TI TLE OF THE | NVENTI ON CARTRI DGE AND PRI NTI NG APPARATUS BACKGROUND OF THE
INVENTION 5 1. Field of the Invention [0001] The present invention
relates to . a cartridge having a chanber to hold a recording nmateri al

used for printing therein. More specifically the invention pertains to a
technique of transmtting information between a cartridge with a

built-i ens artridge with such a chanber. 2. Description
of the E%fggeﬁﬁAF%Q[gggE$gggﬁious printers and printing apparatuses are
wi dely used Lot ng; Ll.nti ng apparatuses that eject
15 inks ontoc%gfﬁgﬁﬁg %QgeFL?gFfﬁgggkgpﬁg? guch as ink jet printers, and
printing apparatuses that use toners for printing. A cartridge set on

such a printing apparatus has a chanber to hold a recording naterial
like an_ink or_a toner therein. Managenment of the remaining quantity of

the recBROKAROTRP PFaFHESINWENEEBNt ant technique in 20 the printing

apparatus. \Wile the printing apparatus counts and manages the consuned
quaﬁtit%-b@lgbﬂtﬂﬁrEPeaIBVBBgééﬂ techni que uses a sensor nmounted on the
cartridge for direct neasurenent (see, for exanple, Patent Laid-Open
Gazet t el0i1] 2001- ThZ 1B sefOODBIent iven imt datds seneorarhuydbe baplingabl e
for the sensor 25 nounted on the cartridge. Wen the recording nmateri al
to be dbavkerdte haldondesongenonkaterdadenserd fray preisuierg dphetetnric
resistance to determne the remaining quantity of ink. The sensor 1 may
use a phMereelsesaiifc alldnenthéodatveditiiora pesoaanse techaabéechdiispesedf i n
t he chanber of holding the recording material to neasure the resonance
f r equentyanéni heipgerdereettrion et oneen aard tihetebyithabuilt-in sensor

13 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 apﬁaratuses that eject
15 inks onto printing paper for recording, such as ink jet printers,
andprinting apparatuses that use toners for printing. Acartridge
set on such a printing apparatus has a chamber to hold a recording
material likeaninkoratoner therein. Management of the remaining
quantity of the recording material is an important technigue 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 measufe an electric

resistance to determine the remaining quantity of ink. The sensor



detect the presence or the absence of the recording material in 5 the
resonance chanber. The sensor nay neasure a tenperature, a viscosity,
ahum dity, a particle size, ahue, a remaining quantity, or a pressure of
the recording material, such as ink. In such nmeasurenments, a special
sensor maybe used according to the physical property to be neasured. For
exanpl e, when the physical property 10 to be neasured is the tenperature,
the senday way depactheiaibrds cbemanthépadtedpie. 2 Wesondecphyizitesr
property to be nmeasured is the pressure, the sensor nay be a pressure
sensor . df6p04¢dlim thechainoerart hebding the wiadrdurhmatsensdrto némsure
detection is carried out under a fixed detection condition and 15 may
not haveha saddnanentinechiggicy elfi abe | pigzodlocmxamelemnanteantlhehseslspr
nounted on the cartridge detects the presence or the absence of the
recor di dgtaetethal phedehde dheichaismmncen ofathat regordhingonpostisadniof
the recording nmaterial nmay change the opti mum detection condition. The

pri or atheCasébhdbee Calatioer sufficistdor 2R yamsuearkhe tehpabhtity, 0of the
detection, unless the circuit structure for the detection is adjusted

for theyngwogaRtliMinhubed EEY | Qb td 8Dz e Suohuadh yehmEEMi rRf i dyec LHycui t
structure, however, takes nuch tinme and | abor and undesirad?y i ncreases

the cost. 22prEQ8A2L AROLAEr rREEREEAYMRY i8¢ | BubheaBr iQk artn such
cartridge, Wwhen the detection resulf gives a binary signal, for exanple,

represepthBdrbRBnRPECSLNSE P51 LRE sRRSRNEBe s ke c MBI PE IR SIELL PR 2

circuit breaks down to continuously output an identical value o t he

binary sigpakryits yBhiYRGLEAD CROr RAUarPA delREh 8% AGEWEALEh Yo r oL 6
causes ?he poo¥ reliability of the detection result. 5" SUMA dé THE
I NVENTI ON pe measured is the temperature, the sensor may be a thermistor
or a thermocouple. When the physical property to be measured is
the pressure, the sensor may be a pressure sensor.
[0004] In the prior art cartridge with such a sensor, the
detection is carried out under a fixed detection condition and
15 may not have a sufficiently high reliability. For example, when
the sensor mounted on the cartridge detects the presence or the
absence of the recording material held in the chamber, a variation
in composition of the recording material may change the optimum
detectioncondition. The priorart cartridge cannot sufficiently
20 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



(00061 The object of the present invention is thus to solve the
drawbacks of the prior art techni ques di scussed above and to provide a
techni que of flexibly handling a change in detection condition of a
sensor mounted on a cartridge and thereby ensuring 10 a sufficiently
high reliability of a detection result. [00071 In order to attain at

| east pajirafitd Beeakevaonidtd hontithesud Bl ahieghuebhacti §ent heapresa of
invention is directed to a cartridge having a chanber to hold a

recor di nthdBi BEFRls ifed f ehe i1 MiANG: dhekR Mot LREJERELF & GR RBIANG 1y .
nounted on a printing 15 apparatus. The cartridge includes: a sensor t hat

det ect s 18i iz de (P@&@rpémaw@ifﬁy abt hehd a8cLBeichapbenica
condition reception le that receives an externally specified
detection condition of the sensor; a detection nodule that carries out
t he detection under the specified detection condition; and an out put
nmodub e thatardP UL SrEestdt Of the detection. [00081 The cartridge
of the invention has a sensor that detects the state of the recording

naterlal in the c JFesponse o rec ptlo f. the ext rnaIIy
speci fi eghgéfectl on con ?Cl onOéop: T e S ort SHE ]taFrt 5 3"55'15 Z:rorl eg' out

t he det t cl t i cqQn cart i.dge
does no?ﬁﬁégggﬂ@%ggﬁ Bge%ect %% céh |g%o§&%6ﬁgbt§cg Pﬁ ?e of tgg

condi i O STI Tt & TR S U R hm r?@fS'né R aesPlﬁlﬁ's ' edec Wely
enhances e accuracy of th Lon referable .
appl i caﬁod-ﬁﬂ%fl?rhg 5 AVSHSOn mouﬁ’ét_e%g)ﬁppaut f"ngh %]é‘?]Wle&Jggé"%]lﬂgputs
dat gocorresponding Lo the 5, ffgﬂ)hfeyd%ectag,@eggggy L9, Loget her wi th
[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 conditionreception
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 therecordingmaterial heldinthe chamber. 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



[0010] The cartridge of this application outputs the result of the
detection, together with data corresponding to the specified detection
condition (here the data includes the detection condition 10 itself)
Thi s arrangenent enables an outside of the cartridge, which has given
t he external specification of the detection condition, to verify the

reliabilidy e tdec &t Roh | OHIQS Wrtrand il tThe FediRGIRBISHA el d

in the chanber of the cartridge nmay be an ink of a predeterm ned col or

used fore ddtkudacy ebs PEhOt QL Ok Bohoner used for a photocopier, a
facsimle, or a laser printer. [0012] The sensor may detect the presence

or the RO of Iﬁh&a%ﬁg%g{egglﬁgﬁf Sﬁzh%cgﬁibﬂeﬁgc% el rUerlt®d S N

guantity of the recor € sénsor otherw se medsure at

20 | east, NG, Of, R 11RITBGr LU e, %&%&Qﬁi tsafig.tﬂglégjaﬂles ongiﬁhgt%cgrtll—g% ze:

a hue, a'r ining quantity, an ressure o recordi

001 I f : ' ' f ' tJ th t dul
R e e L R e S e S
comuni cgéii: on. .é\rqppti on of the radi o comuni cation effectively enhances

t he degree %‘?tqfre_edom ininstallation of the cartridge. 4 (00141 The
w th o OO on” RS TaR e B e RS aubh b TP TRA LIS Sy SR
s T SR R R T X B
ol orent A Lespatse (o the GoLllyan, AUl The progedure delopts, e
pjeﬁ%elegéééfff!e@%gé argg%gement enables an outside of the cartridge,
which has given the external specification of the detection
condition, to verify the reliability of the detection result.
[0011] The recording material held in the chamber of the
cartridge may be an ink of a predetermined color used for an ink
15 jet printer or a toner used for a photocopier, a facsimile, or
a laser printer.
[0012] The sensor may detect the presence or the absence of
the recording material in the chamber or the remaining quantity
of the recording material. The sensor may otherwise measure at
20 least one of a temperature, a viscosity, a humidity, a particle
size, a hue, a remaining quantity, and a pressure of the recording
material.
[0013] In one preferable application of the invention, the
cutput module of the cartridge outputs the result of the detection
25 by radio communication. Adoption of the radio communication

effectively enhances the degree of freedom in installation of the

cartridge.



the resonance state is shown as a resonance frequency of the

pi ezoel ectric elenment. The resonance frequency represents a tinme 10
required for at |east one vibration of the piezoelectric elenent. 100151
In the cartridge with the built-in sensor of the piezoelectric elenent,
the detection condition may be given as the specified nunber of

vi br ati ¢dGl4jwhi chThe ¢eedoasmayCbit ar paszoblemrasur elkthenti FRareguisr ad
for the vibration of the piezoelectric 15 elenent. In this structure, the
cartri dgergeaguresomandas tieeguivi el a raritheéoapacisftiaed ofirdler ratording

vi brations, and Qutputs vibration-related data used for the neasurenent,

t oget hemawvkethalt heTheasud etalbhl eeprdhbde The uHibert fctudy appaissused as
the detection condition 20 maybe specified by a position of a starting

vi brati egcieacWbinCpulldre t®asheeprabostiactsicard endSidnd®mObsares a
term nating vibration, on which the neasurenent ends. The vibration-

rel af edvdat-acien oenspeekbbedcasia dlidmdiet Meelpbheesiarid BgcYREALRHON
and the termnating vibration, based on the position of the starting 25

vibrati %m@@d tfe PAYdd Ry Phet BELE&/HE BRLEBG Mt REAd Mk aiPhit R Q0

pref erabl e enbodi nent, the cartridge has a nenory that stores a

par anet gf, scar Fﬁs RORMiRG AR et @ﬁggteab% ehet EJ?L\?%%%Q%@tQQCSeq% %ré{ta.' held in

t he chanber. [00181 The cartr e may rec e the specifie etection

condi | 9Reand puLple e el { oBuhNG el G Al QuefOPTHR! egil on.

For this purpose, 1n one preferable structure, e car
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communi C
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, thecartridgemeasures 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 cartridge has a memory

that stores a parameter corresponding to the state of the recording



an electronotive force is induced in the antenna. The 10 el ectronotive
force induced in the antenna naybe utilized to supply electric power
into the cartridge. This does not require any battery or its equival ency
to be nounted on the cartridge and thus desirably sinmplifies the
structure of the cartridge. [00201 Anot her application of the present

i nventi omterial Ielpdiintitige agpattads, on which the cartridge of the

i nvention discussed above is nmounted. The present invention is

accor di ngDysHi r ectmek t eagtPLidgki Nhy apPasatys tiMe hsdpe@ﬁfiéad@%twub@d
t hereon, where the cartridge has a chanber to hold a recording materi al

used forequditicy khear epuep2d the casdultlgefi ngheld@steatSSMS Myt haldio
detects a state of the recording nmaterial held in the chanber; a

condi t i afbni@GeRidtoTbiPdWg tihat plegriskes ian opkt ereFlelrapiReichirGure,
detection condition of the sensor; a detection nodule that carries out

-the deteagld earupdane Hd1eaSPasid befdmdalieation wndi d keRr @RghaRi O8 R
nodul e that outputS 25 a result of the detection. The printing apparatus

further dncyges:on £Onslitd ofe Wefécfii&aé&ﬁ’rﬁ‘u@%%foﬁhat speci fies the

detection condition; an 6 1 nput nodule that receives the result of the
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electric power into the cartridge. This does not require any
battery or its equivalency to be mounted on the cartridge and thus
desirably simplifies the structure of the cartridge.
[0020] Another application of the present invention is a

15 printing apparatus, on which the cartridge of the invention
discussed above is mounted.

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

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

25 a result of the detection.

The printing apparatus further includes: a condition

specification module that specifies the detection condition; an



10 arrangenent thus effectively enhances the accuracy of the detection
and ensures the sufficiently high reliability of the printing apparatus.
[ 00221 In one preferable application of the present invention, the

out put nmodul e of the cartridge outputs data corresponding to 15 the
specified detection condition, together with the result of the detection.

