1 DESCRI PTI ON | NK CARTRI DGE AND PRI NTER USI NG THE SAME 5 Technical Field
The present invention relates to an ink jet-type printing apparatus, such
as an ink jet printer and an ink jet plotter, and also to an ink cartridge
detachably attached to a printer main body of the ink jet-type printing
apparatus. Mdre specifically the invention pertains to a techni que of
processing and storing 10 information rglating to the quantity of ink kept
in the ink cartridge. Background Art The ink jet-type printing apparatus
like the ink jet printer and the ink ‘ ter mainly includes an ink
cartridge, in which one or plural iREsS%a%Ig%@%t, and 15 a printer main
body with a print head to carry out actual printing operations on a
printing nedium The M@Aﬁead ejﬁ{ects ink fed fromthe ink cartridge onto
the printing nedium SRIPGEANE HHPEER YSING TRE SAMEnent printi ng
on the printing nmedium The ink cartridge is designed to be detachably
attached to the printer main body.. A new ink cartridge has a
predet er nidned quantity of ink kept Z8cHnieiBledd When the ink kept in an ink
cartridge runs out,,the ink.cartridge is replaced with a new one. The ink
jet-type printing apiaratent iqvention sigetta ¢t BkuiektypeHuiInsingrapperaisi sudbody t o
cal cul at e t hesragiak kMt RS i I I i cartri.dge,based on the
anount of ink ej ect‘yeudribf r‘%@%ghgﬁmbwggii%gﬁgfspotgii%ﬁf%gﬁ] dﬁ‘gge e?%c a@?’ a
state of rundftaefiedute afprinkee maik, bady off ther inkojeptypeemrintingeagpaiattd. ngvgeocedur e
25 from bei ng_ i ngerrupted by.the qut-of-ink. Another proposed ink cartridge
has a storaggpég{l}%%élﬁt Blei HVEREYH PPy e 2 Jpehmique, of | pipesspingi &nl storiagi ng t o
i nk kept 10n tiferrattonGelatihi @0@e qhiPkti i ink and the
quantity of ink, are storged., 'ﬁhe iféggglrlﬁpfgggehﬁg&?ﬁgég pi eces of
information regarding ink, and the printer; to which the ink cartridge is
30 attached, reads the stored info[ﬁm}t(i on cEggtardi ng ink and carries out the
printing procedure suitable for tHETHRUD the case where the ink
cartridge stores ofhy ikhet-typagriatthy apfh QuEBks &b inR jett Sifntd! ddd GL i not
carry out the adggu}g}ﬁe, printing operation by taking into account ﬁe
service condPPfignaa y {nsBiden pn &k qarttidge, intwhieh pre ot pleral evks draliept, and

i nformatjson , printer main body with a print head to carry out actual printing operations on a

printing medium. The print head ejects ink fed from the ink cartridge onto the
printing medium, such as printing paper, so as to implement printing on the
printing medium. The ink cartridge is designed to be detachably attached to the
printer main body. A new ink cartridge has a predetermined quantity of ink kept
20  therein. When the ink kept in an ink cartridge runs out, the ink cartridge is
replaced with a new one. The ink jet-type printing apparatus is arranged to cause
the printer main body to calculate the remaining quantity of ink in the ink
cartridge based on the amount of ink ejected from the print head and to inform the
user of a state of running out of the ink, in order to prevent the printing procedure
25  from being interrupted by the out-of-ink.

Another proposed ink cartridge has a storage element, in which various
pieces of information relating to ink kept in the ink cartridge, for example, the
type of ink and the quantity of ink, are stored. The ink cartridge has these pieces
of information regarding ink, and the printer, to which the ink cartridge is

30 attached, reads the stored information regarding ink and carries out the printing
procedure suitable for the ink.

In the case where the ink cartridge stores only the read only information,



regarding ink.. In another application that allows the rewitable
information regarding ink to be witten into the ink cartridge, the
conventional technique does 5 not take any neasures agai nst possible
interruption of the witing operation, which often results in inconplete
witing" It is highly required to conplete the witing operation of 'the
required pieces of information within a short tine period, 1in order to
prevent the witing operation from being made i nconpl ete by sone

i nterruption. L. SCl ' T ject .of the.present
invention is t%‘gggpge?ﬁ?%wt gﬂ&ﬁh??égﬂg%cﬁ{%ﬁ @gléﬁ?ﬁggiaug?%)git %B’g‘f QUM% t i on
and enabl es r efdigeedcpicendiSornf of feotnitatdrafige etinat i) otht Qetviigabld MiCoAAtdn dge,

for exanple, the renmaini ngf quantity of ink, to _be stored qui ckliy and 15
securely. The 6BFERE B ' thanofige fppicatios ek allews ghoveustakle infateationsi ng
such an ink Ri : eept ink cartridge,
and a net hod g? é&ﬁ{/l\lng?ﬁ( ﬁ€b€ﬁg@g§ﬁ§&ed picg{cﬁgg%ﬁgel %}%g?rlﬁ{g niag%drngfpé? ??'F to

the ink cabtrimgeakatoy trheasimk agamst posifide i2@riAptidreas tthpantitigf opélagombove
and the other related objects.is actualjzed by a _first ink cartridge

det achabl y at t'5UfRE %I%JUEF i‘fhfré:rm,np%ﬁ‘“e“‘l‘mngt Tt psc ighh reqaed toepmplste thean i nk
reservoir in i y , oPhie il ¢ - -unit
storing speci Wg@gnﬁggﬂaﬁiﬁl dgﬁﬁéjhehgﬁ‘?cggg%l de}f]nf\f\)/rﬁﬁﬁgﬁ ‘gl,tﬂlgﬂadgnr?g%%gggltlwle
manner, the st erdendo ymévenhthei wting operktiqu diotr bying nhalenimtomplest by ag@ear ea. .
The specific 25t information includes information relating to a quantity of
ink kept in t WESTR¥F% eservoir” The ink quantity information storage area
is includegl in a specific area witten first by the printer and stores the
ink quantity-relating information The first ink cartridge of the present
invention has the ink quantity iPisslosetciaddinegntiomge area, which is in the

specific area witt first the printer . nd in.which the .in
quantity-relating i Eﬂﬂ or njgﬁtl Ogrb@‘{? greﬁng}nevgp&orﬁ-ﬁﬁgus:tp P4 ‘Ggﬁﬁ%fﬁeﬁ?%ﬂg‘émaﬁe
i nformation reatkehd ogsttredickion iaRl cBabltd ed@Red Pitehs 86 ifbiendtRABERAG to ANt i tY
of ink, to be stored quickly and securely, while reducing the 3
manuf act uri ng ftrigge, tfeexample dke remgung Tnantispetinki to ke saredrquidkéinatd r st by
the printser ge%mf‘ei)?[] exanpl e, a head area of the storage unit or any

the

arbitrary area o
The object of the invention is also to provide a printer using such an ink

cartridge, a storage element mounted on such an ink cartridge, and a method of
writing the required pieces of information relating to the ink cartridge into the ink
cartridge.

20 At least part of the above and the other related objects is actualized by a
first ink cartridge detachably attached to a printer. The first ink cartridge includes:
an ink reservoir in which an ink used for printing is kept; and a storage unit
storing specific information in a readable, writable, and non-volatile manner, the
storing unit having an ink quantity information storage area. The specific

25 information includes information relating to a quantity of ink kept in the ink
reservoir. The ink quantity information storage area is included in a specific area
written first by the printer and stores the ink quantity-relating information

The first ink cartridge of the present invention has the ink quantity

information storage area, which is in the specific area written first by the printer

30 and in which the ink quantity-relating information is stored. This arrangement
enables the information relating to the ink cartridge, such as the remaining

quantity of ink, to be stored quickly and securely, while reducing the



storage unit, which is accessed and witten first by the printer.. In
accordance with one preferable application of the first ink cartridge, 5
the ink reservoir includes a specific nunber of ink chanbers corresponding
to a nunber of different inks used for printing, and the ink quantity
information storage area has a storage capacity according to the nunber of
different inks. The ink quantity inforgation storage area nmay, for
exanpl e, have a storage capacity of at least three bytes. In this

application, the ink quantity i. [ o]y Bk st ke 1 ci ent
capacity to ‘EF‘B’&@CWW@ §p c‘?ffti%g lfq{ﬁ% 81% rrégei” orr{ﬁ|é %@?‘8@? rai‘éét ‘F‘\’g@cfﬁekfﬁs ¥

quant i ty-rel atitfigis] fof exdm$leOnhead dred 6f peafeagebirst ohaty arbigrainkiea of the
quantity-relating information is witten into _the. ink quantity information
storage ar easteregaunit,vehielt israspgsardansnIitin ﬁﬁ%bym?m%?'tri dge and/or, at a
power-off time of the printer...| LS. - irhD il Edricfiide,
operation into thefni %&8‘&16%%%{.”% q%ﬁygé%?g%ﬁj@?%gf gﬂr%:t; i's ca_rr?%d out at
the tinesof mephiases®olr iblutidsea spdcifianambetge ivk chambére cotmsposflingitgHl v

probable replacenent of the ink cartridge.. This enabl es. the.ink.
quant i ty-r el ey off difsramtinkh upet b E’é’étg}gel%yl s{hﬁr‘@g ﬂ?ﬁ@% ﬁlgf"Fﬁ%?“’n
cartridge. . Slug}ag%&%g%?ﬁmmg%a Q%Eqrmn%f@'ﬂﬂ%bﬂx&n@d?@f"dﬁﬁérbﬂﬂnl@f Tile

present 20 T nv e I'mk resérvoir has at |east three ink chanmbers,
in which at jhkagintithiefermatidnfstorege areotmay, fonksamaple, hespa sfaagREPRE] 9 In

this arrangement, the ink guantity. infarmaion stor .

plurality ofatieasbyecipXrsi ﬂ‘n 15 alﬂPi‘C?)tF% gtfq 't“% Wﬂtl%ﬂgrﬁyﬁa@lﬁgﬁgﬁﬁg%sat ore

pi eces | NfaQr Ml 8 elahdiRo & Gt amb i dpebisicOinfdhaitioh ineRding ther ak

differ eﬁIO cg{agrﬁ%@?(eptaﬁ%r}atghe respectsitp\%e i nk chanbers are stored 25

i ndependent |guanétystelatiagénfoapatoint y of at | east one byte is allocated to each

of the plurality of nenor I visions,. . r A i -anot her
preferabl e applicdf F%ng%a%ﬁgéaﬁrtg% quan@éﬁﬁﬁ%ﬁ,dﬁ?(ﬁgm}%{}qaﬁgint{e#tly%
i nformation ¢ Qﬁ@gﬁaﬁ&gqnfaﬁlaﬁoﬁ s fCareaNACI tisheodf siplackmast of theeinbyt es,

and the ink reservoir has at least five ink chanbers, .in which at 30 |east
five differ entiridgt endionlet capewRiepf e 9édhe wainfer | I fhHis SUapgeigindiit . t he
ink quagtity.information I age - - ol MePts BBABL ¥udivi Si ons.
The pl 3Bal P TYHYE O m&? %‘%ﬁ%n“sﬁéﬁgr@?%ng‘%@gg@? %en%fgr mation relating to
quantities afe tédne bheepiceheasbf the iikdédifridlgentr atahetinienks highft piabablee
respective ink chanbers are stored_ i ndeﬁgndenﬁl y A s;tﬂ(()ra e .%ra]p?(%l ty of at
| east one byerlagament| ot dhedinkocriédgeof {iKg cnables” the nk  quantity-refating

information to be securely stored into the ink cartridge.
In accordance with another preferable application of the present
20 invention, the ink reservoir has at least three ink chambers, in which at least three
different color inks are kept respectively. In this arrangement, the ink quantity
information storage area has a plurality of memory divisions. The plurality of
memory divisions store pieces of information relating to quantities of the at least
three different color inks kept in the respective ink chambers are stored
25  independently. A storage capacity of at least one byte is allocated to each of the
plurality of memory divisions.

In accordance with still another preferable application of the present
invention, the ink quantity information storage area has a storage capacity of at
least five bytes, and the ink reservoir has at least five ink chambers, in which at

30 least five different color inks are kept respectively. In this arrangement, the ink
quantity information storage area has a plurality of memory divisions. The

plurality of memory divisions store pieces of information relating to quantities of



plurality of menory divisions. These arrangenments enable the ink
quantity-relating information to be 5 stored in an optinmal manner
according to the nunber of inks, In the above application, it is preferable
that the at least five different colon inks include three deep col or inks
and two |light color inks, which correspond to two deep colors anong the
three deep color inks. In the ink quantd4aty information storage area, the
menory divisions for storing the pieces of 10 information regarding the

three deep C%ﬁ& LA $ive Bl O oRd ik B Hmteépétpggﬁgmtchsan?exlg iagégto}%& the

printer, and the nmenory divisions Tor storin ieces o nfornati on
regar di ng t hendependandipt Acedorageicapscigrod ak et @t pte & dArcated tpleasteofmhiet t en
next by the rinter, By way.qf, exanple, the three deep color inks are cyan,
nmagenta, and p?t%hqy&&m%p@ytd\gmp% light color inks are light cyan and |ight

magenta.. 15 This ahtangeifRhARMBR 4B ihﬂ%ﬁ%&?&eﬁﬁﬂ%%ﬁnﬂﬁt{i@r ke r!])Ee used

in common for the ink cartridge 1 ncluding hree Teep co s and
t he ink cart stodgkin anmptiodil ngnbdrrageordigpo ol mmbenkfinknd two | i ght col or inks

In the above preferabl e applications, the pieces of infor ion. relating to
the remai ning quanﬁ‘? ?l?eegb‘g{é qmgcqt@gpétc’tqiwggfaﬁ%s%ﬁ? they i ﬁf‘%\@ng‘#z@fﬁ’é menory
20 di vi si ons cglbr anld MRclQfle rtﬁﬁka&@e?ﬂeaopfmkmnandwﬁf biQ9& ¥4/ Qhnigh 2

power-off tine of the printer In this arrangement, the witing operations
into the respeeaspoed tordwor geegi ealeisoasong thectnes detpoatlontinkshe Inithe ink

repl acenent of_ the.ink cartridge and/or at the .ti of highly.probable
reBI acenent g?arxﬁlﬁ)équﬂ@%gptsﬁra efne"’}’htlgg meélhoéﬁldévéﬁf’%nﬁF r‘f‘}éxmgg[ﬁf’h‘%p? é??ati ng
i nformati®n inforpe:tidaGeERlitg Shthesk dddh Qoloh fnllsiife 102ated Ak b MirgtYRaceTRALSE OF age

unit may be sequentially accessed in synchronismwith a clock signal. In
this struct ufiest by fee mineragrd Geineernery davigipng for istoyingthaspigeesg infosmsaiiomnd  t he

i nk quantity_inf [ : e I fir torage.area |l ocated at a
head of 1t heBoTa Tt o bR 4R At pifeont i R R BV

Al ter nati vel printeheB30Ov syt of agenple] thehifeeadcpp Wbl iihils 8k cyahohRgentar gas, and

the ink quantity inCL&rérrati_on storage area is a_last storage area | ocated

at an end of YAg®: p TP Jigat ealpiginkyare dicbbeyaniand lighfenagemta he st orage unit.

head posiiion or | Cre s ifes & BEHE ol dyiPo BrERITTIHAR. |
enabl es t he fontlor mkt ¢avmidgelin¢ludigg tomlyt Heed déepcevldr inttg eind Shie inlasarttiéze
including three deep color inks and two light color inks.

In the above preferable applications, the pieces of information relating to
the remaining quantities of the respective inks are written into the memory

20 divisions at a time of replacement of the ink cartridge and/or at a power-off time
of the printer. In this arrangement, the writing operations into the respective
memory divisions are carried out at the time of replacement of the ink cartridge
and/or at the time of highly probable replacement of the ink cartridge. This
enables the ink quantity-relating information to be securely stored into the ink

25  cartridge.

The storage unit may be sequentially accessed in synchronism with a
clock signal . In this structure, the storage unit has a plurality of storage areas, and
the ink quantity information storage area is a first storage area located at a head of
the plurality of storage areas included in the storage unit. Alternatively, the

30 storage unit has a plurality of storage areas, and the ink quantity information
storage area is a last storage area located at an end of the plurality of storage areas

included in the storage unit. The storage unit of such structure is sequentially



remai ning quantity of ink, to be stored quickly and securely, while
reduci ng the manufacturing cost of the ink cartridge. 5 In the first ink
cartridge of the present invention, the ink quantity-relating information
may regard a remaining quantity of ink in the ink reservoir or a
cumul ati ve anmount of ink consunption with regard to the ink reservoir. The
present invention is also directed to a sgcond ink cartridge detachably
attached to a printer. The second ink cartridge includes an ink 10
reservoir in Wab&le @fokdkhUREM b&¥itidH | Piidid the t&8fhal ﬁ&%é& BedAIeTHA! ¢
storing specific information in*a reagab e, witable, and non-volatile
manner.. The stenggeent wmiables shd urfolmentionegintingi tal thy iak cmssidge,i suckyasctheoni sm

with a clock signal, and.has.a, first storage area, in which read only

nf ormat f on | SCLRBIEAUAANE f ke ihbF SEAgHcKIY Aad SeqPnWRLS AFFHgede pr § or
to the first iAnALRIAERBsEIGnd ML\l ewitable 15 information is
stored.. The specific irnformation includes information relating to a
quantity of ink kepin the fithtignk nketridgserfitlnd presdnt invieption donihki quinittyrielatidge of
the present invention, an inexpensive storage unit.that.enables. onl
sequentral acaeuuBRudy sRRH " find e iBhafeot BICRAR i frowaobbt he i nk
cartridge. Thigm@fhfie€ iyl iBOeESmptiéh WaA YEREd t thEhnid@s&0st. of the

expendabl e ink cartridge.. In the arrangenent” of the second ink cartridge,
the second storage abeapresant winveriionew ialwbldiredigtlatarae sstadednk | sutsidgessed

prior to the LISt rea, in whieh read, only data ar tored,. in the

storage unit Eétﬁ%}apg} g%%@llgg uPat ifBHEn aﬂﬁs Seppd tcflﬁ.fdd%ep él?ci’fc?eé bk he

rewitabl B) dajeerivbirdn Wwhieh SRCORMsSE FHAGENRMEL S kepthan ANfbRALE i §t&ii1'i% a t
ata into

short tinme period.. Even.in the 25 case of witing the rewitable d

the second st Hiesdl infosmation wya repdabiy, furitahler and nom-vilatilpaasanie rThotaress t hi s
configuratio t AL rat. Of: 1 t.ahle to be
conpl ateq ber Sinr e ety Bibe R A fhon Wi 4 QUEL IR RERR 4

confi gur at i onfiist stbage siee0 ivd wihith read balydgfrmeation bs apielj &8 4 be&cond ReXPENSI ve

storage unit e‘nablh.nﬁ .only the seque ti$| access to decrease the cost 30 of
the ink cartritlye?PCRJs 2 %%%@b@s&&? Igh §losager a2 pad dppvikch Jpvitable n t he
process qfs 1 firinfigh I8ordal The shedi iy ‘

application of' trhe secson%lI I nk 83 %};ﬂgg@& %{qﬁ%m{rl%vs\’ﬁ?ﬁ)é@%g&?{n orn%at?iaon
stored in theuseiiynd gk kepd gethandaresayoirncl ude a pi ece of information on a

remai nin uantity of .ink in the ink, reservoir.. The piLece o
949 Y 18" the Secna ml]( cartridge of the present lee t%on, an ifnexpensive

storage unit that enables only sequential accesses is applied for the storage
element mounted on the ink cartridge. This effectively reduces the manufacturing

20 cost of the expendable ink cartridge. In the arrangement of the second ink
cartridge, the second storage area, in which rewritable data are stored, is accessed
prior to the first storage area, in which read only data are stored, in the storage
unit. This configuration enables the writing operation of the rewritable data into
the second storage area to be completed within a short time period. Even in the

25 case of writing the rewritable data into the second storage area after the off-
operation of the power switch, this configuration enables the writing operation of
the rewritable data to be completed before the power plug is pulled out of the
socket. The configuration of the second ink cartridge, which applies the
inexpensive storage unit enabling only the sequential access to decrease the cost

30  of the ink cartridge, thus advantageously reduces the possible failure in the
process of rewriting the data.

In accordance with one preferable application of the second ink cartridge,



information on a remaining quantity of ink is calculated by the printer
froman anount of ink consunption used for printing.. 5 In accordance with
anot her preferable application of the second ink cartridge, the ink
reservoir has a plurality of ink chanbers, in which a plurality of
different color inks are kept respectively. In this structure, the
rewwitable information stored in the sgcond storage area may i ncl ude
plural pieces of information on remaining quantities of the different

color inks kept in the 10 respective.i Siweali8y Rlctidela giteeads of

i nf or mat i onﬂéﬁ‘nfel""éﬁﬁl?ﬂﬁﬁl%’é’ﬂtsf ' gﬁh%?é%toﬁg@ i eereeant%{:glcor irﬁzs are

cal cul ated t?%(fohﬁﬁticﬂfb tefemalilh§ qRBAteNgEniBktin ghalible seserved: r ehaPicAPiquant ity
of each color 1nk to be nonitored s_epar,atel%/, %ﬁ% %gust i%ﬁlf&‘iﬁ 4 Re user

wi t hout del dyfotrhatiort te aspmeiting qeattisy of MK 1ssCaleHIFH R &Y lE PHfeh 9T s
structure, the saﬁ?ﬁ%ggcgﬁﬁ%rg{%g@P%ggﬁo%ﬁPgﬁ%e at least two nmenory 15

di vi si ons, &GN pi ece o formation on the renainjng
quantitysof ink iig aMchbidaée semuemithal prgferabic tapplicaons Pblﬁ}ﬁf‘atsFQﬂ‘i‘Fl Phe | at est
data on the remaining quantity of ink is witten al; | ¥urh fthe two
or more nenwastridgesitlsd GRS eserayigas & BYRlE ﬂfa@rk #‘ﬁlpg? ’eltrngﬂ\%ﬁ%p;ﬁﬁe g{e mal
writing operation of, the . L&ebiieddy ONE REIFOtucARe dihe sévaritableor
exanpl e, by cgﬁ-%’?ﬂteﬁ?lgfIlﬁﬂpaﬁgfﬁ%gg?h%epo% plug out of'the focket in the
course of ' t hefonhiistD saped dhitha denonchetocager etee @ | Bcludeiugt QFEHL dat a
witten in the previous cycle imediately b et C + CHChiR.
however ; r ernfotmpagon éﬁof%’é%m‘ﬁﬁnﬁ?a\}‘t‘&ﬁ/iogi%ﬁ.(%%{aeﬁtictr%? Ihtem%?g%p of the

abnor mal, \wri ting.o | 0Nk N Re H RN HEREDEHinthiritiatibebn réthainingrquantéssent
enabl es Phe FH |“ﬁ‘c‘iolﬁfé%é%rgﬁ?ﬂ?tg SNk to 25 be monit.or ed conti nuag)hlsl y based
on the previgyse didfcentolot erksiane ealatlifed byshpynteyi His AEANSTHILEY Fance

with still another preferable_applicati of .the . AritKly. 6Ad thdsdge, the
rewitabl e ithe GPRAERITENIEHPEEE ie[f%ug{ ﬁ@%é‘@gﬁ(’di’gt‘%‘?‘ggﬁgﬁr@ % i ncl udes a pi ece

of i nformat i},ﬁfbt Qt&qls@mgﬁ@utqfelquhatqmmaﬁicim)tnrviiﬁttsmmy,'ag@ut-o the ink 30
reservoir; Ich is obtained froman_ anount of ink consPn}ﬁti aon 5138& for
printing. In thi dnghisustuctues, the sqoengpiorage MrmpRAEVE AT SER B0
information gn the anmount of ink. i KEfen@ininBighhdtity vélike in a
range oflS O d1BisiePs,MORIER ﬁgat?sl‘@“i"%??uﬁ‘g ng?lﬁe in tlhegrqangetyof 0 to 90%
into the inf.ornRkhebynRAtAIRE ampbunt of ink consunption ensures the accurate

noni tor of ink consunption.. This arrangenment . . . .
In thg configuration, the latest data on the remaining quantity of ink is

written alternately into the two or more memory divisions. Some trouble may

interfere with the normal writing operation of the latest data into one memory

20  division, for example, by accidentally pulling the power plug out of the socket in

the course of the wiring operation in the current cycle. The previous data written

in the previous cycle immediately before the current cycle, however, remain in

another memory division. Even in the case of the abnormal writing operation into

one memory division, this arrangement enables the remaining quantity of ink to

25  be monitored continuously based on the previous data written in another memory
division.

In accordance with still another preferable application of the second ink

cartridge, the rewritable information stored in the second storage area includes a

piece of information on an amount of ink consumption with regard to the ink

30 reservoir, which is obtained from an amount of ink consumption used for printing,

In this structure, it is preferable that the piece of information on the amount of ink

consumption takes an initial value in a range of 0 to 90%. Whriting the initial



al so enabl es the secure determ nation of' whether or not the quantity of
ink kept in the ink cartridge is neasured on the assunption that adequate
correction is carried 5 out during the use of the ink cartridge In the
second ink cartridge of the present invention, the rewitable information
stored in the second storage area may include at | east one selected anong
a piece of information on a tine period etapsing after unsealing the ink
cartridge and a piece of information on a frequency of attachnent and

detachnment 10 of the_.ink cartridge and fr . OF | ;

el apsing ti rrevﬁélPi‘Bdthﬁnﬁmg?\eOf ¢ﬁgq%%cl§} oofheaﬁ{fg%%?rlgﬁt &gtr%%{ gg%g%ﬂr?gﬁ?kbei ng
measured by t'@@nd&fﬂgﬁ%ﬁrensﬂr@s {Haece@aRHonif of &Ik ¢dnd@aptidn. t Tikis priasgsmhent
invention, the read only information stored in the first .stor,glgﬁ area nay

i ncl ude at | ealsp eoaldessbesecusd detarpination pf whathgroringt thepyanity Jinkksrtdn

mont h, and dat,e . nuf acture ' — i Bit8%8s Bdrried
information o ed"'[(ﬁg@”%%e P ﬁrkeag Igégélﬂ?enés e |%‘£@1(E:H;erte§%83?n§dn% aS priﬂgce of
informati of opuBhERRARE ik ¢ifthé ik dankédgartridge.. In both the first ink
cartridge and the second ink cartridge having any one of the aboy

applications, it isliprtks seeandeinkysartiggerpbresvprescain BIVEREOH ofet W@"“téﬂﬁ)r age
unit.. 20 In haoth i rst. i rd g : i Lilkitdge
havi ng any onén%OIﬁgt{BﬁeJtééIggJ% tg'%ps) @égtslkog%% %@? @%ﬁgﬁ%@@%ﬁ&%ﬁgﬁ?gél& %tgfg t he
storage unit h@eng arpiede of Mffermmivham 4 et paripdt dagsingnstteayfurisedlmgntheiiok
stored therein.. The format information be reqgi stered i ead, area
of the stor ageatfrifige angg mecerofd ERBHRN @h g%é‘é?n&ﬁ Ogg%aé’i@efl a’f‘ﬂ%&? : 0 ed

I nf or mati gy, Bﬁﬁl%qnft@in\m;gégggt,t}%%lﬁgfﬁ&hé BRETBbARe eﬁaﬁﬁﬁr%gxi}esmoﬁ%mget he

access tinme irrespec storiage capacity . ormat information
al so enabl es frbguenpy bfrattachowehi g detdchmentifcinghmessardddysthpipsistes. of

information. The present invention is further directed to third ink
cartridge det achabfryﬂéﬁls d! C‘TH!“HJr%en‘? fae ?Wéelﬁhﬂvﬁntf%atggrlte#cpgn@
includes an i pkokesi8hVQbled A0tk NfirdhisbaganarbMkndis efhider atPlehsit bitd sélsctbept ,

and a storage unit having a plurality of ink quantity information nenory
di vi si ons andampbug apiccy obinfowriation oo myicet, sontmfnd dete po mastichgRobbeaRk . The

ororage ML LUELRETy S0 5P RNREl ChSn AL IR ekl Rk SO S
i nformation rgkad bMAfdRadoklbRAChAtit9of tHtknkestridge. t he ink reservoir, The
plurality of In both the first ink cartridge and the second ink cartridge having any one
of the above applications, it is preferable that an EEPROM is applied for the
storage unit.
20 In both the first ink cartridge and the second ink cartridge having any one
of the above applications, it is also preferable that the storage unit has format
information relating to items of information stored therein. The format
information may be registered in a head area of the storage unit.
This arrangement ensures an access to the required information, based on
25  the format information, thereby shortening the access time irrespective of the
storage capacity. The format information also enables the optimal configuration
of the various pieces of information,
The present invention is further directed to a third ink cartridge
detachably attached to a printer. The third ink cartridge includes an ink reservoir
30  in which an ink used for printing is kept, and a storage unit having a plurality of
ink quantity information memory divisions and plurality of write complete

information storage areas. The storage unit further stores specific information in a



ink quantity information nmenory divisions stores the ink quantity-relating
information. The plurality of wite conplete information storage areas 5
respectively correspond to the plurality of ink quantity information nmenory
divisions and in each of which wite conplete information is registered
when a witing operation into the corresponding ink quantity information
menory division is conpleted The arrangegrent of the third ink cartridge
enables the required 10 information relating to the ink cartridge, for
exanple, the r i Ni ng. nt of 1. 11k b tor kckl n urely,
whi | e reduci négat@éle ﬁ%gg’t ‘%‘Jnrdlt %%n ‘é%lfsliﬂgolpa&q%ﬁe%%k 8%%{3 ﬁ#@gé’?ﬁ?ﬁ 1%%§(ger%dance
with one pref eifohhiginebginged bt q@fntidhef pikaepoin thevenikanoir, tThe plitkks dfnk
cartridge includes: a plurality of 1nk reservoirs, in which a_grl urality 15
of inks are k&Pt duesiycinioEndtionamenery| divisiqnsy sigresi fie garAuRRyTisladngat i on
memory di Vi Si aisaafibe? PHIEAiNiO! o ihife GOMPES CinkShORBR! kach! Qrage
areas provide or each o e pfurality o nk reservoirs. accordance
wi th one pf ef egspldtivehppbirespohdnoothet plaraliny rod inkkquzatityr idfgematidohenesicey age
unit has two ink quantjty infaormatjon nenory djvisions, and each 20 wite
conpl ete i nf of AP @r%ﬂﬁg ofrehich Site camplsts Bty ade@saredr whgn #ing
position in eqching! ob Bt KnQUAY ichiedddh GBI BRIFRT dhrdhin¥lihO

accordance with g o'?}IEler lpre?erggkltec ag Iltlcag?on (@‘P tﬁ‘g %ﬁh‘?lkﬁ(?l@nk%éné)lrl?ri dge,
a predet er m néoisidmiy complatéed.t en i nto each of the wite conplete
information storage_areas when the witing operation has been conpleted in
the 25 correspondi nag? n‘HIad’@SWP?tt )P?I \F,H:eorﬂlﬂﬁfi O REHYS &p%t?lgq ot_ﬁ?’. TefitEe

predet er n]medinfférﬁgttioﬁﬁ‘&‘laﬁﬁ‘%’@o tHef iRT@Rtdpd) bt Btan¥k YRS 1Bhafihg gm&mc B
initial value with regard to the respective wite conpletenformation

st orage ar easink] tp bhetorad quicklpiland seeureligehilavidugingrific omauficturing eisoob
applicati ons,thiet. S @referabl e that the ink quantity information nmenory
divisions are’l Hb‘?if‘a‘é g_F"n a 30 specific area of the storage unit that is
witten first by the fRebiibgde withdnk PeefblbletnbdimaitidiitHe prddami iRderdioy, one of
the above applications, it is also preferable that the storage unit is
sequenti al | y the desk i qantridgn dnpledessarplirality #f anlorsserypighan. whithe nhatality
guantity-rel atqi- i nf I on. ey | r e/l Ni. Ng: tity of ink in the
T car i1 o 18 48 IGRIRRR OB wh e F Bl arfbo IR Qe SO gPt < 0 < ne
i nk divisions and a plurality of write complete information storage areas provided for

each of the plurality of ink reservoirs.

