TI TLE OF THE | NVENTI ON CARTRI DGE AND PRI NTI NG APPARATUS BACKGROUND COF 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 for printing
therein. Mre specifically the invention pertains to a techni que of
transmtting informati on between a cartridge withabuilt-in sensor 10 and the
cartrid ﬁﬂ# %9" %ﬁﬁﬂﬁ£$$$ 2. Description of the Related Art [0002]
variousqﬁﬁ' I i @‘apparatuses are widely wused for printing; for
exanpl e, prlntln arat us t hat ej ec 15 inks onto printing paper for
recordi ng, itk ﬁijﬂa%< %ﬁ g Iq%ﬂlng apparatuses that use toners
for printing. A cartrldge set on such a printing apparatus has a chanber to
hold a recording material |like an inkor a toner therein. Managenent of the
remai nin gquantity of the recording material is an inportant technique in 20
t he pnlﬁ%QKﬁﬁﬁﬂﬂﬁeﬁﬁnﬁHﬁMﬁNWENﬂ%QNNirning apparatus counts and manages the
consumed quantity by software, a proposed technique uses a sensor nmounted on
t he éaftld(ﬁ*ﬁﬁdﬂOﬁn&hﬁxlnnﬁnﬂmqgwent (see, for exanple, Patent Laid-Qpen
Gazette No. 2001-147146). [0003] A variety of sensors may be applicable for

t he sensl0001P5 nourtiepresedite inachtidgere Meast he a4 ecotdiidgennaeingl ato be
detected is a conductive ink, the sensor may neasure an electric resistance
t o det erchawbdhea dwdidnange quading ymaoferisl uEwel fFenrsprintinmgythseesn.

pi ezoel ectric element |ocated in a resonance chanber disposed in the chanber
of hol divgrd hepeedoidangynadtey | dhvénst h@ASwestains to a technique 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 apparatuses that eject
15 inks onto printing paper for recording, such as ink jet printers,
and printing apparatuses that use toners forprinting. Acartridge
set on such a printing apparatus has a chamber to hold a recording
materiallikeaninkoratoner therein. Managementoftheremaining
quantity of the recording material is an important technique in
20 the printing apparatus. While the printing apparatus counts and
manages the consumed quantity by software, a proposed technique
uses a sensor mounted on the cartridge for direct measurement (see,
for example, Patent Laid-Open Gazette No. 2001-147146).
[0003] A variety of sensors may be applicable for the sensor
25 mounted on the cartridge. When the recording material to be
detected is a conductive ink, the sensor may measure an electric

resisﬁance to determine the remaining quantity of ink. The sensor



t he resonance frequency of the piezoelectric elenent 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, ahumdity, aparticle
size, ahue, a remaining quantity, or a pressure of the recording material,
such as ink. In such neasurenents, a special sensor maybe used according to
t he physi cal roperty to be neasured For when t he physi

proper t y"3¥% ?%gb% H%%.?ﬁ%ﬁF?Eﬁ?rﬁ;qWﬁﬁﬁn%ﬁQﬁ' %Fgﬁbaééﬁ§8paﬁﬁﬁ &2 %Fﬁernlstor
or a thernncouple \Wen the physical, property tq . be neasured is the

pressur e 1?H%S%Qﬁ§ﬁh%@§aﬁgeéOﬁﬁE&ﬂﬁ%S%%%§8F°rﬁéﬂﬁﬂaqQF%%EF%WFSFug?t

cartrldge with such a sensor, the detection is carried out under a fixed

det ect i oRNE GFRAIIIIC AT CISNFHYC hdthh Rie 28 6LFrd el PPRF (N EReaBPYI ty. For
exanpl e, when the sensor nounted on the cartridge detects the presence or the
absence é¢tene theupIrRpemtay ithle RBFENrA Phethdammarding matgried inn
conposition of the recording material may. change the opti mum detection
condi& i ophe Thespnance achamdeet r | Aipe eensotr sayfimearsnté ya 2@menateirtche a
reliability of the detection, unless the circuit structure for the detection
i s adj ustvedcbdHeityha nemi dpty maparddicdets iae cahadiet, i DnemSichngduastient, of t he
circuit structure, however, takes nuch tinme and | abor and undesirably

i ncreasesrt Aepregstire26f[ OAOStcAopiiied paObl £l Meyuetii $€ ik I hamprsuah art
cartridge, when the detection result gives a binary signal, for exanple,

repr esenineagutbfent 85 eNEee©1al Benabsaagthohiskllc diariigen drt ethjisdtal?
circuit breaks down to continuously output an identical value of the binary
signal, phepgetiusbieonessnreal heekarpeed, aneed @hel Yhysical property
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. Thepriorartcartridgecannotsufficiently
20 assure the reliability of the detection, unless 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

ted : . : e .
ol abi | CpCar CEerRE flh HACERML ISR e bl A AR SR N e e

f th dth h I d object t ' ti [

i rect ed 08 MY PAFHGL- TR NG B CRARBEC TPROIRE HorSCbr it A used
f i nLi. th i th trid bei d inti 15

appar ot USTITRE LAPEy FAGePORE| GOGASDL SEHoF CHA CASEEEICRATEPHIE of the
recording material held in the chanber; a condition reception nodule that

receives an externally specified detection condition of the sensor; a

detection nodul e that carries out the detection wunder the specified
det ec? i oRVMYARYt PENTHENANYENEEPYut nodul e that 20 outputs a result of ‘the
detection. [Q0081 The cartridge of the invention has a sensor that detects

the stat d0Q#6lt he r @ber abggctaoér the bredenn iLheenhanbeis thus cspamlveto
reception of the externally specified detection condition of the sensor,
t he cart theégdreebatks oltthehprdereart dreahnitaue halizBussed abotedan@ctd on
condition. The cartridge does not use a fixed detection condition to detect
t he st at @rofvideear techdiingenafeflakibhyl dandlihg shcndmge butdetesiims a
specified condition suitable 3 for the detection. This arrangenent thus
ef f ect i velopdémiamces a skesaccurattyedfort hecaet etdgemnd 0869kby nemnering
preferable application of the invention, the
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
the stateof the recordingmaterial heldinthechamber. Inresponse
to reception of the externally specified detection condition of
the sensor, the cartridge carries out the detection under the
25 specified detection condition. The cartridge does not use a fixed

detection condition to detect the state of the recording material

held in the chamber, but receives a specified condition suitable



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
i ncludes the detection condition 10 itself) . This arrangenent enables an
outside of the cartridge, which has given the external specification of the
detectio condition, to verify the reliability of e detection result.
10015] THE™" SB8: HERGERAPRr | alHel B A AR A SR VSt (PTG Sty be an
i nk of aég%gdeternined cg#%: used for an ink 15 jet printer or a toner used
f$r a photBcoFcdracy PicEf PELSGEICR | aser printer. [0012] The sensor may
det ect tZe gresence or the absence of the recording material in the chanber
or the ref8¥¥i ng qdananey preferrdlee epPdileg thwre GfaltherHawassiom mgyhe

ot herwi se neasure at 20 | east one of a tenperature, a viscosity, a humdity,
a particlogtpsitzeodgla et the eanthiAge iR WEy dadmd cargeeponpangs teHde
recording material. [0013] In one preferable application of the invention,
the ®out FPechidede detechdoparenddgecout pagethhe vithl thefresweldercihion 25
by radi o communi cati on. Adoption of the radio communication effectively
enhances deftectiegmee of freedomin installation of the cartridge. 4 [0014]
The sensor may be a piezoelectric elenent that has a varying resonance state
with a vdo0rd)i on i IThet atetefidgeeofecht di agplirahet bal oulihet aviehd abd €upr ocedur e

in this structure applies an
of the detection, together withdata corresponding to the specified
detectioncondition(herethedataincludesthedetgctioncondition
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 £8r 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 radic communication. Adoption of the radio communication
effectively enhances the degree of freedom in installaticn of the

cartridge.



excitation pulse to the piezoelectric el enent and neasures a 5 vi brati onof
the piezoelectric elenent in response to the excitation pulse. The procedure
detects the state of the recording material, based on a resonance state of

t he piezoelectric element. Here the resonance state is shown as a resonance
frequency of the piezoelectric elenent. The resonance frequency represents a
time 10 required for at |east one vibration of the piezoelectric elenent.
[0015] |h09HE cart FhegeenFen 1AE baidtRiececlrerrif elRIen &Rl @Y ik

el ement, the detection condition may be given as the specjfied nunber of

vi br at i o&XYHRICH SRR ShEts WiEh ér‘i’%la‘%bmﬁréé’sﬁ%t?ﬁ’é Ehegacausdimsd f or
the vibration of the piezoelectric 15 elenent. In this structure, the

cartri dg@aieadagdes Eh@l#ﬁﬁ#kﬁhﬂ&(ﬂioqﬁﬂuﬁﬁhénsﬁbéﬁfSéﬁuﬁﬁﬂﬁéra%ﬁly¢%ﬁ§t|ons
and outputs vibration-related data used for the neasurenent, together with

t he neasexedtaitien [00EE] tkhetmeinbeezo¢letbraci ehsmanbdaad fis@sBtesT ta on
condition 20 may be specified by a position of a starting vibration, on

whi chs t vebmeadonerfetite piiagbe leahdiaefesientam néspohes tbate exge Midlriadn on, on
whi ch the measurenent ends. The vibration-related data may be specified as a

time bet wedmet. herhé priddeghutidbdet éons ahe &ther e bErthaabcbgdinhmaid ©i.a based on
the position of the starting 25 vibration and the position of the

t er mi nat ivaged bhati eBsch@dté] skatenerpthtepabkectabodi aealembAt . Cald¥é dge has
a nenory that stores a paraneter corresponding to the state of the recording

5. materitdle heldbrahdehes et . shé&Pd 84s The reabinkindae f}[f%\%ue‘%@ \er tihige
0

specified detection condition and output the result the detection by
radio piezoelectric element. The resonance frequency represents a time

10 required for at least one vibration of the piezoelectric element.
10015] 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 cartridgemeasures atime 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] In one preferable embodiment, the cai’tridge 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 s-a radi o communi cation nodule that transmts data to and from an
out si de by radi o comruni cation. [0019] The radi o conmuni 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 fqrce_induced in the antenna nmaybe utilized to supply electric
pover i ntYeTe a%F#@dd@.t%ﬁi§ €not require any battery or its

equi val ency to be nounted on the cartridge and thus desirably sinplifies the
structur Oéiﬂthe caher i QRyet r @D OPa An dteisEl Vep pt e asper 161 edh dgireieinn
invention is_a_ 15 printing apparatus, on which the cartridge of the,

i nvent i orffoT@idd s RNAbOVEPUE niplimt &8SUthe PF e58At JeRRTRIYN PY acadingly
directed to a printing apparatus with a cartridge nounted thereon, where the
cartri dgeonmasligastigmber Foo hbld purkeese di by ome carief expele farryrtiyie ng
therein. 20 The cartridge includes: a sensor that detects a state of the

t ecor @i ngheatar i al dde he si'a ttae ichaorvenr) 1 ca tornl inbidod er Braeptireansmitdsl &atd hat
receives an externally specified detection condition of the sensor; a

det ect i ortamzchd € ridratanc anutisdsieo ity triael ide icentruon canden. t he specif ied
detection condition; and an output nodule that outputs 25 a result of the

det ecti on00T9le pri MHeNG-ARRAIRIMfu W=t intsduide Syt &ond) the) a loop
specification nodule that specifies the detection condition; an 6 input

nodul e t haitdreeefvesstdle doamiii Rft ildie. deheghe PourHePBE Eommtindder Do put
nodul e of the cartridge; and a verification nodule that verifies the result
of the defrectdl@tromotive force is induced in the antenna. The
10  electromotive force induced inthe antennamay be utilizedto supply
‘electric power into the cartridge. This does not require any
bat{:ery or its equivalency to be mounted on the cartridge and thus
desirably simplifies the structure of the cartridge.
[0020] Another application of the present invention is a
16 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 toholdarecordingmaterial used forprintingtherein.