The i npuinpRtulceiufe thet prdddings apRar@é WSt FCEhY Rt ddie AVbRubudatBom
together wth the result of the detection output fromthe output nodul e

of the celiéicudgait dbauverdd keatdHn: DA e aref athe- jaridHd itth apRalatisat
conpares the input data with the detection 20 condition specified by the

condi ti opepeceEi €REI PAsAPEULE, th¥epktkesj¥alidity of the detection
result in the case of correspondency of the input data to the specified

detect opozaondi (1 ge cAM AR 5. Sule EBLRSEL GELES LopLACRRS A0, m. ng

relating to the state of thé recording materi

apparsat
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the and ensures the sufficiently high reliability of the printing
apparatus.
[0022] Inone preferable application of the present invention,
the ocutput module of the cartridge outputs data corresponding to
15 the specified detection condition, together with the result of
thedetection. The input module of the printingapparatus receives
the output data, together with the result of the detection cutput
from the output module of the cartridge. The verification module
of the printing apparatus compares the input datawiththedetection
20 condition specified by the condition sgspecification medule,
verifies wvalidity of the detection result in the case of
correspondency of the input data to the specified detection
condition, and carries out a preset series of processing relating
to the state of the recording material.
25  [0023] The printing apparatus of this application compares the

input data correspeonding to the detection condition received from

the cartridge with the specified detection condition. 1Inthe case



detection result or give the user a warning of the invalid detection
result. [00241 The present invention is also directed to a first nethod
of transmtting information to and froma cartridge, which has 15 a
chanber to hold a recording material used for printing therein. The first
information transm ssion nethod includes the steps of: externally

speci fyi Bg acdetepbharnegndict taB ohpatsAsAr toWhhehspksi AEAt gdronctiba
cartridge and is used to detect a state of the recording naterial held

in the chapBgkdoh!ommanpeihsidg abphhetdl ¢artikidgernandaiaking arr esdl t
of detection, which is carried out in the cartridge by the sensor under

ot i G Phar hae green R ext Erns SREortFEatons o 96850 The frrarnd
e, dot et oy Rordl ren Bf T he. CRencur T o ACobitar o af he Earrrdge,
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includes the steps of: externally specifyi a detection conditign of a
sensor,  WREERSTEHOUh EHE T TRA- ot 11 dge’ B G GS5AR GOTBE SBPASEE o
of the reco ding mat gial helg in tge gh nger, f[Oﬁ]gn ut si de o% %%? 10
cartridgé: ﬁéﬁlﬁgpﬁﬁt E8r FEspBRAFRGCLE ?ae EpBEF+PBICABEEELPEN © e
COnd} T O QS Nl M Y & £ Hoba 2 e B8 RSt o A L W 185 E D% the
detection result or give the user a warning of the invalid detection
result.
[0024] The present invention is also directed toa first method
of transmitting information to and from a cartridge, which has
15 a chamber to hold a recording material used for printing therein.
The first information transmission method includes the steps of:
externally specifying a detection condition of a sensor, which
is mounted on the cartridge and is used to detect a state of the
recording material held in the chamber, from an ocutside 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 ocutside 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



cartridge by the sensor under the specified detection condition, output
fromthe cartridge to the outside of the cartridge;-and verifying a
correspondency of the output data to the specified 15 detection
condition, so as determne validity of the detection result. [0027] The
second information transm ssion nethod of the invention externally

speci fi eéoﬁﬁ'@tﬂ@ﬁ?@dtgﬂutcﬁﬂghtﬂm@ caktthageSerTPle Hn081 HRG HuM %@e%ﬁeﬁ he
cartridge, and makes data 20 corresponding to the specified detection

condi ti ofpet Ogethga1IWshB-iaiFgBMbLL . Of detection, output fromthe
cartridge to the outside of the cartridge. The nethod receives the
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of the outpu dat a e speci tection condition, a
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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 condition,
output from the cartridge to the.outside of the cartridge; and
verifying a correspondency of the output data to the specified
15 detection condition, so as determine validity of the detection
result.
[0027] The second information transmission method of the
invention externally specifies the detection condition of the
sensor from the outside of the cartridge, and makes data
20 corresponding to the specified detection condition, together with
a result of detection, output from the cartridge to the outside
of the cartridge. The method receives the result of detection
and the output data andnverifies the correspondency of the ocutput
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.



[0032] Fig. 4 schematically illustrates the internal structure 15 of a
printer in one enbodiment of the present invention; [0033] Fig. 5is a

- bl ock di agram showi ng the internal structure of a control device
included in the printer of the enbodinent; [0034] Fig. 6A and 6B show

t he appearance of a detection nmenory nodule attached to an ink cartridge

ooy TRRePL o THeEt e, cidier] SPOBSER! L PECRRAEES, pbpoler LAk
showi ng écﬁ\?aﬂ@éB@é‘ésﬂ%E Sihd Pelesr Phvihe: detaat Bgcaﬁg%&é@gg%ggnw@@%

Figs. 9A and 9 ow t he novenent of 1nk cartridges 25 no on a

carria | at+dve i S t fﬁﬁ? r ¢ngﬂg i i t he
enbodi ?rgtnl{ig 1?6010]3%11% S%%E%On%%ncﬁco% S oév/\r/?ion or mag‘eplroé_nﬂes]%é(;lefde82'r Iéﬂr?cgfnm%%m
10 InClL%%%hlghér§§é§ﬁ§%%g§$%g§P£%¥n dule; [0039] Fig. 11 is a flowhart

showi ng a series © execut éd by the detection nenory nodul e
in the enbodinment; [0040] Fig. 12 is a timng chart show ng the
operdtions of the 5 respective constituents of the printer according to a

third se nce. [ 004 Fig. 13.s yol tage actually applied to a
piezoelé%@ﬁf% %ﬁ%éﬁ}ﬁéi?Pr@%p%ﬂ§é3€%ﬁ5ﬁ6$ive command DRIV and a
vi bratio OCfurrin _in the piezoelectric elenent; and 10 [0042] Fig. 14
is afloRErt show®g b BT bhY rotkyFierates@ciRe s fiction of
enbodi nent . L DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0043] One node of
carryi nfPRut™f He T HoaRE e ohi ST BedSsell bRRoRreseBtFigvertdPRematical ly
illustrates the construction of an ink
(00 Fig. 2 1is 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



cartridge 10 and a transmtter receiver 30 of a printer 20, on which the
ink cartridge 10 is nounted, in one node of the present invention. The
printer 20 causes ink to be ejected froma print head 25 onto a sheet of
printing paper T fed by nmeans of a platen 20 24. The internal structure
of the printer 20 is not specifically illustrated or described here. A
bui | t-i nicenideld devitte 2 tdct idie qEmademafulonput es the quantity of

i nk consuned for printing and other data and transmts the conputed data

to the ingogglrtridgag 1Qivia hheidwansrt t4RSwiRe &l \RIr i3 &@9@8&%&9@ of
data between 25 the ink cartridge 10 and the control device 22 of the

printer 2&ecutReiforimRd dotdadich GRIFBH GRIAOIE | 1h tHisS dmsigiimddhough

the data transm ssion nmay alternatively be attained by cable 11
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12 5 that takes charge of control of co nication, a mernory controller

15 that takes }Qgrge of operations of witing and reading data into and
f romanenor f’,‘a sensor 17 having a piezoelectric elenent, and a

[ . th t uat th 17 t.h 17

to monsunlOfle rentii ng uafiCls of | HELCINE ATEULHD 2PRdedy 60 1 e
i ni . tit f ink .di to_the _foll ow Th

Consor 1Pl FISRIECH AL RS eb Rkl eh 1 e U P B 285 A an
i nk chanb 16.. | se t. | icati f dri vi | t to it
ol St T oad ARG bR Gt B G (1400 TS SIS SeDr 17 i s
dtstorteﬁ ng def ornmed. \Wen the 15 el ectric charges accunul ated in the
pi ezl e 954 el emdntd aré 1§i echtr Pt $hRWing & yerifd c@éfornapredne

ener is rel eased an
9y executed in tqle embecdiment.

DESCRIPTICN 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 contreol 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
igs performed by radio communication in this mode, although the

data transmission may alternatively be attained by cable

11



t he piezoelectric elenment freely vibrates. The sensor 17 is attached to
t he resonance chanber 18, so that the frequency of the free vibration is
restricted by the resonance frequency of 20 the resonance chanber 18. The
resonance frequency of the resonance chanber 18 is varied according to
the presence or the absence of 1ink in the resonance chanber 18.

Det ect i ogomfuhbeatesananme elseguenasynaccor dhagtyisneatsfnes idheapsesedce
or the absence of ink in the resonance chanber 18 and the remaining

quantityset radio 28omuhieat Dén Cam tyH dgencHd, [RR4ahokh8r detBod hhpwshart
showi ng series of processing executed by the sensor controller 19 and by

the contpgbpeedi e8rlZnd2sghet Barpoisater 20. The sensor controller 19 is
actually constructed by a circuit including gate arrays. For the better

under st aﬂfﬁﬁfilg’ t heTﬁgriﬁ’]?(fOthﬂrl ﬁiOnﬂagxf%%tm% %atttr]%fnsgﬁgefsallﬁrﬁ%

controller is described according to the Tl owchar

contisol gt ehatle o EALPEL o2 PUERNLS acamiend ol dct egty g Lpe

remai ning quantity of Fnk an Speci etection con

Shect {1 cat! pha of Lg, deheetLoge CoRdILLonnsi bt be: cdhacussed.Later Adta

detail. e ink cartri recer ves conman ecting

el 1 nGaAUaRH S0l WERkRNfh (N8 80601 £, A0, detiecl on. 6qndi L ol 2

the conminrcation contro I er ‘recepti on of
L7 sPeckbed SELest O eonEIL oy Life SISO LD -10:58A oo
s used FBE SRS AGCRTPaRTS TS EERRARG Gl NA T 1 DEREl | 68 THOSRE oo
in t@f ngratiqp og thg sensor 17 sed E rrﬁﬂébnea urement a {fe =
starlll ng L7 BrPse R b hESRER B G At S0 O Re TS TRt Lo PR L P o
-exanpl e, procedure. The sensor 17 is attached to a resonance chamber 18,
which is disposed in an ink chamber 16. In response toapplication
of adrivingvoltage toitselectrode (not shown), thepiezoelectric
element of the sensor 17 is distorted and deformed. When the
15 electric charges accumulated in the piezocelectric element are
discharged in this state, the deformation energy is released and
the piezoelectric element freely vibrates. The sensor 17 1is
attached to the resonance chamber 18, so that the frequency of
the free vibration is restricted by the resonance frequency of
20 the resonance chamber 18. The resonance frequency of the resonance
chamber 18 is varied according to the presence or the absence of
ink in the rescnance chamber 18. Detection of the resonance
frequency accordingly specifies the presence or the absence of

ink in the resonance chamber 18 and the remaining quantity of ink

25 in the ink cartridge 10.

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

executed by the sensor controller 19 and by the control device



the settings are the 1st pulse as the starting pulse and 4 pul ses as the
nunmber of nmeasured pul ses. Anot her procedure nmay 20 alternatively specify
the starting pulse and a term nating pulse, on which the nmeasurenent
ends. In the above exanple, the termnating pulse is the 5th pulse. Fig.
3 shows the starting pulse and the term nating pul se of the nmeasurenent

and the ngnbgr whe peasteedopul semhd Nséheor eeeAaRL1TERT alol Ofk Ofcthglly
sensor 17. 25 [00471 on conpletion of the setting of the detection

condi ti oRonsthecseaspy goaif@hi@riﬁ@l@@m%@a@e drdprdy), pebserhe bleter
sensor 17 (step S12). The sensor 17 of the piezoelectric elenent is 13

accor di Nghnee%eah@dnh0 Baveswirbkal Kenprapdsseagnakesyakdt B¢ VREYEBHsor

resonance frequency wWith a variation in state of the resonance chanber

18 after di;sa2pAgaranse; ofadNe apm 8¢ MYiHR0es dhe %ﬁ?ﬁég{adrt?%@ E‘?.hl.eﬁ (19

waits for detection of the starting pul se set as -- etectio

didi 3 t anti t I | CL ;
of THb SELENI R eiey P28 (e BRURLEG ool o CERBNER S SefEbEERLC"
S14). W%%%:Jx{a‘&iﬁfx@&%g%&”ﬂ lolfe{rﬁ%%n\ga'?t%h fcoirfP% %%E'e%%&%‘;ne%}gﬁ%tion

term nating pulSe or reset nunper o ses or exa

Pul so. br (PRECrEdet ML O7 BUIeRr EhBp erautt oy SO it Wkt P
or i nal AUEEEPUGT: RS urte A5 ch e L TedethorANe oRUCTTE K iRy
whi ch NG TAR S armE S Eh A8 i HRH RARS BYSRUAFHE | HEx AU BPoRhEdared
D SRR | Aol on s O7R e o) 1 e PEL B Bl S
pul se in [(t)(r)]fﬁ]exanplzx%t%fr reception of the specified detection condition,

the sensor contrecller 19 sets a starting pulse, on which the
measurement starts, and the number of measured pulses (step S11).
As mentioned above, the rescnance 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 pulses. For example,
the settings are the 1°" pulse as the starting pulse and 4 pulses
as the number of measured pulses. Another procedure may