In accordance with one preferable application of the third ink cartridge,

the storage unit has two ink quantity information memory divisions, and each
20 write complete information storage area is located following an end-of-writing
position in each of the ink quantity information memory divisions,

In accordance with another preferable application of the third ink
cartridge, a predetermined flag is written into each of the write complete
information storage areas when the wiiting operation has been completed in the

25  corresponding ink quantity information memory division. The predetermined flag
may have different initial values or an identical initial value with regard to the
respective write complete information storage areas.

In the third ink cartridge having any one of the above applications, it is
preferable that the ink quantity information memory divisions are included in a

30  specific area of the storage unit that is written first by the printer. In the third ink
cartridge having any one of the above applications, it is also preferable that the

storage unit is sequentially accessed in synchronism with a clock signal. The ink



cartridge. The present invention is also directed to a first nethod of
witing plural 5 pieces of specific information into an ink cartridge, the
ink cartridge being detachably attached to a printer and having a storage
element.. The first nethod includes the steps of. (a) providing the plural
pi eces of specific information that are to be witten into the storage

el ement by the printer, the plural piecesyof specific information
including information relating to a quantity of ink kept in the 10 ink

B o e T
i nformation. Theiddd sf a”@In'ﬂlﬂﬁlti\?kf afnBEnPSL HANEorsOMBHbA QiR 18528 8Pt thalthy

wites the ink quantity-relating information into the storage el ement..
Thi s arrangeneatridgeabl es the information relating to the ink cartridge,

such as the renaini uant.i.t f i.nk, 15 to.be stored i ckly.and _
securely, while redﬂ@? %bes ﬂénﬁfﬂﬁﬁfl&f‘ﬁ?!dﬂs{&:@gg‘? 'a?{t‘m_trﬁgthgﬁ&qui wééﬂgrlﬂarﬁé. . In
accordances W bhcoNef F&?@éiﬁfz alfemaneh lis@t ke MnPfcaithiged, | thet inkBéReMiget Being
witing operation of the ink quantity -relating information into the
storage el emrefetachahly pitackedfp ¢ pyintes apdhpying acuerage elamenheThe firs pnetbedrent of
the ink cartridege, and/ qr_ at. .20 a .power-off +t1. of. th rifater! | hi s
configurati on,™ dgs \%\h/rel %qﬁhsgc}foﬁa rpe{f)‘lﬂglnngi trﬁll? 851{1%1 & egroafgsé’ecglfigﬁ%féfﬁ%%on {313% ried

out at the tige ©f be epltrRaciBNtheodtotaie dldtkert it tHedgienter, 1A pluigl pieo®s of
hi ghly probabl e replacenent of the ink cartridge. This enables the ink
quant i ty-r el atReific infrgatien inshiding pborgulor slyting gracthapityeftinke keptdn dege

el ement ofy t hg,i Gartri - - it - ferabl e
appl 1 cat i 5h ofioAarFR 2hl (gt R AR AR PR AP B B,
step of (c) atlemogy pgfdraeiablywval thpiodree picots ofspedtit irdfomnmtonmati on in a
certain sequence that allows the_ ink quantity-relating . jnformation_ to be
| ocated in a speci ffkﬂ gf'%r%%m@a&é@ P’SPS‘FIFdHY%P“ﬁédH?fL%Wé Y ivaitey e il ned

accor di ng to.iﬂ&ﬁti@%"cﬁtﬁ%‘i?@ﬂﬂ?ﬁ% fito fﬁefsftcﬁﬁﬁélelin@ ‘. -Tﬁp%‘%&g%g}&mnmést es 30

the plural pieces of spécific Informtion to the storage enment 1n the
arranged secfhendermationheltioptd the inlatarpidge.tdueh pd theatmpinepeqaafitysqfank,f i ¢
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from the headpk wWhiédpel S defined according to the

In accordance with one preferable application of the first method, the
writing operation of the ink quantity-relating information into the storage element
in the step (b) is carried out at a time of replacement of the ink cartridge and/or at

20 a power-off time of the printer.

In this configuration, the writing operation into the storage element is
carried out at the time of replacement of the ink cartridge or at the time of highly
probable replacement of the ink cartridge. This enables the ink quantity-relating
information to be securely stored into the storage element of the ink cartridge.

25 In accordance with another preferable application of the first method, the
first method further comprises the step of: (¢) arranging the plural pieces of
specific information in a certain sequence that allows the ink quantity-relating
information to be located in a specific storage capacity from a head, which is
determined according to the specific number of different inks. The step (b) writes

30  the plural pieces of specific information into the storage element in the arranged
sequence

In this configuration, the plural pieces of specific information are



specific nunber of different inks kept in the ink cartridge The witing
operation into the storage elenent is carried out in this sequence.. This
enables the ink 5 quantity-relating information to be stored quickly and
securely into the storage elenent. In one preferable enbodi nent of the
above arrangenent, the first nethod further conprises the step of (c-1)
arrangi ng the plural pieces of specific jpnformation in a certain sequence
that allows the pieces of information relating to 10 the quantities of the

at least three different color inks to pe |ocated.in.a storage, capacity of
at |east t hr_eéﬂﬂ%eéismfspehﬁanwaa% the i SpEY SRR ETORRAS S l9cHicBes of
I nformation i ROt SLBrR9%aBh&HERbm e i8d 2WhRROB MFROY @BERding! 13 @ROTL her
preferabl e enbodi'ment of the above arrangement, the first nethod further
conpri ses t he sptoafic oimbérosf2iffenentainks kepttimchepinkreattrigpe c€he vhitvgepefation 15
information in a 5er{ai n éle%?:ence tha all o%ﬁs t he gi eces. of ibgforhrrat' on
relating to t HEO dOa At 8% t 0 etagieq gisin I & U Fer ent® E°OF $HKE%t o be
located insa ghiRgPelatdPagbinyatdh Bibd fa% duidi@y vl asclreRNMng BRagoragdhe
step (b) wites the plural pieces of information into the storage €l enent
in the arrangedmsatjuence.. In this application, it is preferable that the

at least five different color i nks ,.20 | ude three dee olor, i nks,and
Fvo Troht coron i mels Otg 8ot Bodintint bt aFolsHiERLERER. 62 Al hili8a SN
deep col or i nkithel @nipridealthdisepest:ofc-Bpaguhdify thef SlaHRt piecksase spédignged in

the step (c-2) in such a manner that the pieces of information regarding
the three deepfedraioniipRecypia segcace thappilows the pigrss gf Brfernaiion ielafipg daat i on
regardi ngy ¢ hethte a fit%gtofctﬂ%% Iéagtkﬁn‘e B%iff\é%t Q%IO?WOGM fo@%t &filﬁ %est&g%tz 25
color inks are cyan, nagenta, and yellow, an he"two 11°¢g £9 80T FRks are
| i ght cyan atupatitygbf atriegeriiras bytes frohea hedds t Theestlyw ¢b)obriteh ehepplese pieces

i nvention havi ng.any .one of the abqve applications, it is preferable that
the plural pi¥aBBrprtianate thestoragtlprmentdn thearanged §8AGent 0 t he st orage

et e e

cartridge or metheddittiengopasdsi thy siep of:nk-2)rartahgingrike plrdlmicbge of spedoefipr esent
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capacity of at least five bytes from a head. The step (b) writes the plural pieces of
information into the storage element in the arranged sequence.

In this application, it is preferable that the at least five different color inks

20  include three deep color inks and two light color inks, which correspond to two
deep colors among the thiee deep color inks. The plural pieces of specific
information are arranged in the step (c-2) in such a manner that the pieces of
information regarding the three deep color inks are located prior to the pieces of
information regarding the two light color inks. By way of example, the three deep

25 color inks are cyan, magenta, and yellow, and the two light color inks are light
cyan and light magenta.

In the first method of the present invention having any one of the above
applications, it is preferable that the plural pieces of specific information are
written into the storage element by sequential accesses. The ink quantity-relating

30  information may regard a cumulative amount of ink consumption with regard to
the ink cartridge or a remaining quantity of ink in the ink cartridge.

The present invention is also directed to a second method of writing



the steps of' (a) providing the specific information that is to be witten
into the storage elenent by the printer, the specific information
including information 5 relating to a quantity of ink kept in the ink
cartridge; (b) witing the ink quantity- relating information into a
plurality of ink quantity information menory divisions, which are included
in the storage elenent; and (c) witing wite conplete information into a
wite conplete informati on storage area, which is provided corresponding

to each of the ink quantity informtion nory divisions {n the 1 t or age
el enent, when SP‘F‘Féﬂ%\/rli@FTH@“%'bé‘?tBt% F"‘“f‘?[%ei ﬂ%’ Hﬂ‘aﬁ?‘ﬁ&ﬁer h?‘ﬁgi ‘ﬁeéa‘:%agly
i nformation i Qgﬁ)ch%ﬁqg a%xirft&eaﬂd%vﬂ‘%ﬁaﬁgtbf‘a)ée e R FBLLe RefmRDhY thdl Mhai@es has

been conplete e arrangenent of” the second net hod enables the
i nformati on r ¢heastepgof:t(e) plosidingk theaspecifidgeformaicin thet ihie bemaitianngtignt ity

of ink, to be store ui ckly,and. 15 securely., .whil.e redugi ng.the .
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the step of' (d) term ni ng whether or not the witing operation of the
i nk quant i t y- redhtitg inforimation o 2 ehurahity of decgnagtitn édrmakion gipapary djvisions,

information menor,y divisions.in the ste b). has e I o)

properly, bas&d! a{Fall?fi%& 14 E}ée isﬁq{agfugﬁﬁe%xg,_a}neq g‘fell rglvgrﬁﬁ{r% g& ﬁ%t%%nrﬁ %Fi tten
in the ink quapthiton Mt aMetilcoformBBRr Mfdiniisn efisagengrexalvtich Bf plokiledrite
conplete information witten in the wite conplete infornation storage
areas. The preeegsponding e icaeh Pt theuinknquantlyr B&TEWLed BEmEy dViaiold e
writing eci.fic informati i pto -in ANY t i artrkdge
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The third methgemdtiohufescathef shecipk quintity dnfopnatidndinagothdivigiens fidasceen
information that is to be witten into the storage elenent by the printer,
the specific $9ifeEti on including information relating to a quantity of

ink kept in the ink;ﬁ@%@-ﬁ@%&&gt gPihe"!el:&ﬂc?&e{hioH%laliﬂ@é‘ HRUBRS it Yioh §EBEh ST

information into a firs uantity 1 nformation nmenory dIIVISIOI’l, ichis
30 incl uded i thbiksdaottidge, satleaetht: rerhahingrquantity of inks to be stoeedorighleard
information into fi.rst wite conplete informati.on storage area, which is
provi ded ]_c50r r ¥SPG i‘“‘f?@leﬁ%d“ci%et%??riﬂ? }@Wﬁnéﬁﬁﬁt‘} _ IFEFBW “on menory
division in the stofa9Q.fl.808Rith dMeCHefbfabld Hﬁgli’c\zfati?ﬁ RY tBP BfedthtoRvEitidnhe

first ink quantity-relating information into the first ink quantit
i nf or mati on ntbesesondimétbodiurtigsingbelas therspapatfe@h) dewymining whethseeorat thek

writing operation of the ink quantity-relating information into each of the ink

quantity information memory divisions in the step (b) has been carried out

20  properly, based on values of the ink quantity-relating information written in the

ink quantity information memory divisions and values of the write complete
information written in the write complete information storage areas.

The present invention is further directed to a third method of writing

specific information into an ink cartridge, the ink cartridge being detachably

25  attached to a printer and having a storage element. The third method includes the

steps of: (a) providing the specific information that is to be written into the storage

element by the printer, the specific information including information relating to a

quantity of ink kept in the ink cartridge; (b) writing first ink quantity-relating

information into a first ink quantity information memory division, which 1s

30  included in the storage element; (¢) writing first write complete information into a

first write complete information storage area, which is provided corresponding to

the first ink quantity information memory division in the storage element, when



guantity-relating information into a second ink quantity information nenory
division, which is included in the storage elenent, after the witing
operation of 5 the first wite conplete information into the first wite
conplete information storage area has been conpleted; and (e) witing
second wite conplete information into a second wite conplete information
storage area, which is provided correspgnading to the second ink quantity
information nmenory division in the storage el enent, when the witing

sboond | nk.quith VTS Aeselih FERE ety R OhEic e BoRhE BERRE rhe
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ink cartridge, such as the remaining quantity of ink, to be stored quickly
and secur el y quantity-eclatéet difogmetion indef gecondi ik eusstityofnforpationk memary i dge.

15 I n accordance .w th .one preferabl.e |.icatl t.he bl ~Lhvention,
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and the second ink quantity-relating informtion respectively into the
first and secsfthgenRiegubt itiegn ¢oRRIptad: i@BR (P nWHHNg| $aceRd N¥titen cppwlede eps
(b) and (d) h ri t | has ‘ lL.ues .af: first
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i nformati on whiolided dofrebfvmdidgr ®tthareconddol duamity igfoanitidnymemboy dividian
menory divisions and values of the first wite conplete informtion and
second write Boths erage sicsaht When thei WEERS oReiphien of g seeqpd dek GHANYr i t e
conpl ete {nfor i : : ks i

conti gur &y ont s ok ORFEARcon tnl ultify SRRARHDR Menfliy dilifien as e
first ink quamentepmpédtad.i ng i nformati on and the second ink

quantity-relating informati on respectiyely into the first and second ink
Quantity i nformati i FERSEeat of B el melhockrahles She et sriepes 1y, i n
the case mertﬁe_iﬁl@@ar&'id’g%t sﬂdﬁkas%@&‘éméiﬂihg‘%]uﬁﬁﬂ GbriiRk, Qb MRlst@Bd ghRkBdaddn the
first ink quantity 30 information nenory divi&ion coincides wth the second

i nk quant i t y-scelaty, wiile reduoingethe oansfaomsug cost ofithesek onttidgek quantity

i nf or mat ilgn nermryrﬁ%i vi sion. |n,anot h,e%%rgbodilnept of ,this cgnfi ration,
the firstPwite corlpl¥Fedace Wi NGRIFISHOLH APRITAISLRH T RIFTTE "CEREPRt
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third method further includes the step o o ) i
writing opetations of the first ink quantity-relating information and the second ink

o

quantity-relating information respectively into the first and second ink quantity
information memory divisions in the steps (b) and (d) have been carried out

20  properly, based on values of the first ink quantity-relating information and the
second ink quantity-relating information written in the first and second ink
quantity information memory divisions and values of the first write complete
information and second write complete information written in the first and second
write complete information storage areas.

25 In one embodiment of this configuration, the step (f) determines that the
writing operations of the first ink quantity-relating information and the second ink
quantity-relating information respectively into the first and second ink quantity
information memory divisions have been carried out properly, in the case where
the first ink quantity-relating information stored in the first ink quantity

30 information memory division coincides with the second ink quantity-relating
information stored in the second ink quantity information memory division.

In another embodiment of this configuration, the first write complete



(g) identifying a conbination of a current value of the first wite
conplete information with a current value of the second wite conplete
information, in the 5 case where the first ink quantity-relating
information stored in the first ink quantity information nmenory division
does not coincide with the second ink quantity-relating information stored
in the second ink quantity information nory division. The step (f)
determ nes that the witing operation of the first_ ink quantity-relating

i nf or mati on i NREIEORABOT | angk theyk sepgadt wrife i peBPYEE iBRTHRReT yhavs & viesRion has
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menory di vi si 01k qUenétstedgiingfinfameteriiriesthe Hiast inkquentity | infpropiéommeowrpf t he
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the certain cenfaplagtipoamation elifferentelronihe ceafain ¢ambiaationpiche piesef indiehod of
t he present ipﬂg{}tion may further include the step of (h) witing the
first ink quantity-relating information into the second ink quantity 30
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above applications, the first wite conplete informtion and the second

wite conpl et BHOHTRHER ndRd oHe misFopd PGS complete TREOWRESR nbaven\eriFBI | s
R e
(g) identifying a combination of a current value of the first write complete
information with a current value of the second write complete information, in the
case where the first ink quantity-relating information stored in the first ink
20 quantity information memory division does not coincide with the second ink
quantity-relating information stored in the second ink quantity information
memory division. The step (f) determines that the writing operation of the first
ink quantity-relating information into the first ink quantity information memory
division has not been carried out properly, in the case where the combination of
25  the current values of the first write complete information and the second write
complete inforrnation is identical with the certain combination of the preset initial
values.
The third method of the present invention may further include the step of:
(h) wnting the first ink quantity-relating information into the second ink quantity
30  information memory division. In the third method having any one of the above

applications, the first write complete information and the second write complete

information may be flags.



applications is detachably attached.. The first printer includes: a storage
device that stores plural pieces of specific information, the plural

pi eces of specific 5 information including information relating to a
gquantity of ink kept in the ink cartridge; and a witing unit that wites
the ink quantity-relating information into the ink quantity information
storage area of the ink cartridge, prefengntially over the other pieces of
specific information.. In the first printer of the present invention, the

ink quantity-rel ati 10 infornati.on [,S. W | he did LY

i nf or mation stor ageﬁ?@é?se%f%?{l%g 18 iﬂlﬁ%\eﬁ lédét %“ﬁﬁ%@@ﬁﬁ%&ﬁ?ﬁ%%@%%s
arrangement epgabkas it arkidglr seiheaResRl Billd digtridge haviegiank @y of thdgghovsuch as
the remaining quantity of ink, to be stored quickly angwésecurel y, While
reduci ng the npplidationdisi drjackebly atachase Th ek mrntgaclugeie a,eR8RIeVis§ent i on

is directed t n ink jet, printer inckud] i . | Lch is
det achabl y at %f?l‘?é%e? é’lluéalpglleﬁ?segf ﬁé&?}hgg@ﬂgg@ nlf’ Eﬁmﬁgﬁp?ﬁ?éé ggesgg%i’fi,b and
the printes npiffrhaiy: inbRdigaNSEMatbe rellnkepta quantityeof ik kepttini thgenko be
ejected froma print head to a printing nedium sq as . to i.nplenent.printing
on the print cagidasypadh Withe THkthehpil qsdb%lqﬁl‘n@%aﬁaﬁféreg‘t@gdil AR IR of
sequential acgess, I v i ageriag g,n&, n
addr ess count €F° 'Pﬁaqtuxgta rlf]%‘agl%gﬁl?g[ggagfc%ﬁéeﬁr&%%g%g? éaéﬁi uh?fea%eﬂ(l)%aeirat iegn and
a countdown Opey@hdrGeden of @Rpifitsaformation.cl ock signal in the course of data
transm ssi on between the _storag%e upit and the grPri ntﬁr .@i n btody_. The
storage unit incl ud&d the frgieprdtter ghdhe @Sy nxettony the ink gugptityaclapng -
whi ch reag, onl : | IS ; olel €, WhicAtier main
body, andij% sker}c(fgn @%‘?&2"5@&% gg?%?%lﬁﬁg%dft%\}wﬂ%gﬁ@aga?g are stored 25 and
whi ch is acceashdleprin olie ink dahteidgé r Thisstrmnggmentranablan the indersmitios rglatiagt o and

from the printer main pody. The_ ink,jet printer has. a, data in - put
unit that carHf %@ Ifﬂg‘i?tmwé&cﬁuﬁ}b ag g ram ‘nggq“@ﬁrétyé’ff ilrgﬁéo P%gﬁpéesdp%l‘ﬁééyggéa
clock signal. ¢df,diN&HiRKedfindthe BRI inBRoRFoRnkicaMAAEd O, an

i nexpensi ve storage device that enables only sequential accesses is
applied for the stoThgereskwniprentioBOis mitgateddoom inkdet pntemcidipg: an TaK s

effective reduces the, manuf act uri cpst,. of : l.e h@k - o -
cartridgeld | FrHEeaPPRgeHER D YHEER 3 B SRR BT € g ik i o g
area, in whiCRegtemd thsﬁﬁﬁte‘iiﬁia@n Bb&y tlaptAhdes the iflcRQR IR thepinkamritidge hebé i r st
15 storage area, in ich read only data are stored, .in the, s,toragg unit.
This confi gueigetediroanaplietshead o prpiingmePaFa s 8hOIRIsBEM ARG PRt at a

into the Secogﬁ'nting medium. The ink cartridge includes a storage device of sequential access

type. The storage device has a storage unit and an address counter that carries out
20  either one of a count-up operation and a countdown operation in response to a
clock signal in the course of data transmission between the storage unit and the
printer main body. The storage unit included in the storage device has a first
storage area, in which read only data are stored and which is only read by the
printer main body, and a second storage area, in which rewritable data are stored
25  and which is accessed prior to the first storage atea and transmits data to and from
the printer main body. The ink jet printer has a data input-output unit that carries

out reading and writing operations in response to a clock signal.
In the ink jet printer of the present invention, an inexpensive storage
device that enables only sequential accesses is applied for the storage element
30  mounted on the ink cartridge. This effectively reduces the manufacturing cost of
the expendable ink cartridge. In the arrangement of the ink jet printer, the second

storage area, in which rewritable data are stored, is accessed prior to the first



storage area to be conpleted within a short tinme period. Even in the case
of witing the rewitable data into the second storage area after the off
operation of 5 the power switch, this configuration enables the witing
operation of the rewitable data to be conpleted before the power plug is
pul | ed out of the socket.. The configuration of the ink jet printer, which
applies the i nexpensive storage device gpabling only the sequential access
to decrease the cost of the ink cartridge, thus advantageously reduces the

possi ble failure in the.pracess. of 0 Ltd t acel InRCCPREance
with one pref égoéa&eeargg,ppf)év%uﬁbﬁea?f O?ﬁedflgt%\li%% eétt&gcfl’i ﬁfg%‘%tt%%ge rewsitable

data stored i BoAffiRSRHOMAbRE Qﬁ@@ﬁtiﬂg%@eﬂaﬁsh ofl ¢z @atimbledathiinty the second

remai ning quantity of ink in the ink cartridge, vvhi.cg i cal cttlﬁated Oﬁ.y t he
printer mainstovaty freoie &7 conteied ofithine SORSUMSRERIusEEHIP Hive“BF it
head.. 15 In gne. enbodi nent,.o [ onf.l o@D real d¥6er ItAK o Rt dtidE & F

i ncl udes a pwﬁﬁgg{}ﬁ@r%ﬁﬁaﬁg Ctzglr};'%(nge, éélt:?]&y\/\ﬁie{:aﬁeam& urél i t?/ of different
col or i nkss ar ehek@Biver rRERAC tthiseynfiguratidn enshlesidbereriting eopesaticnt 26| dedat a

e e o o e DS 0 E PELBLBy L
chanbers, whi %‘H%fcégﬁgﬂlaﬁbﬂ Ar e Bk gé@uj)r kd ,n%'fchn?ﬂﬁrl:iep%@ine}bérﬁsi\?&s’cor‘age

arrangenent ena e rengl ni ng nt i try of each color ink to be |
noni tored sepgaviad enyblimndnishtise isefuential advesuderdegieasibe debtap! tthatinkhe

specific color ink is, running out.. Lt is,preferable th ,
s!to orage area PHEIGedh: a@‘é?‘é‘é%gge?\}éy ﬁﬁ?llﬁﬁ"@ thgiR?F%lf’lantaﬁufent(%%) t@ﬁ’éﬁ&ﬁ%{b gst

data rel ati ng. tQ: ggi ning quantity of ink are 25 sequentially
witten. ?dn ﬁ%‘@ﬁg@ﬁh&gurati on, the latest data on the remaining qu%ntity

of ink is witten alit ecovadapcy witht onet prsfareile appiestion d Hbe yakdiey PEEsHsE Some

trouble may interfere,wth the nornal itin r.ati t { atest data
into one nenDFeQVIHF]?}Fs@a(S?],StQIB‘? ”éxtgﬁpsleg?n%fﬁo ﬂcg%i %gﬁtlg#lpé)&pg%tﬁi ljr%gatltn%et%p%mer
plug out of f'éﬁ?aiﬁﬁglﬁ%lhnﬂit’? Jthek GO weSRkWarttifige, Wiithgs apeulatd dy tha ptinter
current cycle.. The 30 prévious data witten in the previous cycle

i mredi at el y befaor kodyHeoro en mewuntyionk consygpsiva used Brde #1inhheadot her menmory

g T
to be noni t or gRIrARNP LI MHRWEhMbESS RO whith H@hpaktyi eudiffdena colriipkeare kepdnot her

remory divisi gagbectively.‘ In this structure, the rewritable data stored in the second storage area

may include data relating to remaining quantities of the different color inks kept in

the respective ink chambers, which are calculated by the printer main body. This

20  arrangement enables the remaining quantity of each color ink to be monitored

separately, and thus informs the user without delay that the specific color ink is

running out.

It is preferable that the second storage area includes at least two memory

divisions, into which latest data relating to the remaining quantity of ink are

25  sequentially written. In this configuration, the latest data on the remaining

quantity of ink is written alternately into the two or more memory divisions.

