 W °F ik Brom Ul otft ThRd Hrsbft ware
counter has sqne error, this arrangenent desirably corrects the conputation
with t he"det ddts IRluce o Fhﬁeﬁ%aﬁ?ﬂgwh%el? iy (§Gamt PEF5oF | Bk TR t he
sensor nodule 15 137. One preferabl e procedure may carry out fine adjustnent
of a cofdrtioRiéBerrhei égtmeém% Kdadr thRnglag Bx 3neh beed glmnged
conput ati on of the remaining quantity of ink fromthe count by the software
count er , fpgm ridieridlig t'@ 't e d8eetalos ( dsul tTheduratietre Hee gasrdding g
quantity of ink by the sensor nodule 137. 20 [00941 When it is determ ned at
st ep 5343k téuainde thedet hed emieitral IR grasmatyhes inkt hn ttdhe $pecidhitedidis ect i on
condition DI, on the other hand, the control device 222 verifies the

i nval i ditas jofstt readdtecc bilonstesiltof sthep iBk6Ohpand tenandstsr sedise dulent
managenent of the renmaining quantity of ink to the software counter 25 (step
S470) . domphist casef tie remakpeny egiatritdtt tdiet akieskesarmed bpthkeornttrdlhe
correspondi ng one of the detection nenory nodul es 121 through 126 attached
to the idkviestrizigesiahklyt bheuginddsl dehel @onbrokeddtdevhe axa222:yed hus
give an alarmrepresenting 'There nay be a trouble in the ink cartridge' to

t he userrendenh@rdquamyite «f vielk thy 1/basbhpgdasn Liht 248 &ix ide ©@paimt i on

9ane| 245 of the printer

10 (step S458).

[0093] Even when the computation of the remaining quantity of
ink from the count by the scftware 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. Cne preferable procedure may carry out fine adjustment of
a correction coefficient in the arithmetic expression used for
computation of the remaining gquantity 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 $430 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 S$460) and entrusts subsequent
management of the remaining quantity of ink to the software counter

25 (step S470). Inthiscase, it is expectedthat there is some trouble

inthe corresponding one of the detectionmemory modules 121 through

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

41



200, by displaying a preset nessage on, for exanple, a liquid crystal 5--

di splay of the-printer 200; or by outputting a voice alarm- for-- exanple,
by synthetic voice, froma speaker connecting with the printer 200. In the
case where the printer 200 is connected with a conputer, which outputs
print data to the printer 200, via a bidirectional interface, the printer
200 may output alarmdata 10 to the conputer to give an alarmon the

conput er 3G ECorpilefiPdn EhHE G SaBOy 8 18&F ESPERSHIGdESsi AGe BEn &3yt &§r &m goes
to "END and. exits fromthe verification routine of Fig. 14. [00951 As
descri bed TEHEIE IRHE D LEKRFET RIEhE MBS RRAt T akamheay ke giivess of
the detection nmenory nodul es 121 through 15 126 attached to the respective

i nk cart Kdyd§éashpingt ARokgh 24% canghenpBprpEdonhpane bcess il tireoprévdesl e,
conputation of the remaining quantity of ink) according to the state of ink
in each @O, hey Ankplegingicdyessquneshagegm . 1i6r ssampd et vel paiuhd ery2@8.1 Wien
it is determned that each of the detection nenory nodul es 121 through 20
-126 i & -natirmmllay ofechtedritherp? 6 edor eoyrayutgorireiaty teherodarng attatrivgn £ouf- the -
remai ning quantity of ink fromthe count by the software counter with the
det ect i orex=aglld, aly thathemgcwhebhcthef remed npap ke andrriacwaing Rk greatlkes 1/ 2
of the ink capacity. Wien it is determ ned that detection has not been
carri ed @intedecothe 2% ulei eekbieonheépadiid @t isirea bhedi y-drie:aod rdlcidevi ce
222, on the other hand, the count CNT given as the detection result is not

reliabl e.a BiRiteesdwig ciC argiuty Yrdes dadla & fheOWrihE cdeberoi Ratd en of
the presence or the absence of ink or correction of the quantity of ink

consunpt ki RARgaGbRN ikt GFite ,Cfhe P18 ntRI0CRAU IR TRY: tR e EWiaTe GRIYaY out
the correction while giving an '
{ 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 procedure of the embodiment
checks the operations of the detection memory modules 121 through
156 126 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 isnormally operated, 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
guantity 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 contrel device 222, on the