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

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

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

13



Fig. 3. 20 [00491 As the sénsor controller 19 outputs the count and the
det ect ed ordi nal nunber 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 termnating condition of the detection
(step S30) . In this enbodiment the 25 control device 22 checks the

or di nal sRHERer rofl v &ee PHb& @ J M viWkhh ibhe HRUPEsbRadeE)IUERE vahiglihey or
not the ordinal "nunber of the pulse matches with the specified détection

condi ti QRsdrrdhe Fl4 PIOLeAW e 10t LAIS LR, ithecent ¥ kel 224-568i06es
the ordinal nunber of thé pul se corresponding to the position of the
term natd fr I ; LNk rl 10.
e R R s e G s R X
term natj I fr.om_t. cifl ectd C (P f ,
conpar esclot §%ng ﬁfna ? nwua#(;%r %g)? tdﬁé:%%tﬁq?g v%\lntflt %@lteh%r&%gltt@&%a&)zl&%%pc% ) i°6n of
not the ordinal nunber

the termnnating pulse, and _deternnes t her or, _ )

of The. BiRe8REEEHED GPTH L FRE S SBEPP: U et Be% LT Co M TTa Y G 1R
nodi fi ed procedure specify the startin ulse 10, and the .termi_nating
pUl se.  FERERES e RENGar o Riacired DRHORS RS Hetie: Sorial rdsdt
nunber of nmeasured pul ses condjtion. J00501 and determ ne whet her or not
the i npﬁﬁl%ﬁ‘@ﬂ@%qlgh Fi shleci®iSR Hktlection Wen it is deternined at
step S3,0 that the ordinal nunber 15 of the pulse matches with the

det ect i JAO% ndi ti ofe (IFTIntFORC R 19 waits for detection of the

terminating pulse or the preset number of pulses (for example,

10 4 pulses} at the step S15, and in response to detection of the
terminating pulse or the preset number of pulses, stops counting
the time and outputs the count (step S16). The sensor controller
19 also outputs the ordinal number of the pulse on which the
measurement ends (at a timing t2 in the example of Fig. 3). The

15 ordinal number of the pulse onwhich the measurement ends is obtained
by adding the number of measured pulses (4 pulses in this example)
to the starting pulse (the 1°% pulse of the resonance vibration
in this example), and is equal to the 5 pulse in the example of
Fig. 3.

20  [0049] As the gensor 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. In the

14



S40) . 22 of the printer 20 verifies the normal detection (step The
remai ni ng quantity of ink detected by the sensor 17 is accordingly used
for subsequent processing. For exanple, when the detection result
represents the absence of ink in the resonance 20 chanber 18, the
controller 22 of the printer 2D determnes that the remaining quantity

of ink igrhebawra gresris! gy@t, ofné heoh€8O1BEEE22 CRAMDEFed i ndndh-4iSes1 t he
detected remaining quantity of ink for subsequent managenent. \Wen it is

det er m ngdmBL$ireth Ql%E%brﬂéEﬁdH&ﬂﬂ&%o@H@%ﬁsfgi5$8fQWé%%fM¥ﬁa@95

correspond to the detection 25 condition, onthe contrary, the contro

devi ce Zéu?éetfh?olﬁrti)ﬂét 5%3%9 Y&hE £& PPt NS Bgct’lﬁéeirlﬁ? c%fft%d%ffer% | "The

detectio step S50 oes not use the detection result ~for

bseque in ; t . Lh ti
SubseduelopLtessi iy, KelO0BMALD IR JRIEAY e PLESR oLVERt  ohe

h ( g . .th b f ink).und th
conaiti onS By AP BRASs FPErOEES e Rhi e Ch R E8n oo b IV h R T vy
20 5 t si t he ink tri 0. .Thi t d t t
1 xed condl ¢ CHRbRes FayRFTRRS umh s o ERPGRTERS Ao Ee shieuERtrge
i tate. For. I h d | exi bl dl e h i
opt 1 i BRESELF B EHIR ERSAIGAG L0 BUVHer aThatE Tt P ToPH BEE T nk
held in e chanmber 16. Da transm ssion 10 between the j.n artridge 10
hnd the BRESRER o0 ndther PE A ERr Do ok Shes o bns Cratr Sa s Lo r L 208
accordingly no.fair of any failed contact between the printer 20 and the
"nk cart FPHGSCH05 r 498 MG 5% RECCOURES WY BPPALENG: TR e T FEcP i 88
t hus, ensures stable . data transm ssion, In the structure of this npde,

the 1thk eaft FRAGE TS AT it PUtlS & hESAaL or BRAMURP YO FhBeBRHEPAaPYSSS

specified detection . _ ) .
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 830 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 inkisbelowapreset level of the resonance
chamber 18, and uses the detected remaining gquantity 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 S550)

and does not use the detection result for subsequent processing.
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condition together with the detection result. The controller 22 of the
printer 20, which has specified the detection condition, verifies the

detection result. This arrangenent thus ensures the sufficiently high

reliability of the detection as well as the data 20 conmunicati on.

[ 0052] One enbodi ment of the present invention is discussed below The

t echni qugoof1]t he i nveahionotis appthe bt itk drati orPiRlcels s@@0abavihi s
enbodi ment. Fig. 4 schematically illustrates the internal structure of
the printére 208, caspedcbakl yot het@btepenat ¢ ebAtiadk par ttheFichanbeshaws
the internal structure of a control device 222 of the printer 200. In

~the print@or28emble FtBe phesthdk Shehk Msiddbf hgkpapeiedths chbadikriom a
paper feed 16 unit 203 and is conveyed by neans of a platen 225, inks are

ej ected ehi@mPrpniit spead f3LH L eHEBNCBAEreNt @ Nee PI2 M1 NhPFReMLE Q0
form an image. The platen 225is driven and rotated by a driving force

transg t %@sflmﬁesbﬁﬁtciﬁ@ﬂuﬁ%é Org 24Q'h\i'saa§rgﬁ§éméhﬁl -Boéélhodhedan
rotational angle of the platen 225 is neasured by an encoder -242. The

print heeﬂ%e%léoh@rﬂ% %é@ éﬁ@ HOCaL €0 A3 GaLtd %q%& Py hva(@qufésrr%%s

back and forth along a wd of the printing paper carriage 210

| s connechedu t]{l]l %%ggveypgr %L éﬂ%el : 85 cﬁ)’ré‘ £l gﬂ@g IR e t%%?’-

The conveyor ~bel 'S an en TS spanne t ween

st eppi ng Jﬁ%tn%;]e%? g'gglrﬁuﬂmdle@ééé%n l@&ﬁé]ﬁtﬁl&? KOE QRPOS! '{7&5;%936.0

1
Rot ati on not or conveéyor beI nﬁkes

the carriage 210 s Lt dack pandaborf il engaeconyey ¢ 2100531
I nk cartr gjes ﬁroug ];l SI' X CO ES ar e m)un ed on t
carriage e e ok Sartni does, 13}30653{90%%% 18,2, U X990 LIS
by radio communication. There isaccordingly no fair of any failed
contact between the printer 20 and the ink cartridge 10 traveling
in the course of printing. This structure thus ensures stable
data transmission. Inthestructureofthismode, the inkcartridge
15 10 outputs the data relating to the externally specified detection
condition together with the detection result. The controller 22
of the printer 20, which has specified the detection condition,
verifies the detection result. This arrangement thus ensures the
sufficiently high reliability of the detection as well as the data
20 communication.
[0052] One embodiment of the present invention is discussed
below. The technique of the invention is applied to an ink jet
printer 200 in this embodiment. Fig. 4 schematically illustrates
the internal structure of the printer 200, especially the
25 operation-related part. Fig. 5 shows the internal structure of

a control device 222 of the printer 200. In the printer 200 of

Fig. 4, as a sheet of printing paper T is fed from a paper feed
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hol d inks of different conpositions, that is, different colors, in the

respective built-in chanbers. Black ink (K), cyan ink (C, nagenta ink

(M, yellowink (Y), light cyan ink (LC), and light 20 magenta ink (LM

are respectively held in the ink cartridges Il through 116. The light -
cyan ink (LC) and the light magenta ink (LM are adjusted to have

appr oxi Ra{ie! ¥03/fhdfi st fendyPedaisnbhs oPh pher ey arnd nknks)ardd e g
magenta ink (M and are accordingly |lighter in color than the cyan ink

(O and g, prIeR! RBebhBk I Mehrdudpebest bRHo P LY iMRdWHELpapdt +HOUHM 26

(discussed later in detail) are attached to these ink cartridges 111

t hr ough e i _ ta
W th ThE bonErS! dout se T30 ot e ot Arar 200 By adi 6 Sormdn st on.

In the Sctff 'rtetecPffrBEﬁL% t FOEA! eot%@f' psis ?%%P@e%%”%é{iﬁ%‘i es

t hr ough are attac 0 the si aces of the”ink cartridges 111

- Lhroyah b6 5. 10058) The B pher 200, Bope 3. LA LLelprarelyss Jipdul o

230 °to ‘raKe ‘ConHufl Sati on a_nd exchange da _ ection nmenor
230, a0 VBT Pad oA e ek O DAY e QACRS The s Regt crasl motr
cont ol UAAESD2S HHeATE TG o0y it SRS 558 o S SHeFATn
Cont ol TreviTbE S35 LTHRRE] IS CORBRAYAA o 2o R T RoRErdl S Hboee ! has

a CPU 251 that controls the_operations of tp)e whol e printer_ 200, a ROM
15 252 tHaf StOPRENS FTW 2pPogr TR TXEEABVILEy tt el EBUARsnd LegpSlss

that is used for trg’;g)orar storage of data, a Pl O 254 that functions as
an At erdHt i SRR %ﬁ%‘w%i%,s%ﬁﬁm WG 17243 and a pulley 229

located on the opposite side. Rotation of the stepping motor 223
moves the conveyor belt 221 and makes the carriage 210 shift back
and forth along a conveyor guide 224.
[0053] Ink cartridges 111 through 116 of six color inks are
15 mounted on the carriage 210. The ink cartridges 111 through 116
of the six color inks basically have an identical structure and
hold inks of different compositions, that is, different colors,
in the respective built-in chambers. Black ink (K), cyan ink (C),
magenta ink (M), yellow ink (Y), light cyan ink (LC}, and light
20 magenta ink (LM) are respectively held in the ink cartridges 111
through 116. The light cyan ink (LC) and the light magenta ink
(LM) are adjusted to have approximately 1/4 of the dye densities
of the cyan ink (C) and the magenta ink (M) and are accordingly
lighter in color than the cyan ink (C) and the magenta ink (M).
25 Detectionmemorymodules 121 throughl26 (discussedlaterindetail)
are attachedtothese inkcartridges 11l through116. Thedetection

memory modules 121 through 126 exchange data with the control device
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manages tinme, and a drive buffer 256 that accunul ates data for actuating
the print heads 211 through 216. These constituents 20 are nutually
connected via a bus 257. The control device 222 also has an oscillator
258 and an output divider 259, in addition to these circuit elenents.
The out put divider 259 divides pulse signals output fromthe oscillator
258 i nt oz2comn@Preiepiitdleyr b0 bersdXo promiiuiieadsi @il i enghs2d6ctibe
print heads 211 through 25 216 receive on-off data representing ink

ej ecti ono@rc NDY-Bjesd inddht f ol theedeive Rehbey mSBuladd I thespehsSe2t0
reception of driving pulses fromthe output divider 259, eject inks from

correspopengr 48cROAZ 8L IRC G REcke bherd-iafd cdatai g@s@@ilLtK@thﬁ
st eppi ng notor 223, the sheet feed notor 240, the-encoder 242, the

transmtyeg receiver nodule 230, and the operation panel 245, a conputer
PC, which outputs object inage data to be printed to the printer 200, is