Some trouble may interfere with the normal writing operation of the latest data

into one memory division, for example, by accidentally pulling the power plug out

of the socket in the course of the wiring operation in the cumrent cycle. The

30  previous data written in the previous cycle immediately before the current cycle,

however, remain in another memory division. Even in the case of the abnormal

writing operation into one memory division, this arrangement enables the



It is also preferable that the data relating to the remai ning quantity of
ink are witten after a power-off operation of the printer main body. 5
The data relating to the remaining quantity of ink are updated on
conpletion of 'a series of printing processes.. It is accordingly desirable
to perform the witing operation at the tine of power-off operation. In
sone cases, the witing operation may bgginterrupted, for exanple, by
pul ling the power plug out of the socket.. This destroys the data and
makes the further, nonitor qf .the 10 remm n|n uant i i nk i i ble.
The techni que I'ERAINIIBAUARILY|O gﬂ%‘i"%‘?t%‘?mw“rdo 81'1511 g}n? ﬁ% géhct%mv ng g%t

of "the storag hiNBERRY; fidhes the witing operation of data to
be conpl et ed ggﬂépgnt Iower W ug is pulled out of the socket.. This

accordingly reduces Imhalqun@‘feltabla thyt thé datheela%mg)torﬁp rgmRininggIuasper ek inkn. . 15
The rewitable data stored in t second St orna e gay include at | east
one sel ect ed AffoNG A" APTRECHPPE Y e 361 apsi g after unsealing

the ink cartridge gud @ dehBgardi Mo @ﬂaﬁxﬁﬁl@'&ﬁa@ﬁtlt@f ofititlacdieeuidagsdd on
detachment of 'the ink cartridge to and fro rinter main body, both

the el apsi ng tomplegien pbal serted of penmng er@g@sﬁ@sy Ipis w@rémﬂwbﬂ%m@hlﬁ ta@FEFeHﬁe nt
bei ng neasured by the rlnter onl r in
q& ﬁnélp%a ﬁwlopnaé n’é% ? poe er -gﬁeoﬂe?eﬁ sgg'fe ca%é? tﬁg

the first stof t one ecte anon

regarding a yQahin r@@iahonmqf Ebaheezﬁl&;tdaanufemmpreebpbunhg ﬂlabomanglcdxge
data regarding a tg ype of ink stored in the ink caré}rld E and dat?
regardi ng a capaks SQCkGf t s idestravar thei de and rmakiss thedufter BHnifpeIdhet he

preoent Ltk ol a8 B EThBAIEE, e SERRE b, MPjpcpiher (e

storage d Irnventiron s direct to a |nter

whi ch the thi pewevodnkoptiatites ttﬂgea},lmawﬁgleatmawmﬁnd Mereblyoanab]appﬁa witingns | s
det achably attached, The second pri nter i n¢l udes: % st.or age de¥ e. t hat
stores speci f pReTRlio PHERTA0 ’t’%éif’mpleéedt'ée B’é’ i RGO BIRg g prded ARt @4 P% i gge,

the specilc LOKQr TihNal FAlHan%dﬁ e RIOTRBGBAR 8 2icl Andihat WHAREI LY of

i nk kept in the 1nk cartrl nin quanlty i'nformation witing unit
that writes tbgeratidn quantity-relating information into a plurality of ink
gquantity inforrratio mam)rébldl VISIOI’] ncl uded i.n

storage dBVice: andlBe lyritable g siare }%%P?F&P?BWTW.%?%@“aﬁﬁ?ﬁluﬁ%ﬁz@%. tes
wite conpl et I RhoRY dith b afding ltBn& pARICd18psinlY Sfdraliseslif! BEagle area,

which s cartridge and data regarding a frequency of attachment and detachment of the ink
cartridge to and from the printer main body, both the elapsing time period and the
frequency of attachment and detachment being measured by the printer main
20 body. The read only data stored in the first storage area may include at least one
selected among data regarding a year, month, and date of manufacture of the ink
cartridge, data regarding a type of ink stored in the ink cartridge, and data
regarding a capacity of the ink cartridge.

In the ink jet printer of the present invention, it is preferable that an

25 EEPROM is applied for the storage device.
The present invention is directed to a second printer, to which the third
ink cartridge having any one of the above applications is detachably attached.
The second printer includes: a storage device that stores specific information that
is to be written into the ink cartridge, the specific information including
30  information relating to a quantity of ink kept in the ink cartridge; an ink quantity
information writing unit that writes the ink quantity-relating information into a

plurality of ink quantity information memory divisions, which are included in the



provi ded corresponding to each of the ink quantity information nenory
divisions in the storage device, when the witing operation of the ink
gquantity-relating 5 information into each of the ink quantity information
menory divisions has been conpleted.. The arrangenent of the second
printer enables the information relating to the ink cartridge, such as the
remai ning quantity of ink, to be stored gwickly and securely, while
reduci ng the manufacturing cost of the ink cartridge. 10 In accordance with

one pr ef er abl &, ARl 4GALL Aq o whilecdth A3RMhedrMABY Wiing hiE RGOS Rii@! of

further includes ron unit that determ nes whether the witing
operation of th@plerkirmfommitionyinteeh atritagroimplee naformatiom swragecareaf whivh isnk
quantity information menory _ division i ed. out based

has been. car roperly,
on val ues of Pt'QYédqdrﬂ@”&&%Fmdﬂt%/mreéF}éPf% “iﬁﬁfl‘ban?élff WW%%IE?FQPWD‘%W@YQ”M
quantity 15 i gf ofral} oy 'Véhéwll% Rfledaby @Y @BE ihkeuihiifschanp! ete
i nformation \E}Iﬁ@%teni% t é WXTI%E conp etgtaal ?%Iformati on lstg(;qr‘uagéﬁgr eag’.g The
present i n¥enirhfommdtbnahsoeadh roé diecidk tquamity hinfodnptiommemory divihipeshhasHegenhi r d
ink cartridge haviQ% any one of the above applications is detachably
attached. ThePRIEFd printer includes: a storage device that stores

speci fic i nformat i 0yl BihndchneBPof fic 880 i chaties BenfoRkail loldidgeo {he
specific information 1 nc ing information relating to a quantity of ink
kept in the ithe inkrcartidggs such 4s ths retaikinguamantityyof inks tor beastored amickly gd uni t

that wites first ink.quantity-rel ating information,into first ink
quantity inf of Pt AY rh?)& “B%\WﬂaBH%aC%ﬁIingﬁoftg'%itt%ecllnllﬁgﬁnfige”t he storage
device; afirst WitPa&ordnet vifhNémr preforsble Wpplidakion Wiithe phatntwihivégtonl i r st
wite 25 conplete information into a first wite conplete informtion
storage ar ea, thatsiecend puintpr Guthge inchuster astsemaiipagiongnihiat detsrmingk WhHGHSE i t y

oper at ton_of | TRGFi P e I o PbRERRRE hBEpatF b Riceb e
ink quantity guhetyTBifb@iatvamENMod) divisicas Habebeenriedonml mopdly, dasecand i nk
quantity information witing unit that wites second ink 30 . )
quanti ty-rel atalvgs ioAftbe ki arAtinG-Elainge s¥RAMAtOR JUHke 1 PAIBKNEAEHN menory
1 0y GighAgbIShHIEE, LR, 385ates e bcuotd Sshplie e
conpl et e i nf owriatn fnths teitegemfldte infoemati@sstbmga awaspl et ed; and a second
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ink cartridge having any one of the above applications is detachably attached.
The third printer includes: a storage device that stores specific information that is
20  to be written into the ink cartridge, the specific information including information
relating to a quantity of ink kept in the ink cartridge; a first ink quantity
information writing unit that writes first ink quantity-relating information into a
first ink quantity information memory division, which is included in the storage
device; a first write complete information writing unit that writes first write
25  complete information into a first write complete information storage area, which
is provided corresponding to the first ink quantity information memory division in
the storage device, when the writing operation of the first ink quantity-relating
information into the first ink quantity information memory division has been
completed; a second ink quantity information writing unit that writes second ink
30  quantity-relating information into a second ink quantity information memory

division, which is included in the storage device, after the writing operation of the

first write complete information into the first write complete information storage



information storage area, which is provided corresponding to the second ink
quantity information nenory division in the storage device, when the
witing 5 operation of the second ink quantity-relating information into
the second ink quantity information nmenory division has been conpl eted..
The arrangenent of the third printer enables the information relating to
the ink cartridge, such as the remainingigquantity of ink, to be stored

qui ckly and securely, while reducing the manufacturing cost of the ink

cartridge. 10 In accordancg w.th raf.er:ab | &Rkh Q6 HritinBeudRr esent
invention, tHe* PR %an?cil?ﬁeigtlpd’f %nrc{)%g?‘?onlﬁn\g{l%déeogmg eterm nat | on gni t that
det er ni nes Whehh kit secoR@twiikte covhipleien infomeatimni oims aobedohd Wiites tomplete
gquantity-relating information and_the ity-relatin

the second ink quantit
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quant i ty- srelgetdtioni 6¥ tenddcoad imk iquhetityirelatig ifforsatiemdnte etberrgcongk itguant i ty
information nenory divisions and values of'the fi{ea; wite conplete
i nformation AveNEEBREMaGe} MEMOBhEIVIIen TGP EsTRE Rr i tten in the first and

second write compl efig ol ALOLER O $0d BRicReAAes &R ihRrRRRoEHISttgN! of

t he above application, etermnation unit determnes that the witing
oper ati ons ofthé hek ddrfrisligej sch qualnt iemainiel apantiy ioffidk, riatbeafored auicklyeanslecond
ink quantity-relating. informtjon respectively.i,nt.o the.first and second
i nk quant ity SeREeYnERISFPAReRE e BAYartpres ﬁ%éfhlgéﬁk 8%&?4‘%&1 out properly,

in the cape where thecbidithcd Bith GHarifeblehilicaGor bf digipichan isfearion | n t he
first ink 25 quantity information nmenory division coincides with the second

i nk quant i t y-the dliat priger Hfrthenitclusies otdstasmination pumitsthaiotrieHRresRs RS §F

i nformati on nmenor division.. | nat her. e ,.nent.. of: 0

appl i cati on, qoﬁéh%/pv,xglpgvaqe "’3108&?&@? HE ilﬁ#{@?@n%ﬂ& gglggn Ht]#gﬁ%tztgjo% He e
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values., The third printer further includes an identificatio gni t hat
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memory divisions and values of the first write complete information and second

write complete information written in the first and second write complete

information storage areas.

20 In one embodiment of the above application, the determination unit
determines that the writing operations of the first ink quantity-relating information
and the second ink quantity-relating information respectively into the first and
second ink quantity information memory divisions have been carried out propetly,
in the case where the first ink quantity-relating information stored in the first ink

25  quantity information memory division coincides with the second ink quantity-
relating information stored in the second ink quantity information memory
division.

In another embodiment of the above application, the first write complete
information and the second write complete information have a certain

30 combination of preset initial values. The third printer further includes an

identification unit that identifies a combination of a current value of the first write

complete information with a current value of the second write complete



second ink quantity-relating information stored in the second ink quantity
information nmenory division.. In this structure, the determ nation unit
determnes 5 that the witing operation of the first ink quantity-relating
information into the first ink quantity information nmenory division has
been carried out properly, in the case where the conbination of the
current values of the first wite conplgge information and the second
wite conplete information is different fromthe certain conbination of
the preset initial values.. 10.In sti.ll .an ) i hove
application, B E“F’i“l’%tm\%ﬁ Fa8e Wct,‘SIr‘Fptﬁ%lﬁéSt i“ﬂ? g‘?a%glbf gen'mg%dﬁtﬁﬁ%lagé%gﬁgeﬁgi te
corpl ete infQpIRlof AR Blbiirabion mabiynalism dbesnarsatindidi tiidl theal ues. .
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second ink quantity-relating information stored in the second ink quantity
information memory division. In this structure, the determination unit determines
that the writing operation of the first ink quantity-relating information into the
20  first ink quantity information memory division has not been carried out propetly,
in the case where the combination of the current values of the first write complete
information and the second write complete information is identical with the
certain combination of the preset initial vaiues.
In the third printer having any one of the above applications, it is
25  preferable that the first ink quantity information writing unit and the second ink
quantity information writing unit preferentially carry out the writing operations
into the first ink quantity information memory division and the second ink
quantity information memory division in the storage device, respectively. The
first write complete information and the second write complete information may
30  beflags

The present invention is also directed to a first storage device mounted

on an ink cartridge, which is detachably attached to a printer. The storage device



on the count output fromthe address counter and has a storage area, in
which plural pieces of specific information are stored in a readable,
writable, and non- 5 volatile manner An inexpensive storage device that
enabl es only sequential accesses is applied for the first storage device
of the present invention nounted on the ink cartridge., This effectively
reduces the manufacturing cost of the expendable ink <cartridge.. For
exanpl e, an EEPROM may be applied for the first storage device. 10 In

accordance wth one p erable a i 1t DCREGR ice,
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These arrangements enable the ink quantity-relating information, for
example, the remaining quantity of ink, to be stored quickly and securely.

20 In the first storage device having any one of the above applications, it is
preferable that the storage element stores format information relating to items of
information stored therein. The format information may be registered in a head
area of the storage element. This arrangement ensures an access to the required
information, based on the format information, thereby shortening the access time

25  irrespective of the storage capacity The format information also enables the
optimal configuration of the various pieces of information.

The present invention is also directed to a second storage device mounted
on an ink cartridge, which is detachably attached to a printer. The second storage
device includes a storage element having a plurality of ink quantity information

30  memory divisions and a plurality of write complete information storage areas, and

storing specific information in a readable, writable, and non-volatile manner. The

specific information includes information relating to a quantity of ink kept in the



storage areas respectively correspond to the plurality of ink quantity
information nenory divisions and in each of which wite conplete '
information is registered 5 when a witing operation into the correspondi ng
ink quantity information nenory division is conpleted the arrangenent of

t he second storage device enables the information relating to the ink
cartridge, such as the remaining quantity of ink, to be stored quickly and
securely, while reducing the manufacturing cost of the ink cartridge. 10 In

d i t _ | e.emhodi ment..of th d st
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i nk quantity ormation nenory divisions and a plurality of wite
conpl et e i nf ostomge oreas sespeetiyslacweesppndio He dlyalityefchk guantiy pfoupation y of

ink reservoirs.. 15.1n.accor,danc Lt h. one .pref erabl. .1 cat ] f ,the
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area is located after an end-of- witing position in each of the ink
quantity i nf odivistdnos compistsd di vi sions.. In the above configuration, it is

preferable that a predetelingdof iddid:sng SR S50 LALRSSAE @fmbdify wri te
conplete informatio SPSFHGE A 8as when T Re Wi I'ng operation has been
conpl et ed i n feheingab s pRNehri@gk Nduck U Nhé temainingrquahiitynof imkyrar e diovédsi on”
The predetermned flag may have different initial values or an .identical
initial val ueluigklnepdgpspeely, ovhilsaedueingdhe mpauipeiupe Coshnl dheink sABHAR | on
storage gpeas, 25 | ‘ S SeVi L8, JuNUERY En®lstdrge above
appl i cat iql(z))ns, t he Iﬂn%fggﬁfg‘ﬁ‘fc‘?o%ﬂﬁ %I?e{)?%aetrlg%% &rrlgbrmr ybl]c;}i (\)/?g?éo%sa I(:lreS [ 1'rilgc\el uded
in a specifi dexicepthefink tcheridgeohagephidite of itkheserveirsyrin twhech hiplsmalityyoft he
printer.. It is preferable that t second storage device further .jncludes
an address cdikt &F SCRRICSRRFLY sta“é;]@SGFﬂtagene e‘F‘E‘?d@gsaepq’t‘@ﬁ@ 8{ B’%I@”?PB al
output from tig, BLfisd ¢k mérg bisTorst :Eﬂéphulglﬁyalibh%f%ﬁfea%nﬁl@teehrﬁﬂﬁﬂétidns
sequentially accessed, %as d on the count out’put fromthe address counter.
The i nk quantstdrygea abastprogded foreaslt dithe phyalitg gk rasareenss. ni ng quantity of
ink in tgg ink cartridge or a

2
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to a conput erge(RAIMR!sErABRAbdMent has two ink quantity information memory divisions,
and each write complete information storage area is located after an end-of-
writing position in each of the ink quantity information memory divisions.
In the above configuration, it is preferable that a predetermined flag is

20  written into each of the write complete information storage areas when the writing
operation has been completed in the corresponding ink quantity information
memory division. The predetermined flag may have different initial values or an
identical initial value with regard to the respective write complete information
storage areas,

25 In the second storage device having any one of the above applications,
the ink quantity information memory divisions are included in a specific area of
the storage element that is written first by the printer. It is preferable that the
second storage device further includes an address counter that outputs a count in
response to a clock signal output from the printer. In this structure, the storage

30 element is sequentially accessed, based on the count output from the address
counter. The ink quantity-relating information may regard a remaining quantity of

ink in the ink cartridge or a cumulative amount of ink consumption with regard to



in which a programis recorded, the program being used to wite specific
information into an ink cartridge having a storage el enent, the specific 5
information including information relating to a quantity of ink kept in the
ink cartridge. The programincludes: a program code that causes a conputer
to wite the ink quantity-relating information into a plurality of ink
quantity information nenory divisions, which are included in the storage
el enent; and a program code that causes the conputer to wite

write-conpl et Lg%orna ion into a wite 10 conplete information storage
area, which igld 9§ %or responding to each of the ink quantity

information menory dhyipfdsefsiniéntioR8s firdeadiecctddemRdomptii@ncidible meditin)g
operation of the ink quantity-relating information into_each of the_ink
quantity i nf ofthethielh avpragrymdisy respusied, Haes PHREN RS Stsed. toTHE! G sPetBenent

of the comput er.-readabl. i um en S 5.d.nf.ar I | at.l to the
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and secur ey, inflimh#iohedukidig inf@ntxionfislating ittvg @atityodf itkeképikin tharitk i dge, .
I n accordance with one preferable application of the conputer-readabple

medi um the pFBFIdem flhetmegramariydes aprpgran code dnd s2usa e COHPYEE 1@ fatte
conputer to det i.ne : NOA i £ ;o) : i nk
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menory di vi si aemohadivires, whivhrare thehuded pu tipatdryge dlement; amd ¥ alagesm ebde he i nk
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further Slr(gv?@e“?l gdﬁoﬁlﬁl n ﬂggtra?%?{fg’gﬁ? 1fallt g‘s/ an in‘f(ﬁ9 res r(\)/oi r in which
an ink used fiok quantityi mgfoirsaticmpmenibing divsionh in rtke ctoregd dlgmentowper des an
address counter. .that outputs,a .count in response to.an.input. clock. .signal
and a st orageWEf“égré’HFIaflﬂgtOfi thed lﬂé‘ﬁ?t?%r?lﬁa’g%@gg%%l%ag’é% caeh Phgﬁec t

out put from sgiadiiAddiRaRt6R HEhRiry diiBorkiaE 8ed &Ingllewed. stores plural pieces

of 30 specific information in a readable, witabl'e, and non-volatile
manner. A certain Phicecarasgeinafitorafatthe nconphitetreadablsp daedigm nenableat fhsn t o
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fourth ink cagetstbrdg@eualkdpusd bicabfelp pRdRk REcEES tie MeRuthhierigetbaiof th Bke
cartridge.
In accordance with one preferable application of the computer-readable
medium, the program further includes a program code that causes the computer to

20  determine whether or not the writing operation of the ink quantity-relating
information into each of the ink quantity information memory divisions has been
carried out properly, based on values of the ink quantity-relating information
written in the ink quantity information memory divisions and values of the write
complete information written in the write complete information storage areas.

25 The present invention further provides fourth ink cartridge that has an ink
reservolr in which an ink used for printing is kept. The fourth ink cartridge
comprises an address counter that outputs a count in response to an input clock
signal and a storage element that is sequentially accessed based on the count
output from said address counter. The storage element stores plural pieces of

30 specific information in a readable, writable, and non-volatile manner A certain
piece of information, which is updated in relation to the ink kept in said ink

1eservoir, is stored in a specific area of said storage element that is read first using



of information that is updated in relation to the ink in the ink reservoir
is stored in the specific area of the storage elenent that is read first
using the default of the 5 count., The certain piece of updated
information may regard either a remaining quantity of ink or an amount of

i nk consunption The amount of ink consunption nmay have an initial value in
a range of zero to a predeterm ned val ue;4,The predeterm ned val ue may
include 90.. 10 If zero is stored as the initial value of the ink
consunption, zergo peans ink full and the max val ue neans ink enpty. Wen
the ink cartr?éﬁéuH§§ﬂ§‘W§PT vol ume ink reservoir that has a half vol une

of @ regul ar vol ure thdly ik Aitfidec ARMONEABS GkcBNAlce tibmiPbidbe max

value is stored as t Initial va Therefore, design for the vol une
of the ink canfinfeigetibashdtliewidaidd inyelatidhe thainkanlse inkrresepyoit ksestongd ival ue

may be repres nted . 00 FE.in blnar for C [ mat
W 1h one. byt oTBIPEHBL D SgbearEhEnTmedl PRG eib TR ar Ba<b® SRRl ol t e
val ue maybe rgamgsent ed with at |east two bytes. Mreover, as long as a

format corresponds to zero throu%h t he max val ue any fornats may be used,
The predet er m ned viﬁhmeermy piege lofi gpdated informationanay Kﬂ@ﬂtﬁbﬁtheﬁ iarr@mgmnag)out 90

20 percent in_corres n er.0 .t hrough.th
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di rections meyapeiavé slﬁum@hal fyallteid Bithh@ oF abréetohapréder@hiifed 04lesPORgli ng to
90 percent.. Therefore max val ue t hat corresponds to about 90 percent

i s enpl oyed" W@Telﬁ@n%dféfﬂue mapiincdededt?. i s applied, the max val ue may have

the val ueort espondiyag K188 s ufinli 1l PECH coneTHERE 30 RADSY .|
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preferred embodinents wth the acconpanying draw nglisr 30 Brief Description
of Drawings Fogumq iplsregerysishacess @ h@lfe‘wham? 9% erisgvlay vohenss ik kesEveitof  a

main part of a%BrQ)ﬂuﬂgtel}Eta E?zpf Vafile bP tl?eg a‘?{@%ﬂk@%o:@?%’{]e | %Eh&’l Lhgepr esent

i nvention; I's a tunctional I agram o jet printer
shown in Fi g.Tlfb;eforFel, g dﬂﬁgﬁ lfmvx&earohmymuﬁ thefinlncarttidze dpe dierislith o Thed/alue t he

pri nt heeig shz(g}/g"l or tlhe max Value may be represented by 00-FF in binary format or 0-100 in

decimal format with one byte of the storage element. Further, to increase

accuracy the value may be represented with at least two bytes. Motreover, as long

as a format corresponds to zero through the max value any formats may be used.

The predetermined value may include more than zero percent through about 90

20 percent in corresponding to zero through the max value. Since a cleaning

operation uses certain amount of ink, an ink cartridge change directions may be

issued if the initial value has a value corresponding to 90 percent. Therefore, the

max value that corresponds to about 90 percent is employed. When no such

limitation is applied, the max value may have the value corresponding to more

25  than 90 percent.
These and other objects, features, aspects, and advantages of the present

invention will become more apparent from the following detailed description of

the preferred embodiments with the accompanying drawings.

30  Brief Description of Drawings
Fig. 1 is a perspective view illustrating the structure of a main part of an

ink jet printer in one embodiment according to the present invention;



Figs. 4A and 4B are perspective views respectively illustrating the 5
structures of an ink cartridge and a cartridge attachnent unit; Fig. 5is a
sectional view illustrating an attachnment state in which the ink cartridge
shown in Fig.. 4Ais attached to the cartridge attachnment unit shown in
Fig. 4B; Fig 6 is a block diagram showi ng the configuration of a storage

el ement 10 incorporated in the ink cari4aidges attached to the ink jet
printer shown in Fig.. 1; Fig. 7 shows a data array in the storage el enent
incorporated int bl ack.ink cartri , : . REr 1M atFipri; nt er
shown in Fig.. 1; qui 5¢ @ngagﬁlgg% gg‘glra?%élﬁlﬁﬁﬁgﬁgpg%%r@%%e el erre%)t

i ncorporated in thg,cokiiws 4 Biosrsftiozdig@patihgcfueded on theepringlacidshosa nt er
shown in Fig.. 1; 1% Fig 9 shows a data array in an EEPROM i ncorporated in
the printer indiig 1;body of the ink jet printer shown in Fig.. 1; Fig 10 is a

fllonchart showi N9 RAebr 2853 N8 ra%sltpig ‘ ge&mcb&%&‘@ ApRtivelyeilRktatigneic Supply;

Fig. 11 is a flo ng a cessing routine executed to calculate
20 the remai Qi RErSUERNIihk estradgeiant a;cafiidge atflRhingntaunits onchart showi ng a

processi ng routine executed before ower - of ime of t I J:
printer shown in Fiig. 5 152 sacgonal yagay ﬁglsgang%#gﬁpﬁ‘mgwo%tﬁéggh%érﬂlgt(}:lg?ggl ng

routi ne executed to witer..: Lnd i: 8d e ta0hmieksnif Klowi e
¢ shown ﬁrﬁglé 2N {S%bgéép% A RBHEE ni

printer mai n°%% 0 t'or age enents 1 ncorporated in the ink
cartridges imgtdm; ink jet printer shown in Fig.. 1; Fig.. 13Bis a timng

chart showing the timng of execution of the prog i 1 e
flowchart of Fig..Fig3@ais qib]é@l.{)él%ﬁ?r? ﬁﬂ%‘i"f&ﬁt %@rglt,gﬁlean’la? iog%l ﬁié}gg?rf&g}e%lgt e a

data st ot up g, Bhted i/ inithftedsitabieiRb Mk guiinta: shownixr bigdiyi si on and
a second bl aCk T RK remaining 30 quantity nenory division in cqnd
enbodi ment accor diFig. T shawea gatasaay in thewtmegeotienentdacornayatedp gif’éﬁa C
schematically illustrate dat a. st.ruct ur jrst 25 color ink
remai ni ng qUEKCAEE) WF@E%&P%@%HaéHF%{%}s}g%%%%% or ink remaining
quantity memory di St Qhbvidla BAE af8G @ thearding ¢temtnt ifitgporall inghacdlpowchar t
showi ng a processi ng routi ne executed to L.
ink cartridge attached to the ink jet printer shown in Fig. 1;
15 Fig 9 shows a data array in an EEPROM incorporated in the printer main
body of the ink jet printer shown in Fig. 1;
Fig 10 is a flowchart showing a processing routine executed at a time of
power supply;
Fig. 11 is a flowchart showing a processing routine executed to calculate

20 the remaining quantities of inks;
Fig. 12 is a flowchart showing a processing routine executed before a
power-off time of the ink jet printer shown in Fig. I;
Fig. 13A is a flowchart showing a processing routine executed to write
the remaining quantities of inks from the printer main body into the storage
25  elements incorporated in the ink cartridges in the ink jet printer shown inFig. 1;
Fig. 13B is a timing chart showing the timing of execution of the
processing shown in the flowchart of Fig. 13A;
Figs. 14A through 14C schematically illustrate a data structure of a first
black ink remaining quantity memory division and a second black ink remaining
30 quantity memory division in a second embodiment according to the present

invention;
Figs. 15A through 15C schematically illustrate a data structure of a first



determ ne data regarding the remaining quantity of' black ink in the second
5 enbodinent; Fig.. 17 is a flowhart showi ng a processing routine executed
to determ ne data regarding the remaining quantities of color inks in the
second enbodinment; Fig. 18 is a flowhart showing the details of the
process of determining 10 the data regarding the remaining quantity of
cyan ink in the flowhart of Fig" 17; Fpg.. 19 shows a data array of a
storage elenment incorporated in a color ink cartridge in athird

enbodi nent accgr di to.t.he nr nt_ 1 nvenat.l.on; ki :

schemat i cal | yC‘ﬁPT Hegas 8§?%ﬁ-§trée§lé Iﬁ?@ 1%1? Irl11‘6 F?ES??S% M) g(f)rt}mlt E'Epf;ég{r%ﬁggng
quantity memogyandity s daiborsRabeskcond embodilnengmai ning 15 quantity
menory divisions in_the third enbodinment; Fig.. 21 js a f|lowchart showing a
processing routine Fig dk €f m ndowiehed Shasyiag dff nefoeeisinge ARHHEN §XEfHES iR es of
color inks in,the .thi , I  ElLg. : ' trol
ICin a print %ffter Tar n&agaog%gﬁhggtﬁé Ife}rl?]ta glgnr%aﬁaegg{%g@t ?%%’E Eﬁgei?ng{ﬁogefgﬁgp) of
a menory cel |l embédimeagard to itens of 20 information on a black ink

cartridge in a fourth enbaodi ment accordi n%%to t he I%r esent inven%}eidoﬁ('S Fig..