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

reliable. The procedure accordingly does not carry out



alarmto the user, and use the result of the correction only for 5 linited
purposes.- in the case of msmatch of the detection condition, the
procedure may detect a failure of the detection nenory nodule on the ink
cartridge and advise the user to replace the ink cartridge. [0096] In the
structure of the above enbodinent, the control 10 device 222 of the printer
200 executes the first through the third sequences in the course of

comuni caEFBRBENER&ORrAhdHi® PERSEBES Q/’érthenﬁﬁﬁﬁécéiﬁﬂf WEhOB R TiC R in
detection nenory nodul es 121 through 126 attached to the ink cartridges 111
t hrough 2ietharBiaynttiblof el eenspppyéens i basedow dhediceynsf ClRe dét®ct i on
result fromeach 15 of the detection nmenory nodules 121 through 126 and
makes t hBrogedese way rasifgiviss Cagredovh the cumnntitdrowhdfiet iévivaedmi ng
gquantity of ink. These series of processing are executed, while the control
devi ce 2a2aested|tibhesesommnd vaei ohe wiesubact ¢het herrdet éohi onl yrefmr y
nmodul es 121 through 126. The object of 20 communi cation i s successively

~shi f thed -dnBibgdopeiriocemst.he Tet eioei casenenriyi smalutle 421 thre tderdefiorend to--
t he detection nenory nodule 126 on the right end. The carriage 210 thus
successi zehgimbwas thy pheceddrh whyedehethkactsniludgeofnths tdpsedihbse.
Wiile the carriage 210 is at a stop, the control device 222 establishes 25
conmuni caemogywhddulderdeheci norcammmirdyaadid &dol séhehe arskeespontkpipace nk
cartridge. As nentioned previously, the transmtter receiver nodule 230 of
this enbedenenk bhastikhagei.ze substantially 43 corresponding to the total
width of two ink cartridges. The preferable procedure successively shifts

the carrigugs)210 byntfge soF@bcubdide And WBIvRKmBOREREAES BRE Cowses1 the
control device
{10 device 222 of the printer 200 executes the first through the third
sequences inthe courseof 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
quantity of ink. These series of processing are executed, while
the contreol device 222 establishes communication with each of the
detection memory modules 121 through 126. The object of
20 communication is successively shiftedone byone 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



222 to establish comunication with two detection nenory nodules 5 at each
stop position. This-advantageously reduces the nunber 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 transmssion from and to the nultiple ink cartridges..
10 [0097] The aboye enbodinent is to be considered in all aspects as

i |1 ust r atPVEC SR MDY r BSt FiEt iBRE2ITHEFE et bEWRBATK FoditR IGS%ons , Tanges,
and alterations wthout departing from_ the scope or spirit of the main

char act PTREFEIL B RURE §HE<R FUC oRPditiea oh ShESE sebippide r g déPeRY %G menory
modul e of the above 15 enbodiment is not restricted to the ink cartridge of
the ink fetal griderohlwg ¥ s8rapproesbhadt gausesnelre camyaigalevine
detection nenory nodule may be attached to the bottom face or the top face
of the i#dk2dar estalelish rangeneadt PNt Wet kidiwse dedacheppryenody imodwhes he t op
face of the ink cartridge advantageously hei ghtens the 20 degree of freedom

i n | dcatdbreatht $iecp ramshi torr * FBoe wetvamthgeoud30 wthicisplhid iregndde -~
structure of the whole ink cartridge. Wen the detection nmenory nodule is
| ocat ed ofh diief tioy kadepobithening cparatidyge, odéguaberdages?dd. ofThee i nk
chanber ensures arbitrary setting of the remaining quantity of ink as the
timng foontdedkcevire?d2pfcarrd pr esende: antt heocabsenca mfodads, Eorcreatanpl e,
the timng wth the ink consunption of approximtely 1/2 or the timng

cl ose tohénk acno 4Za{D098]tHd el ockstdecof i higatah e redrbiosh imnt £ chai ect s
the presence or the absence of ink, when the quantity of ink consunption

reaches gahQutoltReohulbeplekifirpasirtyidghe.detection may

© 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 alsoapplicable 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 advantageocusly heightens the
20 degree of freedom in location of the transmitter receiver module
230 and simplifies the structure of the whele ink cartridge. When
the deteétion 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.