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

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 6 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.recordi ngmateri al
held in the chanber, but receives a specified condition suitable for the
detection. This '10 arrangenment thus effectively ephances the _accuracyof the
det ect | oL RHNERSLR LA ESSEI T EIdIR FHSRLGIPT GPEAR 16y O CBRESHr 2 ng
apparatus. [0022] In one preferable application of the present. iLnvention,

t he out pdtPShBabPRE GicdHe eArths 888t bLERE: AR R EotF eeorith Rgtd e bRk he
specified detection condition, together wwth the result of the detection. The
i nput nodifre fges Rdepmanylig cfpphcadss acddéines the output data, together
with the result of the detection output fromthe output nodul e of the

cartri dgd002he ver iTHeced ¥ oni darideeects thiesstrtinof nheammanating wanprial t he

i nput data with the detection 20 condition specified by the condition

speci Bi catidmr hbeded ectien ¢omditviadn dpey idfietisy dbegotindnngespparamushe case
of correspondency of the input data to the specified detection condition,
and carrisesl outpat prdsetesailtesf vhe pianastsioy teetla¢ prg nttiagt gepstates of t he
recording material. 25 [0023] The printing apparatus of this application
conpar es Thee cairipitigdatiacsatidtespendi Agxeéd déeeciet @ctdomdicdrai tbodetecei ved
from the cartridge with the specified detection condition. In the case 7 of

cor r esporgensyavé of thd Petidr dirimbfethal A6 ih eHedelad®ieQrbutcoadeivves, the
printing apparatus verifies the validity of the detection result and carries
out a preselspeifiedfl cpndeesshngsuitable for the detection.  This
'10 arrangement thus effectivelyenhances the accuracyof thedetection
énd ensures the sufficiently high reliability of the printing
apparatus.
{0022} In one preferable application of the present invention,
the output modulé of the cartridge outputs data corresponding to
15 the specified detection condition, together with the result of
the detection. The input module of the printing apparatus receives
the output data, together with the result of the detection output
from the output module of the cartridge. The verification module
of the printing apparatus compares the input datawith the detection
20 condition specified by the condition specification module,
verifies validity 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. 1Inthe 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

speci i ed, def got ], %n%%ng){ <7 cp 8 L0S 10,600LE AN, Liee PELOA T SRAALEC US TRy

verify the |nvaI| cPbnd?53y e user war ni ng of

h lid I 00 TIh [ d d
Lo a T r<toBtg o o%%i‘f%ﬁ [ BPPAGT HF o RELFORSL bhanti T ohTY é?&f}%&ééte

whi ch has, 15 a chanber old a.recording material used rintjin

therei n. SHEFEH% HQﬁHiﬁnﬂﬁ FAEFARENPYE] BnPhEFRbASTRLF TR ﬂg %?%#E
external | y speci fg a detection condition of a sepsor, which is rmunt ed on
the cartri g§ats AetBetrer Mg BFtFﬁéalr ech? HPREHERSTYES hel d

in the chamer, fron1an outside of the 20 cartridge; and making a result of
det ecPi o GRFEREIBIChe PEESTIEE OF it hehabeaReriadgel® y soea dd@gstrt emtRY s t he
specified detection condition, output fromthe cartridge to the outside that
has gi verkhe peeegtesemaies ma‘-cprpéaﬁséng 100 PS] c MRpUE aE 50N aff 8rpeitd bring
transm ssion nethod of the 25 invention externally specifies the detection
condi t i omwinttity of diispreftpudingeadgrdiadecvicatllidoradriton dfen antt mekesc a
result of detection, which is carried out under the specified detection 8
condi t i orgxmusgaitorf fomsuth campntagiono tIhetbetsisteof et chase gpordenthe
external specification. [0026] The present invention is further 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 awarning of the invalid detection
result.
[0024] The present invention is also directed toa first method
.0f 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, output from the cartridge to the outside that has given
the external specification.
[0025] The first information transmission method of the
25 invention externally specifies the detection condition of the

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

detection, which is carried out under the specified detection



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

i nformation transm ssion nethod includes the steps of: externally specifying
a detection condition of a sensor, which is nmounted on the cartridge and is
used to detect a state of the recording material held in the chanber, from

an outside qf the 10 cartridge;. maki ng.data corresponding.to the specified
ot ot T ofionBa PR Gt EEAG g ERER L Bg5 S Bhe RN tna? RaS S1080 | o
cartridge t he sensor under the specified detection condition, output from

by :
the cart FP§gE*E6TPRL BRESLEECBF1PRe cartridge; and verifying a
correspo:ﬂgenﬁy of the output data to the specified 15 detection condition, so
as det er f9blval i dThe pFesept dererntion isefurthepod2rectnd secomedandor nati on
transm ssion nethod of the invention externally specifies the detection
condi t i omeghodhef tgemsod ttiom thEovrtide tof anfd xar er ¢ager 1dge, ke data 20
corresponding to the specified detection condition, together with a result
of def echrs® cloamipen tbhorbddheecardindgeatierinfeisad Eoderiot ingehearetini.dge. The
nmet hod receives the result of detection and the output data and verifies the
cor r espofftensycaid tin€ oeukpibn tted@st 0s $ hen seetiol 2oc tedes ttihens tepslidfi:on, so
as to determne the 25 validity of the detection result. This arrangenent
desi r abl gxterhandgssbbeiteglihgbal déyeot ionf esmdd t bontsans Massen, fwtgmand to
the cartridge. 9 [0028] These and ot her objects, features, aspects, and
advant ages mbuhbedpsiesgid dartenildgenawtl i sbesede dradet eaitpar epatéromeidie

follow ng detail ed description of the preferred enbodi nent
recording material 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 out in the
cartridge by the sensor under the specified detection conditicn,
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 outside
of the cartridge. The method receives the result of detection
and the output data and verifies the correspondency of the output
data to the specified detection condition, so as to determine the
25 validity of the detection result. This arrangement desirably

enhances the reliability of information transmission from and to

the cartridge.



wi th the acconpanying draw ngs. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0029]
Fig. 1 schematically illustrates the construction of an ink cartridge in one
node of the present invention; [0030] 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; [0031] Fig. 3 shows the principle of detection of the presence or
t he abse ce L ink in the node of the invention; [0032] Fig. 4 schematically
i |l ust ra e i ntR1eRE SNAuCPHRRY 1IPIFCES prilFE&UTISS ona@SEREbEI meRRd of t he
pr esent |nvent| on; [0033] Fig. S.is a block diagram show ng the internal
structuré V@f“%%??cﬂh%EW%%nF ACTVERE - Ivi hé BeGomeefore e remsosiT fidnt ;

[ 0034] Fi 6A and 6B show t he appearance of a detection mem)rg modul e

at t ached e &Pl Ik icwr GGtada-6r deRe TAMBOERBAL Lhe0PFOBEBT e gTbadsHens
attachnment of the detection nmenory nodule to the ink cartridge; [0036] Fig.
8 is a blwidih diteyragaatmanyiqia [drawitrgsal structure of the detection nenory
modul e; [0037] Figs. 9A and 9B show the novenent of ink cartridges 25
nounted on a carriage relative to a transmtter receiver nodule in the
printer of the enbodi nent; [0038] Figs. 10A and 10B show i nformati on stored
in an EERRAMF DESORIRTEON iOF tTHE dR2WINGs nmenory nodule; [0039] Fig. 11 is a
flowchart showi ng a series of processing executed by the detection nenory

nodul e i njobhg] enbodki®NtE schematically illustrates the construction of
an ink cartridge in one mode of the present invention;
[0030] FPig. 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. 92 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 showi ng 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 elenent;
and 10 [0042] Fig. 14 is a flowhart show ng a verification routine executed
in the enboqggfqi..Dﬁﬁggl TI ON OF THE PREFERRED EMBODI MENTS [ 0043] One node
of carryi ottt Hei T PR BB, 15 Fig. 1 schematically
iIIustratg)% é?e construction of _an ink <cartrjdge 10 and a transmtter

recei ver 3838F a priterl285 anflowrleart oW & serdgs 00 PEORBERLBE, in
one node of the present invention. The printer 20 causes ink to be ejected
froma prefiCUIRAPY S YHQ WMHY MeHY Daderthe fewpadingtvs of a

pl aten 20 24. The internal structure of the printer 20 is not specifically

i || ustrat 9§48} descFidedzhis e tAmbugl chart cowisly tbeicme2et odns ifetpei nt er
20 conputes the quantity of ink consuned for printing and other data and
transii t srespeciointit ednghi buents hefi ikhecaptrintge atBovidanghed ranshitrder
receiver 30. Transm ssion of data between 25 the ink cartridge 10 and the
control desquen@®; of the printer 20 is performed by radi o communication in
this node, although the data transm ssion nmay alternatively be attai ned by
cabl e 11[00adhuni caki®n. 14 ehesisr OFBgRET  &gé Nduet 01 yretdipd iiest appl i gd  for
radi o communi cation in this node, but another nethod may be adopted for the
sane pur pesezod DH4dt i d hel dntntcdni Fedgent@ Basa adeorandunt@ind Draontha her 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 one 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

1



5 that takes charge of control of communication, a menory controller 15 that
takes charge of operations of witing and reading data into and from anenory
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 t he remaining quantity of ink

accor di ngoff, ;}g@afc%ho 9 o FLOCEIEe e SENR A Wyld aghedeha

resonance c |n an |n response to

app|lcatl n dr|V|n volta its ot _sho t he
pi ezoel e&FFi Eadl?e‘f’r%rmu ?C?Weo%gﬁg&?”f?mo di %Pgr?‘e &A‘h’a ‘B%V%‘%M&‘Y When t he
15 el ectri,c gggrges agcunulated in the piezoelectric elenment are discharged

in this 808P 8TdEMEr fBTFoRYERBFGY is rel eased and the piezoel ectric

elenent f@fely vi brates. The sensor 17 is attached to the resonance chanber
so t Hi44lhe frahaehply GHTtRINTE LEAS i SPMBHIL Sk deRreRREXP hieY HE
resonance frequency of 20 the resonance chanber 18. The resonance frequency
" of fHe r&BakRdmdes charBerotigonsrodaicaonrEniarhgoto a4 REMPF EsOtE Grl &the
absence of ink in the resonance chanber 18. Detection of the resonance
frequencySatBaEdFaley chetdei ef oprrat beemcel ofritamagehaeasting gatian t he
resonance chanber 18 and the remaining quantity of ink 25 in the ink
cart ri dgento.ardas) aFiegory i asehsaridrhavinug pgegeorilestof cmlemesyi.ng
executed by the sensor controller 19 and by the control device 12 22 of the
printer 20d Fheenepsoromonlbdt e Ihats agtragelsy theonsnsart Bd dyd arssig cui t
including gate arrays. For the better wunderstanding, the series of
processi teesmtanrd 7o mkesseaddre revainbhfeuald ity dések.betthacsorshmg t o

the flowhart of Fig. 2.

10 17 measures the remainingquantityof ink according tothe 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 adrivingvoltagetoitselectrode (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 is
attached to the resonance chamber 18, so that the frequency of
the free vibration is restricted by the resonance frequency of

20 theresonance 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



5 The control device 22 of the printer 20 outputs acommand of detecting the
remai ni ng quantity of ink and a specified detection condition (step S5).
Specification of the detection condition will 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 C?de £ COALT Qi@ }Z(ﬁtep 0)se1[19<9f161:0ffft5:§FLlE§C se]t% é’és‘{:arﬁng

specifie ection-condition € sensor con
pul se, Syt enen nd_t he numher qof | ses
(step Stﬁgﬁgégpéég k%h%dgg oV, %%@{éég% %Ffﬁﬂﬁ%@ncygognggégbggtgfhe 15

detectlon JThe set step.S11 peC|f|es.the th vi bration of
the sensof*d% %Rﬁ%ﬂ§)(ﬁﬂ§ ﬁgggﬁﬁeﬁg Pr8§eﬁﬁén§t8§?FH edpﬁysghﬁnﬁe?ﬁ%rnunber
of pulses as t ured. pu ex le, . the settin t he 15t
pul se as ‘f%t%qh];reﬁ rjré bﬁl%%%’?f&%i Cé’é'éiar;%s Whﬁhﬁmc%&@%sﬁrlgd dul ses.
Anot her procedure may 20 alternatlvel specify the starting pulse and a
térhiHai|?EF69P§E°1d@ﬂlﬁﬁﬁéﬁﬁiﬁﬁeﬁﬁé§ FEMEhPUERESS 2RMRe @%t%i%hﬁ$e “the
termnating pulse is the 5th pulse. Fig. 3 shows the starting pulse and the
t er mi nat i FiE pEMed néngt meanebsy odnink A at e fifird dsteckdsureadpbiaes in
the resonant vibration of the sensor 17. 25 [0047] On conpletion of the
setting ofstere fet ect FRecitbhertion, oft hhesaedmctdon rasndsit i ot put Bea
driving pul se to the sensor 17 (step S12). The sensor 17 of the
pi ezoel ed¥seusdetelntes inJewkzdl di Mly bxkci cauty pddaved vidbraivensthad
resonates at the varying resonance frequency with a variation in state of
t he r esonavveandhédesecis ngftttey reing appegcmacd idfy dhenkppld Btk specagéedThe
sensor controller 19 waits for detection of the starting pul se set as

10 detectionconditionviathecommunicationcontroller 12 (stepS10).