23 shows addresses B® the 1BohtHoyehat skOWIRE 3P RESF DFal MG SH

internal data LE {JTEIR Eé/ ; & gebdloMidily negrl sbebd | t ens
of informati %ﬁé%ﬁﬁ%“é%l 1(()eg‘sl n é}gﬁ?ﬁ?%ggldﬁgﬁg fourtﬁ enbodi nment ;c 25 Fig..
24 i s a deconpasatimper spective viewillustrating the structure of a
carriage in an ink jet printer, to which the four enbodi ment is. .

appl i cable; Fig.. th}gi %gés FJW&#’%‘ﬁého‘Bllngéﬁe a?tﬁg%ﬁ G%Pﬁﬁﬁgﬁfﬁ@%ﬁ rol 1C
inthe furt GLATBAL thdfethaitiBe SCHRIHPLT Sah lidk inl the Bb%RhAS oAFRONMMECt | ON
bet ween tl(r?g p@?ﬁ?@?g arlr?ﬁt‘gﬂ%%éc?eb(?cllly,g’tahe g%nt@%%ul C, and stor aoe_ fegf)emsnts in
the fourth enbodi nelfig; 1Fishowa data ardyl ofinve barage shemgnigneprpeiatedsisi eplpout i ne
of witing operation .nto.the.storage el enments_ execut. the control IC
in the fourtH™ ﬁﬁ%&gf’elﬁta‘,t&éé emll—ngé‘m gacfcgrcgng Ootaﬁﬁﬁﬁg?ﬁ{slﬁ‘g%?%rgl’ the details

of 'the writing operggé oA fubligh 20C0eEaAdticaly iffudt@ite @ BataFbiguctd® dfsfigt ti i ng

chart showing the timng of execution of'the witing i .
color ink remaining quantity memory divisions and second color ink remaining

15  quantity memory divisions in the third embodiment;

Fig. 21 is a flowchart showing a processing routine to determine data
regarding the remaining quantities of color inks in the third embodiment;

Fig 22 shows addresses of a control IC in a printer main body and an
internal data structure (memory map) of a memory cell with regard to items of

20  information on a black ink cartridge in a fourth embodiment according to the
present invention;

Fig. 23 shows addresses of the control IC in the printer main body and an
internal data structure (memory map) of a memory cell with regard to items of
information on a color ink cartridge in the fourth embodiment;

25 Fig. 24 is a decomposed perspective view illustrating the structure of a
carriage in an ink jet printer, to which the fourth embodiment is applicable;

Fig. 25 is a functional block diagram including the control IC in the
fourth embodiment;

Fig. 26 schematically illustrates a connection between the printer main

30  body, the control IC, and storage elements in the fourth embodiment;
Fig. 27 is a flowchart showing a processing routine of writing operation

into the storage elements executed by the control IC in the fourth embodiment;



operation shown in the flowhart of Fig. 27; 5 Fig.. 30 is a timng chart
showi ng the timng of execution of'the witing operation shown in the

flowchart of Fig. 27; Fig 31 schematically illustrates a data array in a
menory cell in one nodification of'the fourth enbodinment; and Fig., .32 is
a perspective view illustrating the appearance of another ink 10 cartridge

as one nodification of the present inveg#' on Best Mdde for Carrying Qut the
I nvention [First Enbodi nent] (CGeneral ucture of'Ink Jet-type Printing
Apparatus) 15 Fig.. 1 is a perspective view il|ustrating the structure of a
main part of an i nkig @8 ipaiﬂwwgarlshwmﬁéhféﬁﬁé'éﬁ Hethe “ﬁététgr%’%iflqr’omttﬁﬁ

pr esent inven%li on.. T ink jet printer 1 of the enbodinment is used in
connection w Hwﬁh%BﬂESﬁge 'PC, to which a scanner SC is al so connect ed.

The conputer PC reagdg 20ds @%@k @Bar@Bhowipgthé tigng y& txmution of tedetiéngi ned
prograns to function,” in conbination with 20 the ink jet printer 1, as an
ink jet-type ppératiomsponppaitha fevchpoidtglier PC executes an application

program on.a specif}.c erati rfi es; : 3 i nput
Mmge. 1 or® oxanpl e, Eedd 1 oifptE: Hhwhaie ARl bf oRoagssr o olikdg |

i mage on a CRIp&dhd ewMin thihBawitae offeg 29t ves a printing instruction
after the required i_ma%e processing, for exg@n&l e, retouchi nlrgytt]g.i mage 25
on the CRT display Mg 3ilsschematicaifydllusiags & A e PHEBPPEFattd™f n the
operating SySt%Hl#c%ti&%ft‘tﬁ@tf&gﬂ}é}nﬂ&ﬁlﬂéﬂteﬁncpr ocessed image data to the ink
jet printer TOCiTe printéer driver convérts original color inmage data,

whi ch are input frBig BRds agemspectiGCviandillostintingt thel appearprecer efqiothed inkmge
processi n?, to color 30 ig&ge,datg gri}ntabl e“ﬁﬁ%é the ink.jet printer 1 in
response & t fatjsieeas PRGMOALICRAHRR Phke PLHERJBYEIPE t he converted col or i mage
data to the ink jet printer 1.. The original color inmge data consists of
three col or conponents, that is, red (R, green (G, 27 and blue (B) The

converted col BestiMadpefod @hayingiOnttsitd mvbsticind out put to the ink jet printer

1 consists of _six_color canponents, that is, black (K), cyan (C, |ight
cyan (LO), m&iﬁf%ﬂ@ﬁ/ﬁ@@% ht magenta (LA), and yellow (Y). The printable

color image GalgrASaubtifd Sahk I&UPHEPLiREhd Qppirmag)y processing, which
specifies the on-off , . :
15 Fig. 1 is a perspective view illustrating the structure of a main part of an
ink jet printer ! in one embodiment according to the present invention. The ink
jet printer 1 of the embodiment is used in connection with a computer PC, to
which a scanner SC is also connected. The computer PC reads and executes an
operating system and predetermined programs to function, in combination with
20  the ink jet printer 1, as an ink jet-type printing apparatus. The computer PC
executes an application program on a specific operating system, carries out
processing of an input image, for example, read from the scanner SC, and displays
a processed image on a CRT display MT. When the user gives a printing
instruction after the required image processing, for example, retouching the image
25 on the CRT display MT, is concluded, a printer driver incorporated in the
operating system is activated to transfer processed image data to the ink jet printer
1.
The printer driver converts original color image data, which are input
from the scanner SC and subjected to the required image processing, to color
30  image data printable by the ink jet printer 1 in response to the printing instruction,
and outputs the converted color image data to the ink jet printer 1. The original

color image data consists of three color components, that is, red (R), green (G),



5 state of ink dots. These image processing and data conversion processes
are known in the art and are thus not specifically described here. These
processes mnmy be carried out inthe ink jet printer 1, in place of the
printer driver included in the conputer PC.. In the ink jet printer 1, a
carriage 101 is connected to a carriage notor 10 103 in a carnage
mechanism 12 via a timng belt 102, and b$ guided by a guide nmenber 104 to
nove forward and backward along a mﬁdth of a sheet of printing paper

inti d 105.. The i nk t
rechani am 11 w4 hivg @edieropnerefoouft e ah Tiapiy 89 o SRR i Ba, o

Is attached f h@nfRhENtAGRatLE bltabla Kj,ases (cm,ehgim nting
paper 105, 15 e?l??ltn%elcbédsf%gmgf%xg{%&l nnti'.%ﬁl S enb?)dl ,rlrent 1(Tjhe t head 10

recei ves suppbya&s(m]') miapérta (), Iighbmagmﬂﬁafh)arﬁﬂ@lgé]éo"i@fk Ehﬁjpli@? CiBiit ed on

the carriage 101, nk .d 5 th
a m)vemelnt gof ipage ?Fieab’éﬁleﬁéllibje%%({ %& ?g%%;hg,%gkg% égg?ﬁﬁl@g\n %ﬁag\g or

| etters onsthe gtrbmﬂknQo@ap?ﬁes%oi%la'gb%rbéﬂssxﬁgrahdIWCWdﬁlbﬁipfmsmﬂkalehaﬂber
117K, in ic | ack 1 nk (K i s kept The i nk Cdaét“ 107F has a

plurality of kmkwnhxarhﬂwag axxdme tl.mmc@ speqﬁcﬁw ‘i@??ll_‘m §18- 10°P¥° PIRfceiFSar e
formed i nde endetl ot t I 1. C)

magenta i nk (M 9° are
respectively Hﬁ%m@té@jl nk chanbers 107C 107LC 107|\/l 107L|\/l and 107Y
The print head 10 receives the respective su 25 inks

| f |
fromt hese | nk chanbethe inb7e prime G, 2 sOyiREe iggtﬁgn&gﬁeggq%reﬁﬁéageptppw head
10 ] ect S ?ﬁ%cr? h%%g#%ﬁfméc’ﬁ A2 f?{f'g]aoﬂclmir%k bt o, 8ha i§ ufd@@ vyesp@iaei ve

col ors, for prin cappi ng unit 108 is di sposed
ina non prl nh@hi&r 204 % (v foﬁmﬂdnamaowar@mmga Wwitlth péa speatred @ringing o

I I f th t h 10 whil e t t
s not | oarr | eHbsut (Gringne aBBmGI G (T eE0B et aBiT ol y2la0 B Sheet RN enoe
in viscosity of fi“mff nqnlq %ﬂﬁ@&ﬁé\%ﬁ f?‘;d At '156f |Aﬁnlﬁw?ettt9{_,y@ggf hZat itonsof a
R ein

sol vent corrpoﬁ1 Yom't e the printing operation is not
performed. 28aitabhed wap;pagflu rfate dDBeahsinge di0l dbatsfageskthe psiptiag $aperole he

D1 i nti ng. Gher BET 6na 1ava) Piokqh WA FORBRL dre pobbaeREl) "EREEESHIAs of
L P e 57 P g e i 15 e
ejects ink droplets onto the printing paper 105 with a movement of the carriage
101, so as to create dots and print an image or letters on the printing paper 105
The ink cartridge 107K has an ink chamber 117K, in which black ink (K}
20 is kept. The ink cartridge 107F has a plurality of ink chambers 107C, 107LC,
107M, 107LM, and 107Y, which are formed independently of one another. Cyan
ink (C), light cyan ink (LC), magenta ink (M), light magenta ink (LM), and
yellow ink (Y) are respectively kept in the ink chambers 107C, 107LC, 107M,
107LM, and 107Y. The print head 10 receives the respective supplies of color
25  inks fed from these ink chambers 107C, 107LC, 107M, 107LM, and 107Y. The
print head 10 ejects these color inks in the form of ink droplets of the respective
colors, so as to implement color printing.
A capping unit 108 is disposed in a non-printable area (non-record area)
of the ink jet printer I to close nozzle opening of the print head 10 while the
30  printing operation is not carried out. The capping unit 108 effectively prevents an

increase in viscosity of ink and formation of an ink film due to vaporization of a

solvent component from the ink while the printing operation is not performed.



5 adhering to the surface of the print head 10. Fig. 2 is a functional
bl ock diagram of the ink jet printer 1 of the " enbodi nent. The ink jet
printer 1 includes a printer nain body 100 (main body of the printing
apparatus) including a print controller 40 and a print engine 5.. The
print controller 40 has an interface 43 that receives print data including
multi-tone 10 information transmtted froma conputer PC, a RAM 44 in which

a variety of data, for exanple, the print data ingludi the.multi-tone

i nfor mati on, dihe cappingdinit Hi§calep ‘F@%P@Snt( @Qﬂgﬁ’tﬁﬁl%ﬁ’ﬁ Q{B'E%FB? q\‘)a"r"%‘a@gdat a
processing are_st ‘ ri &l ofdie fvintine opbAtiod GOREp@L! er 46
i ncluding a Y, @ g{ﬁ&gg%;ﬁ%ggoéﬂﬁ]ﬁ ﬁg%éﬁti\?i nog sieé)nal1 %gﬁerat or 48 gtahgt
generates a drinitil0g isdigpesed GEMthe vappirtgurihk8poiwipe B shefaer aithe arat kead

paral l el input-output interface 49 that transm the print d , el oped

to dot patt er dOdMacxaRPle ity 2j QR Sgiﬁﬁalwwﬁhwﬁ‘gﬁﬂdﬁ Oé%a%ﬁ%g§¥.

Control |ipes aaﬂ?ﬂ’ﬁq?%é %gi%& Bpthg?igpgeag power source 91 are al so connect ed
r er

to the print con via the parallel input-output interface 49..
Wien a power OFF i s Figipitis far fimctibwal palneit déagirars hofothe inkejep irinterc britfr §€1 er 40

20 out puts a power. down _jnstructi.o NM.) ,to th . i,ch
t hen fgl l's i nlgﬁlbﬁd’é%eé’tt\-d:ﬂ% g E‘E 8¥lﬁp%ﬁén%‘§$\%§ra 88@? g%\ﬁﬁ{lb%}pg @‘g(‘gihgr%@ gy
state suppl i e%faleﬁ}[&}m@g aeﬁﬁﬂg%&&hﬁin@%{nﬂcﬁnﬁ&l&rIﬂ[)iaﬂ& aGRint engihes. Bevi a a

power |ine (not sho ~ the standard power OFF progcess carried out
via the panel pswi tatrodizr #dbss mointeronpb diabregeivgs PoRE datBchiding JulktogEect ri ¢

power to e prjnt controll.er 40.. 25 Th i nt ta0l | ef.; Al S

whet her aE(Ere PITE?tE)@t??I@"Bﬁ o2 cgﬁl}glﬁellrei{?’%rg%] he llﬁlo&g!r(:ﬁgaog?ggge&g{. The
print control heh R e%!aﬁi?lc?ﬁieﬁiﬁlﬁ datiCinPloviig the awitiitoist infoatriation,(A®/sjorehen a
power plug is pulled ou ~of a socket. The power source 91 h%z n auxiliary
power unit (fendeROM 45 ingvhiehruitipey for VRROUs ks PHOBESSEIZLGF BIOLP Lﬁ)&l&ﬁ“&f

el ectric power for,a predeternine I.E. RE:L : CRER i . @735s€c)
after the powsPRtFAley *%sﬁlﬁﬁéﬂ @gg gu&ngrf) nﬁhggs}{ééggglél .Eo%'he ﬁi@ nt6 Scélcl)ér%lglrgr’l er 40
further includggingnidsaPRaA6r 49 bt gdnerats a dnfing signkloBOMegvedlito hetrhimt bl ack
ink cartridge 107K and the col or ink cartridge 59 107F nou ted.otn tthe
carriage 101 heask 16 gnd aqparallebmpytiquepyhiintestace, A9; il FARTRIGH 8 T ERg t he

B Il

inks or amounts of Confolctinsunpti pmel amitckt®r end ianpotier EEPROVMIoae Flpe

details of Sugct]nnected to the print controller 40 via the parallel input-output interface 49.
When a power OFF is input from the panel switch 92, the print controller 40

20 outputs a power down instruction (NMI) to the power source 91, which then falis
into a stand-by state. The power source 91 in the stand-by state supplics a stand-
by electric power to the print controller 40 via a power line (not shown). Namely
the standard power OFF process carried out via the panel switch 92 does not
completely cut off the supply of electric power to the print controller 40.

25 The print controller 40 monitors whether a preset electric power is
supplied from the power source 91. The print controller 40 also outputs the power
down instruction (NMI) when a power plug is pulled out of a socket. The power
source 91 has an auxiliary power unit (for example, a capacitor), in order to
ensure a supply of electric power for a predetermined time period (for example,

30 0.3 sec) after the power plug is pulled out of the socket.

The print controller 40 further includes an EEPROM 90 that stores

information regarding the black ink cartridge 107K and the color ink cartridge



5 information will be discussed |ater. The print controller 40 al so has an
address decoder 95 that converts an address in a nenory cell 81 (descri bed
| ater) of a storage elenent 80 (described later), to which the controller
46 requires an access (read/wite), into a nunber of'clocks. In the ink
jet printer, 1, the quantity of ink ejection is calculated by 10

mul tiplying the weight of ink droplets epected froma plurality of nozzle
openings 23 by the frequency of ejection of the ink droplets, The current

remaining quantity of ink is dete ed ub A[yRhatdh | nk
consunpti on flﬁéﬁmﬁlﬁée‘b%\m%ﬁ%‘m '?Tg{ﬂn?%a %aﬁ’t i %é/&?éé ?%E@éggf ore the start

of the curr entCIB(?llIlgtt%@ng&p&f ﬁltfér%ﬂoﬂ_ h@%?mmy atities ré mkmsuﬁmgthlaﬂk ink t he

sum of ' t he cal'cu uantity 15 of ej ectl on and a nt f_ink
suction. The daﬂﬁdgmmmrandshe:amlm ik agutridee 497 EEHFHIRS oS g8 or

abnormal ity occurs due to bub ORi ohedde dgﬁﬂs off Agh
procedure of anpRngs R tlp%ﬁo’&%]ﬁrg’g fﬁlgs 9%%%&:%%}{108 to be pressed agai nst

the print 8hea}gfo?u%aﬁ‘&{j“ﬂlh%e&%ugée@sstei hehopriat eompsier HEsaleahasaaniaddiess i nk
by neans u

f a mechani sm (not shown) |inked w it 108
for 20 the pwep@cﬁe 95f thlaEsderea:B|aDrﬁddfﬁS%Ht6ﬁP‘|’r8We?eltlgl .5@ ﬁ‘f%gia?%?a%
cal cul ation of the y el dopfblifiesdirbairsd oF &dessn t he
EEPROM 90 acéé?lagenﬁle%ma ‘P@%g%ﬁ lat A l}lzr:ll{la dvance i n thg1 ROM 45.. The ink

jet printer %( QbiAtie), sRB adivimit of@l@eksves t he bi narl zed data as described
previously. he arra of the bi narlzed data.is

t 25
with the nozzI e ar rIaythonmkHét prLnGsE hélaf‘dCI&Qj‘lﬂW-ﬂf,e Oﬂ?ﬁ%}ﬂﬂ f&g%atlﬁﬁ%@&'b@e”

accor di ngly. divj des 4 ELIE® 800 bi@AlRy of atsIé sperings npu
buf fer 448 a‘ﬂ“lup &Ed”eé%% %U#J?H%piéﬂﬁel and an oBt pui?cybuffer 44C, .in order

to performthe piegsregenBnof ejectioe cdcmedakahaphe&y T’bﬁecqlmat IPBRINEIS nt er

may alternatively carr out the ired processi 5@0Ph
conver si on anghantiey Qfllﬂérm ﬂ%t?%ﬁedi’}ﬁs? agting ap Jupeun Fﬁf F@P pri nter 1

registers the, print da hii§ |6Fj§1kt$'lﬂ'oﬂ@-lﬂh%|st:§1®®é the rfemepiintingand ar e
transmtted fpgrﬂl?‘ﬂ%uc%%ipaﬁ[\tmg% 1| nto the i nput buffer 44A via tE@
ted to

i nterface 43.qpBRgiop! iTHe aatuntloéfik constiptiom jsuhe suRY @ the #alcRiated G

30 conmmand anal sis .and then tran ahBeduhf e6r 44B.
The contlbol I€Efr1f1 GiecHAy SR §‘l“ﬁ8t"iyn(§df‘f([§?ﬂ?§' 1¥b21dlkn”§tu§ﬁ?§?§ ernedi at & cIodes by

supplying infa [Melpwny HBenilhe REdpiduBgo pabbles enading thherinkbeaskt i ve
| etters or cha{{r ér‘@{éIl S%%ﬁrt;lpe OP?m)dl fication,  the Slﬁ)% t%fbé[ rﬁ?esgeq}ters

or char act er s}0, anthet frecédmn¢ ofidok sygion causes the capping unit
against the print head 10 and thereby close the nozzle openings 23, and sucks ink

by means of a pump mechanism (not shown) linked with the capping unit 108 for

20  the purpose of restoration. The controller 46 performs the calculation of the

remaining quantity of ink from the data stored in the EEPROM 90 according to a
program stored in advance in the ROM 45.

The ink jet printer 1 of the embodiment receives the binarized data as

described previously. The array of the binarized data is, however, not coincident

25  with the nozzle array on the print head 10. The control unit 46 accordingly

divides the RAM 44 into the three portions, that is, an input buffer 44A, an

intermediate buffer 44B, and an output buffer 44C, in order to perform the

rearrangement of the dot data array. The ink jet printer 1 may alternatively carry

out the required processing for the color conversion and the binarization. In this

30 case, the ink jet printer ! registers the print data, which include the multi-tone

information and are transmitted from the computer PC, into the input buffer 44A

via the interface 43. The print data kept in the input buffer 44A are subjected to



5 The internedi ate codes are kept in the internediate buffer 44B The
controller 46 then analyzes the internedi ate codes kept in the

i nternedi ate buffer 44B and decodes the internediate codes into binary dot
pattern data. The binary dot pattern data are expanded and stored in the
out put buffer 44C,. In any case, when dot pattern data corresponding to one
scan of the print 10 head 10 are obtains?, the dot pattern data are
serially transferred fromthe output buffer 44C to the print head 10 via

th I 1el i t-output interf 49 Aft t he dot,. t t
cor r bapond ngeRBITGRG SRRSO e AR 1 ArETOHEBC PO ot d%ut put
putfer 44C, 1 B8 RIRE 98%cRIAR e iRl UAS 1 idiithedthE COBAI B Surbifihg! 448

to wait for conversion o I nternmedi ate codes. I5 The print
engi ne 5 has idfempitiontrefeding 16; priftengspusatont e therrespieatives efters, or chpdcierre
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generator ci ! fitidn dftalaf XhdidlantiQcitd fl @EBGHuABIMk AYCC Toul L S0 1Nt he
print head 10 via the parallel input- output interface 49 The print, head 10

has a plurality of braysuse vieamdes patt@n datadcopsspongding talqne eyt ohtle D58f ect ri ¢
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driving circuihe deppatisrdate couespopdiag & peesaan of thegu it §pacd K0 arequtput from
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| ayout of ' t he44®azWeit Gpedhigsior 3f & aegmdt dfintch@edintenbdésread 31 10 The nozzle

b1 ack (K15 cyan ( C)The Pt ongners peryie RMSEA | e ShFgeehRBEPt . and
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the printing medium, such as printing papet, to implement sub-scans, whereas the
carriage mechanism 12 carries out main scans of the print head 10.
The print head 10 causes the respective nozzle openings 23 to eject ink
20  droplets against the printing medium at a predetermined timing, so as to create an
image corresponding to the generated dot pattern data on the printing medium.
The driving signal COM generated in the driving signal generator circuit 48 is
output to an element driving circuit 50 in the print head 10 via the parallel input-
output interface 49. The print head 10 has a plurality of pressure chambers 32 and
25 a plurality of piezoelectric vibrators 17 (pressure-genecrating elements)
respectively connecting with the nozzle openings 23. The number of both the
pressure chambers 32 and the piezoelectric vibrators 17 is thus coincident with the
number of the nozzle openings 23. When the driving signal COM is sent from the
element driving circuit 50 to a certain piezoelectric vibrator 17, the corresponding
30  pressure chamber 32 is contracted to cause the corresponding nozzle opening 23
to eject an ink droplet,

Fig. 3 shows a layout of the nozzle openings 23 formed in the print head



5 The bl ack ink cartridge 107K and the color ink cartridge 107F, which are
attached to the ink jet printer 1 having the above configuration, have a
common basic structure The foll owi ng description regards the structure of
an ink cartridge, the black ink cartridge 107K as an exanple, and the
structure of a «cartridge attachnent unit of the printer nmain body 100,

whi ch receives and holds 10 the ink cargyidge, with reference to Figs..
4A, 4B, and 5.. Figs.. 4A and 4B are perspective views schematically

il trati th t t f _the, ink i d .and,t try

e g e hre e red Tahiee B oAb PR S B M e

illustrating 9@?1%1& ﬁﬁgmﬁ’% rgé?,qggqlticg)a '@j)_nﬁz{g%ntai (Iq;@, Gizht hiaggﬁai(gmg hagdhed to
nt uni t. i

the cartridge attac .. 15" Refertring to g.. 4A, the ink cartridge
107K has a caydllomd@®. mai n body 171 that is conposed of a synthetic resin

and defines the ink c r 117K i i ch_black. i is kept, and a storage
el enent 80 i n@(ﬁ‘ﬁlﬁ’aﬁr%?gﬁgib(f?‘guéle&@dﬁag\ﬁggﬁ‘%‘gacwe%Figllﬁ?:artri dge mai n body
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and fromthe printer nmain body 10 when the ink cartridge 20 107K is
attached to aattaah¢d todihe ink jetqhintart! haieg i alfove kengyatieh h3ue 4 WIYCRL00

shown in Fig.. 4B.. The stpora el.enent 8Q.is. I yed i ‘ 1 ened
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storage el enegtnid8e, Mashlaclplitk dhiidpeoi 0O AR ekt txampler aditessthitdurexgfosed t o

the outside. Alternatively the whole storage el errenéioi]?‘ may be e@ﬂgsed to
the outsi de. .capGidge réachiomyt uoit f ghe pumer mAE oyt H00g ydic: reseiksednd BNAT 18

has a need| e 181 ich is di € nd,an ottom 187 of a cavity, in
whi ch thgl%l nktﬁﬁm?ai\{%léige’ %@?t?lgg%c@ﬁ%%‘gf g%’. @Aﬁl’?r ecess 183 is forned
about the needl e 18djgt04Aemri YB ar@npdrspectup piewsunitemhiibal(ys déushagng thy
formed in the ink cartridge 107K. . T&rgee _gartrigr%e g{]ui.de 182 are set on
the inner waldirugfuresd the riyigge and the SAREESH AtpgRTISR YLt ?Jflstg%eﬂmghnﬁlﬁli nner
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presses down vehich black ink is kept, and a storage element 80 incorporated in a side frame 172

of the cartridge main body 171, The storage element 80 carries out transmission

of various data to and from the printer main body 100, when the ink cartridge

20 107K is attached to a cartridge attachment unit 18 of the printer main body 100
shown in Fig. 4B. The storage element 80 is received in a bottom-opened recess
173 formed in the side frame 172 of the ink cartridge 107K. The storage element
80 has a plurality of connection terminals 174 exposed to the outside.
Alternatively the whole storage element 80 may be exposed to the outside.