alternatively be carried-out at the timng close to ink end or 5 at the
timng having a |l ess quantity.of ink consunption or a greater renmining
guantity of ink. The structure of the enbodi mrent uses the piezoelectric

el ement 153, sets the starting pulse, the term nating pulse, or the nunber
of nmeasured pul ses corresponding to the detection tinme as the externally
specified detection 10 condition. The detection condition may be a detection

tining [0ded)i ned, s sxasBherebyst hend i BBoOE detRfliinhe bietbeckntgfval  of

n
detection, or on power supply) or a frequency of detection. The data

cor r esp@idigagdedot tesiesdhded cdaliecvhen trnNghih 00t $ K i nk tomsih® itk
cartridge to the control device of the printer may 15 be part of the

det ecti QRGORA t 4BHuLr 17 £0de alHocahrd ddpaduance The tdecdet £shi fay

condition. The data corresponding to the "detection condition nmay not be

sont 1" it o) td ag ik d e GANIRY (RMIGE < 10RN 0L JOUNd o

(0099] In the structure of the enbodi nent, detection of 0 presence or

the §b33%0§§f%g&§ .ﬁa\pgtx%%.r I’%gs %a&*&%ﬁﬁ%ﬁ%&%érﬁ% %J%’ér%ﬁs_rdﬁﬁ%‘é%\it%’} may

[=N
alternativ rrie ut e so e confi one exanpl e

of this i, ructure, -t C t_on th oupter 176 is not transmtted
to the ﬁ%rl&l%g’eélhgégag%z?fa{r}g{t hgl‘ll%ets gﬁl Fgﬁr%eﬁgr@qenﬁfﬁoeﬁdﬁ%tr mnes t he
presence.or 25 the absence

det er m AT oAt S FRGRT ar Tyt ﬁggfg‘?g%eﬂjte ,E):S%‘ﬁg‘ Sigl?tep?‘gc rrgcfsiurlfikg{%tsgﬁe &t r ol
device 222.. 4 jplai 5_.1. A rtridgg h v%n a_chanmber to hold a recording
Tt or | alS RIS NS BITAEY e e MO S A CAP L F PO ge: B g OB G E o
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 detectién 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
_25 the absence of ink and transmits the result of the determination

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

222.



printing apparatus, said cartridge conprising: a sensor that detects a state
of the recording material held in the chanber; a condition reception nodul e
that receives a detection condition of said sensor, which is specified by
the printing apparauts; a aetection nodule that carries out the detection
under the specified detection condition; and an radi o conmuni cati on nodul e
that outputs a result of the detection by radio communication. 2. A
cartridge in accordance with claim1, wherein said radio conmunication
nodul e i s capable of receiving data fromthe printing apparatus by radio
comuni cation, in addition to the output of the detection result, and said
cartridge receives the detection condition speficied by the printing
apparatus via the radi o comuni cation nodule. 3. A cartridge in accordance
with claim2, wherein said radio comunication nodul e has a | oop antenna
for the conmmuni cation, and conprises a power supply nodule that utilizes an
el ectronotive force induced in said antenna to supply electric power into
said cartridge. 4. A cartridge in accordance with any one of clains 1
through 3, said cartridge further conprising: a nenory that stores a
parameter corresponding to the state of the recording material held in the
chanber. 5. A printing apparatus with a cartridge nounted thereon, said
cartridge having a chanber to hold a recordlng material used for printing
therein, said cartridge conprising:

claims

1. A cartridge having a chamber to hold a recording material
used for printing therein, said cartridge being mounted on a
printing apparatus, said cartridge comprising:

a sensor that detects a state of the recording material held
in the chamber:

a condition reception module that zreceives a detection
condition of said sensor, which 1is specified by the printing
apparauts;

a detection module that carries out the detection under the
specified detection condition; and

an radio communication module that outputs a result of the

detection by radio communication.