. conn.e,cj[egoémiéhe PQ{S §§ Egrtgggcfgé,]éra?ltr%‘?ﬁr]ﬁett?e?rzr v%mgﬁgﬁeP%O

specitie be printed;” makés the specifie |nage

subj ect rﬁ’akég;’ i ca&&%ﬁﬁﬁ%ﬁl{f‘%ﬁ#@ c{%ﬁer@:ﬂ:ﬁr%@ QG Olﬁ'nemory

conver si on, toni ng, processe |nage a to’the

printer %83%8%-8%23 Ehkﬁhghnéggugg %:%l%@%hShﬁié BP&hEJn?Et?E %Q?ﬁlver

carriage e driving anoad
o e ARAFe 2 AL B SO P U .
g L LR R R
ol 1, 220080 QUL s (280l 0071 e cant 1ok v on 228,
through i%%s@fgto%dagnoperatlon 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 contreol programs executed by the CPU 251, a RAM
253 that is used for temporary storage of data, a PIO 254 that
functions as an interface with external devices, a timer 255 that
manages time, and a drive buffer 256 that accumulates data for
actuating the print heads 211 through 216. These constituents
20 are mutually connected via a bus 257. The control device 222 also
has an oscillator 258 and an output divider 259, in addition to
these circuit elements. The output divider 259 divides pulse
signals output from the oscillator 258 into common terminals of
the six print heads 211 through 216. The print heads 211 through
25 216 receive on-off data representing ink ejection or non-ejection

from the drive buffer 256, and in response to reception of driving

pulses from the output divider 259, eject inks from corresponding

18



the ink cartridges 111 through 116 via the transmtter receiver 20 nodul e
230 connecting with the PIO 254. The transmtter receiver nodule 230
accordingly has an RF converter 231 that converts the signal fromthe
PIO 254 into an alternating current (AC) signal of a preset frequency
and a | oop antenna 233 that receives the AC signal fromthe RF converter
231. I n hbezstesuatubedwher ecatle si¥dfdr damtenna is |ocated near the | oop
antenna 233, application of the AC signal to the |oop antenna 233 causes

el ectrompguegii ¢ | nduet 98 ANEHEXE TRT: Jhe 20t hehe AHAMNNF L@ @888t £0 AN
electric 19 signal. In the structure of this enbodi ment, the wreless

comuni cahkechabaer $4nestheCtathdamittied ididle Wigdanee £fo t hgha pEhat er
200, so that the wi reless comunication techni que using electronagnetic

i nducti oBpk$addent pdneThe4Br i At 85mBALe2NPct Ngh DehnbGbhE & dgssedd 1ihhgough
116 respectively have one antenna ~commonly used for Teception and

transm sghen 8 hHBep3thUERUES ?%g%@?n@@?o%ﬁ?nﬁs QHﬁnQBté‘atEBn@qéfﬁlo

transm ssi on nay be separate an antenna for reception i1 n at east

ei t her tag4p5%R%ﬁ%d%%g%r81 &£53é@k2£9rtﬁ%ggggpghke&hbeuggeéiﬁieéni%&?%r

structure of bodi ment, the working el ectric power requrre
ol oct romiaca: F PF AR ritat Vi et BB Fr-HRRetaFroR,
Ao e sSLSEITRE oatREL Sl el FELIY St It e Brouiceg sepaishel -
i M
TEOULE 13ho, THR,SS RS0 JRRL TRl es )t ouah 126 - mpued, o Lhe
except 1 g%ol ]g)asnéJ o%r tﬁéorrll’éaa(tjs&rheerggril{]bfTQﬁe driving amount of the stepping
motor 223, checks the sheet feed position based on the data from
the encoder 242, expands the processed data received from the
computer PC into on-off data of the inks to be ejected from the
15 nozzles of the print heads 211 through 216, and actuates the drive
buffer 256 and the output divider 259.
[0057] The control device 222 transmits data by wireless to
and from the detection memory modules 121 through 126 mounted on
the ink cartridges 111 through 116 via the transmitter receiver
20 module 230 connecting with the PIO 254. The transmitter receiver
module 230 accordingly has an RF converter 231 that converts the
signal from the PIO 254 into an alternating current (AC) signal
of a preset frequency and a loop antenna 233 that receives the
AC signal from the RF converter 231. In the structure where a
25 similar antenna is located near the loop antenna 233, application

of the AC signal to the loop antenna 233 causes electromagnetic

induction and excites the other antenna to generate an electric
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20 foll ow ng di scussion regards only the détection nenory nodul e 121.
The detection nenory nodule 121 has an antenna 133 fornmed as a thin
netal filmpattern on a thin filmsubstrate 131, an exclusive 1C chip
135 having a diversity of functions (discussed later) installed therein,
a sensor nodule 137 that detects the presence 25 or the absence of ink,

and a widighhpatt ean thid thaticearBeds these enpJRIRME, [ 0089 witdless i s
an end view showi ng attachnment of the detection 20 nenory nodule 121 to

the, inkGafddidos e YhngEhesdetgeti 0PcaBI®ithe AREEL8212d; ksaAtbashathd O
the side face of the |nk cartridge 111 via an adhesive |ayer 141 of, for

exanpl e, ph Ahadhesiove ;or c Bacdeubl ¢ fareds adhgniye-d @pen (e SRSOr é‘BQ}" €

137 | oc on the u_.. rear face of the substratel3l is flt |n an

gﬁg%ggje%lég or rredé e Ot Oéd&ﬁ@e o Hedgfﬁ jn]%: a p| ezoe ectrl c

inside the sensor uIe

ST PSR AR B4 SR o gl ol

menory rmdul e 121 'af) descri
f

.bl di h
htermalt H s rOenEtbaBtioh fha d st it $hleh8mengilare JF
1 h RF t 1 t 162 dat
oty ort B prbatimattion B Q&nepﬁ%ﬁﬁr%'n%s?osn HSPHES SR S

controll er 168 an actuation controller g an nghlfler 172, a
conpar at om Ri aphepna; FPLt HECIRELOR By it deaPFee LR S U RGP EEY 1340
two transistors Trl and Tr2, and resistors R and R2, Wmch are | ocated

i nsi de PTddI% dfd CPEtAHdgeRg 1] §O6EPIThe 1RF ciRctire SEAUGHeNDR PR ERE and

i;nput s the AC signal 20 generated in the antenna 133 b¥ el ectromagnetic
i ndd@t i g bogignerit, the working electric power requlred or 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 structureof thedetectionmemorymodule 121 attached
15 to the ink cartridge 111 is discussed below. Fig. 6A is a front
viewandFig. 6Bisasideviewshowingthe appearance of thedetection
memory module 121. The detection memory modules 121 through 126
mounted on the respéctive ink cartridges 111 through 116 have an
identical structure, except the ID number stored therein. The
20 followingdiscussion regards only the detection memory module 121.
The detection memory module 121 has an antenna 133 formed as a
thin metal f£film pattern on a thin film substrate 131, an exclusive
IC chip 135 having a diversity of functions (discussed later)
installed therein, a sensor module 137 that detects the presence
25 or the absence of ink, and a wiring pattern 139 that connects these

elements.

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



outputs an el ectric power conponent taken out by the denodulation to the
power source unit 162 and a signal conponent to the data analyzer 163.
The RF circuit 161 also functions to receive a signal fromthe output
unit 178 (discussed later), nodulate the received 25 signal into an AC
signal, and transmt the AC signal to the transmtter receiver nodule

230 of 1t RemBEY M 200 M Bol hies anheRRReridde The. POMRS GBOUEES HhndB?

stabilizes the electric power 21 conponent “input fromthe RF circuit
and outp e | Jzed. r Jageleny) p I in
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the el ec&%g P aﬁ§8 ingthe formof th &Er‘@a 1&?35@ ﬂn%é o, the

receiver I'S realv yres I’IC ECtIO

nmodul e 121 nma desi.rably inhclude a. sforage el enent,
capaditoFearfﬁ?C§c8Gn§F3tFH§ FH%EEté§E|F el* %oﬁgragoﬂpgglﬂgniggtEarﬁﬁdthe
power 10.source unit 162 h not_ being specificall rat ed,
Such a cﬁﬁrb@es?b$%g%a%$ §ﬁ¥34ﬁ%u be OFESPH@D%SME a@%ﬁFcéBI
unit 162. (00621 The data analgzer 163 analyzes t he signal conponent

i nput  f Fﬁrﬁoc]?ﬁ‘éeq?l‘—:nﬁﬁi&]ﬁkle FBRSGRAIHH R V31 2B & PAGRAEAE SErid 8L §™EREm
15 the analyzed signal conmponent. The data anal yzer 163 carries out
control £833NERERePEUEPE L ANEHTRSH SR P1of §ﬁ§ef"f&t% PRENSEPRERNAIEE or
data transm ssion to and fromthe sensor nodul e 137, based on the result
of the aﬁﬁﬁ???§.1ﬁﬁe data anal yzer 163 also carries out a series of
p[oceSS|n required for identificationof the object 20 ink cartridge

cur r Eht | yOR4Qlol ved The datarnpanshrestone ¢h tdidetecs iconnesorgangdule

transm ssion to and fromthe EEPROM 166 or the
121 is described. Fig. 8 is a block diagram showing the internal

structure of the detectionmemorymodule 121. Thedetectionmemory
module 121 has an RF circult 161, a power source unit 162, a data
analyzer 163, an EEPROM controller 165, an EEPRCOM 166, a detection
15 contrecller 168, an actuation controller 170, an amplifier 172,
a comparator 174, an oscillator 175, a counter 176, an output unit
178, two transistors Trl and Tr2, and resistors R1 and R2, which

are located inside a dedicated IC chip 135.
( (0061] The RF circuit 161 demodulates and inputs the AC signal
20 generated in the antenna 133 by electromagnetic induction, and
outputs an electric power component taken out by the demodulation
to the power source unit 162 and a signal component to the data
analyzer 163. TheRFcircuit 161 also functions toreceiveasignal
from the output unit 178 (discussed later)}, modulate the received
25 signal intoc an AC signal, and transmit the AC signal to the
transmitter receiver module 230 of the printexr 200 via the antenna

133. The power source unit 162 stabilizes the electric power

21



sensor nodul e 137 according to the result of the data analysis. The data
anal yzer 163 identifies the object ink cartridge, based on information
regardi ng the relative positions of the respective 25 ink cartridges 111
through 116 nounted on the carriage 210 to the transmtter receiver
modul e 230 and IDs stored in the respective ink cartridges ill through
116, as SHBRANEPRACATRUL SKOANENEBEF Fhecnt ddtlhipns 1tpwE s @ﬁo‘é‘é@@ﬂagzﬁgl I
be discussed later. Fig. 9Ais a perspective view showi ng the positions
of the iakeehriri HESY FPhMPePRedtighsipovandstheldesedni bhendedigarmpdule
121 through 126 attached thereto to the transmtter receiver nodul e 230.
Fi g. U 9Bhéhohikss thd gfosheisergor abdtilens3 df tNeesép&rabetalieddgesic power,
111-through 11Gto the transmtter receiver nodule 230 along their

wi dt hs. shebeldincehésprisceassordinglbnnbhinkad drienpbf ette inlkcaat riddgs,
the control device 222 shifts the carriage 210 to the side where the
trangn t tel yeceigterr 1dodue 230 chselwitatedheThepp De atimenodft hklel Bet ric
carriage 210 facing the transmtter receiver nodule 230 is outside a

print abl gowagien t A8 IONSE itheld Una DArand I98BL rhAshhe t estrdiad ifer abdatihks
enbodi ment, the detection nenory nodules 121 through 126 are attached to

the sideaBaces reflddierdinkreatiicdgas tHd Bedducligh hitborWhdadhe 1myvegent
of the carriage 210, at nost 15 two detection nmenory nodul es enter a

transm t HabieabaRgentPuaBth dHAMd ke rhdRsSALLhERt] €6€EN Qs BDEHH8288r,I N
this state, the data analyzer 163 receives a requirenent fromthe

control gevifedrdatidy the dUAnM AdLholeE FNEcdDIYL £2 239 dNth £ REWRES
out required series of processing for identification of the object ink

cart{g dgece@cknyelived ¢o datiah JUANSB S Shd g agg@&ﬂ@ﬂfg MRDLY ra 8B .
data transm ssion to and fromthe sensor nodul e 137. The details of the

processi By cWd bnRegdisidisifde h ah8he Wy ot 8RR Lo the power source
unit 162.

(0062] The data analyzer 163 analyzes the signal component input

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

15 the analyzed signal compcnent. The data analyzer 163 carries out

control to select either data transmission to and from the EEPROM

166 or data transmission to and from the sensor module 137, based

on the result of the analysis. The data analyzer 163 also carries

outa series of processing required for identificationof the object

20 ink cartridge currently involved in data transmission, in order

to control data transmission to and from the EEPROM 166 or the

sensor module 137 according to the result of the data analysis.