25 Referring to Fig. 4B, the cartridge attachment unit 18 has a needle 181,
which is disposed upward on a bottom 187 of a cavity, in which the ink cartridge
107K is accommodated. A recess 183 is formed about the needle 181 to receive
an ink supply unit 175 (see Fig. 5) formed in the ink cartridge 107K. Three
cartridge guides 182 are set on the inner wall of the recess 183 A connector 186

30  is placed on an inner wall 184 of the cartridge attachment unit 18. The connector
186 has a plurality of electrodes 185, which electrically connect with the plurality

of connection terminals 174 of the storage element 80 when the ink cartridge



5 lever 182, which is fixed to a rear wall 188 of'the cartridge attachnent
unit 18 via a support shaft 191 as shown in Fig.. 5, to be over the ink
cartridge 107K. The press-down notion of the |lever 182 presses the ink
cartridge 107K downward, so as to make the ink supply unit 175 fitted into
the recess 183 and nmake the needle 181 pierce the ink supply unit 175,

t hereby enabling a supply of ink.. As thglever 10 192 is further pressed
down, a clutch 193 di sposed on a free end of the |ever 192 engages with a

mat i ng el erren 0 cRLGLL d achnment unit 18. Thi s
fixes the ink %ﬁfsrzl%ﬁge‘%@g% f%ﬁjtdeﬁg @ 'c"lnggnel?g%tachrrent unit 18.. In this
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St or age El emga%)mﬁlgmaﬁmlgselanéﬂtdéﬁ délipaspdam mh@w'mgget mmm gnit 48.i on of

2t t ached o (1 TP e GECHEAD 0k | EBORAsCRERTRENETC Bt it e back. | ni

cartridge 10%g gHﬁ'aﬁt?eofc&irﬁéctldﬁkteﬁﬁfntafs' preod A stiANe Admémke( @S &evRk! ; 1N
which one or a plurality of inks are kept, and thé storage el ement 80
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operations of data fromand into the nenory cell 81, and an address counter
83 The color ink cartridge 107F basically has a similar structure to that of
the ink cartridge 107K, and only the difference is described here. The color ink
cartridge 107F has five ink chambers in which five different color inks are kept.
20 It is required to feed the supplies of the respective color inks to the print head 10
via separate pathways. The color ink cartridge 107F accordingly has five ink
supply units 175, which respectively correspond to the five different color inks.
The color ink cartridge 107F, in which five different color inks are stored,
however, has only one storage element 80 incorporated therein. Pieces of
25  information regarding the ink cartridge 107F and the five different color inks are
collectively stored in this storage element 80.
(Structure of Storage Element 80)
Fig. 6 is a block diagram showing the configuration of the storage
element 80 incorporated in the ink cartridges 107K and 107F attached to the ink
30 jet printer 1 of the embodiment. Both the black ink cartridge 107K and the color
ink cartridge 107F have an ink reservoir, in which one or a plurality of inks are

kept, and the storage element 80 incorporated therein. An EEPROM is applied



5 that counts up in the process of data transm ssion between the printer
mai n body 100 and the nenory cell 81 via the read/wite controller 82 in
response to a clock signal CLK,. Fig. 7 shows a data array in the storage
el ement 80 incorporated in the black ink cartridge 107K attached to the
ink jet printer 1 of the enbodinent.. 10 Referring to Fig.. 7, the menory
cell 81 of the storage element 80 incorpgfated in the black ink cartridge
107K has a first storage area 750, in which read only data are stored, and

a second storage area 760, in which rewjtable data are,stored.. The.
printer main Bodhe somzesicramt $0 iRy sRBOHZER s%%&’d"ﬂwtﬂlﬁi’?%ﬁ diger %%}g)rf age

area 750, = while AL j kR PR R @hogNRIG It that iggar d
g eﬁgﬂ%gé]:ﬂﬁﬁ?ﬁﬁejbptheesﬁgh%?el@ﬁ%tvw inchde 19 atfi

to the data s secon orage area 760.. The second storage
area ' 760 is kegakesccassedna raddiveiss comhilleh 82sthat conield jsadise and WHENEI r st

storage area ' 750. Nanely the second . storage ar 760 has. a | _aeldr ess
than that of Phuafenssel &itfiggeant @ip hsgnemy (Eeﬁlegﬁs gcqnf ?C(E:dé |S(§:nYiﬁt€eﬂr ggf, t he

expressions ' | I ' ‘ isGloasRtwedh theerinfe@atain bd@y The
rewitabl e5 da@%ﬁ?gg%ﬁ%éﬁ?ﬁt%ﬁ%g%égﬁgﬁg%aﬁgﬁleﬁar ea 760 i ng ude firsg ydata
on the remai nilogagdidrthénonyfcel8doka thekeaitarteeesaiiglland A irorspanse feadiofk ng
quantity of black ink that ate respectively allocated to first and second
bl ack ink reﬁ‘&ﬂﬂi%Kquantity menory divisions 701 and 702, which are

accessed in this okder gR%s8iE 1ah¢ it iR itvagbleithent B0 neombnitaiginghant i ty
menory divisions '70T" and 702 for storing the data on the rerrgi ing
quantity of bbhck inklcartridgs 407K rattachpdntenthe dplkifteRtintge 1gat theofMmPeE™eBhvai ni ng
quantity of black.ink to bhe witten alter hdhes 8ot By
di vi si ons! 01&2‘3%6“%? lt:llg'f t?t'ilf‘g r’f‘%‘?"é&“@é??@%%hégégleml n?géﬁ%ﬁ ntg?t v
of ' bl ack ink % 4@ Bl chfrilife 167K fis Hhatktorape aren@s0yiingviteiardailtoplBdataenor y

division 701, the data on the remaining quantity of' bl ack i nk staqr in the
second bl ack amistaredwindiarsgcandztetpgs/ataengh yi B’lh%i-'lhs‘FWﬁ‘ta%?g?tg afenséorﬁg'eggﬁys _
et . e ik G 5 L gpad b gt g e on 1
702. The readw@nk¥naiing tooradingmnndheitiig aieratoms agieh sgerd wobe idaw stefed dat a
on the tinme (year) of unsealing_the ink carfrjdge 107K _.data on,t time
(month) of5 uhisthel Serend Feragsieeardyi ddw Sfe%é oSS, B S0 PR '
cartridge 10751dr93%} hfR is accessed prior to the first storage area 750. Namely the second
storage area 760 has a lower address than that of the first storage area 750. In the
specification hereof, the expression 'lower address' means an address closer to the
head.
20 The rewritable data stored in the second storage area 760 include first
data on the remaining quantity of black ink and second data on the remaining
quantity of black ink that are respectively allocated to first and second black ink
remaining quantity memory divisions 701 and 702, which are accessed in this
order,
25 There are the two black ink remaining quantity memory divisions 701
and 702 for storing the data on the remaining quantity of black ink. This
arrangement enables the data on the remaining quantity of black ink to be written
alternately in these two memory divisions 701 and 702. If the latest data on the
remaining quantity of black ink is stored in the first black ink remaining quantity
30  memory division 701, the data on the remaining quantity of black ink stored in the

second black ink remaining quantity memory division 702 is the previous data

immediately before the latest data, and the next writing operation is performed in



5 the type of ink, for exanple, a pignent or a dye, data on the year of
manuf acture of the ink cartridge 107K, data on the nonth of manufacture of
the ink cartridge 107K, data on the date of manufacture of the ink
cartridge 107K, data on the production Iine of the ink cartridge 107K,
serial nunber data of the ink cartridge 107K, and data on the recycle
showi ng whether the ink cartridge 107K i g4new or 10 recycled, which are
respectively allocated to nenory divisions '711 through 720 that are
accessed in this order. Fig. 8 shows a.data array in e storage el enment 80
i ncor por at ed ithf %eﬁ%“def&lé?lbﬁ“gi"ﬁlﬁaleﬁ’rgtq"iaaﬁté’ r’iﬁ‘?‘?—lyﬁ 1318Rg3}9t o the ink jet
printer 1 of the emgqdidRNnly diekRE<d MGhé Grdts@rageSued 180 HRNHE Yakadd th81 of
the storage el enent 80 Incorporated in 15 the color ink cartridge 107F has
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on the remaining quantity of'cyan ink, second data on t_ggﬁ]r i.nin
quantity 25 b@'%‘éyaaﬂ dagkon therrseyciashpvang thsther s iRk S§th Hﬁ}?lﬁﬁe"%ﬁbent a
[nk, second dal.oaon {hien LARIBERGUARELEY (O lndRI ALK 1] Hishetlabe on

t he remai ni ng quantiity of yelTow rnk, second data on the remainlng

quantity of yglt@wacedssedinnisis ostkt.a on the renmining quantity of |ight cyan

i nk, second data on_the remai ning quantity of |Jjght an ink, fi.r dat a
on the remaining quiigt BtSHOWE 3 dabhRIImE g HieS9ARe efﬁﬂﬁn%ggé’é@&ga@gtlﬁﬁé% t he

remai ni ng quagiiht YOk idpat 10RISRIBed B Bk Rk HrinfEPE el dmboihegat ed to

color ink remaining quantity nenory divisions 601 through 610, which are
accessed in tReéfrorgerfig3% the mettoey selhB] ofitheetorage ¢lamebl 3@ kncorporafed i i dge

o ni ng SquaiE P ARAERIER I di: 30T fausE i8g060y Py LS K second
col or ink rengL o Ga@RtEdoYid ARMYearca 60l & WRicR PV @Bk daeDie sk&d. Bi), for
storing the data on the remaining quantity
printer main body 100 can only read the data stored in the first storage atea 650,
while enabling both reading and writing operations with regard to the data stored
in the second storage area 660 The second storage area 660 is located at an
20  address, which is accessed prior to the first storage area 650. Namely the second
storage area 660 has a lower address (that is, an address closer to the head) than
that of the first storage area 650.
The rewritable data stored in the second storage area 660 include first
data on the remaining quantity of cyan ink, second data on the remaining quantity
25  of ¢yan ink, first data on the remaining quantity of magenta ink, second data on
the remaining quantity of magenta ink, first data on the remaining quantity of
yellow ink, second data on the remaining quantity of yellow ink, first data on the
remaining quantity of light cyan ink, second data on the remaining quantity of
light cyan ink, first data on the remaining quantity of light magenta ink, and
30 second data on the remaining quantity of light magenta ink that are respectively

allocated to color ink remaining quantity memory divisions 601 through 610,

which are accessed in this order.



5 of each color ink. This arrangenent enables the data on the remaining
quantity of each color ink to be rewitten alternately in these two nenory
divisions., Like the black ink cartridge 107K, the read only data stored in
the first storage area 650 include data on the tine (year) of unsealing
the ink cartridge 107F, data on the time (nonth) of unsealing the ink
cartridge 107F, version data of 10 the igf cartridge 107F, data on the type
of ink, data on the year of manufacture © the ink cartridge 107F, data on

the nonth of manufacture of the ink cartridge 107F, on the date of
manuf act ure of the Imfhecanermaeger £ e blﬁ&kdg‘&ﬁarﬁfﬁée b(?ﬁ{j%?lieoaﬁel%ﬁgyoseri al
nunmber data, and data.on the. recyc - ar GERE Sdn¥ied Ynenhd dbadiedl to
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are attached to the printef .paj. tHe 984 QaliRe redizning adabity blie
printer n %&ﬁ? 8 Iéﬂﬁe@?g?{ggngﬁg%t%ﬁ%kéé%%ma% 20 | _nqqlrggr at}’et)c(i in the
printer main BREECIOk fo e rerishnukcraawht ia these ayo memdig dIVEEPIROM 90
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i ncluding the iming quantities of the respective inks in the black ink
cartridge 2510707 Katand thééme ¢honth) ok unseating thganly cxridged OrBeVestionfatp Ak Jet

Printer 1) Wth reference to Figs. 10 through,12, t | 1o SCEi bes a
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cal culate the remaining quantiti.es in ig. ' veHIOW Ng
a processi ng POGEFHE ]é‘%egﬁrfl dmgé]?ebrdg{aa %a%ljr;-oglftp&t% 7 CEO@%%SI%?%&?\F\@] et

printer 1 of pie.eAhedhdaRay-divisRnt 6l l awbag: 65 ortigh iernceesged tsthisherder.
processi ng routi ne executed by the controller 46 aft?r t he tIpo%/\ﬁgr su,gpl Y,
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When the power of the ink jet printer 1 is turned on while the ink
cartridges 107K and 107F are attached to the printer main body 100, these data
are read by the printer main body 100 and stored into the EEPROM 90
20  incorporated in the printer main body 100. Fig. 9 shows a data array in the
EEPROM 90 incorporated in the printer main body 100 of the ink jet printer 1 of
the embodiment. As shown in Fig. 9, memory divisions 901 through 935 in the
EEPROM 90 store all the data stored in the respective storage elements 80
including the remaining quantities of the respective inks in the black ink cartridge

25 107K and the color ink cartridge 107F.

(Operation of Ink Jet Printer 1)
With reference to Figs. 10 through 12, the following describes a series of

basic processing executed by the ink jet printer 1 of the embodiment from a
power-on time to a power-off time. Fig. 10 is a flowchart showing a processing
30  routine executed at a time of power supply. Fig. 11 is a flowchart showing a
processing routine executed to calculate the remaining quantities of inks. Fig. 12

is a flowchart showing a processing routine executed before a power-off time of



5 determ nes whether or not the ink cartridge 107K or 107F has ,just been
repl aced at step S30. The decision of'step S30 is carried out, for
exanple, by referring to an ink cartridge replacenent flag in the case
where the EEPROM 90 stores the ink cartridge replacenent flag, or in

anot her exanpl e, based on data regarding the tinme (hour and m nute) of
manuf acture or production serial nunber ta with 10 regard to the ink
cartridge 107K or 107F. In the case of power-on w thout replacenent of the
ink cartridges 107K and 107F, the controller 46 reads the data fromthe
respective stibeageictpantent ef B9 BRI Nk cartridges 107K and 107F at step
S31. Wien it is det ) . - i rde 407, o ckBAlted BS thdiSt
been 15 repl aced a’fﬂeﬂo@%@g&%@g@ﬁ%@ ?ﬁggﬁehﬁe{ﬁgss%%g&gg{lt roller 26
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printing opertahé ghoursar@smintoveldmanufacrs 83Hroduthen setipipnEplss ¢afs wit
preparatigon for printing, and . th ogr exits f - QGess

Fout 1 ne db Figear . itk @Reighy AgPkell 37 o, e 8o g PRRERROR
107K and 107Fegih&eri@it of tid iaRcartalgestIOPKS3M, 1001, thbeonwsileraltyreadshihe data nt i ng
operation is not allowed, and information represent i'f?ﬂ% tlag preﬂ%ﬁ%ﬁ_i on of
printing is dieplthysspeniveisttiege elnmens i ofsip trly cairidges 4 0dKsHl At step
S36. 30 The ink £t printer- 1 carries out a predeterm ned printing process
in the case S\tlﬁ?eé?gt he printing operation is allowed.. The controller 46

cal cul ates the renghai fids detdfhintd it te hkeartddge T er BO A kaawt bednor i nks

in the course of the 37 redeterm ned printin rocess. The ocedur e of
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storage element 80 of the ink cartridge 107K or 107F at step S32. The controller
46 then reads the data from the respective storage elements 80 of the ink
cartridges 107K and 107F at step S31. The controller 46 subsequently writes the

20  read-out data at preset addresses in the EEPROM 90 or the RAM 44 at step S33.
At subsequent step S34, the controller 46 determines whether the ink cartridges
107K and 107F attached to the ink jet printer 1 are suitable for the ink jet printer
1, based on the data stored in the EEPROM 90. If the controller 46 determines the
ink cartridges 107K and 107F are suitable at step S34, a printing operation is

25  allowed at step $35. This completes the preparation for printing, and the program
exits from the processing routine of Fig, 10. If the controller 46 determines the
ink cartridges 107K and 107F are not suitable at step S34, on the contrary, the
printing operation is not allowed, and information representing the prohibition of
printing is displayed on either the panel switch 92 or a display MT at step S36.

30 The ink jet printer 1 carries out a predetermined printing process in the
case where the printing operation is allowed. The controller 46 calculates the

remaining quantities of the respective black and color inks in the course of the



operation"” The controller 46 first determ nes whether or not the printing
operation 5 is being executed at step S40. Wien it is determ ned that the
printing operation is under execution at step 540, the programwaits for
conpletion of the printing operation.. Wien it is determ ned that the

printing operation is not being executed at step 540, on the other hand,
the controller 46 cal cul ates an anmount of7ink consunption with regard to
each black or color ink relating to the printing 10 operation at step $41.

For exanple, one typical pr.ocedure of.the cal cul at, on L.tipll,es.th
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printer 1, theqnaegRbhdty ord8k §edieeonaRba®y @b dleviokditndil deciucpri nt er

1 is in a stand-by state at” step STI1.. 30 In the case where the ink jet

printer | issnaton to thheakuhted-quangtyatfeinkitcjestiop tEAditiminkdhe pmogntash iskops t he
sequence.Ln progress at..step, SI12 and returns.to step ST11".1n . the, case
ahere hdS | ORI AN U FhDN 4G Rdk B e deioling duduiseSer b% N he
38 ot her hagfld c418Linkk G@ieihe EHFR MOt isithS¥42h aAthe LOn@b118 4GRANSRIkB LA St ores
information on driving conditions of the Egl nt head 10, for exanple,

vol tages of threalquigiediariergohinioeonswinption emi tbe teaflurut ohyRing RAREY 06n, at
step ST14. Thg to determine a latest remaining quantity of ink with regard to each black or

color ink at step S43. The controller 46 subsequently writes the calculated latest
20 remaining quantities of the respective inks as the new data on the remaining

quantities of black and color inks into the EEPROM 90 at step S44. After the

execution of step S44, the program exits from the processing routine of Fig, 11.

The calculated latest remaining quantities of the respective black and
color inks are written into the respective storage elements 80 of the ink cartridges

25 107K and 107F after an off-operation of the power switch on the panel switch 92
in the ink jet printer 1.

Refeiring to the flowchart of Fig. 12, in response to an off-operation of
the power switch on the panel switch 92 in the ink jet printer 1, the program first
determines whether or not the ink jet printer 1 is in a stand-by state at step ST11.

30 In the case where the ink jet printer 1 is not in the stand-by state at step ST11, the
program stops the sequence in progress at step ST12 and returns to step ST11. In
the case where the ink jet printer 1 is in the stand-by state at step ST11, on the



program subsequently stores the values of tinmers at step ST15 and the
contents of 5 a control panel, for exanple, an adjustnent value used in the
case of bi-directional printing, at step ST16. The programthen stores the
remai ning quantities of the respective black and col or inks, which are
witten in the EEPROM 90, into the second storage areas 660 and 760 of'the
respective storage elenents 80 of'the b §ck and color ink cartridges 107K
and 107F at step ST17 In this enbodi nent] 10 the renalnlng gquantity of ink

is witten alternatelylntothetwo menor, d|V|qu(; al | tedf r each
ink in the see@nd hgndr Hige PEISEAN 650 ol 7iater had 1 A ek L3hand s TESssi bl e

appl i cation ! 0 I Qe RREH BEERINpIE! *Vélﬁi edof My be
identified by&?}%g}%@%ﬁ#}h d?ﬂu%c&ﬁh (ﬁatg z:lgt edﬁ:t 't he head of egc c’rrem)ry
di vi si on. Thediviagradvefdimn qautdont Hos psmiefox sy gozmbﬁo]a,t atsstap S§148. Thes | n
the series of the praocessing for

writing the rRREA ﬂévsefuamlm%%s E? vil 85? %Iﬁféfgtﬂ? %:ﬂég anft g ’f‘(ﬁgorg age

el enents 30 %[}ﬁln | Tk 4965 inkd KaRnd blLaFEctainabt ep
ST17 in thsg %%Jvt\l}c&ﬁ ’?fé }9§2(ﬁlagidd%§g%?|v%rel§ Wi tlh1 reference toc FIS 6,

13A, and 13B.prHitipg, at gzepxsrrg 6a THeopmwo Bt tlsnmrnsgtm IomaERg Quantitisaitof Hes
executed to wite .th mai, ni |t|es of ks I mai n
body 100 i nt oFSfHFSIER glﬂﬁgén@‘:@ﬂ’gﬂf@s 3'33 ﬁf&o\yﬁg?%fféﬁ} %E?ﬁw ?E gé‘??fh dges
107K and 107Febdhd B8rdeBkardRl 660 hrﬂi 860 bf Phe tfectivh@sdthfeBlementsi §0 of #8B is a
timng chart show ng the tim n& . execution of the processing shown in

em

t he flowchar tblafk a]dgcolqraAk R @@Kt@dthmt@t@p S ldgriarthisfentiogimens,  t he
fl owchart, .of an ti.mn rt .of nter
mai n bodylolocfﬁ? ?‘?n%?lmdgtqb‘ﬂ’?téwé’g “é‘ﬁgb‘lﬂé“e"s %elﬁémf)otgé r“-n]e YER&I %gr age

el ement 80 i miRBaied @& da0H S Bf e s8@ndStdiAg éﬁb@@BObh%OslImaagﬁdﬁlcenﬁmt 80 at
step ST21. the printer main body 100 then makes the address counter 83 in
the sel ected @@moagbkeﬂpeheaﬂonsﬁlweﬁwwﬁ the sESHSNSE EashiMEmoy GERI%SN gnal
CLK, in order t i i 30 to
a preset addr'8¥s a’tdegtgfz%)da@g%%&s ter h@@dgn |tﬁg%ﬁg{e l%e)éd%ée%dﬂéggﬁg ddr ess

for writing diVigioflatThe ptdp@arh elidti dudd thepotvBesupphadfiimi dtep SD8.rol I er 82 is set
inawitable state. In res%)onse to aread/wite tsfsq ghal, -RIW (the bar

denot es tlﬁe act i ve Iphe suies of Hed)roerspipgfosiia PRVEHS P?”J\F’Phthﬂ?éo‘%? Bk
si gnal , ni ng
quanti ty of cheRRgAFEeri e Bkl es peblcBelind A% R TlollE lefials

remai ni ng qua&ot off ;heoEla&:MIaneﬂ)Nﬁlbn1|nk0:atthdgest d)@H@emdl Hi#¥nat 80p ST17 in the

flowchart of Fig. 12 is described with reference to Figs. 6, 13A, and 13B. Fig.

13A is a flowchart showing a processing routine executed to write the remaining

20  quantities of inks from the printer main body 100 into the storage elements 80

incorporated in the ink cartridges 107K and 107F in the ink jet printer 1 of the

embodiment. Fig. 13B is a timing chart showing the timing of execution of the
processing shown in the flowchart of Fig, 13A.

Referring to the block diagram of Fig. 6, the flowchart of Fig. 13A, and

25  the timing chart of Fig. 13B, the printer main body 100 first outputs an enable

signal CS for setting the storage element 80 in an enabling state, so as to select the

storage element 80 at step ST21. The printer main body 100 then makes the

address counter 83 in the selected storage element 80 count up in response to the

clock signal CLK, in order to allocate data on the remaining quantity of ink DATA

30  to a preset address at step ST22. After the counting up to the preset address for

writing the data, the terminal of the read/write controller 82 is set in a writable

state. In response to a read/write signal -R/W (the bar denotes the active low



of"the ink cartridge 107K or 107F at step ST23 . Although the witing
operation is 5 perfornmed synchronously with a fifth pulse of the clock
signal CLK in the exanple of Fig. 13B, this only describes the general
witing procedure. In this enbodinment, the process of witing the

remai ning quantities of inks is carried out synchronously with a first
pul se of the clock signal CLK, (Effects g First Enbodinent) 10 As
descri bed above, in the first enbodi nent’,” the i nexpensive EEPROM which

carries out only the sequential access, is .appli or the storage enent s
80 of the bl seile) anavcomeropausly with theyglask ﬁlé%ﬁ (i‘aﬁg’ %?E?PW%g?‘%'el ata on
the remainin L 4L &SorOfhe! (BES; f iUDATAPR & Gatal eAn®eBhkab! y
reduces the co@#ggbé:dhtg Oenx{l)lgnrgllglgllnzﬁ%eﬂ%nggftgrildges_ 107K and 107F. 15 In the
structure of #hieesfthe 8ita enladiemaiting giratisectink DATG aye therstersgedomandB0 760

for storing the rewitaple ah t he e s t0,be accesse Lior to
the Cfirst st oflisaeendesddtan ohoarn ST L AR e S EE R RaeR N o  he
respective: s hi AR kesichheCLEQH fied
capgci ty 550 b%g%ﬁggﬂaéﬁeﬁn&ﬁ%@?d%mﬁgg ano?ﬁfe‘&hﬁggﬁ i argy powe;q uni t

havi ng a di f f erentle 30 Fat. rl38t thie ofhlyodesthibes the gehesabwviting foegedared 1Indddcr | bed
with reference o Fi is applied. This auxiliary.power | f. L i gned
not to interr%ﬁ’o‘%‘ﬁlénghetﬁrﬂbesg gtg}gpgll‘ﬁlg{)@ﬁuﬁ qaf 1t15%%}nk§ﬁ§u%ar%1§d gﬁ | ed
out of the sogkefRbisiy RiBRSHEEuICUTthdMlat §gngicIiie power supply until the
conpl etion of “the witing operation. The required capacity of the

auxi | i ary powdffegtsiaf First Embedimeatipl e, a val ue that 25 enabl es continuation

of the power supply,fqr a tj eriod.of 1 ) [ t that
there is ‘abnornality® ﬁ?ﬁcﬂg‘f%g‘%ﬁ%’ Potﬁgglr?r% eggot?(sagﬁgrﬁh%lrg \{ﬁﬁ(gﬁ{}?ﬁ%ﬁﬁyg\@?’r upti on
of power suppl¥ichk@kice s IR thetidGudnBian@ceRsis appliad fui tiegengatlearats|8ds t he
remai ni ng quantity of ink to be nonitored accurately. The cogfi gur gtion of

the first enfodicridack anhiceler dpk|caetidgesel § e e n) e ety e ddr MeHtss 80
enabling 30 only.the s e | 1o I : : jnk
cartridges 16‘773%%%? q&%@%?ﬁ*@s“%%%ﬁ%%eéﬁ??f}ﬁﬁigﬁﬁggglef% e%gi%libgféﬁef ailure
in the procesgsoéf thewtpchiidtge inkharteidyes 1076 addniO7Be conventional structure,

if the power plug is accidentally pulled out of the socket in t cour se
of ' rewi thng t he ddfdhoHruchee PEW&ifHFtrf‘tﬁm%ﬂﬁl&H?I}tté‘eé?cqnﬁléfomg%‘i“gas ﬁ“gys t he

data and intefghef,e5iofhh thd {26 RAHS BAUGALe MRNAGREsE tol Beadc8sRRE BriBPto the
first storage areas 650 and 750 for storing the read only data in the respective
storage elements 80 This arrangement enables the required capacity to be
favorably minimized when another auxiliary power unit having a different

20  structure from that in the power source 91 described with reference to Fig. 2 is
applied. This auxiliary power unit is designed not to interrupt the writing
operation even if the power plug is pulled out of the socket but to ensure
continuation of the power supply until the completion of the writing operation.

The required capacity of the auxiliary power unit is, for example, a value that

25  enables continuation of the power supply for a time period of 10 msec. Even in
the event that there is abnormality in data due to some cause other than the
interruption of power supply, for example, due to noises, this arrangement enables

the remaining quantity of ink to be monitored accurately The configuration of the

first embodiment, which applies the inexpensive storage elements 80 enabling

30  only the sequential access to decrease the cost of the ink cartridges 107K and
107F, thus advantageously reduces the possible failure in the process of rewriting

the data.



quantity of ink. In the structure of this enbodi nent, however, the data on
the 5 remaining quantities of the respective inks are present in the head
portions of the respective storage areas 650, 660, 750, and 760 incl uded
in the storage elenents 80.. This configuration enables the witing
operation of the data to be conpleted in a short tine period, for exanple,
befbre the power plug is pulled out of t socket, and thereby

advant ageously reduces the possible failure in the process of 10 rewiting
the data. In the first enbodi ment, the data on the tena%&in Uﬁn&it of
ink is stored and lmshe coneational sinetyess i the PEWEHPIBE 4L HC n@glwglﬂli? RYn the
ink cartridges., 107 nd,107F. |ln. . e . B 1S not
expressed in %ﬁpgﬂqlﬁtefﬁlgthe&ﬂng? ‘%F‘? n%}@?%ﬁ%&%éﬁ@%@@n bl g? ('?E;llgk’cause
of the fail urgid@sheyd e aRcndaadifbies witthha snbsstjadoe nofitbhef pecihingzg i on or
t he exhaustion of the specified color _ink. In the arrangement Pf the first
enbodi ment , tdvaniitn ekinkdalrathsrstiug@ie oE M5 FHRG I REYe fﬁgﬁé}ﬁai?ﬂ(t %
witten alternately into.: : ‘ TR [RVARY : Ofzad s@@eke ink in
t he seconé sﬂgggﬁ%%%?%gﬁ%%gSggﬁgggﬁgg%%%kgkﬁé E§§§#§§kinte?§g&g'mjth t he
normal Wit i ngspepevaktomige akeds650] 660 MS0datc76thinsludané iR thenssorsgy etinveanss on,

for exanple, by accidentally pulli ng t he, power .pl ug ou(g of éhe srg@et in
the course of8G hBhigiconiigpraticsn spablss e, Wik ARerainR of by ¢atd 19,2¢ SPUDIKYs  dat a
witten int ' egdp ' ‘ hglug Ut paNkd GUEbE the
however, reggfﬁgﬁﬁe?ﬁ%lg%%g?ﬁggﬁgr ﬁ%?%%é?%%??gﬁééﬁu?n Eﬁe case of the
abnor mal wri tsoblket, apethatcbgadivnttazeonsly mednvey thii passiblenfailute o the pravgesntdnt

enabl es the renai.ni 9%%5 guantity of ink to be nonitored continuously based
on the pﬁ@vidﬁgnﬁéggl #3ten in the other nemory division.. [Second

Embodi ment] The f olg, ok ngsdesssdiRRs:, ahs @a@ANGh b adhdRng @eeattydonikd i t he
present 30 invention, which is applicable to an ink jet printer having an
i dentical st rstwtdined menitoredtwieh regard fonéach dlagkrarracdor ink dn thenakrgaptggdges

enbodi ment . . | i onstituents are e esse e. i eral s and
are not speci]l;itaga?"fibl%ags@? é’&s%‘gﬁ%}? a‘lsﬁgclﬁ%ﬁ C@?* ge’?’\éﬁc%g?sre %ﬁ? Eééémil{n st
enbodi ment i goiddakint, 3RR Gk GAberRdH dnitR&Athe icRgseldTahd fiilaidortg: looataditdatlity,of each

ink is witten into two different nenory divisions a,IIoca%gd to each ink
in a dupllBcatedistrlanéthespecifinationorihe exdiapging aike megdiedcolorinfened to the

end of each nermryh(iht lese'u?arrll'gement of the first embodiment, the latest data on the

remaining quantity of each imk is written alternately into the two memory
divisions allocated to each ink in the second storage area 660 or 760. Some
trouble may interfere with the normal writing operation of the latest data into one
20  memory division, for example, by accidentally pulling the power plug out of the
socket in the course of the wiring operation in the current cycle. The previous
data written in the previous cycle immediately before the current cycle, however,
remain in the other memory division. Even in the case of the abnormal writing
operation into one memory division, this arrangement enables the remaining
25  quantity of ink to be monitored continuously based on the previous data written in

the other memory division.