2. A cartridge in accordance with claim 1, wherein said
radio communication modvle is capable of receivipg data from the
printing apparatus by radico communication, in addition to the
output of the detection result, and

sald cartridge receives the detection condition speficied by

the printing apparatus via the radio communication module.
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a sensor that detects a state of the recording material held in the
chanber; a condition reception nodul e that receives a detection condition
of said sensor, which is specified by the printing apparauts; a detection
nodul e that carries out the detection under the specified detection
condition; and an radi o communi cati on nodul e that outputs a result of the
detection by radi o comruni cation, said printing apparatus further
conpri sing: 3a dondattohdgpedinf i aatdotrmmsdub bt haIlasplecifl edetrkéndedasict | on
conditio ut__nodul e receives th e detection output
fron1sa|§i%amem§1§a§38ntﬂ%é?§%| cSﬁHﬂ%’@8§F8ﬂaﬁ%Hh& € Sﬁ Y 1 ¥9%at i on
nodul eahaa@owléese% tarere subb 1 of médgl slafraet @1 16esAaret Dok thmst nabl es a
cartridge, which has a chanber to hold a recording material used for
printi ﬁ@rﬁﬁeieﬂlﬁce@ olRr &psdi entepadr bt FBRPLD aheCT o ROWRY nintRy Spbdr at us,
sai d ipforppy transm ssion nethod conprising the steps of: receiving a
detectron con |t|on of a sensor, which is specified by the printing
apparatus with the cartridge mount ed t hereon, said sensor being nounted on
sai d cartrldge and used to detect a state of the recordln%_naterlal held in
t

the chanber - afl GAEHEEPEE, WY P&EPE8BRRudiiddti 8RY aCPesdtt 6fatRe
det ect { RRouila, | S TR0 104k e0-eAke Caridegby the sensor under the

a memory that stores a parameter corresponding to the state

of the recording material held in the chamber.

5. A printing apparatus with a cartridge mounted thereon,
said cartridge having a chamber to hold a recording material used
for printing therein, said cartridge comprising:

a sensor that detects a state of the recording material held
in the chamber;

a condition reception module that receives a detection
condition of said sensor, which is specified by the printing
apparauts;

a detection module that carries out the detection under the
specified detection condition; and

an radio communication module that outputs a result of the
detection by radio communication, said printing apparatus further
comprising:

a condition specification module that specifies the detection
condition;

an input module that receives the result of the detection
output from said cartridge via the radio communication module;
and

a verification module that verifies the ©result of the

detection.

6. A method that enables a cartridge, which has a chamber to

hold a recording material used for printing therein, to transmit

&3



specified detection condition to the printing apparatus that specifies the
detection condition. 7. A nethod that enables a printing apparatus to
transmt information to and froma cartridge, which has a chanmber to hold
a recording material used for printing therein, said information
transm ssi on net hod conprising the steps of: having the printing apparatus
speC|f%8§ detection co I on a sensor, which is mounted on sajd

cart r H ge s ‘ﬂ%eﬂotén LI | §F&PElBﬁ FWQEFéEBFdlﬁ&lﬁhté?f%ﬁmQRﬂ%Pln t he

chanberansiits § @GLIMdtId A doapHikiah the delgstdon that is carried out in
said cartridge by the sensor under the specified detection condition, which

i s out put F%@ﬁ&?ﬂﬂg\mdl1dﬂﬁ§cdapa CGQB@S@bNdlmé' ﬁo ShesgpeC|WhedhdeMEct|on
cond LLEn 1 KJ° G SHLABE Y LARLS BT oSO, AT MRS
as t otkketesny nﬁl\cals@hgcw Clieirfg":‘ mieiresdd Wh sraa_&luldartfkadge and used to
detect a state of the recording material held in the chamber; and
outputing, by radi¢ communication, a result of the detection
that is carried out in saia cartridge by the sensor under the
specified detection condition to the Printgpg‘ apparatus that

specifies the detection condition.

7. A method that enables a printing apparatus to transmit
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:

having the E:inting apparatus specify a detection condition
of a sensor, which is mounted on said cartridge and used to
detect a state of the recording material held in the chamber; and

receiving a result of the detection that is carried out in
said cartridge by the sensor under the specified detection
condition, which is output together with the data corresponding
to the specified detection condition from the cartridge by radio
communication; and

verifying a correspondency of the output data to the specified
detection condition, so as to determine wvalidity of the detection

result.
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