[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 ﬁsed 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 . Forexample,
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,
ocn 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 tinme in response
to detection of the starting pulse (at atimng ti in the exanple of Fig. 3)
(step S14). [0048] 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 515, and in response to detection of the term nating pulse or the

preset naerddhqgiy sesitsd QB%a%lJ\Hikawciéﬁ@ahh%@iﬁt@gé)&lt&ew'@rfi%%:t (step
S16) - The sensor controller 19 also outputs the ordinal nunber of the pul se

on whi ch dhenaiRas yraiRihcondschal fatiftD8nt Zni Srihe Sxaml eeorfrfbe 3)
The 15 ordinal nunber of the pulse on which the neasurenent ends is obtained

by addin I férﬁ?%ig iyy s, ex I t he
starti ng%%ﬁ%éﬁl(]t %ff%é pul s %%r%%eérgzgﬁbaﬁggi?ﬂégrﬁli%#% i nQ%{%i%nesxéalﬁpl e),
and is e I t t l.se.i.n ' 4 t he
sensor C%E)t%rtc%hq&rer}i&%oﬁtaggtss%? ed%ggﬁ?ﬁgﬁgg?hgﬂed{%%ﬁ%ﬁgd?‘g“‘d%%%ﬂsg%\tu er of

t he pul se.vi he,conmuni gation ,controller 1 he,.contro| .device 22 of th
o ntbr 50 Bebeoss S HPaaTEEE, (ERe Dl ARt Rtk RES s tfRem ' 1
term natin condition of the detectio tep 830). Ln_this, enbodi pent the 25
cont ot dBRREESE chaBRESERPH AP ANAGEE B DASE piFSe | BHTTIS Wi it he
count to determ ne whet her or. . not the ordinal nunber of the pul se natches
with the tglﬁe&xf‘_"i A& Tedti%n Hor§ite&Por?14’n the 14 procedure of this node,
the controller 22 receives the ordinal nunber of the c{)ul se corresponding to
the posi tP8#8hf t h&TheersAnsay Pty lder remYad s dhordetdr T i &f 10hef t he

ink cartridge 10. The _controller 22 accordingly calculates the position of
t he 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 cutputs the count (step S16). The sensor controller
1% 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 ordinal number of the pulse onwhichthe 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 rescnance vibration
in this example), and is equal to the gth pulse in the example of
Fig. 3. |

720 [0049] As the sensor controller 19 outputs the count and the
detected ordinal number of the pulse via the communication
controller 12, the control device 22 of the printer 20 receives
this detection result (step S20) and checks the terminating
condition of the detection {step S30). In this embodiment the

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. 1In the

14



5 termnating pulse fromthe specified detection condition (step 55),
conpares the ordinal nunber of the pulse with the calculated position of the
term nating pul se, and determ nes whether or not the ordinal nunber of the
pul se matches with the specified detection condition. One nodified procedure
may specify the starting pulse 10 and the term nating pul se, receive the

nunber of, -geagyredspu ﬁﬁ?é é!\ﬁéh éﬂl@dé!ﬁ{ 1041 lil_JetceJt%% (efe Ay ga\mhether

or not the |nput nu measur e Ses nat es wth the Specl

g?g?ﬁ;: Oﬂunggg(yfa Opuﬁgg%grlr\@%%@mdg. scc?@%%?pﬁgﬁ% Ho £ﬁ8t§§’ &Sﬂtg%tlntgh

ul se natc ete IOﬂ COﬂ 1 on

I 22 of th f h
S10) . ToBF Bk T TR REPPY ST ne ke g BE HiF AR SBRsBrIdT 1 2”&%@2?8. gl y

used for subsequent ocess : For ex e, mhen the detectio

repr esenf§" Eﬁ%ﬂiﬁen& <G I’ﬁ?'ltyhec Zgg‘r]rgﬁc?g 26NEhaNDRT E AR C%e ?Fglr‘?trol | er
22 of the printer 20 determ nes that the renalnlng qguantityof ink is below
apr esbt FEQEFnBFlPHepPEEEngﬁﬁ% ERe SRR TR ARF]SEOn eEEQed St&Rai ni ng
guantity of ink for subsequent managenent. When it is determ_ned at step 530

that th&>dr FEPAFRAEE BF %ﬂ%lﬁmr‘g??laé’ésth%tp‘-&ﬁ‘? wdpbnehe Salatlddstti on 25
condition, on the contrary, the control device 22 of the printer 20 verifies
the occuPP&AE&OBfOREhe rteurmeﬁaaérlecwbﬁE( A dSEErninged Wbeshastondwl he
detection result for subsequent- processing. 15 [0051] In the node of the
present i:h@émdlmldms@asseg tdiggmiel se mpechak widh thegperd fdedsateationst at e of
ink in the chanber 16 (for exanple, the presence or the absence of ink)

under thgopdatithon Orsiediflieyd ppecedure May shectbyttiie steviteg I lgfe t he
printer 20

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 S30 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
the remainingquantityof ink isbelowapreset 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.



5 outside the ink cartridge 10. This arrangenent 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 coifagt belygalhd i dy LBl the 20-A0h{ N/dHt A WildoR L bEaYe| I ng I

the course of printing. This structure us ensures

transm sz-:ﬁ’a]@éi[rélgngéa{tlgcﬁdég%gtlw Qebctll 5D ?agé NS | 1 CA tﬂﬂedgzﬁla%%e]ro jgutputs

the data re xternally specified detection condition together
with the %’ esyl t d@ rall : i i has
s 1R Ei" @t&f
speci fi edgfélg% é&gctl z:lrﬂec%ﬂgl %“%?18} t-'%léerall slegrgc? ﬁél gse“gﬁé(}}ngg%é%%intd. %lgs
arrangenent, thus. ensures. t he suf%ﬁcien |y hi,gh.reliability of .the detection
as wel | a%x%%xén‘%laf% S%C%%Jfﬁ%rﬁ}ﬁé: ieoﬁ9n%6é%2?gﬁﬁgee ot rﬁ%% B-4vé gbesent
i nvention_is discussed. bel ow. .The %ec i.que of the invention is applied to
a0 § oPRERERE IS 6 FRTERLSSBnbou: e SEEGRIRTECHoRAEr CAPY PeT PR r at os
t he interPaI tructure of_the printer 200, eépeciall the 25
oper at i onf FEFAUERGLION iy thesAGRECERET ARSr HRYS dilsittRie hemdles &her ol
device 222 of the printer 200. In the printer 200 of Fig. 4, as a sheet of
printing papege IR sSHalE f r Sivracpaperles eklie R¥CeRRre 0B aRl % hegili®fed by
means of a platen 225, inks are ejected fromprint head 211 through 216 onto
the print FRgngapdn Patdmus mletect iryecordet prat 8re22® ia dWarahiand ifot at ed
by a driving force transmtted froma sheet feed notor 240 via a gear train
241. The composition of the ink held in the chamber 16. Data transmission
10 between the ink cartridge 10 and the printer 20 is carried out
by radio communication. There is accordinglyno 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
datatransmission. Inthestructureofthismode, 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
printerzoolethisembodiment. 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 located 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

not or 223 an& 03 M'i%\/cgﬁx%%é@%%)t REa88 418 9DPOSH ©esSi feks Ralakiepred the

st eppi ng notor 223 noves the conveyor belt 221 and makes the carriage 210

shift bagkom 33 frohERd2s PG RN Y 8 ot U2 241 nk §093bah 8K € Ebdges 111

t hrough 116 of six color inks are 15 nounted On the Carriage 210. The ink
cartrid : t hr t i L kS i,cald v rdenti cal
structu%§§§#%%eﬁolgﬁguﬁ%ﬁ%?lg%?f%%éﬁ?xgﬁﬁégéféloné%ﬁ?ké$r#%eng¥ffggg%t
colors, _] €, jye i =i r,S. ck Lok ) an i C
magent a ?#\%ﬂsﬁ%tgee;%&%%@ %{nﬁ{%% ffeialﬂg (?’a((g:%%r@ %Eé(aa]_gf?@a%ﬁ? g"%%i 'Zolrﬁég((an% a
ink (LM _are respectivel | d i.in . the_iLpk. cartridges, 111 through 6. The

| i ghE‘S c %?E&OT{%‘E‘%& %éﬁgﬁ?‘? éﬂ‘tatr?ﬁ’gghgal? e l%dsg}'ea%(ﬁnl?ﬁ ?%%have
approximately 1/4 of the d densities of the cyan ink (C) and the mgenta
i ﬁE (M nﬁ% LgﬂfJentac‘Eec?r‘ﬁ:‘? ﬂ]zetﬁﬁodi%ﬁien 6 (LJLPCPI%% Pl’?eacgj'ﬁ?'irilﬁﬁe( o Oang t he
magent a ink%ég%. 25 Detection nenory nodules 121 through 126 (discussed | ater
i ndet ai | Y1 ek 3 FEET Al RF & iwdged PF1thRr BUGRTTE. PFRET
detection nenory npdul es 121 through 126 exchange data_with the contro
device 17 2D GRTFHRIPRALN £F COOGEY SCati bl CorPRifR R PEAL 34! BREVEERGct ure

of this enbodinent, the detection nmenory nodul es 121 through 126 are
att achedPY & £REPBILBE Me@s 238 -t hEhe HOTEZYYY §§é5 221 ishpBillassbelt

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 conQeyor 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 Detectionmemorymodules 121 throughl26 (discussedlater indetail)
areattachedtothese ink cartridges 111 through116. Thedetection

memory modules 121 through 126 exchange datawiththe control device

17



5 (0054] The printer 200 has a transmitter receiver nodule 230 to nake
comuni cation and exchange data with the detection nenory nodules 121
through 126 by wireless. The transmitter receiver nodule 230, as well as
other electronic parts including the sheet feed notor 240, the stepping
not or 223, and an encoder 242 are 10 connected to the control device 222.

Di ver se wztsbeéh@ﬁiria&%r 26ESL2 A D %%mqgﬁri%gt%nqan%hofﬁé Aidigdd ont

side of the printe 200 are also connected to the contr device 222. [0055]

As shown .n_Fig. ntral j 2 t trol s the
operati Ol’cl)sf %Ei?h%n%v%%ﬁer%t?’l ﬁ\tth%r dgg%%:ﬁgoﬁé%ﬁrp% %}ggitliﬁa %E o?%émgsgﬁtlr%
pr ogr ans e by the.CPU.251__a 3 t.hat is.used fo rar
st orage g?édggg,gggeélw tHat f?ﬁ%cgf?l\%ﬁ%eaéngnc?%ﬁg%g H%%@%L@ nal
devi ces, g_tiner 255 that rmanages tine, and a drive buffer 256 that
accunul at'é§ ‘data for actuating the print heads 211 through 216. These
_ cons;itug&és 20 are nutually connected via a bus 257. The control device 222
al s0 2 hasV%tlosci | TREoPT2BER AN &rhasi o b 2ASTLEEET250Ce i HeAdEPFR LR 33 t hese
circuit elenments. The output divider 259 divides pulse_ signals output from
t he osci [tPaTdfe BBMUHRIE ARt ANES RIS SRt fietRiBhepApReChaaBMEMATY hr ough
216. The print heads 211 through 25 216_receive on-off data representing ink
ej ect i on "@AUAES- dj2dc tihgrudty d@bt ¥ WireeeBaf f eFNDSErangil F Fe¥ cegmkéer o
reception of driving pulses fromthe output divider 259, eject inks from
cor respodidid e 380ncxs Wed lage ertdiatgel ectHenda-pAYt ¢ldme 1 YGossEhei kkeethe
steppi ng notor 223, the sheet feed notor 240, the encoder 242, the
transmi t tfeedr sesiove24fodhe 286prrand whkoropadat and panehcodsr 2d2oapaiter PC,
whi ch out puts object inmge
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 ocutput 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



5 data to be printed to the printer 200, is connected to the PIO 254 of the
control device 222. The conputer PC specifies inage 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
imge data to the printer 10 200. The printer 200 detects the shift position

of the c ' d,. on e_ne r t of the driving anmount of the
steppingﬁ&%%?gg igégrggggkggtE%Qs%%e$§?eggggbsition based on the data from

t he enco 42, e nds th rocessed da received fromthe conputer PC
into on-g@5 ata oﬁE?ﬁea?%éet%é’ll?@ @FESFe%g?rcFﬁﬁet ﬁg‘efg g%%él“é%t‘?ﬁ “Mfe print
heads 211, throu 216, ~and. actuates.the drive, buffer 256 dth t put

i vi der 586 SRO099F ha. cOREr GF HSIEEEI03 SLRANEM MO IR 0) wirEl S0€ to  and
fromthe detection nenpry nodules 121 through 126 nmounted on the ink

cartri dg@Be¥3%1 PHr BAYR 1%’65vi% TP ShsTT 1 (M TR RINRIESD @ ¢"PF
connecting wth the PIO 254. The transmtter receiver nodule 230 accordingly
has ah RA2EBnVerPerP2iRtefato ceohe T ENESE 2Q7 gnkd G IIRd mo %4 §it o an
alternating current (AC) signal of a preset frequency and a | oop antenna 233
that recéPtedite FOsighalevicem2i2Re REheopoBPYREeY 2B sperifhestimagar e
where a 25 simlar antenna is |ocated near the | oop antenna 233, application
of the A@athghalbe drintddopmadneie 2pscidiedsimhget dahagradviect itriwct i on
and excites the other antenna to generate an electric 19 signal. In the
struct ur eesfieshd$ rermaksienyg indledingekesserdeatriinohcady kor angwarsiagstri ct ed
to the internal distance of the printer 200, so that the wrel ess

conmuni catddm ltfecimirgeandiong putlseche gragretsed imaye tihon icsthdgpistterThe

printer 200 and the

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 cartridgés 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 PIC 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



5 ink cartridges ill through 116 respectively have one antenna comonly 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
| east 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 the ink cartridges ill through 116 is supplied through el ectromagnetic
i nduct i onihetween the gat fma%aﬁ%d b81 CHATUNGI] Rl Anhbelys @nleana for
supply of électric power e prOV|de separately. 0058] The structure of

t.he det e ?11@3 eyrgﬂ\glglslesajr%lst%tc%%ﬁego Qntt%%ﬂaqkdﬁg.{:éfﬂ:gggf \Jh

di scusse e oWw. front viewan IS a sideview s omﬁng t he

I dul
sppesanes G40 SV, BTGk S T s
h dent i L. tt { d t 20
rave a1 e ol SUACU B icoR, Vlge [ Dnunher stcled ere e
detec$|on gg qﬁ’ (fule 121 has an antenna 133 for EEd as a thin netal f!Lm
patte?n difa GHIT #9957 stiblst TRERUAR1118nTERBPESIVELY| 8RR PP HEAMY a

di versity of functlons (di scussed Iater% installed therein, a sensor_nodul e
137 t hat GRSy HABALFRS BieGE RIS Oy 2PACEAREREES BID |17k Ehgnat BUGF vFaPhat t ern
139 that connects these elenments. [0059] Fig. 7 is an end vi ew show ng
at t achnerftl®ofMpREipePEct PBR anERFARY ifgdiranspisséonhpaynke ReRITAGR 111
The detection nmenory nodule 121 is attached to the side face of the ink
cartri dg€rpm anvaat ganadies ingcaphion iniabflegsly eibtdy heapraghesi 30 or a
doubl e- faced adhesive tape. The sensor nodul e 137 |ocated on the
or the ink cartridges 111 through 116. In the structure of the
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 the detectionmemory module 121 attached
16 to the ink cartridge 111 is-discussed below. Fig. 6A is a front
viewandFig. 6Bisasideviewshowingtheappearanceof thedetection
memory module 121. The detection memory mcdules 121 through 126
mounted on the respective 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 £ilm substrate 131, an exclusive
IC chip 135 having a diversity of functions (discussed later)
installed therein, a sensor module 137 that detects the presence

25 or the absence of ink, and a wiring pattern 139 that connects these

elements.