[Second Embodiment]
The following describes a second embodiment according to the present
30  invention, which is applicable to an ink jet printer having an identical structure to
that of the ink jet printer 1 of the first embodiment. The like constituents are

expressed by the like numerals and are not specifically described here. The



5 (Structure of Storage Elenent 80) Like the arrangenent of the first
enbodi nent shown in Fig.. '7, in the arrangenent of the second enbodi nent,
the rewitable data stored in the second storage area 760 include first
data on the remaining quantity of black ink and second data on the

remai ning quantity of black ink that are respectively allocated 10 to first
and second bl ack ink remaining quantity gyenory divisions 701 and 702,

whi ch are accessed in this order. In the second enbodi nent, however, the

i dentical data _on the remai.nin antity. of black,ink i s, wptt. ¢ t hese
two nenmory diiffFEnenEomgae SRy e%@ggwnél%hﬂl1?‘?:‘5{%@%}16@3}4%%65 glgl? Iré ement
enabl es  a COfHRR}y SO 81 yhiten dioPnndifieRnt areRid ngvistsaR allbyaef tol ack

e

ink stored in I'rst and second black ink remainjng quantity menory
di vi si ons 70leaghdnk #02 duplidBasledamer thé theo aparitesomplete flag 15 attashsi de dhanvhet her
or not the witing gperation of the data on the remaining quantity of

bl ack ink hassMd¢¥fRa eVl Iy, It is thereby determ ned which of

these data st@g@eyidoddi§rabWeidhdnl 80pnt menory divisions 701 and 702 shoul d
be used as the current data on the remaining 20 quantity, of bl ack ink. The

details of these tvickeshoryangeviost ofighe fipt emhedmentshevaeisckigodd 0 fi% h
eference 1o K dlgamint offthd ﬁ%{ioﬁﬁﬁ%&%‘égn%ﬂt Cll rhwitab BB SRS i HeeBddICt U @

of the firs Ity menory division 1 an

second bl ack dfkoe hRABTAN MANAYERET Eata BRANDE tredalting quantBP .of Adackeitki amded
above, in this 2% enbodi nent, the data on the renaini n% uantli ty of Cﬁl ack
ink are wri t tsepondadate omsheatepmaining quantity gf blagk ok hat gedEse fafidhg

gquantity mor y. di vision 701 , i tal] [ repai ni ng
quantity Iﬁgnotf’fnfﬁ %ﬂdzﬁeS%n%gl?c%ﬁﬁ%ier s?ﬂ I\f\# ﬁ%@"fé%ﬁ]pﬁ?‘g‘tﬁgﬁlgﬁﬂ%@é&g?ggi ded in
an end porti Qphicll A Glcdsbal fin risik order Mn tte Wesomh cibbdinaend, Aowervaonthewr i te

complete flag B is provided in an end porti.qn 30.'771 of the second nmenory
di vi si on * 702dentiRdata\in the remaplRg guantity of 231 inf§ 153‘?‘1’6&?%‘&? HE $ %ot t he

witing operat] of: ‘ Lia| ANt ik Virr@hoenn@ekabldyk has
been conpl et gﬁéérﬁ%yrgawl%%ﬁls 2@{ %écp?oej's%gac?@\;fghﬂrarg%n%&giny?lg?lc}nsgq_701 42 and
702, The i ni td edmpeaisuedesdcen hbe datatem thempheineng egsity\ofihtick sk stogidf ner ent

1T 958, LS, e SRRk S bl SRV Bl P dad s
L S e P I ARl s o
the data on the remaining quantity of black ink has been completed normally. Itis
thereby determined which of these data stored in the two different memory
divisions 701 and 702 should be used as the current data on the remaining
20  quantity of black ink.

The details of these two memory divisions 701 and 702 are described
with reference to Fig. 14. Fig. 14 schematically illustrates a data structure of the
first black ink remaining quantity memory division 701 and the second black ink
remaining quantity memory division 702, As mentioned above, in this

25  embodiment, the data on the remaining quantity of black ink are written
alternately, first into the first black ink remaining quantity memory division 701
and then into the second black ink remaining quantity memory division 702. A
first write complete flag A is provided in an end portion 770 of the first memory
division 701, and a second write complete flag B is provided in an end portion
30 771 of the second memory division 702. These write complete flags A and B

show whether or not the writing operation of the data on the remaining quantity of

black ink has been completed normally in the respective memory divisions 701



5 witing operation has been conpleted in the first black ink remaining
quantity nmenory division 701.. These wite conplete flags A and B may
alternatively be placed in head portions of the respective nenory

di visions 701 and 702.. Like the arrangenment of'the first enbodi nent shown
in Fig.. 8 1in the arrangenent of'the second enbodi ment, the rewitable
data stored in the second 10 storage arga 660 include first data on the
remai ni ng quantity of cyan ink, second data on the renaining quantity of

cyan ink, first data on the renmainjn anti.t f t.a. K, d data
o% th:a r ema: niﬂﬁ’gmifuamq nifagy alﬁﬁg‘léfﬁb‘ég’iﬂﬂ%onf‘él?%tf?a&atﬁgglgﬁﬂ a?%gﬂrééer?g%g}%g

quantity of Vel Qfhd N oRECRRbILHMATARHRECTITBITINROA Glticliifiabialug ef | ow
ink, first data on the remalning quantltﬂé/l %‘hllr%ht cyan ink, second data on
agB

15 the renai nngheeanthitsycanid wiighompjee 15 thetinigial %alue of he BARAERGI ng
gquantity of |light magenta ink, second dat ! LAl N tity
of |ight mageWii FRmRP cf%glf‘g%ur‘lb a’r“grs%gé'@i”ingeqlﬂ/ lcgeflﬁ%%a aélgﬁeg%ﬁgglﬁ%%s ?lr?ng

remai ni ng &q“a&ﬁh{% 0?@%6% 1k Hesh @BSiplefRLint e ofitgh bBER inkérakinageqemtigssed i n
this order™ Int econd enbodi ment, however, the identical data on the
remai ni ng quameinbyy diviserc 7Ok oTbeseiwriteicomprate flags ANdnE snavhal tBIVERRT v

divisions allocated to,each ink.in a dupli . 1 arr angenent
enabl es a corpJassdsBhepLPoEans ?ﬁtgeﬁp?ﬁ%’n qﬁ@rﬁgﬁ‘glﬁ ﬁ?ﬁgmq%{gnﬂzfy of each

col or ink stored i npfhant iahahoGn®lofithK fir@embudigemnfusiotint in Fignds yn dewi si on
601 (603, 605, 607, 609) and %he second col or ink renai nilgg.q antitI}/d menory
di vi si on 602 {i60emenGof Bhesccarigmbadiment, hy IEWER K HRSERE 1} {he; gco

det ermi ned 25 whet her not .t he It perat.i : tigk Ofdcbite
r emai ni ng luafitiey e 6%@6118%“‘1%glf%\r%éan({?n%glg&gé%%dgg@r?%%ﬁ Qﬁc)%gr melly, It is
t hereby det ergitngd thicehimhg Gixasiey ofiatan isk, direicdatson He reweinding feansitt ofrenor y
di vi sions shoul d be used as the current. ,data qn the renaini Iﬁ}g]%%lf{ ntity of

each col or i nikagenthinkdegcend datfon hedempipimeRBBhY o Hresnihik agon

s, the

first color ink.  30. remini. it LY 404 Wi Si @rﬁﬂ;,'n(gagﬁ.m' bf 607,
609) and the 868"&8‘“1%”&%#‘%‘%?8@@%%’Egé%ﬁladna?? Pi)}%rlrgrr%ry divisi 5%0602

(604, 606, 60@Ilo6LRk, fistdatadestbe ireainitgtduanitfyerfdiahe cyan kg second daiRty di ng

the cyan ink as an exanple., Fig. 15 43. schematical illustr at a

struct ur elSof HhRSCHANEE GYARHLY ﬂtgihshérf?é’?ﬂil fgﬁg%{t?t()? tkﬁé%%@ﬁl& @l}agl?ig'ﬁ()gOl and

the second Cya schGITRk HnlBebtatala oh B RRAYiniRIquaElign {4 mAgerme it oned
€

above, in thi I'ment’, the data on the remaining quantity of cyan ink
are witten ahhearnatsleytivdly Hocatatt to dobe itk remaipygnquankity BREIORY diyisions

601 through 610, which are accessed in this order. In the second embodiment,
however, the identical data on the remaining quantity of each color ink is written
20  into the two memory divisions allocated to each ink in a duplicated manner. This
arrangement enables a comparison between the data on the remaining quantity of
each color ink stored in the first color ink remaining quantity memory division
601 (603, 605, 607, 609) and the second color ink remaining quantity memory
division 602 (604, 606, 608, 610) Based on the comparison, it is determined
25  whether or not the writing operation of the data on the remaining quantity of each
color ink has been completed normally. It is thereby determined which of these
data stored in the two different memory divisions should be used as the current

data on the remaining quantity of each color ink.
The details of these two memory divisions, that is, the first color ink
30 remaining quantity memory division 601 (603, 605, 607, 609) and the second
color ink remaining quantity memory division 602 (604, 606, 608, 610), are
described with reference to Fig. 15 regarding the cyan ink as an example Fig. 15



5 quantity menory division 601 and then into the second cyan ink remaining
quantity nenory division 602.. Afirst wite conplete flag Ais provided in
an end portion 670 of the first menory division 601, and a second wite
conplete flag B is provided in an end portion 671 of the second nenory

di vision 602, These wite conplete flags A and B show whet her or not the
witing operation of the 10 data on thesemaining quantity of cyan ink has
been conpleted nornmally in the respective nmenory divisions 601 and 602.

The initial values_ of the wite, conplete flags . if from
each ot her" ISAhgRaicalls ilhistiates fedata ST le\f/rciftthe oﬁn&ygﬁgn?fggﬁg%ai&P ﬁ%t
initial valu 7 t QRN ¢y inkorghsihdpl hagntdBy haemotye
initial val ugn%l'bor% d&?ﬁﬁf@é \?ﬁ ?E&coml)jl _et)Ie fiags A ang g 15 having an

i dentical valdieisioh6®2mesnsertioaed abevown thisegnhogenent; B dasobREACTRBHS et ed
in the first cyan ink rengining.quaniit ‘ IVAR=Y T wite
conpl et e fl agB@ALE cgapr@( %EFt“g‘F‘ﬁ%\’[ %]E?érf%/{dggﬁgﬁr%lggg]\éi%sﬁg‘éa?ilqg)’lérl%r?{%ﬁg%of t he
respective ”Pdgﬁﬁt\f dinkhkyPsviioh 601dak02hen frhe thakse@td pyamisk remainkng second
enbodi ment ex cut%% the processing 20 routines shown in Fi. sd.lo t hr ough
13A in the samuentitgnmenorysiiviewot0Bed firt wrte commete Hegpbiinrerired I 3 ¢
second enbodi nent, er. the dat t [WoX! hieYe 8fio @aCH

bl ack or col cPrOIJﬁl?ﬂ<6ﬂg¥’\ﬁf¥‘Fti?%tﬁn?lﬂ?rg “ﬁ%‘gﬁ&(’m b%@ﬁé%ﬁgwﬁg?eﬁg i%ons

al | ocat ed 10 ;eaedyiil@Kid Bn and yRlicAEEd offden&rond Memaryedisisitg 6@t iThesef or
determ ning the data regarding the remaining quan%‘iFt%/ of each.b afg}eo_r
r m ne

. |
col or i nk, 25vitki completr [Hlage Adasd B S PAFRET of BOLYE TR GPEEROHE
the data o beo SothOitnling SRERIGH by iends GUBNRploa ofinallPin ten  he

second envodi ining“quantities of the respective inks
are stored i nk@etite: semg Givhiagestl ead @RO diie tddalovalupe oftibe ayete

el ements 80, the identical piece of information.on {he remainin antity
of each 30 i reemipdetouilags énafl‘ﬁBaar%i@#‘if%‘gth‘H“ Fashether ni‘bo?%gxﬁmﬁeh@ﬁoqﬁgtn

di vi si ons al | oeat 11 - thfNin&iaPVARRS S i0S WiRgeds Bedsédandewsitel Wi th
reference tovfrg\% (g(?noélgtgeﬁgggﬁﬁeﬁr%tg thgo o#a the bl ack ink cartridge 107K shown
in Fig. 14.. cbhpldafiagBelganbé igtialhaeluedf Ir ddath thagriterrnplele Bzgsyh aekBink is
first witten into the fir

oS e ot BT o By A B =1 o
R S e i A
The write complete flags A and B may alternatively be placed in head portions of the
respective memory divisions 601 and 602.
The ink jet printer of the second embodiment executes the processing
20  routines shown in Figs. 10 through 13A in the same manner as described in the
first embodiment. In the second embodiment, however, the data on the remaining
quantity of each black or color ink is written into two different memory divisions
allocated to each ink in a duplicated manner A processing routine for
determining the data regarding the remaining quantity of each black or color ink,
25  which will be described later, is carried out to determine the data to be read out at
step $31 in the flowchart of Fig. 10.

In the second embodiment, when the remaining quantities of the
respective inks are stored into the second storage areas 660 and 760 of the storage
elements 80, the identical piece of information on the remaining quantity of each

30 ink is written in a duplicated manner into the two memory divisions allocated to

each ink. This process is described in detail with reference to the storage element

80 of the black ink cartridge 107K shown in Fig. 14. The data regarding the



5 data regarding the remaining quantity of black ink is then witten into
the second black ink remaining quantity nenory division 702.. On
conpletion of the witing operation in the second black ink remaining
gquantity menory division 702, the second wite conplete flag B is
inverted.. This process of witing the information on remaining quantity
of each ink enables the determ nation @it whether or not the 10 witing
operation has been conpleted normally in each nmenory division as discussed
bel ow. (Process. of Reading.Data.fiom Stor : : Tihe E@hingw ng
descri bes t HemMpWEELSLAngfy gé%ﬁfﬁr}lﬁ ﬁgrgﬁl\%‘?%ﬁ&g}ﬂt) ﬁ%@ggtt %QQACI( on the _?grnai ni ng
quantity of Dbl -%@i&hogida{zﬁfénimltiﬂ%efsitdsxage blemett Shisf therbdaaki inly cartidgpuant i ty
menory di vi st on and the data B on the remai inﬁ@%fnk” r%aﬁk ck ink
stored in the7gecOndcdmpeton oftheewniing ABCTARIN I H&‘f AEAVitsion F02 is to
be used as the current data.on [ Wl AHARE AfisBhagtedi Mkhe Wi t h
ref erence t%laﬁl'gsm?m?WAg‘cVW%&@ﬂﬁﬂﬁ%gﬁdﬂgggo. 16%.ﬂ%i_g. .16 is a TH owchar t
showi ng & p%ceacgggjdagg fHRYLARiIRXaAUtighithladtenkinthes whgenitte hee§sPi ng t he
20 qu [

remai ni ng ntity of black ink.. \Wen ogr a nt ers . .the.routine
of Fig.. 16,vladkeinkatmaifingquahiety m@ﬁﬁiyrﬁlﬁémaﬁﬁﬁt ﬁ@%ﬂ%ﬁ%‘éﬁf ﬁlﬁﬁgttlrgﬁ?ed in

the first black jnk remaini ity Mt Vi@ dividibni B2 elxpar ed
wth the datePeEtioR PHES o8 ?%%I%g%%al%%ﬁﬁny (bt ey divlion i n.the

second bl acky.aki «EfBdhpleedlagm lstiverraorThidpereised wimngdedpfosnaiens 100 |
In the event that the data A on the r i ni uant i . |
coi nci des wi drhretteinidgupamitp At e368 1%%%%%%56 agtﬁﬁ?lin? 90%%& %{hgc Ela:&mdtg]ge shown

in Fig.  14A that is.. | he. Ga Ere@Mhfdally MRt Eah aisvey divisimeps 5100,
the progiam VHERR FRCHES EEastgﬁ%e%eéc\%rmlﬁt%eng opergti on has been conpl et ed

normal |y in fgetRRsddwelowi rst black ink renmaining quantity nenory division

'701 and the second black ink 30 remainin tity menory division '702 In
this case, t@@@é&ﬁfﬂe@mgﬂ@afﬂ“érhépmgﬁ@lifagﬁ%?y of black ink stored in the

first black ink rogpi plingifankiibd EpRREN of ditetningOthich ciskeldas & he
current data on the renalni i ., At

g quantity of 45 black ink at. step S110
this noment,od e fdnighingrquastityosfpblecie Itk stgred indhet fist bé‘i&%o‘ﬁ% ’\ﬁﬁ'ia{%“%orrpl ete
flag B have different val ues. er. execut ShERing dddi bhBlagk Ogr am
exits friomt ‘ ! a e ataAg%the rtyerraining
(i taastipomereD e T B EERR B R gL pgh "he '

quantity of hlack ink0&8ond black ink remaining quantity memory division 702 s to

be used as the current data on the remaining quantity of black ink, with reference

to Figs. 14A through 14C and Fig. 16 Fig. 16 is a flowchart showing a

processing routine executed to determine the data regarding the remaining

20  quantity of black ink.
When the program enters the routine of Fig. 16, the data A on the

remaining quantity of black ink stored in the first black ink remaining quantity
memory division 701 is compared with the data B on the remaining quantity of
black ink stored in the second black ink remaining quantity memory division 702
25  at step S100. In the event that the data A on the remaining quantity of black ink
coincides with the data B on the remaining quantity of black ink as shown in Fig.
14A, that is, in the case of an affurative answer at step S100, the program
determines that the writing operation has been completed normally in both the
first black ink remaining quantity memory division 701 and the second black ink
30  remaining quantity memory division 702 In this case, the data A on the
remaining quantity of black ink stored in the first black ink remaining quantity

memory division 701 is used as the current data on the remaining quantity of



5 not coincide with the data B on the renmaining quantity of black ink as
showmn in Figs. 14B and 14C, that is, in the case of'a negative answer at
step 5100, on the other hand, the first wite conplete flag A is conpared
with the second wite conplete flag B at step S120. Wen the first wite
conplete flag A and the second wite conplete flag B have an identi cal

val ue as shown in Fig. 14B, that is, 10 45 the case of an affirmative
answer at step S 120, the program determ nes that the witing operation

has been conpl.et,ed,nar nal i n e [ r i1 & bty
menory di vi Si 1?1“76’528 S%%eé gla(l)lt aﬂ%ﬁ%"?‘ﬁ’gggﬁﬁtrfgllﬁﬁu‘ggﬁ@f/@gl? j%:ég%tlzﬁ% nk
stored in thesekbidiviit) asiplerilagBraave difeguandludsy Aferexgcudion disep SA00, i s
thus used as the current data on the remaining quantity of black ink at
step S110. WW&APidesamsxits Fem WisiipuliRénpl ete flag A does not coincide with

the second wite commlete. filifig th@d%%ﬁ%ﬂ"ﬁﬁ‘e féﬂ]dﬁiiiﬁ%-qﬁ v dftdckiigk dbss t he
case of a negative answer at step , on the other hand, the program
det er ni nes t hadt coheidarith ig: dneBaon dre feamimiog qhartity of biack duleds slovwrain y i n

the first black ink t 701. data B
Lhe el nt naigna £ TC SR ke chist a Peafike “dutes s spp s 050 fee © "
remaini ng quagpfit Han'&e%rgrs@ivvﬂiéi 02 A=y AhySoniaekdwithnBe GUEdaNkigat a on

the remaining quantity of black 1nk at step 5130.. After execution of
either step dhifleterflagt Bpat5d&d S120e Whouytlnfiestiwidtef eonrpletsi Bag dutndhére | n

this enbodinment, the first wite conplete flag,A and the sec e
conpl et e fl agCBIHVBCHOFIRATE gﬁ#a[vicétp 1@%’1tlﬁ%lsvglws(§ﬁ°\§?zn Elg\lg{ﬂg’et 1!olts’each

other. 39 AliLbehdaisk behy afiifnatie aMdvidrQt 6Pl 20,ahé bagserd derenBertat firve an
identical initial value. In this alternative arrangenent, the first wite

conpl et e fl| agviltimgdparhigon bacberh eampleted owphelly in thegiimt klagk gk remaAmECal

b ocessing arbeny iy Erioi s ids EHRb S reflinpadtii BERby

fol I owi ng desgdibdastheRstiagenk ehatthequntibngedi e divisiort el dathas Asedon t he
remai ning quantity of each color ink stored in the first §O| or__i nk
remai ni ng  quanhe eyrensdefapndhe remaipingomagtgy 9f bhgk InlgeAtersBb0. AheR e data B

on the 46 renwmini [ f |3 t i £eqpd col or
ink r emaiq?\i ngﬁﬁq‘g}éﬁgﬁo ?%%%éyﬁgpgsﬁgélgg%% ‘?@ggé %g%gi %géé é%&%) [ s%t 0 be
used as the @iag eihwn fdeltig. DAC tthet i6 ciaha carg of uarpative afsweashstemBb0,ionk, with
reference to Figs.. 15A through 15C and Fi g%. 17 .and 18, Flhg 17, is a

fl owchart shdbé ﬁ@lﬁb_hﬁl’p{bcﬁhg Progam determines that the writing operation has not been

completed normally in the first black ink remaining quantity memory division
701, The data B on the remaining quantity of black ink stored in the second black
20  ink remaining quantity memory division 702 is thus used as the current data on
the remaining quantity of black ink at step S130. After execution of either step
S110 or step S130, the program exits from this routine.
In this embodiment, the first write complete flag A and the second write
complete flag B have different initial values, which are reverse to each other.
25  Alternatively the two write complete flags A and B may have an identical initial
value In this alternative arrangement, the first write complete flag A and the
second write complete flag B have an identical value in the case of the affirmative
answer at step S100, and the processing after the decision at step S120 will be
inverted.
30 The following describes the process of determining which of the data A
on the remaining quantity of each color ink stored in the first color ink remaining
quantity memory division 601 (603, 605, 607, 609) and the data B on the



5 routine executed to determ ne the data regarding the remaining quantities
of color 1inks. Fig.. 18 is a flowhart showi ng the details of the process
of determning the data regarding the remaining quantity of cyan ink in
the flowhart of Fig, 17.. Wen the programenters the routine of Fig. 17,
the controller 46 first executes a process of determ ning data on the
remai ni ng quantity of cyan ink at 10 stgp 5200. This process of' step S200
is carried out according to the flowhart of Fig. 18.. Wen the program

enters the routine of determ nin he e by HRaRinidey Of
cyan ink shovﬁqrﬁawuﬂ&gu?thaﬁafh %Pfollii%g %{dﬁpn} %ﬂe% ¢ 6(1;%) g&r%bgﬂéﬂﬁltcﬁglﬁ rg emagl/ni ng

quantity of P%Qm'égf#ﬁg&w adidish BOB (604, $D6,C668) 610K i @ned nsaugasqlraravimept
menory divi si on 6801 i 's conpared with the data B on the. renini n&éﬁg{ltl ty
of 15 cyan i ndatsbortbd remaining geansiig of gagh FOIRT it ASfeLRsh Y £y y

di vi si on 602 at t S2010. t hecevapt 4k tsBowin@a bltRedseii ni ng
quantity of c'ﬁ&’r?gﬁrﬁ% @b‘?ﬁlﬁsdﬁ a&ﬁiﬁﬁ' Y}ﬁg }:Ig'?&:a gogﬁh?lﬁg ?enI%i 'n_lbngéquanti ty
of cyan ink ag.8hoMkciRdRb determikBAhe ddmiegasiing thetthmatrampqeintisias af ¢elpiat i ve

answer at step S2010, the program determnes that the witing.operation
has been conphks ebignd8 nud Fpwicharhshiqyving dhexdptat Sr%fttg%9h9‘fef’snﬁ’<tl (ieéﬂg‘luhlggé
quantity meno di vision 601 . : : AN tHe Mo wdHarajfHing 7quant i ty
nmenory di vi si ’e?@%‘.d.?n% %ef%rflglgg%s@?&tnﬁgﬁgg%aﬁ% on the  remai n?n%équanti ty
of cyan ink stored Whef e pidesdm eyass thekiongnmbfiFig Iqudke pestrolles Aor kst
division 601 is used as the current data on the r.emaini n@v%ﬂ%}]gﬂ(g{ cyan
ink at step 52G@cs APIeIES ohBHERRINME A} PR L4e HHMRTINe SHSPEY e f Pag A and t he
second 25 write | : : i fsf @Feat ot aks@8ingAbtias flewekatt bbn of
step 8202](9, & g%(éﬂég?%@npféé(% s%%%%g%(ﬁjls rqu_tiOne, In t_r%e event that the
data A on thepigensi rMyiagn qbaptdgrym ofntary sine rqwiting tofr degermining HBe fdagas pn é%n i nk
remai ni ng quantity nmenory divisio 01 do ot coj nekde 1 ta B
on the remai nien@inigARIRLYY 6f CYamk; RWBtlBSi%HPWC%%tggg%’)r%gmcgﬁgﬂr?rt%% (l%rik
remai ni ng quagptity. . | ViiSivah ifi0doRY i MeMirst Bydri % remabih@quintiSC, t hat
is, in the cg@él%%{algﬁggcg%{lﬁveéfgdggmér a(t? stlep 820103,{ on the, other hand, the
first wite momptetsiddrng0Ais sorparphréd the datathonstbe srdaiRinS SUCERpPEt e
flag B at step 52030. 47 Mhen the fi.rst wei. Bﬁﬁ] i&oRBd2 bhe
second wrkt e G@Rpretared/ia gheserorcyanjnk ﬁﬂﬁillﬁclglqﬁva gljiegg&g?gvv{noi nFig..
15B, that is,gyinsbhiR) CRSmeOfveaNtal fic dmd iAven tanewainiag qsbwpy $E0307 ithe
program determnes that the witing operation has tbeen, CO”QA et ed ﬁ.ormal Iy
in the first ejanddsnkith dreedat Boonia nemeingedtsrityRigyan dpk gpihown i tig.

15A, that is, in the case of an affirmative answer at step S2010, the program

determines that the writing operation has been completed normally in both the

20  first cyan ink remaining quantity memory division 601 and the second cyan ik
remaining quantity memory division 602. In this case, the data A on the
remaining quantity of cyan ink stored in the first cyan ink remaining quantity
memory division 601 is used as the current data on the remaining quantity of cyan
ink at step $2020. At this moment, the first write complete flag A and the second

25  write complete flag B have different values. After execution of step S2020, the
program exits from this routine.

In the event that the data A on the remaining quantity of cyan ink stored
in the first cyan ink remaining quantity memory division 601 does not coincide
with the data B on the remaining quantity of cyan ink stored in the second cyan

30  ink remaining quantity memory division 602 as shown in Figs. 15B and 15C, that
is, in the case of a negative answer at step S2010, on the other hand, the first write

complete flag A is compared with the second wiite complete flag B at step S2030.