The data analyzer 163 identifies the cbject ink cartridge, based

on information regarding the relative positions of the respective

25 ink cartridges 111 through 116 mounted on the carriage 210 to the

transmitter receiver module 230 and IDs stored in the respective

ink cartridges 111 through 116, as shown in Figs. 9A and 9B. The
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flowchart. [00641 After identification of the object ink cartridge 25
involved in data transm ssion, in-the case of data transmssion to and
fromthe EEPROM 166, the data anal yzer 163 transmts an address used for
a reading operation or a witing operation, 23 specification of either

t he reading operation or the witing operation, and data in the case of
the wi tdegadperat itdn ¢ @eridie s HRR@V1dobEr dikensted. 1dherEERRCGM 9 is
controller 165 receiving the address, the specification, and the data
out put s § hee Bsisk @sbrandi &y t fteospegi fii€ gidooit dneidhearhd himi eadithgi dges
operation or the witing operation to the EEPROM 166 to read or wite
data from oreifdeyh the BERROMe166+L006b1mdherdanadst euct urghidudhelze
EEPROM 166 is shown in Figs. 10A and 10B. As shown in Fig. 10A, the

i nside oftten&EERRM-AES td0chs £pxgbhyr by dedeitbp h¥BuSECHEONS. pilhie
former half of the nmenory space is a readable and writable area RAA that
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gquantity o I nk ot her data and a nenory area of classification tode.
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15 informati on used for |dent|fy|ng each 1 n s witten.
00661 T f ti t t.h d I
o attachGit of +HS Ui EEPTERermPy Ty 558 ¥ gﬁnﬁi‘% 1852 he
EEPROM 1 h t 111 t h
l(_jlqe r&t 0 %%Qrecé‘é‘iz' Fxl gL t[.ll'lgg%arxazé%% rH:I.Od'l% tn%n%lden%la%¥%s

exanpl e, "IN THe course of w&fufacturi n Tt on

121 th h 126 th f t t 111
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f‘»ggdfoggf ?fg%f?ﬂ%&%g%ﬁgg%%iﬁgbéﬁe A Sismittey Jlregent.)\?épgmgéufg\eg360'g nly

outside a printable range. As shown in Figs. 2A 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,



area ROA but being prohibited fromwiting data into the read only 25
area ROA. [00671 The user nenory in the readable and witable area RAA is
used to wite information.regarding the remaining quantity of 24 ink in
each of the ink cartridges ill through 116. The printer 200 reads the
information on the remaining quantity of ink and nmay give an alarmto

Lhe usersybienibe. {oBLR! BY LOUENIHY Dladily LS-PRLOULACR! @3R! J2Melng
f ot her of the 7nk

Di verse codes for 1dentifying the type 5 an actors

cartri dgg, ar & 507 ethd rhaté?&ﬁ%rey ca@teBr0Lngl Qéf%liéggaz%'é’iﬂa@ e%g the

readabl e and witable area The 'user may uti ese co
Fead onl pERRl RSO IEEONS, | mHR R R rBRonoRar LePures oS TE nA
T e e R

b odgh G SR B GG B FBEFf BF (ERTGIPY (VREHE CSRIOG Ty AFoa HER as
shown in Fi%ﬁ'loBRJE%%Qt iece of information is witten in a 4-bit to 15

8 -bit nRFIELrRat RO 18 Or it TR tOF ATt it 5 o yto
area of 40 bits to 70 bits. Imediately after the power supply to the

printer 20® BEFRPMah9Csuitable timng, the control device 222 of the
printer ﬁg% $eads the I D information including the information on

manuf act [Hd85f t heTheshrler ireuativisaity FigeEBEHRAM A% ¢ Hisoahavwn1nfFems t he
detection nmenory nodul es 121 through 126. The control device 222 nmay

gi ve an afarand olGhe ASephowdrinxBi®l el 0A wtde iheidek ofakhei BHRROY 166
expired or when the remaining quantity of ink is below a preset |evel.

[ 00691 The revahdm @i videdantaftoinaeForondcl dwifprmehdsBERROVIe memory

space 1s a readable and writable area RAA that includes a user
memory used for reading and writing the remaining gquantity 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.onlyr
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 gquantity of



25 166 of the detection nmenory nodule 121 are not restricted to the
above description. Qher pieces of infornation may also be included in

t he EEPROM 166 according to the requirenents. The 25 whol e EEPROM 166 nay
be designed as a readable and witable area. For exanple, an
electrically readable and witable nmenory, such as an NAND-type flash

ROM mayigRr sRpdd&d dorcHde HERRIVIGR 0 119t @hechly® hBsi nfEREBsF Diker

i ncluding the informati on on nanufacture 5 of the ink cartridge. In the

structurgogf rLhgs CPRON| AEAEmaliofChha nt YPENABAPRY 4SaRPPL eds f Oy thigs
EEPROM 166. [00701 In the case of data transmssion'to and fromthe
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fromthea iezo)ﬁl Egtri.g.%l %rrent 1 BiOft‘%S t he nsor nodul %37. Thg%gata
anal yzer *163 GhEASGPISE R CAGMEREE 10f TBRASRITHG 2761144 TP ES GIer L5t he
actuati onhcontrol | er 170., The actuatjon contrqller 170 outputs a drivin
signal t OPERRSST s Wior 2 o RS CPEE Sa AT CRpAigs £8 HRE VIR YHPTEHESt o
the piezoelectric elenent 153, in response to the command._ The 20
r esonanc sequehPPy T8 dGEATHG HiRT 1 Picsk ddl ddie i xead by 2532 RQA
anplified bg the anplifier 172 and is input _into the conparator 174 to
be converPEYUARES I IR RJuPRMIN LSS el earhellpRpaFgigee - tywhich
conpares the output signal fromthe anplifier 172 with a preset
r'ef elencEPgdIRtRse WM PCRAYY ek 4 stHeE Pt  Fnfeamatin gnidhe year,
rect angul ar wave accordi_n%to the result of the conparison.
month, the date, the hour, the minute, the second, and the place
of manufacture of each of the ink cartridges 111 through 116 is
stored as the ID information in the read only area ROA as shown
in Fig. 10B. Each piece of information is written in a 4-bit to
15 8-bit 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



(00711 The _detection controller 168 receives the signal from the
conparator 174 and asserts a SET term nal of the counter 176 26 to
activate the counter 176 for a period of a specified nunber of pulses
froma preset starting pulse. The counter 176 counts the pulses
generated by the oscillator 17S in the active state of the SET term nal
and out puhslé [RERRSMILGIGNgaydumtdetsa grteal aat putezBlahird antl78riTheloapea -
unit 178- receives a condition value for-- detection fromthe detection
control | Borl&amphs, aut putes-tirthiealrles ulekidag leoantl vrahshiletreendérom sieh
counter 176 and this condition value for detection to the control device
222 Vi a hbealAAND-ctype flsh IROM henast bechppe iefl EbirstrebPHPRENt 166 hieo
condition value 10 for detection is obtained as the sum of the nunber of

neasur edst pué g2% andidhermeh didli nrumdiahgof hé he fiaddt itth pulseautdetute,
the ordinal nunber of the term nating pul se on which the nmeasurenent

ends 3(-thgrSthepulnke dat-thitidd | usid atigd expaBtere diEe tHRNANDR matdl Uea may
ot herwi se be the starting pul se and the nunber of neasured 15 pul ses

FepreSG”EEPQalh@{ﬁEaﬁéheg?”EsthEBliEBefBQtEHE wRibkol’ & sgmRy be
incorporated in e data anal yzer 163. [00721 The foll ow ng describes the

processi ngyfpr i dgptifd ;t,%.té;ﬁglgfo&aég'%fa%%m %fs{)iyrfgssa&&%ﬁc{?r{ gHans 1L pnd.

t he access Ch 1S execute € contro
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analyzeréo$@§ogieghﬁ6%esp%%jfg%ponse to the setting of the detection
condition, the detection controller 168 specifies the settings
for measurement from which pulse {called starting pulse) to which
pulse in the signal output from the piezoelectric element 153 of
15 the sensor module 137. The data analyzer 163 then gives a command
of outputting a driving signal to the actuation controller 170.
The actuation controller 170 outputs a driving signal to the
transistors Trl and Tr2 and applies a driving voltage to the
piezoelectric element 153, 1in response to the command. The
20 resonance consequently occurring in the piezoelectric element 153
is amplified by the amplifier 172 and is input into the comparator
174 tobe converted intoa rectangular pulsesignal. The comparator
174 compares the output signal from the amplifier 172 with a preset
reference voltage Vref and converts the output signal into a
25 rectangular wave according to the result of the comparison.
[0071] The detection controller 168 receives the signal from

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



det ection nmenory nodul es 121 through 126 establish communication 27 via
the transmtter receiver nodule 230 and carry out -a process of reading
the ID information (first sequence) , aprocess of gaining access to the
menory to read data and information other than the |ID information or
wite information on the remaining quantity of ink -(second sequence)
and a proogess: dfatte arismdduntpedat e tiomard pdricn tdfe & expsari medu ekt
(third sequence). [00731 At the tinme of power supply, at the tinme when
t he userof meplaceSrany aopreketi skacadtyi ggései | | Théromghcdd4 6.76 ddwentst at e
of power supply, at the tinme when a preset tinme period has el apsed 10

Si nce exgedtguised ofer el i Sall it OCES Sin Ahatacdiyve Qithede
suitable timng, the printer 200 reads the information on manufacture of
the corresperdERY tdkn gl HDoudPUtW theSr&suTeRts cduftot BRt hemipdthe
remai ning quantity of ink into or fromthe predeterm ned area of the
EEPREM 166i+ These S@id eSubuPr@Eeeshng- Lacaheedl hf elenti tfitemiNgipengral -
printing process and are carried out in comunication with the detection

menory ol 8s; IR et bhovaR k3% od g %ﬁt{@é‘ﬂ% teggr egahVeh iRey & 130.

[00741 In order to establish communication wth the detection” nenory
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modul e 2p3191é/ésa a:[nhcfathe 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
256 the ink cartridges 111 through 116. The control device 222 of
the printer 200 and the data analyzers 163 of the respective

detection memory modules 121 through 126 establish communication



28 antenna 133. The power source unit 162 takes the electric power
conponent fromthe received AC signal and supplies the stabilized power
source voltage to the respective controllers and circuit elenents inside
the detection nmenory nodul e. The respective 5, controllers and circuit

el ements in the detection nenory nodule can thus performthe required
processivica (0 Exhnemia tsranrtcefi vidre mpriodes 28 0ganduta ey i gutc Gintticeats on
of the transmitter receiver nmodule 2 3 0 with the respective detection

menory mpflvbedingdtHdumugiotRbr ibhe( oy skqdertel, 3kr edof REintielg 10
200 determ nes whether or not there is a power-on request (step S100)

The processtdy tof thei seabep €etwid Rt Mehehr8EmALE ohhethdF it t2R0
has just received power supply to start operations. Wen it is

det er m nasl ith@frdatalich b frPe¥einAriLoUes lon Lhat ré:ﬁamiﬂ t r?@?@y ff an
affirmati ve answer at step S100, the first sequence 15 star to read the
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S104 and subsequent steps). [00761 en it is eternlne hat there 1I's no

power - ong Lﬁ?é’seﬁi@fd;ﬁédﬁié‘ if‘f" ??ﬁgrgfs q%%%@% ve answer at step

S100, on t ot her e contro evi ce eternlnes that the

printer @%7wﬁ0 i's Zgg ut| n th 8Q§ral qﬁ%isnt |ar]:gt & g@ﬁe%ng%]s%se uently
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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 2390.
[0074] In order to establish communication with the detection
memory modules 121 through 126, the carriage 210 with the ink
20 cartridges 111 through 116 mounted thereon is apart from a general
printing execution positionor froma right-side non-printing area
and shifts toa left-gide non-printing area, where the transmitter
receiver module 230 is located. In 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



of the ink cartridgés 111 through 116. The reqﬁest on replacenent is

out put after actual replacenent of any of the ink cartridges ill through
116. [00771 when it is determned that there is a request on replacenent
of any of the-ink cartridges IIl through 116, that, 1is, in the case of

an affirmative ansmer at step S102, the control device 222 starts the

first Se?H@ﬁﬁﬁ geagw o'w@r‘ Bg EE@ R{‘t fd?@a)ﬂé% @‘Pﬁeeéié%xafet gg&Mer

nodul e o ace cartrl (step S104) Wien it is m ned

that theg o %heOPe&Ql&ga'ﬁ@@. L0k 001 1416 gk £251 11,908
Gon gl (P i oo,

111 throu In the cas a negatl e answer at ste

on the cOLLAry,,, opiigl de hE©, 282 del SLMAgs Lhal Lo kD5 pes e
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|nfornat én rea cor rom res eet |ve
detectlon nMenD 21.through 126 at t he omer Su

at anot h%%er&%né%eaas&é ng?e%%%t Sa o FErgey: RO TR et ade bR
S150) The i cartr d es || hrou h 116 e enhodi nent have

Svar Pabi eoBtreliet8iaha OBt utt, o THemHe 106 cPend’ ﬁ%ﬁg?ﬁ? ERO TS S or
nodul e 137 (the sensg % When the ohject of access is the EEPROM 166,
that is, PR PRESREEEBE™ hBEnERGIY T8 SFEGSEF3HI -t he 20 second sequence
starts tﬁggg n access to the nenory of the detection nenory nodules 121
t hr ough zstep Qod)stahaf (tHe epjoserséng KeuEdse snt pRBERLeR Tt ABBUI e

137, that is, in the case of the sensor at stegh8150 on the ot her hand,

the third §§&Géﬁﬂ¥@&%ﬁ%%r?6eiﬁﬁémQQ%%%ﬁﬁ%%%F% PEAARS G5 07R eecSBRSBY
nmodul e 137 (step S300). 25 [00781 The first through the third sequences
are descPPBREYMwAUderal 21 LASORFRI BncEhabers Tolie TG 23 edUdirpr igter

executed when the control device 222 detects the power-on request of the
pri ntler 3002determines rériler opr Ml dd@rentisoR mAyest onhsefuksEal ERHges

S1i00) . 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 to read the ID information from the detection memory modules
121 through 126 (step 8104 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 reguest on replacement of
any of the ink cartridges 111 through 116 (step 5102} . 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