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



5 rear face of the substrate 131 is fit in an opening 143 fornmed in the side
face of the cartridge 111. A resonance chanber 151 1is forned inside the
sensor nodul e 137, and a piezoelectric element 153 working as a sensor is
attached to one side wall of the resonance chanber 151. 10 [0060] The
internal structure of the detection nenory nodule 121 is described. Fig. 8
is a block diagra how.ng the i,nternal . structure of the detection nenory
nodul e 1§'f.m°fh’em‘ag‘]tli%t]1y¥01ngﬁe$hﬁ ﬁnﬁ{nﬁﬁmﬁl%@‘i s a %QF‘S%F?EE??“ MO power
source unit 162, a data analyzer 163, an EEPROM controller 165, an EEPROM
166, a d@PSRFoh2isie bt tosbhemidethngs Gf E86t iak @Araydgenldnplifier
172, a conparator 174, an oscillator 175, a counter 176, an output unit

178, two VERarkdl stdhesive bavedr 241lard r distranm e anan RRADGRILYE O&r & | ocat ed
i nside a dedicated I C chip 135. [0061] The RF circuit 161 denodul ates and

i nput s t Keukdesifgrad aditegevritared | Bhermengnenedulellyy leedadommdgrie i c

i nduction, and outputs an electric power conponent taken out by the

denodul atriegiy” frget hE pbeesubstrgbeuhdl 162f ahdim an grdnoopporentormed he dat a
anal yzer 163. The RF circuit 161 also functions to receive a signal fromthe
out put unint thé8s(desfassenlf |tEieerdartidigeatia 1t.heAr eesonanc@Sclsamjped 131 0 an AC
signal, and transmt the AC signal to the transmtter receiver nodule 230 of
t he printierf@tflediiastie 4 gengor iddlulEhel ppweid S plikceeldict riG2 sdndid i zes
the electric power 21 conmponent input fromthe RF circuit 161 and out puts

t he stabilsizesck Bheakrd efOBL i sSCONPOFIeEd taSorROBe e IRl LT Herdden fleek cat ed
IC chip 135 and of the sensor nodule 137. No separate electric power, such

as dry ceHambers 1&acordi ngly nmounted on any of the ink cartridges

10 [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 contrcller 170, an amplifier 172,
a comparator 174, an oscillator 175, a counter 176, an output unit
178, two transistors Trl and Tr2, and resistors R1 and R2, which

are located inside a dedicated IC chip 135.
[0061] The RF circuit 161 demecdulates and inputs the AC signal
20 generated in the antenna 133 by electromagnetic induction, and
outputs an electric péwer component taken out by the demodulation
to the power source unit 162 and a signal component to the data
analyzer 163. TheRFcircuit 161 also functions 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



.5 111 through 116. In the case where the supply tinme of the electric power
inthe formof the signal fromthe transmtter receiver nodule 230 is
relatively restricted, the detection nenory nodule 121 nay desirably include
a charge storage elenment, such as a capacitor, for accunulating the
stabilized power source generated by the power 10 source unit 162, although

not bein et C il gjq],r_%‘&r ta be

| ocat ed %E ?@'%ﬁ Eﬁd%éfrggﬁéﬁg&ﬁﬁ%}¥éqﬁgJ%EO%%Q éﬁgg g%a yggyﬂ%%s

anal yzes _t n p [ qﬂg y takes
a comman l%%§§ggtgoyrggpggﬁgbﬁggaﬁél ff g {8ﬁéﬂ %ﬁ%% é%g:g%alyzer
163 carri t o_sel ect h ry dat tran m,ssion to.and fromthe
EEPROM i por ? ?‘ﬁéfgﬁérﬁe&s %lf"lmf)guidnglfronﬁ? o e? hrécfﬁ”e%ased on
the result of the an si,s. The ana 163 aI o carrles ut a series
of procesdts ﬁlgasrﬁ Sntops FRU T %’?e?ﬁgad}y ﬁa:hfdﬁkrﬁé% d9ske
curreg:ly i_.nvol ve |n dat a transn155|on in ord tQ control data

transti sSidn"FECAHY 1ilfom Fﬁék\@épﬁeﬁl%%Fh?@ppﬁéﬁ§6P‘erﬂBGPE S Yt or di ng
to the result of the data analysis.. The data anal yzer 163 identifies the

obj ect |ﬂ?%ﬁ%%?FBS@OQ%@E&hQﬁ¥QWﬁ%ﬁﬁﬁWﬁﬂ?FE@%?BFEEeFH@CPéM%ﬁW@ﬂ%k%|t|ons
of the respective 25 ink cartridges 111 throu%d 116 nmounted on the carriage
210 to t S0 ipapltiialy sesrvdctrdduiee degeshd onpsespsy apdu & Adlrexyect i ve
ink cartridges 111 through 116, as shown in Figs. 9A and 9B. The 22 details
of this &Q?éé@@ilb’glmpﬂudﬁeammééoﬂfagérﬂmgnt9Aalil%h a5 peralpReitor, vi ew

showi ng the positions of the ink cartridges 111 through 116 and the

det ect i orfarenpeeymybaltd =g t2¢ atwlviuglzeeover satired Jéreeeateed by ttire poeesmi tt er
recei ver nodul e 230. Fig.

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
out aseriesof processing required foridentificationof 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

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



5 9B shows the positional relations of the ink cartridges 111 through 116 to
the transmtter receiver nodule 230 along their wdths. [0063] In the
process of identifying the object ink cartridge, the control device 222
shifts the carriage 210 to the side where the transmtter receiver nodul e
230 is located. The location of 10 the carriage 210 facing the transmtter

e 9A d
ggce|verdgggghg 23 th§sf§4$ns e ifﬁ ?%g%%%%e ahg a§RQwWN ngnn an

in the structure o nent etecti on nmenor ules 121
th h 12 h d |. th h
DL, KBRS0 e i et N S L
moduies, gﬁephégggﬁnf L L2l giegeeecttol A HenbLoThbRG LT 295N ﬁé&![q%ﬁe&%' ver

a ana yzer recei ves i rement from
t he contag |c% 2%2 o k EE 1#% receiver n g # ggg .carrles
out requi S& tBETEFOpF B ELSi ﬁaPBP Eht FEFEAYFHN™BFH ﬁe ie S1nk
cartrjdge g%ilnvo ved in datg transm ssiaon, acgcess to th %y dat a
t ranstfi sSPOTWE SRE B R éﬁ%ﬁ?l%ﬁlﬂfetli%?nkﬁ?er'ﬂ’é’t%??% 1ot l'i
processing wll be discussed |ater with reference to a flowhart, [0064]
After id ﬁlFPC&P?OHIBFSWhEtﬁﬁj§€Feiﬁﬁrcﬁ?@V1%g%3°2%1?%&0#Q%&F|WFQEH%1
transmssion, in the case of data transm ssion to and fromthe EEPROM 166,
the data (6083lyzer I83the proviass af idatdridas ngstle far) ect ealicartopaige. on or a
witing operation, 23 specification of either the reading operation or the
witing t@ﬁe?@ﬂtéﬁl deicl et whifé scabe errrhedwatl i@ &peraiderwhare he
EEPROM control | er 165. The EEPROM controller 165 receiving the address, the
speci fi caheohraaauitherderce buepumasiulee 234di eslocatted. The location 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 identificationof 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,



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. [0065]
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
RAA t hat |ncI]n€les a user_ nenpry used for reading and witing the, renmaining
quantity T C%W%t%reﬂ%?%raﬁhe rRefong &P@ga&flo@l i e AT HhiRBde. The
latter half of the menory space is a read only area ROA in which ID 15

i nf or mat | PELREPH oY ERLR! yRnEhR ££35¢ M the l’“"réﬁénigsoﬂﬁﬁ“f:éﬁn EPoBB®] The
IDinformation is witten into the read only area  ROA prior to attachnent of
t he det ecRERROPNEIRNEF @ 851 21The rEREFOM %quﬂetrhéGEEPRGﬁll‘Ieegt‘éh? he
respective ink cartridges 111 through 116, for exanple, in the course of
manuf act irddesshe tdet eperdhioat h@mra,ndr@d@l éatazq_uitwwgmelaadme Senandle
course of manufacturing the ink cartridges 111 through 116. The printer 200
i s al bowethe tspeudtihi aadadnantl ewther ddtcarbadimgnopé rd i dhenr chdabk et ang
witable area RAA, while being allowed to only read data fromthe read only
area ROA dpgrdeiowy gy dlichiBERROM amewmtict regddatrawriite thear €éadmookyin@d ar ea
ROA. [0067] The user nenory in the readable and witable area RAA is used to
wite infetisreeEFPROM epeg di ng the remaining quantity of 24 ink in each of the
ink cartridges 111 through 116. The printer 200 reads the information on the

remai ni ngjopéantity phe 'd&'taaggruﬁ”ﬁﬁr@ V€ 2k alEdRkoM @6bhes Léﬁ’ﬁfwﬂ"’ﬁ%”l‘-‘&@@
remai ni ng quantity of ink is below a preset |evel. Diverse codes for
identifyingatdigl thio¥e As shown in Fig. 10A, the inside of the EEPROM 166 ‘
10 isroughlydivided intotwosections. The former half of the memory -
space is 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 amemory 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 respective 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



5 and other factors of the ink cartridge are stored in the nenory area of
classification code in the readable and witable area RAA.  The user may
utilize these codes according to the requirenents. [00681 The ID infornmation
stored in the read only area ROA includes information on nmanufacture of each
ink cartridge, to which 10 the detection nenory nodule is attached.

I nf or mat i year,, th he e he. h MUt : second,
and the [&)ﬁgcgg % &naoﬁ%fte{lc g?lg‘ Slaréé‘gﬁg%% EL%% T’Irllﬁg‘g@rlt{r?%ges %’rtlf%l:g%ggh 116
is stor as the 1D inf rmationinttl}e read only area as. shown_in Fig.
108, “Encho; Eeeder s SRt Torctn i e P otim e oy L 8% ot y ar oa,
and the ID informatiqn totall% occu ivg_ls a nory ,area of 40 . bits to 70 bits.
| medi at BRY @FYer*t Re3FaweP Suppiset ¢ ecnhetfg%r FRM2IN5BE IrartibhPkditan e
timng, the control device 222 of the printer 200 reads the ID information
i ncl udi ngStPRIOY F BrFECToheBR L maMiFERESR €GeS hetr dprbt fyend e &vS dges
111 20 through 116 fromthe detection nmenory nodules 121 through 126. The
cont rol @Bdi eehepotagsrRs \RE dhcaiakntrRstrheggsare FepredakpItdie MY he i nk
cartridge is expired or when the_ renaini ngag;antity of ink is below a preset
| evel . [BED88ITRéagsAtarpEioN ¢arte LAftdreraeiagiabiliech ud e it ilicea FEPRAM - 25 166
of the detection nenory nodule 121 are not restricted to the above
descri pt Tba. uskhenapiwcdsi asf theker ratesnamagrdisg be theclamisdamentss EEPROM
166 according to the requirenents. The 25 whole EEPROM 166 may be desi gned
as a rea088 and @het abl éndpeaat ibar sexaed dn ameelread ictdly \aresadadld e and
writable nenory, such as an NAND-type flash ROM nmay be applied for the
EEPROM 166cfodestiorfeonnee ildd onfrenmdtictrienst edchg rikhearinf ddget corwloirch
manuf act ure '
10 the detection memory 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 a74-bit to
15 8-bit memory area, 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 control 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