5 The data A on the remaining quantity of cyan ink stored in the first cyan
ink remaining quantity nmenory division 601 is thus used as the current
data on the remaining quantity of'cyan ink at step S2020 Wen the first
wite conplete flag A does not coincide with the second wite conplete
flag B as shown in Fig.. 15C, that is, in the case of a negative answer at
step S2030, on the other hand, the 10 prggram determ nes that the witing
operation has not been conpleted nornmally in the first cyan ink renaining

quantity nenory divisgion 601. The datq B on the .r i i by Of cyan
ink stored i n“)téﬁé ﬂ%“e@&ﬁﬁd‘“gﬁlﬁﬂmp{%ﬁe ﬂ@r& ?ﬂdntg‘e&ﬁcg)r?fii‘?ré% Jrée%?tgq%@vi sion 602
I's thus used gs; ks Givi QD Fidrel SBethtnisNth theasuse tof =of affieyativd nk at
step 52040. A le&reggﬁéei%a'gl?egns of eitheréqstep S2020 or step S2040, the 15

progr am exi t Sarfswermat $teps S2GAD, iheeprogrant ditemangsdant e FTIINGLDErHoN his been

conplete flag A and .t he con ite .conmpl f : t
i nirr}t)i al val ug%o,m%’ieé ROHR Fyr lé‘\;g‘? @ﬁgt P%anelgg Eg%ﬁhﬁg&%ﬁm&%?ﬁéflé%? ﬁgglt WO
wite compl etg,d hagsa AL I@rdmn%‘uqu@t@ﬁ off dgni iidaktored fi e fixsalcyen iln this

alternative arrangenent, the first wite conplete flag A anc{ 4aEe0r21Qhésecond

wite conpl etenfaiirng Quiite neemirdahvisionl 60} dp dans; ysed 38 1e SRIEH

affirmative answer at step.S2010 r i : Hplceiegasi on at
Step S2030 wi lemagang dRgdiy 55?3?3“&8%‘8?%}?%55@%@k%gﬁt%%égﬂ?sﬁg&mﬁg‘%tﬁof ey 17

the control |l e #Bs BHCERSGHY Rith thexrend esitacqnpleestagoB asebewmimFigy 18&t a on
the remaining quantity of magenta ink 25 at stgg gﬁ/lo, a &EOCESS %

det er mi ni ng dheispin thee caserati 7 neERLYE FREVER AlGHER, SPP-Hy G BT e, %lds D, a
process of determ ni dat : L12kiBe h ettty c@hpletdtormalaim i nk at
step S230.9 ankfogagt 8%%‘&1%%%@?%%{%%%%%2% on_t_hé3 et ng quantity of
|i ght magent amk Miesby-atiaR BR4RingTqeandet aichorpiivitien tAds el hsr dre Fsen thy
determ ning the data on the renmjning quantities, of nmegenta. . | i ght
cyan, 30 and femginingragamiity of §an BXSITAS M ﬂtea‘*iec%q Waf’hlggée%lg mflﬁh%@ggess of
determ ning the i i fﬁﬁ%l B BYHRURRLAT datPbn GieaBmaikng hoamity of t he
fl owchart of 13{3619%?@@55%81 tgdahrelgtt erse%y not specifi call%&/z descri bed, here..
After executig@andhk hsisp SA0GE eddies exdBtion bé ephagitemP20d0 & s Rr¥He Bout i ne
of Fig, 17. (Effects of Second Enbodi nent) The arrangenent of the second
enbodi menkS exePgRm FESSER WF FYUPE as  those discussed in the fi rst

enbodi ment In this embodiment, the first write complete flag A and the second write

complete flag B have different initial values, which are reverse to each other.

Alternatively the two write complete flags A and B may have an identical initial

value. In this alternative arrangement, the first write complete flag A and the

20  second write complete flag B have an identical value in the case of the affirmative

answer at step $2010, and the processing after the decision at step S2030 will be
inverted.

Referring back to the flowchart of Fig. 17, the controller 46 successively

executes a process of determining data on the remaining quantity of magenta ink

25  at step S210, a process of determining data on the remaining quantity of yellow

ink at step $220, a process of determining data on the remaining quantity of light

cyan ink at step S230, and a process of determining data on the remaining

quantity of light magenta ink at step S240. The details of the these processes of

determining the data on the remaining quantities of magenta, yellow, light cyan,

30 and light magenta inks are identical with those of the process of determining the

data on the remaining quantity of cyan ink shown in the flowchart of Fig. 18 and

are thereby not specifically described here. After execution of these processes,



5 The arrangenent of the second enbodinment wites the identical data
regardi ng the remaining quantity of each ink in a duplicated manner into
the two ink remaining quantity nenory divisions 701 (601, 603, 605, 607,
609) and 702 (602, 604, 606, 608, 610) allocated to each ink. The first
and the second wite conplete flags A and B are provided in the end
portions 770 and 771 (670 and 10 671) ofsgt he respective ink renaining
guantity menory divisions.. This arrangenent facilitates the quick
determ nati on of whether or npt the data the remaining quantity of ink
stored in eaéhePH%¥¥EﬁﬁF%§HE¢@%5WPP?99ﬁ§w8?y division is normal, Even

if'the witi "[@ff%@&ro@sie‘?dhdh?rﬁb&ﬁﬁlemen conpleted nornmally in one ink

remai ning quantity menory division, the arrangenment of' the secgond 15
enbodi ment enabl es Theeamargenientlef thestcoprstiemhodimEnbexas thaISAMENa HFn Y

gquantity nenor i visian to.be ed as the current data on the remaining
quantity of etgﬁ% ﬂgwged—rﬂitlge@ahqtﬁgqﬁlgfﬁlton is especially effective when the
duration af' power sppphyandigeanes mhaedoad dhisodimbe: weitssi thedidentiel glatd od f or

the witing operation by pulling the power plug of the auxiliar ower
uni t di scussedgirdingithe rerpaingsuhnty of gaclomk iR ‘%%P?‘%té Spanger Wﬁ%*ﬁ/et [ﬁ"é’ power

supply is suddenly cut off. . for renaf at d 702
acci dental |y ! II?%ﬂBIQgh%uaBB%Te%ﬁﬁgﬁgtsﬁ DS]?/)O ¢ ﬁgﬁ\g’o@[}et@ iit{q"no@f ﬁgg)g%hur se of

Wi ': ing the I(g?gsg(]@@t)a, @(Im’téhe) gxr%smieﬂi tagalaqgaﬁntﬂ{‘.i fThe gfrsti alidhlﬁlc sl ‘:th? t
witing operation inconplete. e nornpl datag use e r a on
the remai ni ngompletatilagy Aofnd Brarp prodded H’(aﬂ’ﬁl":‘(ﬁ‘asﬁ(’,m‘flﬁg'?7 - & gﬁ@ (@g)t ?cﬁﬁi tten
i mredi ately b re.the 2 st .d . Thi resemd?o apfidibsd entrhaccur acy
in noni tgpi nd 4 eOfret ihe%%%ﬁwguglr]ft ?%@3‘8&: ?l]ll('l cg‘ npar ed‘?wi th 1t he

conventional stanbeheiteatiliatesubeguickelemmbntioh of detctheoor nhetheedad on iy

uantity of ink.. [Third Enmbodi nen The foll ow ng desgri bes i
b0t mont. acowRimTGHSNa! FREER] In SON G BNE ey Tered il o (o

an ink jet prij hawiNGr AR v G dfetdtiontiad Glotl bent @mpilbRE nofmalkein dre | et
printer 1 of I% ﬁéﬁﬁi"r ﬁgeg%@gi%nt..&%\é Iiake const i tuﬁents are expressed by
the |ike nundflal sneidingr quantity spewifyi chyibipngdeher ungemene of they seqandsg

shows a data array of 'a storage e nt 8QQ_inc " r ink
cartri dgds TR EhiEs SEADBt farpeaa B gHey i fin ik Raft
schemati cal | y,i}busdivRIch B bedRbdadinkWairdhed A of iistonrling quaity efreadhi ng
quantity nmenory drvisions and second color ink remaining quanti tui/)pgrermry

di vi si ons i ndhkid@Hisi confiperatiom issegpccialisheffactive when the duration of power s
becormes shorter than the required time period for the writing operation by pulling
the power plug of the auxiliary power unit discussed in Fig. 2 is pulled out of the

20 socket or when the power supply is suddenly cut off, for example, by power
failure or by accidentally pulling the power plug out of the socket, in the course of
writing the latest data on the remaining quantity of ink to make the writing
operation incomplete. The normal data used as the current data on the remaining
quantity of ink is, at the oldest, the previous data written immediately before the

25 latest data. This ensures the sufficient accuracy in monitoring the remaining
quantity of ink, compared with the conventional structure that uses the abnormal
data on the remaining quantity of ink.

[Third Embodiment]
The following describes a third embodiment according to the present

30 invention, which is applicable to an ink jet printer having an identical structure to
that of the ink jet printer 1 of the first embodiment. The like constituents are

expressed by the like numerals and are not specifically described here. Fig. 19



5 800 of the third enbodinent. Fig.. 21 is a flowhart show ng a processing
routine to determ ne data regarding the remaining quantities of color inks
inthe third enbodinment.. Part of the internal data structure of the
storage elenment 800 in the color ink cartridge 107F of the third
enbodinment is different fromthe internal data 10 structure of the storage
el enment 80 in the color ink cartridge 7F of the first enbodinent.. In

t he second storage area 660 of the color ink cartridge 107F of the first
enbodi ment di scussed above, the data on the renaini t:hi ¥a@figeach

col or ink isaoalsn@amwwfwsth'@@ﬁlﬁfﬁ%%@&‘@&%% gt”?%‘éeodr‘jr’g&rm% di vigga?ons,
that is, the first, cqgl.oy 15 i YRS MoAg: t 30y serermtiyaltyf iliustian aand t he
second col or10i7ﬁk°frtg?r§?"rﬁ{%§°ddr§§%{it ‘menory division.. |n the stru%ture of
the third enfodiRate BPFrith@lqtihkeremdiaing, quan8ytmesRoR)| digisions A SR

remai ni ng quantity nmenory divisions, in.which.d . Re, 55&1@;'@&@@
quantities afoldrthinkriempindng qeansisy S1Emark 1\8§18nwr}cﬁcfg% I{C‘I:}Pét it e fol Towed by
a set of secgnd col ar. jnk i Ni U Bt fwehaR RRGYingi aprocemglg onine20 whi ch
t he sams5dat8<9%a‘?fé89vﬁﬂdteé?1bgrl(§§?{}t" ita Structure of ,St&rla%g El g%%rdfioo) The
fol | owi ng deschdihesnd daepytding] the dtMaming Heansitiss 9SO HERLD

incorporated in the color ink cartridge 107F with referring to Fig. 19..
The nenory aebddi®ed has a first storage area 850, in which read only data

are stored, 25 and,a, sg Qs &68e sioragehilahent8ADiinake eolat a are
stored.. The pri n?%erm gﬁg@ggﬁgﬁgaﬁg

100 can only read the data storgd,in the
first stor agi%k%a@@id%é&ﬂ?ﬁkdﬂ the thind lsiibogingst HS ﬂé@ﬁ‘?ﬁgga‘ﬁd%ﬁql%% c}?lpt)é;r ations
with regard to the data stored in the. cong. ikOLAFRIR BEFE880the THEt sSecond
st or age ]@reasfsmu'ﬁs)fltb%éfoé%ﬁea%e%ﬁm %ﬁt‘%?ﬁe, Qﬁ%nﬁﬁcﬁ S aggcessed prior to the
first stor agemﬁ&ﬁgleg{so. Nanely the second storage 30 area 860 has a | ower
addr ess (tha? S, ‘an address closer to the hefad) thaﬂ.bgiggalp. ?fofttﬁl?firs{i rst
storage area 850. . Ilthe secondistcadgecarern66 ot 1Be €607 PR 8 and storage area

860 include first 50 ,(data t he, 1 i-PNG CHARNM & biar@ity 6F eathi dokor ifik r st
data on the ?I@hﬁ@lmeﬁbdlé?}ﬁﬁ?‘fa%’v%ﬁhe &rﬁ[a%gﬁtt%&lenk, f%?st ata on_the remaining

quantity of %eglﬂeﬁi’é{télﬁ koritfeh ffth tl8bansetuttveanemenyadivisiogs.dbefrie. thg fisgt cpioght cyan

ink, first data on the remaining quantity of |ight ta i Rk ansgeond
data on the {rknmedinmiiniggquantiin yearorg dyisioRands i o??&oﬁd;t%gﬁ%n&k {¥naimifig

quantity memory division. In the structure of the third embodiment, on the other

hand, a set of first color ink remaining quantity memory divisions, 1n which data
ve color inks are written first, are

a

on the remaining quantities of the respecti

followed by a set of second color ink remaining quantity memory divisions, in

20  which the same data are written next.

(Data Structure of Storage Element 800)
The following describes a memory cell 810 of the storage element 800

incorporated in the color ink cartridge 107F with referring to Fig. 19. The

memory cell 810 has a first storage arca 850, in which read only data are stored,

25 and a second storage area 860, in which rewritable data are stored. The printer

main body 100 can only read the data stored in the first storage area 850, while

enabling both reading and wiiting operations with regard to the data stored in the

second storage area 860. The second storage area 860 is located at an address,

which is accessed prior to the first storage area 850 Namely the second storage

30  area 860 has a lower address (that is, an address closer to the head) than that of the
first storage area 850.

The rewritable data stored in the second storage arca 860 include first



5 the remaining quantity of magenta ink, second data on the renaining
quantity of yellow ink, second data on the remaining quantity of Iight
cyan ink, and second data on the renmaining quantity of |ight nmagenta ink
that are respectively allocated to color ink remaining quantity nenory

di visions 801 through 810, which are accessed in this order. 10 There are
two types of nenory divisions, that is, cy4he first color ink remaining
guantity menory divisions 801 through 88 and the second col or ink

remai ni ng quantity nenory, divisions 806_q5(héqu h 810, for storin d he .data on
the renaini defaguahe remaisingrquenidty of SFELInKy Iség?talonith??r?alﬁlﬂgélu%? }tgr?éerrent
enabl es the _data aqn, the (Y Nt i ;3@%, - rnk k&t Baa @ thewr i tten
alternately f[}?g?lﬁtgsfgk’ fgt%% E&%gﬁbggg%#ﬁn@%@y di \c}{fs}?gh‘g.lflk’The alternate

W iting oper amaninenaahes o lighoepar inkpfirsh dbtwearthe hemefaing aantityeofilighdi ni ng
quantities of'the respective color inks stor eﬂyiqg. t he.fi rséoncd:o&a?ar j]nk
remai ni ng quameERty inerisFgndifaa on R reRAnIR YA FFA0 R SRS SEER S col on

|k T emal B ng SRRy URIRE bf Mokt GRS Bohd! dPUS e RbkiniRa gty of he

conpari son, er or not the witing 20 operation of the
data on the eltmi ik gecumaindits oashefenmdising qupaiy iof dighbrmn inkkanthggeongeen

conpleted normally, It is thereb t er m ne i of 't red in
the two diffépaen fh%fﬁwn@@\ﬂue%%so?i*ﬁg{;@ag%ga ﬁgetgé}aaée ﬁ%@g@%?g’gl@c%g?a on
the  remalnl agcgpniy 5-éxﬁ§m9{$ Gty HRARE] MRiGORORO] WMiougTBe0, dehizh! me

of 't hese two types menor Ivisions, that is, the first color 25 ink
remai ni ng quaddekded imgnpoydedi vi si ons 801 t hrough 805 and the second col or

ink remai ning quantjty menory divisions 806 thrqu 0 rped with
referencfto Fig.. trb@?é PR MR BPAF ©) BHBYY R ({n%t %%ta%ft glegfrilg% %gﬁ)r?eihrrlgi ni ng

quantities oferiRink ARG MEmER) @Fisidik Boarthrongh BOSmntiths sedond @otdyenk i r st -
color ink remining quantity nmenory divisions 801 through 8Q5 ang t hen
into the secomhiB0gcphoityi mkmewivisions S8 dnevaly 8 HEfesiprmehe fyaongte

through 810.. A.first w.ite . corm f - Ark S EoVv-ged Rt alb&RARLOrtion
870 of the ff%"}m%%“ﬁsv?fst%ggp%ggvf %ﬁ(?[oﬁlg{% g%gs?%g%%gaesecond wite
conpl ete fl agatB onStheh@uhidae dquantifiesesiccadarinkoto b revitiencfitetriagely ér dhrede menor y

di vi sions 806 through 810.. These write conplete f.I.ags A_and B. show
whet her bY nowvo ttieeswef tnemopaivitionsn diter PEETERIE SVEHNS HRPCTAERE; ?ﬁahges a

divi sions oo R R g B e o e B o e et o Ph  ough
810 The i ni t inkk stored in the first color ink remaining quantity memory divisions 801 through
805 and the second color ink remaining quantity memory divisions 806 through
810. Based on the comparison, it is determined whether or not the writing
20  operation of the data on the remaining quantities of the respective color inks has
been completed normally. It is thereby determined which of these data stored in
the two different memory divisions should be used as the current data on the
remaining quantities of the respective color inks.
The details of these two types of memory divisions, that is, the first color
25  ink remaining quantity memory divisions 801 through 805 and the second color
ink remaining quantity memory divisions 806 through 810, are described with
reference to Fig. 20 1In the third embodiment, the data on the remaining
quantities of the respective color inks are written first into the first color ink
remaining quantity memory divisions 801 through 805 and then into the second
30  color ink remaining quantity memory divisions 806 through 810. A first write
complete flag A is provided in an end portion 870 of the first memory divisions

801 through 805, and a second write complete flag B is provided in an end portion



5 values of the wite conplete flags A and B are different fiom each other,
In one exanple, the first wite conplete flag A has the initial value of

0, whereas the second wite conplete flag B has the initial value of 1.
Both the wite conplete flags A and B having an identical value thus neans
that the witing operation has been conpleted in the first color ink
remai ni ng quantity nmenory divisions 801710 through 805. The follow ng
descri bes the process of determ ning which of the data A on the renaining

gquantities of the respective colors i st ored,i e first color 4ink
remai ni ng quaﬁ*?tliQfﬁhW%ii‘%/mGWF%%’ﬁéor@%ﬁttﬁPB%ﬁﬁ@'0&%\%‘?&’?@&08@#‘% Ba%h the
renmai ni ng quantiti : b VRith®! derdtidhofthodes dmthehemsrannd
color ink 15 jgtea?r%i%?l}log‘; aﬁgﬁf{ ?igﬁé}h%%lt@gv%ir olns 806 through 810 'agfegqto be
used as the qunfitstofdalon ks Hak beansromictad nomeailyi inites first mameory dipidens ve

color inks, wth reference, to Figs.,. 20A thro an e~flowhart of

Fig.. I21.. W% twgbﬁ%ﬁ%ﬁnéﬁ% é‘lfcgn@ H@“}%‘d?}"ﬁ%glg%hgq%’?@?“ 18let gg‘edr\gg%ﬁA on

the remaini %h&g%@tﬂjéé Wit ARl s X AHEB drd dih@erdti fiGih caMRBhENKIH &I Ni ng
nmory

gquantity 20 ne Ivision 801 1S conpared with the data B on the
remai ni ng quakinbie, ofie Aysanwiitalcoiptate dlag A thae theeindtial jumof Ak wheras Hiang

quantity menory divi.sion 806 At tep S500, I.n t a A on
t he renmi ni njeﬁfﬁléln‘f’{lfvoﬂpqﬁtﬁgﬁgi%ﬁaﬁ © ‘%lg‘iahﬁl&%ﬁ? ?'Wi %ﬁttﬁ%%g E&Ep%ﬁet t he

remai ni ng quanik ty .t BRdhel MKdaTticaeaMe {hds Melins thd0fe Wiehg bferation hixe case
of an affirmatrve answer at step S500, the program 25 proceeds to step S510

to conpare t thecnl@bmplteshint the firehvenlon ik wowining yuantity yagaaRadivienst ¥Hed i n
the first _magent ISE remai ni ng quantity menory division 802 with the data
B on thelPe HP%E; Q antity of magenta ink stored in the second nmgenta

i nk remai ni ng quantyiteYfoIBFRNEYdedéritics itNpR0dss dirdetdimisiag evhitievbttehdatdlat a A
on the remai ning quantity ofg' magenta ink is coincident with_ the data B on
the 30 renmi minrthe trmeeining yuattitivs & fedesnsktive ¢plersiiak stpppdiipdhe Gt cqlpr
affirmati ve answer_at : @Al OfRe to
conpare the &%%P%m%goﬂu?%y%%e%ﬁ%? nql‘gr'llgl%agagﬁ? |tfﬁ{18ug¥l ‘yel ?‘g%vrﬂlﬁ)enggfsﬁlto%rsgg%ien t he
first yell owrémkinfrg@iantifigs af et fetpechide coleminks stbncdsinothe 36@ondi ¢dlot ik data B

on the remaining quantity of yellqw jnk stored.i he second vel | gw i nk
remai ni ngd quéﬁﬂﬁlﬂylgnﬁwlé’ arapigy gHvigess §08 ¢ @lg?agé V%%ft% eh‘éseﬁa?sa on the

e 0 QUSROS ehfi uBA 08! e sihok e ik o0cke
reference to Figs. 20A througil 20C and the flowchart of Fig. 21.
When the program enters the routine of Fig. 21, the data A on the
remaining quantity of cyan ink stored in the first cyan ink remaining quantity
20 memory division 801 is compared with the data B on the remaining quantity of
cyan ink stored in the second cyan ink remaining quantity memory division 806 at
step $500. In the case where the data A on the remaining quantity of cyan ink is
coincident with the data B on the remaining quantity of cyan ink as shown in Fig.
20A, that is, in the case of an affirmative answer at step S500, the program
25 proceeds to step S510 to compare the data A on the remaining quantity of
magenta ink stored in the first magenta ink remaining quantity memory division
802 with the data B on the remaining quantity of magenta ink stored in the second
magenta ink remaining quantity memory division 807 In the case where the data
A on the remaining quantity of magenta ink is coincident with the data B on the
30  remaining quantity of magenta ink, that is, in the case of an affirmative answer at

step S510, the program proceeds to step S520 to compare the data A on the

remaining quantity of yellow ink stored in the first yellow ink remaining quantity



5 case of an affirmative answer at step S520, the program proceeds to step
S530 to conpare the data A on the remaining quantity of light cyan ink
stored in the first [light cyan ink renmaining quantity menory division 804
with the data B on the renmaining quantity of |ight cyan ink stored in the
second light cyan ink remaining quantity menory division 809" In the case
where the data A on the remaining 10 quaﬁgity of light cyan ink is
coincident with the data B on the renmmining quantity of |ight cyan ink,

that is, in the case of an affirnmative_answer at step S530, th . QQgram
proceeds to stepoRs4yitien é@%ﬁﬁﬂbtheh@at@&an/sbwr@%ms&?am%%g tﬁ‘?ilfmpﬂfﬁg of

| i ght nagent a_,j . r j aﬂ[ﬁgm' e hdll Ng quantity
menory di Vi S?sg%ﬂ%éﬁ%%s?ﬁm{d{}gﬁiggvtlgk Eélt(l)ar%hﬂtngghr enal ni néy g{l}’égr%t&?tggg!of | i ght
magent a 15 i nk st oriadhe ragehehaeclandath iAght theagenirng qhantiyrel yelgy dqolamt i ty
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quantity of |GoupRidsRsgeth thedata B oa theromaining Augntity of H‘“glod‘éf%’ EJ%FF’t“ﬁg“e

renai ni ng squ | |  rkes I b ' d bfodeB®s ©2%& 953
affirmati \?e ?%E%E?a’g%fds‘{tnggg%mo, %ﬁgbgrhgzgqg?né glrdggae%lgs to ste ﬁj S550 to

det er mi ne t hatonphe: thatdatadam theeemanig mjuagfity wdhight ¢e iok stoned imegipdusti ve 20
color inks are normal and used as the current. data. on. r inin

Quant L1 es of [CHF RUAT 40T BE SOt RSO ALV EiRs o i e (RE Pt fhey 1 ¢ o
conpl ete flageM Rt LRitPECHI cYid R sEREPIEhHE sédodd 1Bhhaywd idk rdBiigie
values.. After execution of step S550,. the programexits fromthe routine
of Fig. 21. | ruahiétyevempryt fixisieth80Qalmthe oxne there Sieadaid g o ubht¢minzE any

colon ink.is 25.not..coincident w.th.the .data B t remminin Jantity
of The CdPor ARG STt Ava R s ibdiabil i o™ ooty EFRARENRRHET" (17,
negative answeright cfdly ifkDeha@fis, Sh eRS cas®2fOn FBARativeSweb aBep B3040, on

t he ot her hand, the prs%%r am proceeds to step S560 to conpare the first
write conpl etreogrhmgpraces ko stp S§4@ dnaompare dhe d@apt er dhe reapiBngRBANttNe fi r st

wite conpletefl d. con .1 1 & f : -an
Menti calvarte &8 atbsfR el BoRRCRofhs filsh Tt ptBia ih ieliBthitl Uk
affirmative answ@y dbisivhs0sShid0thetdaer Proagharenadhiae juaestytdfdight hengeitat i ng
operation_has been conpleted normally in the first color ink remining
quant i ty153 idpsersd i e seenid leght magen@ghk gemaining,guagsity MERMORY {dRESIPBmai ni ng

quant L2, 810 %  Rpngaseds b isyflBi b AT AL
remai ni ng quantditdiéantofiti the datacl pechd wemadwhgquantiy ofilight mpgSHb hk, Ween t he
first wite (1;5? E;P‘lh%tc%sg (lJfa h ébfﬁgnqlgt?vena?ltswer at step $540, the program proceeds to step
S550 to determine that the data A on the remaining quantities of the respective
20 color inks are normal and used as the current data on the remaining quantities of
the respective color inks. At this moment, the first write complete flag A and the
second write complete flag B have different values. After execution of step S550,
the program exits from the routine of Fig. 21.
In the event that the data A on the remaining quantity of any color ink is
25  not coincident with the data B on the remaining quantity of the color ink as shown
in Figs. 20B and 20C, that is, in the case of a negative answer at any one of steps
5500, S510, 8520, 8530, and S540, on the other hand, the program proceeds to
step S560 to compare the first write complete flag A with the second write
complete flag B. When the first write complete flag A and the second write
30 complete flag B have an identical value as shown in Fig. 20B, that is, in the case
of an affirmative answer at step S560, the program determines that the writing

operation has been completed normally in the first color ink remaining quantity



5 coincide wwth the second wite conplete flag B as shown in Fig. 20C, that
is, in the case of a negative answer at step S560, on the other hand, the
program determ nes that the witing operation has not been conpleted
normally in the first color ink remaining quantity menory divisions 801

t hrough 805.. The data B on the remaining quantities of color inks stored
in the second color ink remaining 10 quagfity nenory divisions 806 through
810 are thus used as the current data on the remaining quantities of the

CTop S570, ¢ neepBntRinens 10 IRORRE ¢ B NG Arormng Snafile fpPhEEor>
enbodi ment, thg fikste ] }rﬁthlﬁqﬁ@ﬂ &hér ﬁukqig%lﬁinﬁ{gdqﬁdﬂﬁtﬁﬁﬁﬁﬂﬁymﬁéi@ns goNp! et e

flag B have di Perent 1nitial val ues, wh are reverse to each other 15
Al t er nati vel ythtdught 805 meithes codps shechkeslam emtheBemajning duantitiss $éake cal
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flag A and t HESPESHESRAIOpMKE &t E%ﬂﬁ;égqe e&gﬁ% IFF;\%“%EOI%L% e (?/Ozfgglgp in the

case of the affiidiiBiikahe 3DHR Witk cofpRic BROB asSHibom HORQ, 26853Mhat Bnth S540,
and the processing after the decision at step S560 will be inverted. 20
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cartridge 107F of .the,third . enbodi nen t I I ‘
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i nk remai.nin uantity menory didh.Sh : 0. rr DB curf@eidhiatat s the
qui ck detlgr mgcprgflﬁ n™ %“W%g]?h ?nsogrﬁéﬁtgi%géﬁeglgta}’%it@ﬁ lft:&'lﬁ(ggr erra?ur# ng cz]luanti ties
of inks storea#e tdmAamE duigticsfof thearespristiveraloninkg atopen$ 510y Afterexgcutdinvi si ons

are normal .. Even if the witing operation has not tﬁgen con'@,l t 30
normal |y in oféithgmpensihey ﬁtwég Tnie PLORga £ HE ?‘P?l AOHRCH \fi?%'i ns, the
arrangement of the i dntaRMI=AE e0ARIE Lok BRI alAliR Sttt he

other type of'the’i remal ni ng quantity nenory ions to be used as
the current daupléd flagnBtieeerdiffeieni igtiauabtds wdichobret tegersesperth weherol or

inks.. This configuration is  especially effective en th ovwer. .supply is
cut off, lpor AlRENElY By ocYdE ORI ﬂéﬁ? A Y ?H%ayg@%r%ﬁ%ﬁﬁ?‘i\%ﬁfmﬁ% t he
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quantities of 1nks to make the witing operation inconplete.” The

second write complete flag B have an identical value in the case of the affirmative

answer at steps S500, S510, $520, S530, and S540, and the processing after the

decision at step S560 will be inverted.
20  (Effects of Third Embodiment)