111 through 116. The first sequence starts an operation of reading the
IDinformation fromthe detection nenory nodul es 121 through 126 (step
5104) and executes an anti-collision process (step 5106). 5 The
anti-collision process is carried out to prevent interference .in the
process of reading the ID information fromthe respective detection

menory rdghesini?datbiroagbsl2ol chrdag case ofharkbaukdteon replbe-dfiedd] e
of the anti-collision process, the anti-collision process is carried out
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of radio communication, the transmtter receiver nodule 230 is capable
of communiCaty Mg Hﬂﬂmg taneously with nultiple detection nmenory nodul es
(two detection nenDry nodul es in this enbodinent). At the tine of

Starti ngopeqmuni Ca N, 1L LORLE Oln Nl C@ 1222 rgotﬁﬁ PgbLed o

the IDintormation fromthe detectron nmenory no

~atL. aghedréfflﬂt#afé%héer?c; ﬁfdnyv d ke At Q%e&riljdjgeté‘ rl r\]zjo%rgl{“lli%t ed o the

carri age | I'i'sion process 1Is accor equl red to
Péﬁé?%r@ea&a{‘éﬁ%&r Soo8 b a o fe'h fhel e t%ﬁd%ﬁf{%%t i
g ves ad5 export e 8 0 VL%%?EZ?’%%G%‘EL%?%%par%%“@ﬁ%ﬁ?m i #‘rféfr"art”a%ﬁ 0
T A SR I DL, e
ot ect ) off RS Hodu B eHagt rnSggﬁﬁgé‘%taﬁfléﬁiﬁi%e?ﬁ%%Irﬁq?tr'e"q%be%?c{‘rhter‘e
e L A AT, B0 P

is, in the case of a negative answer at step S102, on the contrary,
the control device 222 determines that the ID information has
already been read correctly from the respective detection memory
modules 121 through 126 at the time of power supply or at another
15 adequate timing, and specifies the object of access (step S150).
The ink cartridges 111 through 116 of the embodiment have two
available objects of access, the EEPROM 166 (the memory) and the
sensor module 137 (the sensor). When the object of access is the
EEPROM 166, that is, in the case of the memory at step S$150, the
20 second sequence starts togainaccess tothe memory of the detection
memory modules 121 through 126 (step S200). When the object of
access is the sensor module 137, that is, in the case of the sensor
at step S150, on the other hand, the third sequence starts to read
the detection result from the sensor module 137 {(step S300).
25  [0078] The first through the third sequences are described in
detail. As mentioned above, the first sequence is executed when

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



222 actually reads the.ID information fromeach of the detection nenory
nodul es 121 through 126 via the data anal yzer 163 (step S108) On

concl usi on of the processof reading the ID information, the program
exits fromthis communi cation process routine, or subsequently carries
out the second sequence, according to the requirenents. [00801 Wen the
program starts the second sequence, the control 10 device 222 starts a
menory attesEr dpee disPir o QaiTeRlcreareny ehanyErFRAVE 661 stagp- 1ISAS and
i ssues an active node command to each of the detection nmenory nodul es
121 t hr obighthzeugbtlelp S202e Thest getiveaceptiea tohmamps atoippof wiadinde
IDinformation to each of the detection nenory nodul es 121 through 126.
The dat a&lndlbyiafotfatésdni ireacthofddtrs: detre oemorymeodny esotil eshriAigh

t hrough 126 conpares the received IDinformation with the stored ID

i nf or matizm (ahdp STrtansant &x& auesEcas ansiigrall 1AGKongprasest i(Bged 3B@ly. f or
access to the control device 222, only when the two pieces of ID

~i'nf osmatTios anarie doddritsical pwbtbseachcarheed @k (@082dvdhe icordrfd ralay ce - -
222 receives the response signal ACK to the issued active node conmand

f rom eacin athd beodeleChEofe 880G thaatuk aFolai thibhoBghbm 126: raddbasdiiad |y
executes the nenory access operation to have access to the nenory in

each of ddreediel &6 eidr RS Yo 803U| E5rdddh ieoughn i3 Cskem S0 i 1 dhe
menory access 25 operation may wite data into the EEPROM 166 or read

data from drhe BEERAVLE6Ehel inilhE11€388n pREcEEPRMC et ioldsrl d6kon

receives the address of the nenory specified by the control device 222

and 32 gaHSe &6 CRS T alrd il oBEEPROM 66y é@@nEEPRngﬁ@ngf%&e&réGéfrﬁapé

or wites data fromor into the specified address in the EEPROM
based onehbeashest fi edkadgdr esavandagrecfl catiagl ofcRiddhilcation, 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 contreol 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
withthe detectionmemorymodulehaving the identical IDinformation.

No further details of the anti-collision process are described

31



the readi ng operation or the witing operation. On conclusion 5 of the
menory-access operation to the EEPROMt 166; the EEPROM controller 165
transmts ‘a response signal ACK representing a conpleted access and the .
accessed address to the control device 222 via the data analyzer 163.
The second sequence is here termnated to end, for exanple, the
operatidiext. witing the 10 information on the remaining quantities of
inks into the respective detection nenory nodul es 121 through 126.

[00821 Vipenol he progam shardsc 4 ool £ b5 65ueNCEs , e CUte b1 davise
222 starts a sensor access operation to gain access to the sensor nodul e

137 (st em5IRBuANY, keSURStAB 86 ti e e SO mrRRd e Ao hAVE e et afidhe
detection nenory nodul es 121 through 126 (step S302), as in the case of
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through 126 attached to the ink ~“cartridges ill through 116 recelves t he
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transms t he control device 222 and the detection nenory
nmodul e i%%ggi?rl%gggf t he active node command ACMto the high Ievel

shows th e det menor 1 is set. in 33 the active node.
[00831 ALDSP the o e B et B oe E FiRe SeRPBrE e ReE . SBE SRR Bhe
of t@e d tectl g nndules 121 through 126, Qe contr ol deV|ceh222
transmit e‘ﬂ’a‘?% F‘Bf”‘r BeBitSANY £r& St 8REFgh1on Lo 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 analyzer

15 163 ineach of the detection memory modules 121 through 126 compares
the received ID information with the stored ID information and
transmits a response signal ACK representing a ready for access
to the control device 222, only when the two pieces 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 memoxry
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 EEPROM controller 165 receives

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



5 - condition to the activated detection nenory nodule (step S304) . 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 resporise to

t he response signal ACK (step S306) The detection 10 command DC may be

i ncl udedzdind BectaiatbNcherespeor fygag trhe HeEPROM 66nt£6NUet|i D55 fL0841
In response to reception of the detection command DC, the data anal yzer

163 out pi syt LHatS §rn GERihOot bBe COYBEEF ied THidBeE£SBE dthe ey ON
the counter 176 to 1 0 1 (see Figs. 8 and 15 12). The data anal yzer 163
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detection memory modules 121 through 126.

[0082] When the program starts the third sequence, the control
device 222 starts a sensor access operation to gain access to the
sensor module 137 (step S300) and issues an active mode command
15 AMC to each of the detection memory modules 121 through 126 (step
8302), as in the case of the memory access operation. Each of
the detection memory modules 121 through 126 attached to the ink
cartridges 111 through 116 receives the active mode command AMC
and identifies the ID information received with the‘ active mode
20 comménd 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



in the sensor nodule 137. [0085] As the result of the charge and

di scharge by neans of the actuation controller 170, the piezoelectric

el enent 153 vibrates at a frequency close to the resonance frequency of
the 10 resonance chanber 151. A voltage, due to the vibration, is then
generated on the el ectrode of the piezoelectric element 153. The

vi br ati othdascechléymbds. t he resonance frequency determ ned according to
the property of the resonance chanber 151. The property of the resonance

chanber [OpB3here repiesenhs Lhephevelr 16nodf abpkveerBubi RGmmdrddhamc to
resonance chanber 151. In this enbodinent, the resonance frequency is
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(0084} In response to reception of the detection command DC,
the data analyzer 163 outputs a clear signal CLR to the counter
176 to reset the value on the counter 176 to '0' (see Figs. 8 and

15 12). The data analyzer 163 subsequently outputs a drive command
DRIV to the actuation controller 170. The actuation controller
170 receives the drive command DRIV to actuate the transistors
Trl and Tr2. As shown in the timing chart of Fig. 13, the drive
command DRIV repeats the following transistor on-off cycle twice:

20 turning ON the transistor Trl for charging to apply a voltage to
the piezoelectric element 153, turning OFF the transistor Trl and
turning ON the other transistor Tr2 for discharging after elapse
of a preset first time period, and turning OFF the transistor Tr2
after elapse of a preset second time period. The voltage applied

25 to the piezoelectric element 153 is supplied from the power source
unit 162, and the gradient of charge is restricted by the resistor

R1. Theelectric charges accumulated inthe piezoelectricelement



close to the resonance frequency of the resonance chanber 151, which is
triggered by the forced vibration under the applied voltage, as

descri bed above. The vibration is anplified by the anplifier 10 172, is
input into the conmparator 174, and is conpared with a- reference voltage
Vref. The conparator 174 outputs a rectangular wave signal COW havi ng
the frequency of the piezoelectric elenent 153, based on the result of

t he conp&Bi sure ($eecikryged2yviaThdie derarsispocofitRol | helgBradpents ofii s
rectangul ar wave signal COW 15 and generates a set signal SET, which
speci fi g sahpirge periest tictat byvalte rdse.scounier 1T foor- ofét ot eomalbased
on the input rectangular wave signal COW and the specified detection
condi ti o thehergtaittngsplikdcaaddlthersrder tof makas uhedfpabmesyy. ofn
the illustrated exanple of Fig. 12, the starting pulse is a 1't pul se,
20 and the riadsatdmentehieratedr iasphrdpitacdlpukses. cThredet esi aloski ne
period, when the set signal SET is in the active state, is accordingly
-f roms a: ticsehef rédendnde Mt eagudrria ofi §ReOfegoiicdWismbet hat -k 8e14apul ses-
of the rectangular wave signal COW. [00871 While the set signal SET is
in the aet itwe Skealser Wheul2b gounter 176 counts the pul ses of the

rect angul ar wave signal COMP by utilizing pulses of a high frequency
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with a variation in 36 resonance frequency. The counter “176 counts up
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inverted in response to detection of the termnnating pulse. A resulting
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resonance 5 frequency. e count CNT Is output to devi ce 222
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data corresponding to the defection condition, as well as the count
generated on the electrode of the piezoelectric element 153. The

vibration basically has the rescnance 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 resconance 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 itsg inner wall,
such as the water repellency. The resonance frequency is thus
measured for each type of the ink cartridge. The resonance
frequency of the resonance chamber 151 prior to filling the ink
cartridge with ink (;hat is, under the condition of the perfect
25 vacancy of the resonance chamber 151) is slightly different from
the resconance frequency of the resonance chamber 151 that is vacant

by consumption of the filled ink. This may be ascribed to the



CNT, to the control device 222. In the structure of this enbodinent, the
data corresponding to the detection condition is the ordinal 10 nunber of
the termnating pulse (the 5th pulse in the exanple of Fig. 12) . The
specified detection condition itself, that is, the ordinal nunber of the
starting pulse (the 1st pulse in the exanple of Fig. 12) and the nunber

of neasgmnadipukma@snt4opui SRSoh L e nexaRe &ff khe ridbnafB¥ chamber
alternatively be output with the count 15 CNT. (00881 The control device

222 recekyesvihes L0t SATuRSE 1de ordetectihen resWie andd B¢ datacting
corresponding to the detection <condition (the ordinal nunber of the
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on the received 20 Tount e actual procedure determ nes
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ot o m Arng i anesnidh SRR B B R R M Bk e e
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and cal CAPAEeESt ST ARSCBRCTROEESHUFOr Tt RE BT pEECar RafgoRERt 1 *The
cont ol ekt EEReARaRISEAL Sk gTINE LI, SUatent d svel O 0k 0
ComsuIPLLog. 209, LS S.L0L0 TR o0 Leusedl pg-Lhe presenee ot Lhs absence
mempry _modul.es (121 through 126 attached to_the ink,cartridge %11
t hr ngh 17¢yp1s 1input intcd the compaj:ator 174, and is compare ith 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 get 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). 1In 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 ocutput time of 4 pulses is varied with a variation in



[0089] In the structure of managi ng the remaining quantity of 10 ink
based on the count of ink ejection, the calculated remaining quantity of
ink is deviated fromthe actual remaining quantity of ink, since the
quantity of ink ejected at a time fromthe nozzles in each of the print
heads 211 through 216 is varied with variations in nozzle dianeter, in
Vi scosi tnesohamle £amguencwor Kitngedemper avdraesuri ofip uak i 1Sitestattiianal no
ink remains in the resonance chanber 151, when alnost half of the ink is

consunmedGETowael: 6 otlthd Akt e caldnicdgesollllert 16 DighH et anen peepia e
procedure detects the timng when the determ nation regarding the

presencecotetbe tabaeseechoftd Mikindt i giasenanger&ébarbeng 18duby @ae brof
the detection nmenory 20 nodul es 121 through 126 is changed fromthe state

of ' presgrCeourtert hesstiat e refs vakserc &itaNdheokheahs ibhe 1 GoFRELeE Hdak
consunption fromthe count by the software counter at the detected

timag. srRerRly) OWGHEOECARE URRE 6 JTRRAGRITERL Ohie ! MdnCLHE W QD .2 oHhe e -
correction may sinply reset the quantity of ink consunption to 25 1/2 of

the ink (GaPSE] h¥er BBBSH LONL BRI LPCLERL 4 OR7EeSUMe B r bl ubidr § 28 RoRGhAG

detection nenory nodule, or may nodify the count by the software
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[ 00901 1, § hg o5t r Ul 078, Of; 41U 5 18PROEL BN o nd €1 8L VR 2OPhat 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 reméining 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