5--- of the ink cartridge. In the structure of the enbodinent, a serial-type
menory is applied for the EEPROM 166. [0070] 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 fromthe control
device 10 222, and sets the received detection condition in the detection

cont ol | ShchPeebRONCEAERSS bO 4N GRld Lt Aled iy PLEaL P aponditdon, the

detection contro ecifies e se measur enent from whi ch
bl czoel ot Sa Bash 1109 o ikt MY Shadiiit ot WEc Sl el P e Ster  T6s
contr ol | & R0 tRneved cSUbBINGs thel B 4P 3Bl e PRORH TR (o the
el oment | 557 Fof oipoREetiac ER CHHENTS ThE W e e ity
oo L P ey Rtk ShTERL 150l el b e er 172
pul se signal. The conparator, 174 conpares the output signal fromthe

anmpl i fi erSeIrAR Ly %P RMEat 15 epprldfcke 198 taGe BEFEOMadébconverts the out put

signal into a 25 rectangul ar wave according to the result of the conparison
[0071] THEO@GL ecti dn tbetrase of daBa rteraians inn siogaad Focontheeersmpar at or
174 and asserts a SET termnal of the counter 176 26 to activate the counter
176 for aqsirlieod3df. @nsphei dther mamsbs thef dailesenaflygeralps ecbeass atlie ng
pul se. The counter 176 counts the pul ses generated by the oscillator 175 in
the acti veowitarl’6f receiSEF a dehtobionwdnditjonst Tdretheswintined deuiteto t he
out pli;[) 222, and sets the received detection condition in the detection
controller 168. 1In response to the setting of the detection
condition, the detection contfoller 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 controller 170 outputs a driving signal to the
transistors Trl and Tr2 and applies a driving voltage to the
piezoelectric element 153, in response to the command. The
20 resonance consequently occurring in the piezeoelectric 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



5- unit 178. The output unit 178--receives a condition value for- detection
fromthe detection controller 168, and outputs the resulting count
transmtted fromthe counter 176 and this condition value for detection to
the control device 222 via the RF circuit 161. In the structure of this
enmbodi nrent, the condition value 10 for detection is obtained as the sum of

t he numbey, %thﬁgﬁﬂg%ﬁl l; a thF o] d% gug?e wﬂg- dddg- pul se,
that is, t &< ordinal ﬁu%geﬁﬁg ?he anén %?%% pu s% e |%%§?%e

measur emgju g %hgr e_l he illustra xanple) T ndition
val ue ngg’oFﬁ§$%%%§E g %%%?t?%é}%ﬁﬂ%; %5#%'thgggu§83$9%$ %%%§%§g%gi5

pul ses representing the asure t tinme.,The_o ut_unit 178. nmay_ be

i ncor porated e a‘a e . e n scribe e

| T B e orBa ERS FYer heeab T b7 55r ThabT Pl BUF i Ghetr e t h
processin ; r .Ldentification of the ink cartridges 111 through 116 and the
hocess (5 tHE HERd MR ARRSO WG Sy SPHAEABH TR S BESZBERFC ( he 20
printer 200 in cooperation with the data analyzers 163 of the detection
menor Y medbitest B4 (o Ryt PEE6 Uity 1 7R [eCed ek PRI sHw YR UE skfT es of
processig%texecuted in comunication via the transmtter receiver nodule 230
by the colfttesitiqayiBeomotherdehect ppRncentzodland 16fe et QYRR
modul es 121 through 126 of 25 the ink cartridges 111 through 116. The control
devi ce 2ZEsfltinpceunhtesansod tisd fram ghe goamileyseTs andIhufs eprditespect i ve
detection nenory nodul es 121 through 126 establish conmunication 27 via the
transm t te@luedeirvéetaotiube 233G ngoramo) davigepid2eska téle REadinguihe | D
information (first sequence) , aprocess of gaining access to the nenory to
read datdé&nd iInf gheastoncotimer ofhahishembb@imahbr nhheonondiwidn evahfier mat i on
on the remaining quantity of '

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 output 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 respect'ive

detection memory modules 121 through 126 establish communication



5 ink (second sequence) , and a process of transmtting data to and fromthe
sensor nodule 137 (third sequence). [0073] At the tine of power supply, at
the tinme 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 conmunication process, or at any other

sui tabl e idnvih Mg dHiitHe r&0Q: F8adRoalee | $1 PTATR I 19D cuftAuUbSEES Of the
corresponding ink cartridge and wites or reads information on the remaining

quantity <9ff rEQEih?ttheofD EE@H%\}(\% ioﬂr(%q?js%rég @é)e,aa%frogé%sﬁff%}.ﬁ . These

series of processing 15 are erent fromthe general printing process and
are carri t A 0 i i j h e | les 1
Chrough  Soir a4t Rt FEGEr Tt oAt b Sl ChES o TR PR RsFasher
establis Q nication with.the detecti.on nmeppry nmodules 121 throu 126,
Che car 1 Ha THy el RE FRACS o tEaY b oo B e BB S her eon
is apart froma general printing execution position or froma right-side

non- pPi nt Ty (ac‘reec%ncgﬁﬁqél%PFF 't%ncg 3 @Fto-cseis(feoﬁoﬁlfi??rﬁﬁ:?lbn%r‘%&a B9t he
transmtter receiver nodul 30 is L Ca%ﬁd' In resPonse to the novenent of

t he carriﬁﬁ@“Zﬁ%ﬁt§P?§@Fl%ﬁ UG g hohEhH T Pt TP PSR, - each of the 25 detection
menory no ulei 121 through 126 approaching to the transmtter receiver

nodul e 230078¢cei vesh HAC i8rgREI POWSIM FURP1Y oG Bhechiae 2dBpithehaser
transmtter receiver nodule 230 via the 28 antenna 133. The power source
unit 162 IRERCehARY &f Ghe polerarebapafent L1 riowy e el reteivedhaCcsErgRal and
supplies the stabilized power source voltage to the respective controllers
and cir cu?k PoMeanEHPR Y nstldéhehlelme vée] sreFeshl F ifedoeslodiems edpesedve

"10 since execution of a previous communication process, or at any
other suitable timing, the printer 200 reads the information on
manufacture of the corresponding ink cartridge and writes or reads
information on the remaining quantity of ink into or from the
predetermined area of the EEPROM 166. These series of processing

15 are different from the general printing process and are carried
out in communication with the detection memory modules 121 through
126 via the transmitter receiver module 230.
[0074] In order to establish communication with the detection
memory modules i21 through 126, the carriage 210 with the ink

20 cartridges 111 through 116 mounted thereon is apart from a general
priﬁt ing execution position or froma right-side non-printing area
and shifts toa left-side non-printing area, where the transmitter
receiver module 230 is located. 1In response to the movement of
the carriage 210 to the left-side non-printing area, each of the

25 detection memory modules 121 through 126 approaching to the
transmitter receiver module 230 receives the AC signal from the

loop antenna 233 of the transmitter receiver module 230 via the



5 controllers and circuit elenents in the detection nenory nodule can thus
performthe required processing. [0075] On a start of the processing routine
in conmuni cation of the transmitter receiver nodule 230 with the respective
detection nenory nodul es 121 through 126 , the control device 222 of the
printer 10 200 determ nes whether or not there is a power-on request (step

5100) - HiecRRacessi nonel (hles. SLSp deLoiTfies uheLher oL, 0ot Lo i Nt er

200 has just received po Bt op&ratitons
determn kmméhrel ower e # aeofan
ar vt oEEaRens hen he rgisbvegt G EPEREY wd et ies Ere A0SR The 10
information fromthe de%ectlon MeIor y nodul es 121.tri %gh %Ef (st 5104 and
subseque®V§t eSS “FodPeF2dfehCi tOF s™ Teber it hed-hat® Yers g ]iﬁ}%e
request, _that is, %¥ﬁhe case of a,negative answer at s&ip 5100, on the
ot her hafde™ERESc it deltf cEeB2ot iRl ePATREY fREP1he FHENtETSERF e
__executlng t he general printing process and subsequently determ nes mhether
or not tREPETPL1eTEcanEstl bR e reaRin 1of thengebect ol MRMEEY Y 111
through 116 (step 5102) . The request. on repl acenment of any of the ink
cartr|dg§§n1$buﬁhP@E§@rP16hﬁsre@P@éﬁd PFOCeSFaRse to the user's press of an
i nk cartrldge 25 repl acenment button 247 on the operation panel 245 in the
state ofl0dWer suPpl 3 svatheoprihe @roR@ssifigerpotmheri2Ofomhigtiorst es  t he
general printing process to be ready for replacenent of any 29 of the ink
cartri dges thelt réamsuyght 41 Becehweraquesite 210 vieph dbemespedts veudghactaiorr
actual replacenent of any of the ink cartridges 111 through 116. [0077] Wen
it is detremonystbduikbds LRdthriosigh Y2mueke control device 222 of the printer
10 200 determines whether or not there is a power-on reguest (step
$100) . 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 S100, the first sequence
15 starts toreadthe ID information from the detection memory modules
121 through 126 (step S104 and subsequent steps).
[0076] When it is determined that there is no power-on request,
that is, in the case of a negative answer at step S100, on the
other hand, the control device 222 determines that the printer
20 200 is executing the general printing process and subsequently
determines whether or not there is a request on replacement of
any of the ink cartridges 111 through 116 (step S102) . The request
on replacement of any of the ink cartridges 111 through 116 is
given, in response to the user's press of an ink cartridge
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



.5 repl acenent of any of the ink cartridges 111 through 116,-that 1is, in
the case of an affirmative answer at step 5102, the control device 222
starts the first sequence to read the IDinformation fromthe detection
menory nodul e of the replaced ink cartridge (step 5104). Wen it is
determ ned that there is no request on 10 replacenent of any of the ink
cartridgest thé ik caghridGestliiat thirsughriide Chserefuesthegaiépyracamsawtr at
step 5102, on the contrary, the control device 222 determnes that the ID

i nf or mat iion daputabreadyabeaalr easl £ostient |of farmdtheheesprcdaver tegest i on
menory nodul es 121 through 126 at the time of power supply or at another 15
adequat e timmdigowyd Seci fies the object of access (step 5150). The ink
cartridges 111 through 116 of the enbodi nrent have two avail abl e objects of

access, tjpg7EEPROMARS, (§he jmenpryd@nkd hep sens doul § 137, (ddhe sgnsor)
. it R%E, et s> nthe

When the object of access is EEPROM case of the

oY SRR dhel eSO RISl S0 RISRCSTR a1

menory of etection nory no es 1 p 0). en

t he obj ect_ of: I Set u , i i n e f the
sensor at ‘st gpéig‘gi%,%eoﬁft e%?ﬁzf?l%ﬁgﬁ' ,élﬁﬁ‘ég%rﬁér géégqile%%’etgjt%a?§§§?%fr ead
the detection r t . fromthe sensor nmodul e 137 (st 53 . 25 [0078] The
first thr%eu\@hc% %?ﬂt ﬁitﬁg%geég‘gngégsarsee eSeTT E)te% ﬁ(er?f%&ea?ﬁ? lﬁoﬁ%ﬁﬁ% ed
above, the first ence i s _execute en e | .devi] 222.det ect
he pover BT (R SEE ST 1 TTRA e g S 0E GRS, FeBragastibnCrERF it hent of
any of thza ink cartri d%ﬁ%ﬂ 111 through 116, The first sequence starts an

I

oper at i on' ¥R ey BEi hF AR TBH$E dhd he Bt dS 8 KERBP tnBBul es

121 through . 126 (step_5104) and executes an anti-caollision process. (ste
5106)1.0 ‘19eplaceme(nt <§)f any )of the )g.nk cartrrJ].dges 111 throughplls, thgt P

is, in the case of a negative answer at step S102, on the contrary,
the contrcl 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 anothex
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 5150, the
20 second sequence starts togainaccess to the memory of the detection
memory modules 121 through 126 (step S200). When the object of
access is the seﬁsor module 137, that is, in the case of the sensor
at step S150, on the other hand, the third sequence starts to read
the detection result from the sensor module 137 (step S300).
25  [0078] The first through the third sequences are described in
detail. As mentioned above, the first sequence is executed when

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



5 The anti-collision process is carried out to prevent interference in the
process of reading the ID information 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
comuni cation, the transmtter receiver nodule 230 is capabl e of,

Commini caBngT SRR FERBBheP) HFPRSRENER bl 8 GURBRT e yPAHRSHAEES ¢t wo
detection _nenory nodules in this enbodinent% . At the tinme of starting
communi c3tilonTeYRER dbhAt r ofPRYEFFEE SEPIGNESE RbRT VR ATHRRN FetPn sERading
information fromthe detection nenory nodul es 121 through 126 attached to
the respé&di§ B mﬁpwﬁwraée@mmet%@@%@qu@emﬁﬁmm@dugﬁﬂh%lc,td?mteajb 210.
The anti-collision process is accordingly required to prevent the

i nterferéddéelstep En84) amd exattes an Ftdcans 1 isHeon process tietepdtld fler nodul e
230 20 outputs part of the IDinformation, and only the detection nmenory
nodul @ -h&hengnt hecotbhs i oalprpaets sof s tdeeriRd abbromprenegt vies ex fasmponse, -
whereas the other detection nenory nodules fall into a sleep node. The
control devihe pPlcess@idirrgldyngdenhti D dsnfidrenatliBn fiffemmehée areie dthieve
detection nenory nodule of the ink cartridge 25 | ocated in the comruni cabl e

range andezsictlilorshiesoep ipdiileat 1D theolibht ites detrect hé easendf wnighd erdavi ng
the identical IDinformation. No further details of the anti-collision

process aretaesnitfed oBkHenairi-[QA19]sidn probBesanthe Gohd i SEQIM DEDSESS, the
control device 222 actually reads the ID information fromeach of the

det ect i opprdtRBY ¥ sNBEH €83 Il throuwglkrlz§avha the tdat acanakyzerotbsh{step 5
S108). On concl usion of the process of reading the ID informat ion,

10 embodiment taking advantage of radio communication, the
. transmitter receiver module 230 is capable of communicating
simultaneously with multiple detection memory modules (two
detection memory modules in this embodiment). At the time of
starting communication, the control device 222 has not yet acquired
15 the ID information from the detection memory modules 121 through
126 attached to the respective ink cartridges 111 through 116
mounted on the carriage 210. The anti-collision process is
accordingly required to prevent the interference. In the
anti-collision process, the transmitter receiver module 230
20 outputs part of the ID information, and only the detection memory
module having the identical part of the ID information gives a
response, whereas the other detection memory modules fall into
a sleep mode. The control device 222 accordingly identifies the
ID information of the detection memory module of the ink cartridge
25 located in the communicable range and establishes communication

withthedetectionmemorymodule having the identical IDinformation.

No further details of the anti-collision process are described
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the programexits fromthis conmunication process routine, or subsequently
carries out the second sequence, according to the requirenents. [0080] When
the program starts the second sequence, the control 10 device 222 starts a
menory access operation to gain access to the EEPROM 166 (step 5200). and

i ssues an active node command to each of the detection nmenory nodul es 121

t hrough 126 (step 5202) . The active node command is output with the ID

i nformat iy}t o each of the detection nenory nodules 121 through 126. The
data anal yzer 15 163 in each of the detection nenory nDduIes 121 through 126

conpar es | bﬂ% FECEI%% |nf%knagogﬂlmnth %chéégred? Con fmg n and
I'n

transnlts a response S|gna r epresen dccess
control | (o] % %h$ﬂ e ces for entica
W th eac%ez\gt %‘g‘%ag‘%&}’[g %(1 etI(H:Son Fl%g\l/?rcleto eraec el vg%tl hcpeetregéstloénlge
signal ACK to th su % a g come om each. of thﬁ%g ction
nenory ﬁﬁﬂﬁF@émf g &h%%fguggn SgcYﬁQIP %g%t%%a}¥ﬁf y g% ess
operatio have access to th r n e h of, the detectj
modul bs SRy ol Of‘é'%l‘tssltc@pog’égg)p o P b a8 e Oy f t o
data into_the EEPROM 166 or_read data from the EEPROM 166. In either case,
t he EEPREMSc BRI SXES 8 8L S (JROMI S Gt RIRCSRFTSH SR f$%d by
the control device 222 and 32 gains access to the EEPROM 166. The EEPROM
cont r ol | SUPEESIVERRdY CErrgcst ©8td5bs FRERNEr SPALENFRe 3peerdind BadERRs in
t he EEPROM 166, based on the specified address and specification of either
t he reamﬁﬁﬁﬂﬂ§9WQQQ%ror the witing operation. On conclusion 5 of the
menory-access operation to the EEPROW 166; the EEPROM
[0080] When the program starts the second sequence, the contrel
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 $202). The
active mode command is output with the ID information to each of
the detection memory modules 121 through 126. The data analyzér :
15 163 in each of the detectionmemorymodules 121 through 126 compares
the received ID information with the stored ID information and
transmits a response signal ACK representing a ready for access

tothe control device 222, only when the twopieces of ID information

are identical with each other.

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

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

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



controller 165 transmts a response signal ACK representing a conpleted
access and the accessed address to the control device 222 via the data
anal yzer 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 respective detection nenory nodul es 121 through 126. [0082]

then the By agr ASLENLS HeckBE] SEAUCHER, CLBEGROL oL, foviice 2238t arts

sensor ageass opéeration gain-access tot sensor ‘nodul'e stép 5300)
and issues an.actiye ngge conna%g 15. AMC to.each of .the detecti ry
modul os D31 P REStI e (R O 18562) PeatPT i EREd SALETRE (b THS S Al eens
operation. Each qi t?ﬁldetection menory nodul.es 121_t hrou h(%%G. tached to
Uhe i nk 1BArt PREGRCN RS MPSGAH RO aERED el HRPSE f YRR T MG and
identifieﬁﬁthe I.D information received with the active node 20 command AMC.
Ol y whehEhEeRrEeRTvERSF B L AR P Rat RONVT Lt 1RRB MRPERT LOR t h Ah&ORCdrEd D
inforﬁation, the corresponding detection nenory nodul e sends back a response
signal ACfaflei SEROY S A5 Hrvadert 1y ¥ het BebBERREMT 1pFoc 686 FEPRPM s
process is shown in the timng chart of Fig. 12. The upper-nost row DAT in
Fig. 12 cepreséaes 28§5daransmansnisFespobsewsdangie A¥nepiregentdam® 22 and
the detection nenory nodule 121. A rise of the active node conmand ACMto
t he hi gkompyekedhaose shaind Hha etcaetsised addweysnbdutlke I@Intiolsaleviire 33 t he
active node. [0083] After the output of the active node conmand AMC to
acti vat e 28@e vifa ttte dédest rolyeror Y orodul e 12dcdind oaghuébe tikse heamnt r ol
device 222 transmts data DN for specifying the detection 5 condition to the
acti vat ededetieatiedn teenord, nishl exdmpbp, S804) cperation of writing the
10 information on the remaining quantitiesof inks intothe 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
S302), 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 mecde
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



The activated detection nenory nodul e receives the data DN for specifying
the detection 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 commandDCraybe included in the data
DN for specifying the detection condition. [0084] In response to reception
of the detection command DC, the data anal yzer 163 outputs a clear signal

CLR to th§CQuitiefe mbiR to reset the value on the. counter 176 to 10' (see
Figs.. a and 15 12). The data anal yzer 163 subsequently outputs a drive

d Th | 170
Cecoives PREdr fve Eomntd DRI a0t ups FHE TV FaRERe: qravorry ita o, A

recel ves

shown 11t RQ !l Blle At heOfie ELOe 3 I bty I &sle%gfgﬁf&gw g, fEBCAlR. Lhe

follomnng transi stor on-off Ccyc our ni SIStl} Trl for
charging t

., vol t t t, 153, t OFF
the transis tIquT%’éFééég iﬁﬁﬁaﬁambgl St ‘_’I'eteaé 8¥ Irf’é:ﬁasci Ygrel{lgl'Fé f%‘?teg‘?rélliz rging
ft | f t t dt OFF the t t
T2 Bt SPTETOR P g AP LS ec{ifé%&em%%&r#ﬁg'd@gﬁ Leent 0Eh o 1o

the piezgelectric element 153 is supplied fromthe power source unlt 162,
and t he &ﬁﬁﬁ@éﬁﬂ e@hQF§80t§°Pe§FPP ¥e80891?hEeF%§§§FtheF&atQH@Né?%%tr|c
char ges accunulated in the piezoelectric elenment. 34 153 are discharged via
the tranSPaGEYRTE thede§raiemcuiditdiciciad §ends hask pirasaengy s ksi st or
R2. The on-off intervals of the transistors Trl and Tr2 are set to nmake the
frequencdf- The SPBFER} S¢ViEaser a? ddigahoukpussez s taatian erarend OG3 cl ose

5 to the resonance frequency of the resonance chanber 15r-incl uded
in response to the response signal ACK (step 8306). The detection

10 commandDCmaybe includedinthedataDN 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

Rl. Theelectric charges accumulated inthepiezoelectricelement



in the sensor nodule 137. [00851 As the result of the charge and di scharge by
means of the actuation controller 170, the piezoelectric el enment 153
vibrates at a frequency close to the resonance frequency of the 10 resonance
chanmber 151. A voltage, due to the vibration, is then generated on the

el ectrode of the piezoelectric elenent 153. The vibration basically has the

resonance frequen term. ned cording tq the ope of _the resonance
chanber %éf. e 8%?8p%¥?§doyl?h§ eeé@ﬁﬂﬂ%ﬁgﬁﬁéﬁggé'15%hﬁeﬁ§apgﬁ¥gée s the
| evel 15 gf ink remaini int resonance ch er 151. In %his enbadi nent
t he resorﬁi?&r?gélafrrggqﬁﬁrﬁ:%ﬁnﬁg%l%p%i]gyif@? &5 1669 % when's RB-PESoHANTE @ thanber
151 is cog£I tel¥ filled wth ink, and is approxi ma elé 1%0 KHz when_t he ink
in the r &orRfcErBRSABEPTE5TTT AR otF 1R Y SShr £RL PAGS Fhe FESENERTE 9% equency
is varied_ according to the size 20 of the resonance chanber 151 and the
properti éQ%ibratioRepepgrptedsgehtas PRezaateFt¥epetieneyt Fhe FEthance
frequency is thus neasured for each tgpe of the ink cartridge. The resonance
f r equenc ot hehees eBangn derednansat ofsthpryesonands (chiapgarheSLnkictaded idge
with ink (that is, under the condition of the perfect 25 vacancy of the
r esonance It rdieherenE®y) nioslwllg @iy different from the resonance frequency of
t he resonance chanber 151 that is vacant by consunption of the filled ink.
Thi s may [B68akcri bads thet hesudb sfrathe remmidgts aofd dik chargeebiynneanwabt of the
resonance chanmber 151 even after consunption of the ink. In the case of
det ect i ng-he hecteationngoquaniiley af7d nktha phezvelienamie claamzart 1543 based
on the frequency of the vibration of the piezoelectric elenent 5 153, the
det ect i onvidardidd anmaybeegndatycohssdef@ldie resohaticeofirequency of the
10 resonance chamber 151. A voltage, due to the vibration, is then
generated on the electrode of the piezoelectric element 153. The
vibration basically has the resonance frequency determined
according to the property of the resonance chamber 151. The
property of the resonance chamber 151 here represents the level
15 of ink remaining in the resonance chamber 151. Inthis embodiment,
the resonance frequency is approximately 90 KHz when the resonance
chamber 151 is completely filled with ink, and is approximately
110 KHz when the ink in the resonance chamber 151 is used up by
printing. The resonance frequency is varied according to the size
20 of the resonance chamber 151 and the properties of its inner wall,
such as the water repellency. The resonance frequency is thus
measured for each type of the ink cartridge. The resonance
frequency of the resonance chamber 151 prior to £illing the ink
cartridge with ink (that is, under the condition of the perfect
25 wvacancy 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



[ 0086] The piezoelectric element 153 vibrates at the frequency close to the
resonance frequency of the resonance chanber 151, which is triggered by the
forced vibration under the applied voltage, as described above. The

vibration is anplified by the anplifier 10 172, is input into the conparator

174, andsimalconpanedswhihisk drefteleene@evolvhayec¥righe ddoreaigaraibelk’4
out puts a rectangular wave signal COW having the frequency of the

pi ezoel eqsni evehesepér drbudnsiesh ofF the 1esul trrotnkheaserpardestdisre Fig.
12). The detection controller 168 inputs this rectangul ar wave signal COW

15 and gemgr %ﬁélﬁlﬁ&t%@ﬂ@ﬂy S inphi g mPeeisbng®ice EhdRpRe! 1 9f dabed

activate the counter 6 for detection, based on the input rectangular wave
I d
the unber Sfmeeedredty FEE??QG“@*%M°€fhé*%€%z#%§l§% SOl WS 2, the
ui scb. he - dare e Pan! el KeRRL 8 M0 BpER %%E?ige%gﬁﬂ%eﬁs?éﬁ.&%ﬂﬂsaii’. Ve
Ul se, &rﬂ%gacor X f gaeé%é"«rf?%érsf%sﬁswsara%&réreraﬁﬁt SESHDRIAY i |

the set E th t a 25 t th
ol ses. of 1EHE rgclgﬁgargpnaﬁs? réﬁaén%n%ﬁf "B RIS (RSO 5 i g

frequenc put fromth illator 5. The ou ut time_qf ul ses is
et e e B P O S Rl G N AL =
up until thg set .signal SET outgut fromthe detectron controller 168 is

i nvert ed 3ndfESpIREE 2RV et SNS anF‘ttlF?B 12 amREGiRg by ke arpkkhisT ng
count CNT on the counter 176 is thus varied with the variation in resonance

5 frdfueddys Tife IR 1O IO AMRATAS The Wontds feVsepared gfith a

reference voltage Vref. The comparator 174 outputs a rectangular
wave signal COMP having the frequency of the piezoelectric element
153, based on the result of the comparison (see Fig. 12). The
detection controller 168 inputs this rectangular wave signal COMP
15 and generates a set signal SET, which specifies a time period to
activate the counter. 176 for detection, based on the input
rectangular wave signal COMP and the specified detection condition
(the starting pulse and the number of measured pulses). In the
- illustrated example of Fig. 12, the starting pulse is a 1% pulse,
20 and the measurement time corresponds to 4 pulses. The detection
time period, when the set signal SET is in the active state, is
accordingly from a rise of the 1°° pulse to a rise of a 5" pulse,
that is, 4 pulses of the rectangular wave signal COMP.
[0087] While the set signal SET is in the active state, the
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 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 enbodinment , the data
corresponding to the detection condition is the ordinal 10 nunber of the
term nating pulse (the 5th pulse in the exanple of Fig. 12) . The specified
detectiop condition itself, that is, th ordinal nunber qf the starting

pul se (the" 18T purs€ A R tHe éﬂgﬁﬁPghtSF%ﬁﬂfoﬂﬁ S HRY ﬁ%éﬁﬁﬁ%}sﬁgnﬁéasured
pul ses ( ulses in the exanple of Fig. 12), nmy alternatjvely be output
Bt s ned B BHEBS e e B85t Rt OIS RibRE S8 WPE LR 2R BB Eount AT
as the detection result and the data corresponding to the detection

condi t i oEO(CferFee%fchﬁrhéaf RORDE? TBENR FENY M it | Mg T BERSBINI RPURet@ I PRes t he
remai ning quantity of ink, based on the received 20 count CNT. The actual

pr ocedur BREetRpRF Fes! Thel pridvnd@iced el thhdden vargptiipr iim rREONBE6Rance
chanber 151. The control device 222 determ nes the presence of ink in the

r esoancére@uapey - 150he Weamtt GETcheMmUONIE ite §heacertrhbrievited&2 péf erence
| evel, while determ ning the absence of ink in the resonance chanber 151
when 25 thepeamterCND viaftbe qutaatteunihai 8t-heThe esgputefreitehé@ ouspalts The
control device 222 of the printer 200 counts the nunber of ink droplets

ej ect ed flabvmceautesgorndiegtd nhehbsckse 2ildn chndaghod] Gidhyel BAst tire solinhar e
counter and cal cul ates the ink consunption for the purpose of managenent.