10 transmts the data corresponding to the detection condition (the

ordi nal nunber of the termnating pulse) , together with the count CNT
as the detection result, to the control device 222 via each of the
detection nenory nodul es 121 through 126. The control device 222 can
thus verify detection has been carried out accurately under 15 the

speci fi eHedetEtvana comdi ¢t cand Weeltutatiess ddteeriminednishatpt idet €otri bhehas
not been carried out under the detection condition specified by the
cont r ol pdepbee 2Z2manhgeo@mtt. CNRegicvert@sl tdwericet 2z | oanr esdlikake lpot
reliable. The procedure accordingly does not carry out determ nation of
t he presenageothé heuebsendewil ok 128 on eachesf itde dihk harguddbiet ¥ 10f

i nk consunption, based on the count CNT. The procedure nmay otherw se
carry odhrblighcanmsectiayed Wi | €hgi ¥alguantabanmk adhfumseion adfd UsBet he
result of the correction only for limted purposes. In the case of

M smat chngbrinhe idat eefheningoRHEt hPdschbe HF Qi dTRYe dat-Q6lk anf-ghbkure -
of the detection 25 nmenory nodule on the ink cartridge and advi se the
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verifies detection has been 39 carried out accurately under the specified
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fl omchart of Fig. en the programenters this verification ro
the contpel device 222 transmits a specified detection condition Di
regarding 5 the presence or the absence of ink and a detection- conmand

D2 f the d ' dules 121 through 126 hed
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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



count CNT) and data DT corresponding to the detection condition D from
any of the detection nenory nodul es 121 through 126 of the ink
cartridges 111 through 116 by radi o communi cation (step $S420). 15 [00921
The received data DT is then conpared with the specified detection
condition DI (step $S430). When the received data DT matches with the
speci f i eiiniley eetHeonimbndivticont b, irtkhéncarilt ahk chemt ied@? 2 suesmfieseihe
validity of the detection result (step S440) and nakes the detection
resul t ueédegiedoobe tdie quapel Atdsiimtof ihhe€atrref rihegi AKafy i ¥yiddes nk
by the software counter (step S450) . The concrete procedure of the

processing tHr@igP13490 scenpaiasudthe ceoUia tGNh gE¥et asel Raniwsnl te 6f
t he neasurenent by the sensor nodule 137 with a preset value (step

S451), end Wekite of M 4R 1WablledrasbhiageFuydIen the LoinDF dosnsagbher
than the 25 preset value while setting a value 101 to the flag Fn when

t he 5 coupk S{HRt~SkEd{ tﬁgﬁ}é&gﬁ e Hp2
S454) Cgﬁyzﬁﬁgﬁbthe éeunt éﬁ% e?htﬁ§%p¥ﬁgggﬁggﬁﬁgsglue ozgg?%e

procedus g coppar 85 khe yakue ﬁgqurgx%e&léé sﬁh)%eimt '1@19%115@ ihx aghff&w&e

val ue of the currently set (step $455 case

m smat CPro évﬁgrfgﬂgs%ﬁa&%t 1 29 Eé‘t%@élbﬂ%f bee gﬁ}?aé}gie dgpﬂ&ﬁ%éﬁ‘&?%a' ue

101to t e procedure accor erm nes-~

the re"%gtggggﬁ%flgéx Ofyl 9 d' magh'aatna CRELS %q%t hasg g ust reached

al nost e 1 nk capacl correct s th conputation of the

remai ni antit i nk executed y_the control dev t he
controlﬂggglce 22% QE%tEtF & BhPCR F%as ?@ﬂﬁ?ﬁ?ﬁﬁtqugh?i?ﬁl%Fan§b¥o

11/ base h etection result 8 00931 yen wh t he
Cozrrl]:())ut aFf On O%EFﬁtehréjer?gﬁalnf:ﬁg &%gn{ldtlng %o & %4§:e)ct1[on condl ion (gﬂe

ordinal number of the terminating pulse), together with the count
CNT as the detection result, to the control device 222 via each
of the detectionmemorymodules 121 through126. Thecontroldevice
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 oxr 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 correcticn
whilegivinganalarmtotheuser, andusetheresult of the correction
only for limited purposes. Inthe case of mismatchof the detection
condition, the procedure may detect a failure of the detection
25 memory module on the ink cartridge and advise the user to replace

the ink cartridge.

[0091] The control device 222 verifies detection has been



ink fromthe count by the software counter has sone error, this
arrangenent desirably corrects the conputation with the detection result
regardi ng the remaining quantity of ink by the sensor nodule 15 137. One
preferable procedure may carry out fine adjustnment of a correction
coefficient in the arithnmetic expression used for conputation of the
remai ni mprpsad iqut gicdugatedlnomndesr ddentsperi fiied deftemgrionc contat 1oy
ref erring to the detection result regarding the remaining quantity of

i nk by tadwerestiser teoduprod8Fsing f@09ikie Wierwn tini sheef bowdmede atf Ftigp
S430 that the received data DT msmatches with the specified detection
condi ti art D1When thdproyhen dramd;s this venti fdakaddwnas 12 evethé ices tidod
invalidity of the detection result (step S460) and entrusts subsequent
manageneidviofe the texmémlng aquastit yeafddudct oo hensottivare. eegalrerindd

(step S4 70) . In this case, it is expected that there is sone trouble
in the od e3peRdidagoenehefabbendet@Etirgn afRIar de fodul 65 datdndid @mto 126
attached to the ink cartridges ill through 116. The control 41 device 222

may thusegiy@raBhal @& feEERoRSREthd NP motieleds MY BArdugh! D3l datHdie donk
cartridge' to the user. The alarmmy be given by f?ashlng an LED 248 on

the operatd amraRel rddlyeqf 1the thkbiber 1130Qst5k5 disp) ayin@ wh L SRIr a
nmessage on, forexanple, a liquid crystal 5--- display of the printer 200;

or by OUtdsHdAdd oF VREGER B 181 @il teX2BRI £ny R s¥BtAAtd & M GRmdPM a
speaker connecting with the printer 200. In t%e case where the printer

200 15 GROMER SdoW ik Suo0 TR 6F crithi o AU L1 cdRlchigtO1 1B it er

200, via a bidirection interface, the printéer 200 nay ot put alarm

datgg 1054t he [¢RMPULET ol Gk V& 3R 2al-L8Y PRstG ag%%%n 1%15&9@'&{4 on

of the above series of processing, the program goes to —and eX|ts

from the y&td et Ny GaYll Be Qbrfl9pofing 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

5420} .
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 gquantity of ink by the software counter (step
5450). The concrete procedure of the processing at step S450
compares the count CNT given as the result of the measurement by
the sensor module 137 with a preset value (step 8451); 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 5452 and

S454). Only when the count CNT is smaller than the preset value,



[ 0095] As described above, the procedure of the enbodi nent checks the
operations of the detection nenory nodules 121 through 15 126 attached
to the respective ink cartridges 111 through 116 and nodifies the
processing (for exanple, conputation 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. Wen it is determ ned that each of the

det ect i GAENBABEFINBGUFESPEZESt REGUYR PG PE62i BPLRTARESILY 6pér &llag, Fohe
procedure may correct the conputation of the remaining quantity of ink
fromt hé’léélugl’leb‘ya%%‘é bt r raintes ol EA2BhBNdEs'eel | 9P T esulEn &het he
time when the remaining quantity of ink reaches 1/2 of the ink capacity.
When it ciese déteirsiafecht Hdt mg¢anscthen e few Bechasdrvstedesut chagged he
25 detection condition specified by the control device 222, on the other
hand, tBgcsothe CATugi Veh &s the delwetibn r 8bel priosedotre nrekbabliaglihe
procedure accordingly does not carry out 42 determ nation of the presence
of the desemcdnes thkt mhecoemnechiog gqudnt hiey gdaihk tiyn dheiinkk cassunpiyeon,
based on the count CNT. The procedure may otherw se carry out the

correct hais whsterghohead @lmosat ar/n od the isercapaditigandeqmadts ehet he
correction only for 5 limted purposes. In the case of m snmatch of the

det ect i @dmpueadiitnost t hbeduzoeadiy guanyidebeciniaekathitea Wi thdecdetreat i on
menory nodul e on the ink cartridge and advise the user to replace the

i nk car ideivdge. 2£8096dahdll § hehes oot iriwie detri the2 ap aves b edidredt cullBe ed
control 10 device 222 of the printer 200 executes the first through the

third seasemnses guahhgt gEsenRf s opminigadd Porpft Hh ek bars it tekult
receiver nodule 230 with each of the detection nenory nodul es 121

&hrgygh(S%%@ altsaghed to the ink cartridges ill through 116. The control
[0093] Even when the computation of the remaining quantity of
ink from the count by the software counter has some error, this
arrangement desirably corrects the computation with the detection
result regarding the remaining quantity of ink by the sensor module

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

20  [0094] When it is determined at step 8430 that the received
data DT mismatches with the specified detection conditicn D1, on
the other hand, the control device 222 verifies the invalidity
of the detection result (step $460) and entrusts subseguent
management of the remaining quantity of ink to the software counter

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

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

41



device 222 verifies the validity of the detection result fromeach 15 of
the detection nenory nodul es 121 through 126 and nakes the, detection
result reflected on the conputation of the remaining quantity of ink.
These series of processing are executed, while the control device 222
est abl i shes comunication wth each of the detection nenory nodules 121
t hr oughieldGe The abjyechusf gi@ecamuiiacat repriesesittdes STeldye shif ed aone
by one fromthe detection nenory nodule 121 on the left end to the

det ect itauriy tddink cd26rodgehed ichht uesd. Tie: eatiagey 2D glikiesn
successively noves by the width of each ink cartridge and stops there.

whi l e the fl1eshinagan2dep i atord thkOppetrheicanpantl deys cer 222 pstiaklirshes
25 conmuni cation with the detection nenory nodul e of the correspondi ng

i Nk cardgg,dgedi Ap1 BRRhiyNSEe D& eMbadabk orf Neot EaBapL L & 11§68k ¥esy scamdul e
230 of thigggnbggi%gntghas t he size gubstantially5%3 corr§§pon§?ﬁb to the

total wiidth 8f o,tfvvehlagér%r:w 4865 of %,&{ﬁﬁﬁ@%@ PrRARAULE SHECeIFIvel y -

shifts the carriage O by the total wdt Ink cartridges and

causes Shaount k9l sderhee 2231b0, pLaR! L UL LUIUNGAIAN 4 W1 'l ne

detection nory nmodul es 5 -,at each stop position.