The cont €8T, dewlsec@?@rchdeadcaratel yInmhrageridmiminf ehi sleeeld ioenitnk in
each of the ink cartridge 111 through 116, based on the cal cul ated ink

_coEs_urrpt Eha @il tdee re gpdralimet tont e gt aigi driheopddsannei srctideralisaice of
o iOn-tnEmi)e;:-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 rem;aining 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



resonance chanber 151 obtained fromeach of the detection nenory nodul es
121 through 126 attached to the ink cartridges 111 through 116. [0089] In
the structure of nmanaging the renmaining quantity of 10 ink based on the
count of ink ejection, the calculated remaining quantity of ink is deviated
from t hethetsaf twanaisongquamd talcolatak, tise noek tdeesyuapttiidry fofr thk
ejected at a tinme fromthe nozzles in each of the print heads 211 through
216 i s veurpdsai bh wanagkinens. |iTh#iozaherdl adetece Rp2viaaoactyuratelpk, and
in working tenperature 15 of ink. Substantially no ink remains in the

r esonanceanagabelie dbirerthaevalnmestiialiin ebchhefi tike iisnic @astrEdgen1each of
the ink cartridges 111 through 116. One preferabl e procedure detects the

timng whefotfe deker Harald oh regardng thedrasenssndimpheonbsaaceneof ink
in the resonance chanber 151 by each of the detection nmenory 20 nodul es 121

throygh 12fotsachenoesydFomd st ctlce BLeERBCEsehifetdie iShati® Ohe - -~ -
"absence' and corrects the conputed i nk consunption fromthe count by the

sof t war eréQHﬂgﬁEeaéhérﬁﬁ'eng%ﬂ(%ﬁgﬁ&e}lminﬂrom This, akloys Jﬁecrac(e\:i.(s\c}ef{ ﬁ%ﬁlgra’uant ity

managenent of 1nk consunption. T correction may sinp
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result o correspondi ng detection nmenory no he
count bg%&he_spftmare counter. This arrangenent enables the ink-end 38
timng (the'timng when the ink in each ink cartridge is conpletely used
EE% tgugﬁxggﬁquate&é_€$%%¥§%ﬁ%é%%b§ g&ﬁff Ihet'nk cggtrlgggg% 11%:through
. quat e*8s et iV iz ESMa LR aé’“b‘f ¥ k&
val WP HERHLES PRl B E CTBNS 0L 00 U 51 S 0 2 rling
.quantity of ink is deviated frem the actual remaining quantity
of ink, since the quantity of ink ejected at a time from the nozzles
in each of the print heads 211 through 216 is varied with variations
innozzle diameter, inviscosity of ink, and in working temperature
15 of ink. Substantially no ink remains in the resonance chamber
151, when almost half of the ink is consumed in each of the ink
cartridges 111 through 116, One preferable procedure detects the
timing when the determination regarding the presence or the absence
of ink in the resonance chamber 151 by each of the detection memory
20 modules 121 through 126 is changed from the state of 'presence'
to the state of 'absence' and corrects the computed ink consumption
from the count by the software counter at the detected timing.
This allows for accurate management of ink consumption. The
correction may simply reset the quantity of ink consumption to
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



ink end. This also desirably prevents the ink in the ink cartridge from
being used up prior to detection of the ink end, which causes hitting

wi t hout ink and may danage the print head. [0090] In the structure of this
enbodi ment, the printer 200 10 transnmits the data corresponding to the

det ect i onc Doy tittwe  inteng ehdnrte hurhigt eathtittk terdirnageng pohpeetelpget her
with the count CNT as the detection result, to the control device 222 via

each of wded dgiectdilon dmat dIdebesmiidt i @agh d26hdAakcoatt eliddexi ce
222 can thus verify detection has been carried out accurately under 15 the

speci fi edi detcegldugh ¢opdi td@ih aMbenatle &5t dedelsh gt ddidive 1ehealin@heBas not
been carried out under the detection condition specified by the control

devi ce 222ne tJag teOHRl HATa GLB e A% ddiBrcleboet  OR HeLSMhA 118 J10hohehiah! e.
The procedure accordingly does not carry out determ nation of the presence

th b ] . 2 o 4 f. . ) . ‘ : ,
or thg absspae, bl iy 20.are o1y e6kt BAT AN AAN LY ALl SpRSUERLI O

count ure nmay o rwmse carry out t

gﬁ[;eggi Ol Wald egiii 093Ny @%%ﬁ%ﬁ%g?gegfe%%”éﬁ Eﬁ%o{r?t%ﬁétidg{ 85?%::985%90“ on

i'mted purposes. m shaf ¢ ction
conditio roc I .det ect faldure_.of, the detection.25 nmenory
modul e ontTHE BREEEPEPRLPENE Eohids st Bartnd Tunfade Wikt 2alee®

advise the us 0 ‘repface
cartridge,.[0091] The contro vice 222 verifies detection has been 39
carried gﬁ%é gﬁ? g% %$

l_d t
SEEAr G B unt2E PR BHECTFTRIC debeckT HAC ¥ ti on  according to
a processy outine shown in the flowhart of Fig. 14. \Wen the pro%ram
enters tr4d§§9 rifichlli ohe refiTeire IRE ddht§ SMPPMSRE 2 5Re PEASeLs 28

speci [ ed detect ] on condition DL 1egarding $ thg presence oy fie ahgence of

ordinal number of the terminating pulse), together with the count
CNT as the detection result, to the control device 222 via each
of thedetectionmemorymodules 121 through126. The control device
222 can thus verify detection has been carried out accurately under

15 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

20 or correction of the quantity of ink consumption, based on the
count CNT. The procedure may otherwise carry out the correctiocn
whilegivinganalarmtotheuser, andusetheresult of the correction
only for limited purposes. Inthe caseof mismatchof thedetection
condition, the procedure may detect a failure of the detection

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

the ink cartridge.

[0091) The control device 222 verifies detection has been



each of the detection nmenory nodul es 121 through 126 attached to the ink
cartridges ill through 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 5410). The control device 222
receives the detection result (the count CNT) and data .DT corresponding to

the det eciarani eeDRhitt beGurabelir aftenyLé ipec el €€t dore del®r Yodmdid B 121
through 126 of the ink cartridges 111 through 116 by radi o comuni cation

(step S42Qordlinid €892)prihedLi6h) vedrdatasilwhsih e ¢appahedtWbt heide
specified detection condition D1 (step 5430). Wen the received data DT

mat ches wig h whenspRohFoeehflehest s emicapdl {# 0 Dlon LREL$ADT kPle cligVi&E 222
verifies the validity of "the detection result (step 5440) and nakes the

det ect | Olasi 525 SHl-GENAA.OD e GOMMUKALLARI A Blod s 40081 ALOG GHIARL 1LY of

ink by the software count he concrete proce
o oeR P B SSERCRI0 CPIAR 4 e CAkin S B0 o3 WEARS o Lhe
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val e of 4 e o el LA Erel o n e ualuc of o curerbly oet 2o
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’ 10 S5410). 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 S430). When the received data DT
matches with the specified detection condition D1, the control
device 222 verifies the validity of the detection result (step
S440) and makes the detection result reflected on the computation

20 of the remaining quantity of ink by the software counter (step
8450). The concrete procedure of the processing at step 8450
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,



has just reached alnost 1/2 of the ink capacity and corrects the

conputation of the remaining 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). [0093] Even

when t he thempubatdatreotombpareenmshai nglaqyant i d ypodviduwkl § roet tfleac @mntl by the
software counter has sone error, this arrangenent desirably corrects the

conput at wathwehl vheudetatieorurtentllt, segaf hdigrrt hetegBuBENg quardtid y of
ink by the sensor nodule 15 137. One preferable procedure may carry out fine

adj ust nertasef of anCamd st | A feghki ch£nttHNrihg B iHdWBUse BXEh assfedised
for conputation of the remaining quantity of ink fromthe count by the sof

tware coynbal chBYvaehieel 6 NG tihd RAIARE eali ONThESM &L 9AE H b rd 11651 ly.
remai ning quantity of ink by the sensor nodule 137. 20 [0094] Wen it

Coect Tl o8Bt SH0 chtftohilinl f6 skt <1002 1Ak ThEE SRSy d%#ece 222
verifies hfa@e%le\éa{égaﬁgdfaoﬂe regg 8¢t LAD {ﬂf ;g%tt%»pﬁ 8%9@& NSt s

subsequent nagenent i Ni'ng quan e so t war e

t 70 th { th th
countsr 2oy ﬁﬁg‘ﬁéﬁ‘r%%ﬁ%‘% R R L C
th h 126 t k 1 h t 41
v oo 255508 eRte Qe BiGFRRE ﬁeggeffﬁég%ﬁ%%%%éﬁsecaafw e i
th k t flashi
Gt R A e et e i g
ness ge %n forexaqp al i qui dcrystal -5- dlsplay of the- printer 200,

out v0|ce alarm- f r----

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

15 137. One preferable procedure may carry out fine adjustment of
a correction ccocefficient in the arithmetic expression used for
computation of the remaining quantity of ink from the count by
the software counter, by referringtothedetectionresult regarding
the remaining quantity of ink by the senscr module 137,

20  [0094] When it is determined at step 8430 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 8460) and entrusts subsequent
management of the remaining quantity of ink to the scftware counter

25 (stepS470). Inthiscase, it is expectedthat there is some trouble
in the corresponding one of the detectionmemory modules 121 through

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

41



exanpl e, 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
conputer. On conpletion of the above series of processing, the program goes

to ' END gatdceezbbSmhi;OnhtiBeges i {i Gatd o Fepitd ntofndi Grhele dBPH aAs
descri bed above, the procedure of the enbodinent chécks the operations of

the det eet-baB1BEIRHITRAK @5 thadkidehr eHAhe hel26 ahtaponad, haytihe Ji8spective
ink cartridges 111 through 116 and nodifies the processing (%’or exanpl e,

conput at i,gn r SgiEH i I rgi itatg of ink
in each !8? E%%S%lﬂﬁg car tE!;t% gggsg%ﬁﬂét %(ﬁg%ﬂllrgﬁfspgg%qi gh?ﬂ%kgﬁé]n eI?L 200. Wen

1t is debgr mngfs i‘é‘%' g?)ﬁ%f tt'?r?es‘dk% CL1 08 eIy d }%%]ctf}bé ugh 20
126 i s nor ma%{) op%ra 16135? esgr oce urie may (?orreg%iﬂt%ﬁegggﬁblu a |ontoa of the
remaini ng. ntit f ink.from.the count by, .the software. counter w.th the
det ec io%lrgggﬁwt ogt&f[%epﬁ%eﬂhzteorﬁb t 1& ?"Xr’rﬁ%ﬁﬂ%gtlaga?'ltwjyc%falﬂiéfﬁzﬁ’r\é\gocﬁnes 1/2
of the ink %aﬁacif%. V\heﬂl it is . det grm' ned tha% detecti on, has nt(r)lt% een
carri ed S0ETEAGer PY Y2 Gt @HTGIT 1 SFE™ PoRPEREET f TR BT TR ot 1 devi ce
222, on the ot hgé hand, %}he count  CNT gi ven as the detection result is not -
rel i abl ePTHRESHr 088 dur®! 5BETHFF NI FoERC T 1REFT At S 22Nt e Wivhdtt on of
t he presence or the absepce of ink or correction_ of the quantity of ink
consunpt PofPVBHSE - offPLRE EYERECENTT 1Fheda iR R dihe el R hetUi s&/iardy out
the correction while giving an alarmto the user, and use the result of the
correct i BRISEPFLLONad L PEPEEGCRur PBSeBT INFATY { BRO CBRY VALRH & ika dlatae
det ection
- 10 to the computer to give an alarm on the computer. On completion
of the above series of processing, the program gces to 'END.' and
exits from the verification routine of Fig. 14.
[0095] As described above, the proceaure of the embodiment
" checks the operations of the detection memory modules 121 through
15 126 attached to the respective ink cartridges 111 through 116 and
medifies 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 medules 121 through
20 126 isnormallyoperated, the procedure may correct the computation
of the remaining cquantity of ink from the count by the software
counter with the detection result at the time when the remaining
quantity of ink reaches 1/2 of the ink capacity. When it is
determined that detection has not been carried out under the
25 detection condition specified by the control device 222, on the

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

reliable. The procedure accordingly does not carry out



condition, the procedure nmay detect a failure of the detection nenory nodul e
on the ink cartridge and advise the user to replace the ink cartridge.

[0096] In the structure of the above enbodi nent, the control 10 device 222
of the printer 200 executes the first through the third sequences in the
course of conmunicationof the transmtter receiver nodule 230 with each of

the det egbtermABERR ¥nBEHEHRSpE2dchBE QYR N I0s dhéadTednkot R rirdictGad i dges
111 through 116. The control  device 222 verifies the validity of the

det ecti oper enall quddionf P i kR ObnshiGp ELEC LML AR LR MBGHhESCNEL IfHLUGh 126
and makes the detecti'on result refl’'ected on the conputation of the renaining

quantity L T i 0 C i r ut ed, - wWai : ontro
devi e 285 e R e o e S ar e Ant 8 g i ety
nodul es h - The -ohj.ec f i.cat ] .S: SuC [ y

shi ft ed éﬁéffg'y{%;%t% ‘el [ ARGOILE A ng re%&rr%?%h%l EbEDCLELSHIEER R Y |

t he detect] I ule . 126 on _the right. end. .The_carri ¢ 210 thus .
succeossi\%h@gﬁogswg‘1 OyS %h'é vithit hof C85&h Olf%kmlcsé“ﬁ rcfl'bg%fa h%sfo%g-se ]hr%eorré. Wi | e
the carriaqge, 210 is at_a st the control deyvice 222 establjshes 25

communi cSPLORCAPE EHE BEPRSERER TRHOTSE Rot.? & ot HHe PorrEefiaig O nk
cartridge. As nentioned eviously, the transm tter receiver nodule 230 of
Chi s embBAPAEH TRSLLT A EPeel Shiaihiiag gnomaEir f ddpoHaFRgEe & SHE Gt al

wi dt h of hyo_ink cartridges. The preferable procedure successively shifts
the carrit8§eBX¥0°BYtAE9®total width of two ink cartridges and causes the

control device 222 to establish communication with two detection nenory
modul es 3009 eachTat bpe poeTecioare -offiihe akeyanengedimepts cdue e2Pntel nunber -

10 device 222 of the printer 200 executes the first through the third
sequences inthe courseof communicationof the transmitterreceiver
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 control device 222 establishes communication with each of the
detection memory modules 121 through 126. The object of

20 communication is successivelyshiftedonebyone 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



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 transm ssion from and to the nultiple ink
cartridges. 10 [00971 The above enbodinent is to be considered in all

aspects asrriddpidialg vieo atide NnBbtaBSWLHEhI vE. thrermiayaberiddys. The
nodi fi cations, changes, and alterations w thout departing from the scope or

spirit ofptdferable phacadiee sit€esOivéhe Prigent hei exeridapn.21obyexiaapl e,
the detection nmenory nodul e of the above 15 enbodinent is not restricted to

the ink castddl daitdf ofthewbnknk etartdidiey P cahis@lsSenappbheadl ead®idet Oner
cartridge. The detection nenory nodule nay be attached to the bottom face

or the topd aeeesPhblhshi dmad{ddtdes wAEhan@s e i dihRef8loCho@a1 88 MOr Y
nodule on the top face of the ink cartridge advantageously héeightens the 20

degreg ofzf reedpmddy | Reat 1, of-rhhe- - ] cej o ﬁ“, 230 .and
sinplifies the str udc}?t ure ot:‘lgt}lhe W g?eéﬁﬁﬁﬁgg%%ﬁ:%%g ™ g%e t eé S‘é‘#‘ﬁ%‘%on
menory | 115 sl ; f. the i T ade, te
DL kIR % ko ahac ot L 00 dipaedbiBel e EAfLIOg gadomEC
absence’ SFoTHOL RoviES A2 s b 4l EEL R ae IO EBREERET, 5 bR
appr oxi nat.e 1/ 2 or the tini close. to ink.end.,h6 44 _[0098] The procedure
o "the abOTE S Mioda e iTe TREEE5PERREe L6r Sphe SESERELSBHoT R Shen
the quantity of ink caonsunptio reaches about 1/2 of the ink capacity. The
det ect i on®*Hay-° a'i‘}f%rr?‘}gﬂ? § H’g(c%ﬁlfa{?%]df%ﬁﬁ at the timng close to ink end
or 5 at t{b% td m ng having a less_quantity of ink consunption_bra greater

10 9 The above embodiment is to be considered in all aspects

as illustrative and not restrictive. There may be many
modifications, changes, and alterations without departing from
the scope or spirit of the main characteristics of the present
invention. For example, the detection memory module of the above
15 embodiment is not restricted to the ink cartridge of the ink jet
printer but is also applicable toa toner cartridge. The detection
memory module may be attached to the bottom face or the top face
of the ink cartridge. Arrangement of the detection memory module
on the top face of the ink cartridge advantageously heightens the
20 degree of freedom in location of the transmitter receiver module
230 and simplifies the structure of the whole ink cartridge. When
the 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.



remai ning quantity of ink. The structure of the enbodi nent uses the

pi ezoel ectric elenent 153, sets the starting pulse, the termnating pulse,

or the number of nmeasured pul ses corresponding to the detection tine as the
externally specified detection 10 condition. The detection condition may be a
detection timng (defined, for exanple, by the tinme of detection, by the

| nterval foggjdel echi,on o 00 A0 B0 SHDPLYLLAT SuldRGNENCYqotegeLeghion.  The

data correspondi ng specified on con I'On Ssen e ink

cartri dgﬁrégegégo@ﬂﬁé Qbsgﬁgéct% ?ﬁk? %&W’&I@é gﬁaHEXt§fooP?ﬁg%rgtéls%ﬁn ttrl%n

detection condition or a co ocated i n advance tection
conditio dat or p i t he i on ndj L] be sent
fron1the9?ﬁgﬂggr?¥?ﬁ§é %gﬁtﬁgg Q%%t?o_ dgyggéfg%hen n%% ?%%§$F£§¥ F%%bQ] In
the stru [ .1 he enbodi nent . detection aof. the 0 presence or_ ihe absence
of ink | S BEFPari Ty BY e e S S e S AP A i B Pvely
be carried qut_by.the saftware configuration. In one exanple of this v
nodi 4 ed®5t c'fﬁ‘%{%r,lg Ingsihe Sy RE Mk $EPFUMREE SRR FE3F o t he
control device, 222, and the detection nenory nodul e determ nes the presence
or 25 t hECHBIBHEE FtARTKEARE £P8nsnt e SHIGREA Plobhe R Eish hatSSh
regardingﬂthe,presence or the absence of ink to the control device 222. 45
WHAT | S EPRI mEBZrslestrAccfiemnaife hadi n§ehscHdifbes 2Bt Hog dPH1FEcortdieng
material used for printing therein, said cartridge being nounted on a

printi ngt8pParat4BY BEiSE c artthelganbeaprt sicaguredspnises qar ef@mating state

of the recording material
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 freguency 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, an;i 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,



held in the chanber, said sensor being capable of detecting the state of
the recording material under varied conditions; a condition reception
nodul e that receives an externally specified detection condition of said
sensor; @ detectlon nmodul e that activates said sensor and carries out the
detectlon PigGef tﬁgigﬁﬁ%?f¥%d detection condition; and an output nodul e
that outputs a result of the detection under the specified detection
condition. 2. A cartridge in accordance with claim 1, wherein said output
modul e out put sl daka @o¥tespondiney ing tae @mﬁa‘n’ etio detlatt Rorremrmiinon,

t oget h th t It .of the detecti A_cartridge i d
w o or e S, SRR | A8, PR Bt <579 TRSEF-A0PCaR HR nea

color. 4.mduseedrbdge pmat@ﬁ@dapgarwhb chali g &arwielogien cdmpe ifs9e@f:di ng
material is a toner for any one of a photocopier, a facsimle, and a | aser

printer. 46 5. A cartridge in accordance with any one of clainms 1 through

4, wherein sai d, SeO90r Oehget 5ePLESENGE QL ADSENEROL LNSy; HACHLILNG )

material in the c trirdge, In accordance wt ny one o
clainms 1 Hhdrdugh Shesahdmbéttﬁaﬂﬁdfsﬂﬁéﬁﬂ looinpy | sapgbla pEnmdeyechdhgst ores

a paraneter corres to state of the recording material held in
t he chanbeth€7stat rP t? %&ﬁﬁﬁ 10 TR Eer e bapRIfHgEe FbEAL EANPRELEBR!  said

cartridge having a chanber to hold a recording nateri al

a condition reception module that receives an

externally specified detection condition of said sensor;

a detection module that activates said sensor and
carries out the detection under the specified detection

condition; and

an output module that outputs a result of the

detection under the specified detection condition.

2. A cartridge in accordance with claim 1, wherein said output
module ocutputs data corresponding to the specified
detection <condition, together with the result of the

detection.

3. A cartridge in accordance with claim 1, wherein

the recording material is an ink of a predetermined color.

4. A cartridge in accordance with claim 1, wherein
the recording material is a toner for any one of a

photocopier, a facsimile, and a laser printer.
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used for printing therein, said cartridge conprising: a sensor that detects
a state of the recording material held in the chanber, said sensor being
capable of detecting the state of the recording naterial under varied

conditions; a condjtion recepti,on nodul e that received an externall
speci fied detedti ESEHFfﬁ%‘g of s%‘?%?réjé’ﬁ‘%r;ma&de?%tic&ﬂ? nB ul%latlﬁﬁ%/ 1

acti vat estiphS @S WhezBfln §a1d i &St dhecdst gﬁéé&mmﬁeraﬂsfé%c@psgi fhed
detection condition; and an output nodule that ouputs a result of the

det ect i onrefRysiinghraspadpfli da ddce@hiagedondi tion, said printing apparatus
further conprising: a condition specification nodule that specifies the
detection condition; an input nodule that receives the result of the
detecti on out peit Ar @erzaidgeyt put adshitdamfe saitth canyr bdge,ofanflaidns 1
verification mpdul e that verifies the result of the detection. 8. A
printing PRt vy 5718k Cordategewf PRt RS R GRMP T ISiRerei n sai d out put nodul e

of said cartridge oyt Hl!é?no@?t & nhf/ ?5f§§5%2d§a{el%n¥e9:etﬂqec§ﬂe&'gd&ﬁﬁet@gti on

condition, together wth the resu 0 ection, said input “nodul e of
sai d pri nthegEpparet the recerdesgt heteniputhedat dn tthgethembert h t he resul t
of the detection output fromsaid output nodule of said cartridge, and said
verification nodule of said printing apparatus

7. 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, said sensor being capable of
detecting the state of the recording material under varied
conditions;

a condition reception module that received an
externally specified detection condition of said sensor;

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

an output module that ouputs a result of the
detection under the specified detection ceondition, said
printing apparatus further comprising:

a condition specification module that specifies the
detection condition;

an input medule that receives the result of the
detection output from said output module of said cartridge; and

a verification module that verifies the result of the

detection.

8. A printing apparatus in accordance with claim 1,

wherein said output module of said cartridge outpus data

47



conpares the input data with the detection condition specified by said

condition nodule verifies validity of the detection result in the case of
correspondency of the input data to the specified detection condition,
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9. A printing apparatus 1in accordance with claim 8,
wherein said verification module comprises means that, in the
case of no correspondency of the input data to the detection
condition specified by said condition specification module,

notifies the non-correspondency.

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

comprising the steps of:

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

making a result of detection, which is carried out
in said cartridge by said sensor under the specified detection
condition, output from said cartridge to the outside that has

given the external specification.

48



conprising the steps of: externally specifying a detection condition of a
sensor, which is nounted on said cartridge and is used to detect a state
of the recording material held in the chanber, said sensor being capabl e of
detecting the state of the recording mnaterial under varied conditions, from
an outside of said cartridge; maeking data corresponding to the specified

detection congitianmdt@aRt hef Wrhlshiteswd t inko B8l €Chh ORCHTY fronpUl 1N
said cartridge by said sensor under the specified detection condition,
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comprising the steps of:

externally specifying a detection condition of a sensor,
which is mounted on said cartridge and 1s used to detect a
state of the recording material held in the chamber, said
sensor being capable of detecting the state of the recording
material wunder varied conditions, from an outside of said
cartridge;

making data corresponding to the specified detection

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

verifying a correspondency of the output data to the

specified detection condition; so as determine validity of the

detection result.
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