- advantagequs! y oheduess dhes WHDEL endlb, S 5800 ROSIAIANI W en

oper at i"ons e carril age con evi ce carries out

anti - C% léo%ip%eq; 0Giti®h %%A:L;thLQ:ts:t I;ﬁatézfl?{tle td;a;clan%dc %ihre g:{rrl,ltn?f%rj Qto‘%gf [%r' nge in

data transm'ssion from an 0 mu e ink'ca ges. The

ot T odl A ATE O e R B bl RO AOCOREY by LT cath o1
i al ti ith d ti f t h irit of th i
ondlacts 12 EEBRCEhe a LkBR DA FBne TRGTOBRARH &, PheCHerEnicHh

nennrycﬁ?%%%eagévgh§e998¥QOf processing, the program goes to 'END' and

exits from the verification routine of Fig. 14.
[0095) As described above, the procedure of the embodiment
checks the operations of the detection memory modules 121 through
15 126 attached to the respective ink cartridges 111 through 116 and
modifies the processing (for example, computation of the remaining
quantity of ink) acceording to the state of ink in each of the ink
cartridges 111 through 116 set in the printer 200. When it is
determined that each of the detection memory modules 121 through
20 126 isnormally operated, the procedure may correct the computation
of the remaining quantity of ink from the count by the software
counter with the detection result at the time when the remaining
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



15 enbodinent is not restricted to the ink cartridge of the ink jet
printer but is also applicable to a toner cartridge. The detection
menory nodul e may be attached to the bottomface or the top face of the
ink cartridge. Arrangenment of the detection nmenory nodule on the top
face of the ink cartridge advantageously hei ghtens the 20 degree of

f r eedomiatre vndcattiieom of the dresrsmid perthecdamicarmdul gk A30ocapdction
sinplifies the structure of the whole ink cartridge. Wien the detection

menor y afodhkeqiiant degt efl ik tdomdunpfiane ok seie ohnkhe casdt dger. adeguat e
di vision of the ink chanber ensures arbitrary setting of the remaining

quant i toroRfedutte asyt BEntEWLBE daPfy dRiteehie0Bo2bebt i bABYIT RS IGA Y ahhe
absence of ink, for exanple, the tlnlng with the ink consunption of

appr oXiymkel ¥oltBeOnsshe ddite ¢heseeshioti Bk efd. cM-d Q0K & for
procedure of the above enbodi nent detects the presence or the absence of

i nks Whem ity ddysof Rk ceRNSUNAL | 9B pigaches, aboutnd/ defbcthen Nk

capacity. The detection may alternatively be carried out at the timng

close tQrdik i@ Uned RloddiRidd MR AW 2 £ ?L%r%u%'ft k¥ QbrkREion

consunptiorn of a greater remnaini'ng quantlty 0 The structure of

the enhodidENhoHEes oﬁ%@lﬁ@@é@&%a&e nlger l@théeﬁée{[h% %g&a'ceg

pul se, the “termnating pulse, or the nu measured p

correspepdiy dhgifletection tine as the externally speC|f|ed
det ecti on lgg%ongitlo The detection condition nay be a detection tining

(defln t he |n erva

(aeTnefiobr SR BE e LhTs ol pdohetly n Al | MNR eyl
S 3 AR R A S DT
det ect| O %%%%Ist:}_lgghe co%rcs%dgf g&")tlm(r)\ﬁraig.ce:g.tlono V’tf’ahe gransmltter receiver
module 230 with each of the detection memory modules 121 through

126 attached to the ink cartridges 111 through 116. The control
device 222 verifies the validity of the detection result £rom 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 communicationis successively shifted one by one fromthe detection
memory module 121 on the left end to the detection memory module

126 on the right end. The carriage 210 thus successively moves

by the width of each ink cartridge and stops there. While the
carriage 210 is at‘ a stop, the control device 222 establishes

25 communicationwiththe detectionmemorymodule of the corresponding

ink cartridge. Asmentionedpreviously, the transmitter receiver

module 230 of this embodiment has the size substantially



to the detection condition. The data corresponding to the -detection
condition may not be sent fromthe ink cartridge to the control device,
when not required. [00991 In the structure of the enbodi ment, detection
of the 20 presence or the absence of ink is perforned by the hardware

|l ogic. The detection nmay alternatively be carried out by the software
conf i guFREFERPOoNEdioge texadpt etofal hvédrbdifi édostimictcaet ridges coufine on
the counter 176 is not transmitted to the control device 222, and the
det ect i prrefremai) enproteddee esud s thel predsditcetbe @ﬁrimgamw ohei nk
and transmts the result of the determ nation regarding the presence or
t he abséptaloWwidnk ¢D te ountaqaott diedgee arZP2adSecl ahascdnt Aotadéevidge
having a chanber to hold a recording material used for printing therein,
sai d cartei dges disbigl stowomethndread 1 gpy ittt hngea plzareaitisn semdrganbdilge
conprising: a sensor having a piezopiectric elenent that has a varying
resgnanee shathe swophpasiaibat.i onhi & stlehec 8febhiel vecondt ey Rt @iBErhel-d
in the chanber; a condition reception nodule that receives a detection

condi ti off Qﬁlﬁ@hﬂg%@fosﬂﬂldiﬁﬂgi opeeeitficed bY the duddhitdgeg218pparaéus;
a detection nodule that applies an excitation pulse to said

pi ezoel eehith®1e8&PEN 23n0sa HROEE dulter BRQGIHI-@d 1del-8CH PR-£08E1 HPPhat
measures a vibration of said piezoelectric elenent in response to the

exci t at g rRUlisenoaRd i2NceUE R j APdukethat 91=1t BYES Br&fSHibs2bn! Feon
detection. 2. A cartridge in accordance with claim 1, wherein said

and to the multiple ink cartridges.

10 [0097] The above embodiment is to be considered in all aspects
as 1illustrative 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 oflink, for example, the timing
with the ink consumption of approximately 1/2 or the timing close

to ink end.



detection nodul e detects a resonance frequency of said piezoelectric
elenment as a tine required for at |east one vibration of said 46

pi ezoel ectric elenment. 3. A cartridge in accordance with claim2, wherein
said condition reception nodul e receives specification of a nunber of
vibrations, which is used as a criterion to neasure the time required
for the vibration of said piezoelectric elenent, and said detection

modul e [#888Lir es arté nproegdiured dfor thée abepeci énlscd tuetber defevitlar athons,
and outputs vibration-related data used for the neasurenent, together
wi t h t lreressaste ed thienebsdncd cdaitk i dpen rthagoendanye ivinh alresumd;ion
wherein the nunber of vibrations received by said condition reception
nodul e resclspecabbad by/a pdsitheonioak acspacityng viliteat denecodowhimdy t he
measurenent starts, and a position of a termnating vibration, on which

t he neaslterrerdiwsios , banshsieieh delitecdi athadihingleibssd nes ile end or
vi bration-rel ated data, based on the position of the starting vibration

andst hexpesktd it nPhat-hagtLl BkBahidit Mpbatidcobsufipeabhrddgeyidhter
accordance with any one of claims 1 through 4 , said cartridge further

conpri skdigh i rgi MR tHRRE oft PARS armarARiG O bEesRANEhPEdiRehPaLSd At €
of the recording material held in the chanber. 6. A printing apparatus

With a ot dggemupted tenRen 152 dseakt rﬂl—ﬁigestf@ﬁ‘i:ﬂﬂgap%h%@_ertﬁé)
hold a recording material used for printing therein, said cartridge

CONpri Sd i fatS ?‘hl@%\{i 88 hPhEABELESE MG B elEHh1 L8l J1A% H I IR
resonance state with a variation in state of the recording terial™ held
in the ¢hapher yetection time as the externally specified detection
10 condition. The detection condition may be a detection timing
(defined, for example, by the time of detection, by the interval
of detection, or on power supply) or a frequency of detection.
The data corresponding to the specified detection condition sent
from the ink cartridge to the control device of the printer may
15 be part of the detection condition or a code allocated in advance
to the detection condition. The data corresponding to the
detection condition may not be sent f£rom the ink cartridge to the
control device, when not required.
[0099] In the structure of the embodiment, detection of the
20 presence or the abgence of ink is performed by the hardware logic.
The detectién may alternatively be carried out by the software
configuration. In one example of this modified structure, the
count on the counter 176 is not transmitted to the control device
222, and the detection memory module determines the presence or
'25 the absence of ink and transmits the result of the determination

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

222.



a condition reception nodule that receives a detection condition of said
sensor, which is specified by the printing apparauts; a detection nodul e
that applies an excitation pulse to said 41 Piezoelectric el enent and,
under the specified detection condition, mneasures a vibration of said

pi ezoel ectric elenment in response to the excitation pulse; and an out put
nodul e that outputs a result of the detection, said printing apparatus
further conprising: a condition specification nodule that specifies the
detection condition; an input nodul e that receives the result of the
detection output from said output nodule of said cartridge; and a
verification nodule that verifies the result of the detection. 7. A
printing apparatus in accordance with claim®6, wherein said output
nodul e of said cartridge outputs data corresponding to the specified
detection condition, together with the result of the detection, said

i nput nodul e of said printing apparatus receives the output data,
together with the result of the detecti.on output from said output nodule
of said cartridge, and said verification nodule of said printing
apparatus conpares the input data wth the detection condition specified
by said condition specification nodule, 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.

claims

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

a sensor having a piezoelectric element that has a varying
resorance state with a variation in state of the recording
material held in the chamber;

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

a detection module that applies an excitation pulse to said
piezoelectric element and, under the specified detection condition,
measures a vibration of said piezoelectric element in response to
the excitation pulse; and

an output module that outputs a result of the detection.
2. A cartridge in accordance with claim 1, wherein said

detection module detects a resonance frequency of said piezoelectric

element as a time required for at least one vibration of said

kb



8. A printing apparatus in accordance with claim?7, wherein said
verification nodul e conprises neans that, in the case of no
correspondency of the input data to the detection condition specified by
said condition specification nodule, notifies the non-correspondency. 9.
A nethod that enables a cartridge, which has a chanber to hold a
recording material used for printing therein, to transmt 1g information
to amtfFeFUmerFiicnElsgeappar atus with the cartrldge mount ed t her eon,
said information transm ssion nmethod conprising the steps of: receiving
a detection condition of a sensor, which is specified by the printing
appar at us, 3saidd sErnsorddsei ng raodehnoe waild captimi dge ahdrbawi rgial

pi ezoel e Irlc el enent that(ﬁg%%a varyi ng resqnance state with a

vari at$" Jr?”st’ée'tceep lot“hé“? di g+ Vet el ThEPE PR Offe B HIRRST, nd

appl Yo 2% SR tRhi R Rl SEsd®@ 881 th PLezeé et | €celfdBilne FBASWiNRY @
vi bration of Said pi ezoel ectric element in response to the excitation

puIser%mmkﬁedlﬁ@rsﬁé@lWiéda@éﬂéc@foﬁatQNRﬁQZQﬁiectén@ edeperti ngpd resul t
of the detgeion.dg the priphing apnacatus .that, spegifles the, detgglion
: Wi t

condi tion. t hat - enabl es pr|n i ng appar

cart rsplgel it admbber eeoh twidraanstist, |aidr matrpanst Ovﬂiﬁ’uﬁbtfi’dl’mreﬂalt(éd
cartridge, which has a chanber to hold a recaording material @ used for
prlnt@?E?tWﬁQQHﬁPr SRedMERFYE RBERDBN EPIRIIRS S1idR ﬁgﬁhﬁéaSEBﬁﬁrFémﬁg t he
steps of: having the printing apparatus specify a detection condition of
a sensor, which is nounted on said cartridge and having a piezoelectric
el enent thht Rascarvargdag iresonapréamtat e/iwht hchaim 3, wherein the

number of wvibrations received by said condition reception module
is 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, and

said detection module determines the vibration-related data,
based on the position of the starting wvibration and the position

of the terminating vibration.

5. A cartridge in accordance with any one of claims 1
through 4 , sald cartridge further comprising:
a memory that stores a parameter corresponding to the state

of the recording material held in the chamber.

6. 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 having a piezpelectric ¢lement that has a varying
resonance state with a variation in state of the recording
material held in the chamber;

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

a detection module that applies an excitation pulse to said

43



variation in state of the recording material held in the chanber;
applying an excitation pulse to said piezelectric elenent, neasuring a
vi bration of said piezoelectric elenent in response to the excitation
pul se under the specified detection condition, and having the printing
apparatus receive the detection result together with data correspondi ng
to the specified detection condition; and verifying a correspondency of
t he puepaelaatalfoctaenspesrsi vadenethecspenitbadidéimrtism aonddtdeter mi ne

Valiﬂkg%uggstQGVQEE§F£$QHOfr§§Hétpiégoelectric element in response to

the excgitation pulse; and

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

a condition specification module that specifies the detection
condition;

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

a verification module that verifies the result of the

detection.

7. A printing apparatus in accordance with claim 6, wherein
said output module of said cartridge outputs data corresponding
to the specified detection condition, together with the result of
the detection,

said input module of said printing apparatus receives the
output data, together with the result of the detection output
from said output module of said cartridge, and

said verification module of said printing apparatus compares
the input data with the detection condition specified by said
condition specification module, verifies wvalidity of the detection
result in the case of correspondency of the input data to the
specified detection condition, and carries out a preset series of

processing relating to the state of the recording material.

8. A printing apparatus in accordance with claim 7, wherein
said wverification module comprises means that, in the case of no
correspondency of the 1input data to the detection condition
specified by sald condition specification module, notifies the

non-correspondency.

9, A method that enables a cartridge, which has a chamber to

hold a recording material used for printing therein, t¢ transmit

Ug



information tc and from a printing_appp;atus with the cartridge
mounted thereon, said information transmission method comprising
the steps of:

receiving a detection condition of a sensor, which is
specified by the printing apparatus, said sensor being mounted on
said cartridge and hsvimg a piezoelectric element that has a
varying resonance state with a variation in state of the recording
material held in the chamber; and

applying an excitatior pulse to said piezelectric element,
measuring & vibration of said pilezoelectric element in response
to the excitation pulse under the specified detection condition,
and outputting a result of the detection to the printing apparatus

that specifies the detection condition.

10. A method that enables a printing apparatus with a
cartridge mounted thereon to transmit information to and from
said cartridge, which has a chamber to hold a recording material
used for printing therein, said information transmission method
comprising the steps of:

having the printing apparatus specify a detection condition
of a sensor, which is mounted on sald cartridge and havina a
pieznelectric element that has a varying resonance state with 2
variation in state of the recording material held in the chamber;

applying an excitation pulse to said piezelectric element,
measuring a vibration of said piezoelectric element in response
to the excitation pulse under the specified detection condition,
and having the printing apparatus receive the detection result
together with data corresponding to the specified detection
condition; and

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

result.
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