As discussed above, in the color ink cartridge 107F of the third
embodiment, the identical data on the remaining quantities of the respective color
inks are written into the two types of the color ink remaining quantity memory
divisions 801 through 805 and 806 through 810. The first and the second write

25  complete flags A and B are provided in the end portions 870 and 871 of the
respective types of ink remaining quantity memory divisions. This arrangement
facilitates the quick determination of whether or not the data on the remaining
quantities of inks stored in each type of the ink remaining quantity memory
divisions are normal. Even if the writing operation has not been completed

30 normally in one type of the ink remaining quantity memory divisions, the
arrangement of the third embodiment enables the normal data stored in the other

type of the ink remaining quantity memory divisions to be used as the current data



5 normal data used as the current data on the renmaining quantities of color
inks are, at the oldest, the previous data witten i medi ately before the
| at est data, This ensures the sufficient accuracy in nonitoring the
remai ning quantities of the respective color inks, conpared with the
conventional structure that uses the abnormal data on the renaining
quantities of inks.. 10 The configurati of the third enbodi nent provides
only two wite conplete flags A and B respectively attached to the first
data on the remaining quantities of color.ink agﬂ@thﬁ second dﬁta.on t he
1R eré

remai ni ng quaen the remairing aypwities; ¢fldfe ESPREIYS AHPL lsecfoflf1 Y 15f data

storage in the St-gﬁ}gg@%cgil%ggﬁ;{éh tﬁé%gor“a%gg&ﬁ%féd% By RQiARIMd, by Aecitiedthioni ng

describes a foOHFY acc to the present “invention, whichis
appl i cabl e t op@ling te fjodter phigniue bf thesbeigt,dn shewduase ot wutngiths latest dakreen of ' t he

ink jet printer 1 of the first '[}EOdi ment.. The. difference fi n}thfhgi rst
enbodi nent i sthe FEMANME qYARTIfEY °€P AR MasE tft‘%&”’%@gr%‘?’aé%ol F%ﬁl[e has a
cont ol |G 20,2001 Ri6h LSuRERUE SO AEdhBhaE Gloedie bredlbemkt iai head

10 and co € witing operations into storage el ements 1080 and 1082
of bl ack and sahebldesk theprevicudges watdkiramadiatbty? beforhehe lafest e¥astitivient s

are expressed by the I|i . huneral s .and are. nof speci.fica . i hed
here. As a nedlSEeS Jhe SYRATRLHERIACY HR Mgfd &nig.p{hieo en%aluﬁxg (jildea‘égggi 8¥ ﬁlgéa

storage el e”%%&ﬁec&%%gfég%ﬁ&% god DO thReckBhtical sBRctute 20M. usef Bad a

Structure of St'orage ment’'s 1080 and 1082) The follow ng describes the
storage el enesinsrrifl8Rtammth 08Rainmgtguentitiag of &8st r i dges 1107K and 1107F

f'the fourth embodjnent.. The bl dy color: | i 1Q74 and
T107F of he f our ¢ nEnBBRRTRAE AL dbs SRR by it pEPLAE AREEE RIS O

the bl ack and,£olige K A£ahdH fapsctileraranked &7 fhedfirst thte dn thstremeinibugli nent
except internal ‘data Structures of' mem)réa cells 1081 and 1083 in,t(ge‘
storage el emeqastiti@8ef eolor inggand thensecondcdata GRLhE FEBHNNSLAIELAT BECUN by t he

ik I d i fi 1l .
Structure of PRt HOnOPgcuet e shgey of R R0 BPHoBBE IR 0%, e b ack

ink cartridge 1107K is described with reference to Fig.. 22.. Fig. 22
shows addresses of the control 1C 200 in the printer nmain body 100 and the
5 interndS ddfaushewbedirentlverory map) of the nenory cell 1081 with regard

to The following describes a fourth embodiment according to the present
invention, which is applicable to an ink jet printer having a similar structure to
that of the ink jet printer 1 of the first embodiment. The difference from the first
embodiment is that the ink jet printer of the fourth embodiment has a control IC
20 200, which is provided on and integrated with the print head 10 and controls the
writing operations into storage elements 1080 and 1082 of black and color ink
cartridges 1107K and 1107F. The like constituents are expressed by the like
numerals and are not specifically described here. As a matter of convenience, the
description first regards the storage elements 1080 and 1082 and then the control
25 IC200.
(Data Structure of Storage Elements 1080 and 1082)

The following describes the storage elements 1080 and 1082 in the ink
cartridges 1107K and 1107F of the fourth embodiment. The black and color ink
cartridges 1107K and 1107F of the fourth embodiment have identical structures to

30 those of the black and color ink cartridges 107K and 107F of the first
embodiment, except internal data structures of memory cells 1081 and 1083 in the

storage elements 1080 and 1082. The like constituents are expressed by the like



items of information on the black ink cartridge 1107K. The nmenory cell 1081
has readable and witable addresses 00 through 18 and read only addresses
28 through 66.. A piece of information on the renmaining quantity of black
i nk having the data capacity of '8 bits is registered at the address 00 in
the menory cell 1081.. A piece 10 of information on the frequency of
cleaning the print head 10 and a piece o i nformati on on the frequency of
attachment of the black ink cartridge 1107K, both having the data capacity
of 8 bits, are registered at the addresses 08 and 10, respectively. A

pi ece of i nfommeémBandarendtepaificallyalepaibeddies attachnent of the ink
cartridge 1107K havjnhg,the data acity of {tS .S ' t he
address 15 18 The djg}ﬂgd?tééﬁ}l&”r‘?g&ﬁﬁ%n}e it r‘%Fligogﬁglﬁﬂeﬁ&ggé %feg.{:e&gil%o is

al located to she.heat inredisss: PQ7RMRNEsédtRd el adfbenentb Higi 22blfég a2lir esses

00 through 18. This arrangenent enables the data regardi er i ni ng
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by per cent5age‘}1teé}|‘% ‘&I%ﬁ%ﬁ’é(&\’v @Eeé?%isrgéb)t%? e\?\rnh (t:%aigp g?lgépgggv%g%gggcuti on
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and gradual ly__inpcreases 20 100 w , r Hofof Uhk 9avied tHeh®it
printing proc¥s i’éecﬂ?gm;}tf’flﬁ%neo?l #&%ﬁlﬁggéﬁ%oc@%ﬁég 0dfg%(‘r%«;{re ar ollﬁén%Ot he
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1107F The cal cul ation of the_ percentage is based. t Ximum, i nke
capaci ty dat sofaindormationl om tsufiequengy Ogﬁ%ae%s@ﬁﬁl}"gﬂ%ea&e‘t"g?fhdaﬁ iRr}gcyg{ he

maxi mum i nk capaci b \ ' he t5d PhagRkeaaiEps $10708Goand 1082
of the respec’fl?q}%mlhﬂﬁ%{:lgi?%/?? gegéfgﬁ%t?a%&gﬁ% 30 1107F. In tﬁe case where the

amounts of i NMkavean SeTpith aapaviy of 8chitsn apd axgistakd at tthe addreaseni Wg2edidfi i ti es

of inks, data on the anmpunt of .ink consunption.may t.ake . . nictd al
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arrangement enables the data regarding the remaining quantity of black ink to be
written preferentially.
The data on the remaining quantity of black ink has an initial value of
20 100 (expressed by percentage) and gradually decreases to 0 with a progress of
execution of the printing process. The remaining quantity of black ink may be
replaced by the amount of ink consumption. In the latter case, the amount of ink
consumption has an initial value of 0 (expressed by percentage) and gradually
increases to 100 with a progress of execution of the printing process
25 The printer main body 100 has data regarding the maximum ink
capacities in the black and color ink cartridges 1107K and 1107F. The calculation
of the percentage is based on the maximum ink capacity data and actual amounts
of ink consumption. Alternatively the maximum ink capacities may be stored in
the storage elements 1080 and 1082 of the respective ink cartridges 1107K and
30 1107F.
In the case where the amounts of ink consumption are used in place of

the remaining quantities of inks, data on the amount of ink consumption may take



during the use of the ink cartridge. Setting the maxi mum val ue of the data
on the anount of ink consunption equal to 90% effectively prevents ink
fromrunning out in the course of the printing procedure.. In the case of
a half-sized ink cartridge, which has half the ink capacity 10 of 'a
standard-si zed ink cartridge, data on the remaining quantity of ink or data
on the anmount of ink consunption nmay t an initial value of 50% An
alternative technique sets 100%to the initial value of the data on the

remai ning quantity of ink or 0%to the initi val.ue of the data on the
anount of i nidndBi éh ¥¥Ee Bha 12088 of s 8h Y% P@f@“a@c%a%ﬁwﬁg’al%wwnﬁ ein
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dat e of manufdavhgthe useTHighd mk@aﬂadgaarﬁmmuathengammunhmlumﬁﬂlﬁabtmreth@f t he
ink cartridge 1107K.al so includes a.pi |nformat| the tine
(hour ) of - maAGIPHRY B Qe nsaREse fafth o Sidh A ST ey ik ey ing
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on the termof valt #ictgasopf pikif-sied ink pﬁléré@eoﬁvhlqﬁ msmlf the iok capieityer m of

valldlty fte usalln the cartri 1107K whi re tered at
Uhe addr T Bbe aPERY s b FalBlee" b oh RS- LtR e PENEY o T fEbh Shce |
1083 in the gicamagemtef ﬁﬂ@éﬁnsﬂqﬂﬁﬁon ﬁfayttil@ A0InGal vAlueArIoNs dge alfkthabive S
described with reference to Fig g.. 23 30 shows addresses of the

control |C 2tsghpigue fis épp%t‘@rthmlﬁalb‘&ﬂ'&e aipthe slatp oméhe TeMEiHAS QH%ﬁtéY fructure
f t t
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in the nenory ce
printer.

Information relating to the manufacture of the black ink cartridge 1107K
includes a piece of information on the year of manufacture, which is registered at
20 the address 28, a piece of information on the month of manufacture, and a piece of
information on the date of manufacture. The information relating to the
manufacture of the ink cartridge 1107K also includes a piece of information on
the time (hour) of manufacture, a piece of information on the time (minute) of
manufacture, and a piece of information on the production serial number. A piece
25  of information on the frequency of recycle, a piece of information on the term of
validity of ink, and a piece of information on the term of validity after unsealing
the ink cartridge 1107K, which is registered at the address 66, are also included.
The data structure of the memory cell 1083 in the storage element 1082
of the color ink cartridge 1107F is described with reference to Fig. 23. Fig. 23
30  shows addresses of the control IC 200 in the printer main body 100 and the
internal data structure (memory map) of the memory cell 1083 with regard to

items of information on the color ink cartridge 1107F. The memory cell 1083 has



A piece of information on the frequency of cleaning the print head 10 and
a piece of information on the frequency of attachnment.  of the bl ack ink
cartridge 1107F, both having the data capacity of 8 bits, are registered
at the addresses 28 and 30, respectively. A piece of information on a
total tine period of attachnment 10 of the ink cartridge 1107F having the
data capacity of 16 bits is registered ady the address 38.. The data
regardi ng the remai ning quantities of the respectlve color inks are

al l ocated to the head addresses 00 thr ou 20 %g tl eada ?%gﬂ
writabl e addrieadable gl Wriablegaddresses 0 fhli‘og ﬁ?&ﬂ@é olepddrpeses

regarding t n' i i tigkbe
witten pref 25356 enf % 6in1ﬂ£cg}h$ﬁ6ﬁ B#z%ee%fma?&ﬁ%fqg%%g{ﬁs OOE%P( g&g@{:’hdﬁd}étﬁ taegk
remai ni ng quagdlot ik, @hteymmpﬁgﬂug}:ﬁmagaﬂw inlg lehdvhavikg therdataatapecitit el t o

the first 3 bytes 24 bits) andthe r reqgar di t he
renai ni ng qua%bit%laé%f%ﬁl“‘?lie@ﬁf ﬂl?y%ﬂ’i‘“’é gﬁt ?hﬂab%rﬁ"a ﬂfﬂ’k eépggﬁrlyl %f"@ ted to
the foll O\é/i 0%3byt es (16 bits).. This data structure is thus applicable

to a colorf ink cartridge having onIy three colors, cyan, magenta, and 20
yel l ow. The data ormphaee oénHoimatign qu dlng fr¢queoty efadtamngthpgtmkhMSl(hmld nitial

brogress of | REERD! BROGHORBRPF Ay auaean oo BRRR RE Bulnload ' of

each col or 'rllliowybotl?ﬁawﬁglt@é:@ﬂa Bpakit@ o IRL a@fregi@{%xé‘cpétstﬁmﬁﬂﬁﬂses 28n the
| atter case, the ‘anount 25 1 nk ‘consunpti on has an initial value of 0

(expr essed bymﬁéﬂ()g: snpegeklyantl pigpcadiiaifoynation omemtosd tinge podeit Waahfﬁ?@ig ress

quant 1y 107 Sk e Shte Tl GRS B el nt T8 bl ¥ e E AR AR e

data on the r,gaRkBRY THeAND: tapaRfindtiRClemafting GligntRREO O tﬁf@itﬁpé(ﬁﬂfe color
description on the black ink i's applicable to the_ color ink.

| nf or mat i on n@ltsaarlervgl)lot:@ecﬂ hfethmlmﬂa@dmswd?o teugho? G pmioRg tE%lF?ardPB]@eanﬁO?F
I nC! Udes a pl i elﬁ] 8%{5%@%5 4 Ou %n?)gt h%%%{angém%néﬁfagﬁg lﬂﬁ%ﬁatm’e%ﬁﬂﬁfﬂg

regi stered at™! piece of orfation on

manuf act ur e, tl@é‘f-’kn@mﬂhgftﬁa@title@%f thé t@pemive Wol@nnkhe Baweiteh preferdntiallyr e.
The information relating to the nmanufacture of the jpk cartrld e 1107F

al so i nclgdedhg pigcss ©f dRformpEIMERSREHENSD Hct IgRRINGEUEKEIFE ot 2P ur e, a
I L e o
the f requencynfefmaitﬁmymlgegduag meaemaoﬁng qﬁmms lotﬁrhghn ciyire ahé dight inagenta
inks are allocated to the following 2 bytes (16 bits). This data structure is thus
applicable to a color ink cartridge having only three colors, cyan, magenta, and
20  yellow.
The data on the remaining quantity of each color ink has an initial value
of 100 (expressed by percentage) and gradually decreases to 0 with a progress of
execution of the printing process. The remaining quantity of each color ink may
be replaced by the amount of ink consumption. In the latter case, the amount of
25  ink consumption has an initial value of 0 (expressed by percentage) and gradually
increases to 100 with a progress of execution of the printing process. Since the
data on the remaining quantity of each color ink may be handled with the same
manner as for the data on the remaining quantity of black ink, the above detailed
description on the black ink is applicable to the color ink.
30 Information relating to the manufacture of the color ink cartridge 1107F
includes a piece of information on the year of manufacture, which is registered at

the address 48, a piece of information on the month of manufacture, and a piece of



validity of inks, and a piece of information on the termof validity after
unsealing the ink cartridge 1107K, which is registered at the addresses 86
are also included.. Referring to Figs.. 22 and 23, anong the |ower 8-bit
addresses of the control 1C 200 in the printer main body 100, addresses 00
through 10 are allocated 10 to the information relating to the storage

el emrent 1080 of the black ink cartridge 3g107K, and addresses 20 through 34
are allocated to the information relating to the storage el ement 1082 of

the color ink cartridge 1107F. The datg Iengt& of, . or. 2 by%ies I S
al located to isfumationresdhe (@erodt MTERTBFEHNt Be ip 988" 15THe 1]iS’pé}i“eati on
of the control I (49Q dfﬁhéjﬁ]ﬁg{]ai‘zﬁg L Y7 18 @Eﬁﬁ@@a bRcEbORformatifn bALRIGh

26.. As nentioned above, in the structure of the fourth enbodi ment, the
control | C 208meqhbiid)| & iasufatiate, ng pogwer @it indosndtisnoon kke tisepéotind ef or age

| ts 1080 and, 1082.. Fig.. 24.i d d ti Vi
I st r at i ng mERHegRyBidR BiteF of REEHIPN RGNS BT TR NG AR to

whi ch t he sf ourd, IEREqeRcABPcSRR! £ piecEb8 infé@ndtiondnl 48 eériros@l
bl ock di agr aréfilﬁﬁﬂ%‘gléﬁ%%ﬁ?ﬂ%%dﬁ??%l @S, Tpicgr oPin 26 schemat i cal | y
i|lustrates avatiditnestilenaibs pizea of doqmationem thertdrm dfodyiditpefter wnseelsit rol 1 C

200, and storage el enents 0 and. 1082 As own..in Fig. . 24,. ontr ol
|C 200 is prdbf Hﬂ‘d‘:a&ﬁidgﬁél&’ro{&é@mg]i‘ @degﬁe{qﬁlzﬁﬂg aFSZ’rdi‘‘?‘?1.Seshggsaa€|e i@? }&J‘lﬁdeeﬁbont r ol
| C 200 cones into GRGLAM WF%SI@?&LB@%?%HO‘{@ the JowkoBageakheEnds tHO80 and
1082 via contact nmechani snms 130 di sposed on the carriage 101, and controls

the witing opetrat (260 mfthe prvief ingin bridyr ok addicsgetft twouph H0xre plocated

requi renents.. Referring to, Eigs. .25 ,and 2 t E F ol . a RAM
DIo T T Sio ks itamertpSiafind B g fe ERmeh POt B AR bk AP RarkiBech,
control | er 4010ykaabd8ddassab 6! thicph B340t pUbcdted &y fhadafdSatnd dlatitgher t o

the storage el enents 1080 30 and 1082.. The control | C 200 Is narPaIgG/{

i nt er posed behewiorageletenpmit A082 ofthe splosink cpgtriggy LLHE r'g@“"p‘%é% cpgthQidrdge

el enment s 1088)0€1y3d 1082 rtmcﬁtnteedlilo&l %Qe ink cartridges 107K and 107F The
control 1C 200°BEHEAHPLITHE LR %P Rnsni ssion 59 between the print
controller 4Q0?eg,ﬁbh@fgbﬁﬁ-a1q€gjognents 1080 and 1082.. For conveni ence of

illustration, the print head 10, the carriage pechanism 12, and the
control 1€ 200 are Bicusaepaatdbergntel I %Qo.g,m%gm;l}fg ‘15‘1??? fﬁ%ﬂ%‘?ﬁ ‘ioollblﬁér 40
cupL 3, oAb, LA ORI, SSELRCH: 0 b histina
the control IC 200 controls the writing operations into the respective storage
elements 1080 and 1082. Fig. 24 is a decomposed perspective view illustrating
the structure of the carriage 101 in the ink jet printer, to which the fourth
20  embodiment is applicable. Fig 25 is a functional block diagram including the
control IC 200. Fig. 26 schematically illustrates a connection between the printer
main body 100, the control IC 200, and storage elements 1080 and 1082.
As shown in Fig. 24, the control IC 200 is provided on and integrated
with the print head 10. The control IC 200 comes into contact with the respective
25  storage elements 1080 and 1082 via contact mechanisms 130 disposed on the
carriage 101, and controls the writing operations of specific information according
to the requirements. Referring to Figs. 25 and 26, the control IC 200 has a RAM
210, in which data are temporarily kept, and is connected to the print controller 40
via the parallel input-output interface 49 and further to the storage elements 1080
30 and 1082, The control IC 200 is namely interposed between the print controller
40 and the respective storage elements 1080 and 1082 mounted on the ink
cartridges 107K and 107F. The control IC 200 controls the data transmission



into the control 1C 200 at preset tine intervals. The specific information
is tenporarily kept in the RAM 210. The preset tinme interval here
represents every tine the printing operation for one page is conpl et ed,
every tinme the printing operation for several raster lines is conpleted,
or every time the manual cleaning 10 process is carried out. The specific
information includes, for exanple, pieces of information regarding the
remai ni ng quantities of inks, the frequency of cleaning, the frequency of

attachnment of the ink cartrid d e total ti f t.agh t Ihe
control 1C 2%@%&?&“}%@@%@%&@%@2@3 PORES e netgclg@raa%g l'rs@ éc,tﬁglgn
signal SEL andnoulibhtcsorlifiétlaBbRIRblifhdaqnl tedaltiage fitechunioh handald er 40

anong 15 the information previously read fromthe respective storage
el ement s 108Ccoatrdl IQ 2@Parastiown sepathtely in hig. dntrol | C 200, as an out put

signal TxD to the int . contrall 40. . The i i
quantities of i nks?fl?ﬁnpgﬂt 59151021% ?éloé&eués &g lng‘gtts%ﬁ?%e%glﬁn t Ee c{‘&:n?g%nd
enbodi ment;, akRcAbRERMaN SEL Ad ERABOMEe efritingeoperdtivherf sp@@ficaiforrhatihn 100.
The data on the frequency of cleaning is stored at the t] nﬁl@fgf cl eani ng

into the EEPROM €@, corfied 16a200 6h proset Himsqidsi¥als.of g SBRS HPalGey by

the control 1C 200 from.th e :

respective iFRPRES Xﬁ?éé% %Wgﬁ)d Tﬁ%ﬁ%ggttﬁﬁfgn??%e&g%??? %sg%ﬁﬁgeggrty of
each ink cartyhélgge pht@fdopératidd dr. onkhpader Bquemlstedf evaty gickethet piiging
increnmented by one and stored 25 into the EEPROM 90.The dat a Bﬁgﬂthe t ot al
time of attacipetionifer eayverbrastes [ingeis aRlptall qrEvepinge themapyqisleanng

of ' det ac nt_of ' the i tri dge 1 : M NnieBéOof he
ot or ago_ dPemipcst gociss 5 TSt A Bhdd BhuROdtor YhhpRpIbOOE NE,
control |C 20ffeantibesgaidingthdecndining quaoteessofiinks, e teqneney of clegang,

execution of the witing operatiopn into the storage el nts 1080 and 1082
in response thefreauensy of aéachaent phike ik Faf1deCoM tﬂ‘& tﬁ?fﬁ%@r°§ﬁé?%%%y 100
(the print LEGHloP 40 rdoBivBE B AROCCighhil KD FRNGECISnRERE Seluetion { he

a

control IC 200 fiTs converts a ddress *Adf and an end address
*Ade anong t hegrati SEEssdDufthitd the dafbeapatoh teheirevebothg it cent@®1 4Qramorsss, at

which the control|er 46 requires iting, into the n f 0, . The
control R& 248e &Fijgﬁn@lﬂ’i\/%‘ie?@uflﬁée%‘ﬁﬁgmt Bg WEPSRYY tsgz’ﬁefg%%r%ﬁ%?(tgrrlp(fglg , Eﬁ{aﬁe dat a
on the remainigRy Gafbichi BSthel cdntks IC PRIk &ln Saba) signhinTRDE fetidapanton t he

remai ni ng quantities of inks (serial data).. The control |IC 200
controller 40.

The data on the remaining quantities of inks, which are calculated as

described in the first embodiment, are stored in the EEPROM 90 of the printer

20 main body 100. The data on the frequency of cleaning is stored at the time of

cleaning into the EEPROM 90. The data on the frequency of attachment are read

by the control IC 200 from the storage elements 1080 and 1082 of the respective

ink cartridges 1107K and 1107F at the time of attachment of each ink cartridge

1107K or 1107F. The frequency of attachment is incremented by one and stored

25  into the EEPROM 90 The data on the total time of attachment is output to the

control IC 200 at the time of detachment of the ink cartridge 1107K or 1107F and

written into the storage element 1080 or 1082 of the ink cartridge 1107K or
1107E.

The control IC 200 carries out a decoding process in the course of

30 execution of the writing operation into the storage elements 1080 and 1082 in

response to an instruction transmitted from the printer main body 100 (the print

controller 40). In accordance with a concrete procedure, the control IC 200 first



first outputs (*Adf-1) clock pulses to the storage el enments 1080 and 1082,
and subsequently outputs (*Ade-*Adf) clock pulses to-the storage el enents
1080 and 1082 while transferring the converted serial data synchronously.
The converted serial data are tenporarily registered in the control 1C 200
until the witing 10 operation is perforned into the respective storage

el ements 1080 and 1082.. In the event tgpat the subsequent witing
operation into the control I1C 200 by the print controller 40 is carried

out before the witi atigon.nto the respeciive storage,. el emgnts 1080
and 1082 by tavesne Rerd RS AUe R da il abEREG AN ERahE U R SSE Th00 are
updat ed 15 Thawrdf hBdnOREHALIRM 0BT drde1GR3eGt Wigch tHY eddmillePA6i REGirdshe

storage elements 1080 and"1082 by the control 1C 200 is carried out at the
time of an oantIIcg;emtatth@numbeIS%Cé@hﬁar%@ﬁrﬁf@lé@2&9 alseeconverts B datdptoacenent

of the ink cartridge. The contr | C,200 converts,.the e da Lnto the
bt dat & and AP Tor akammie M grcte pepARME bR oS e RRIR A0
storage ekengmloshd @3A cantle i@8ning HantRs OF Qs (RHas EstaPUTRYEORTATCIIE
control I C 200 correspond to the addresses expressed by the bits. (Witing

Qper ati on i nifsstSpwpegd * A&k alosk pobes mticiteage Fieaanis 198hauhdPediasd into
the storage e gnant S«tg}&ﬁgﬁg&nﬁ&qgﬁdfp%locﬂj:%‘fs%’s l?cgg:e‘r’%{i}?gén gfeg{emsnﬂ)ﬁ)qaé)ﬁ' 9. 27.

Fig..27is§uﬁe]\}\% Nng a processin Writin

oper ati on i ntj082 kehik! @RGSR EEEINTertéBrandathQFaclesacustyed Thy cohtetedont r ol
IC 200 in the fourth enbodi nent.. Wen the power supply to the print
control | er 4ccqal ¢afp a¢ empyyarily mgitaed ipythe (renek I‘E%t}p@nt@r WERIBEpower
source oknby L] ‘ . t er 46

i ssues aﬁ%omgﬁggg%%léls Ipl%g I 5%%%81)%’& Vﬁﬁosgglhggglgéggggpge%ggs}%@ %Iﬁ%lgcont r ol
| C 200 recei vemttthet thowebsedosmn writhter optratiom ivM thenabntrel & t200thether priritng

operation into t stqrage ele ts 1080 .and 1082 at step 53Q0. The
control IC 26@“@'@?‘%(4 1§ @IECSBH%I‘CF%W%% ORFIR0R WEP B esnrqi iR tera8f nes

whet her 61 Qfen‘lEgEs Pdétoh%tﬁalﬂfssw %?Qﬂﬁﬁfolfﬂcagﬁo,%e bAYS 8O ADEcSRRNTE 1080

and 1082 are rea , her or not ‘reading and witing operations
into the stol@@areaipdatedt s 1080 and 1082 are not in progress at step S310..

1 Lhe cpge Where ghl LM SSIE! e Uk AOR AL Se, Hi%hobse I (e
whet her or nglerRtsN80WhiH 1683 bRetheXontBEIC 200 is carried out at the time of an off-

operation of the power source or at the time of replacement of the ink cartridge.

The control IC 200 converts the byte data into the bit data and carries out the

writing operation in parallel to the two storage elements 1080 and 1082. The

20 clock pulses output from the control IC 200 correspond to the addresses expressed

by the bits.

(Wniting Operation into Storage Elements 1080 and 1082)

The writing operation into the storage elements 1080 and 1082 is
described with referring to Fig. 27. Fig. 27 is a flowchart showing a processing

25  routine of writing operation into the storage elements 1080 and 1082 executed by
the control IC 200 in the fourth embodiment.

When the power supply to the print controller 40 is cut off, for example,
by the off-operation of the power source or by pulling the power plug out of the
socket, the controller 46 issues a power down instruction NMI as discussed

30  previously. The control IC 200 receives the power down instruction NMI and
starts the writing operation into the storage elements 1080 and 1082 at step S300.

The control IC 200 refers to a control register area thereof and determines whether



storage elenment 1080 or 1082 is in an enabling state, that is, whether or
not the witing operation has been enabled with regard to each of the
storage elenments 1080 and 1082 at the tine of the issuance of the power
down instruction NM at step S320, 10 In the event that the NM wite flag
is in the enabling state, that is, in the case of an affirmative answer at
step S320, the control I C 200 confirnms tghe ink cartridge for, which the
writing operation has been enabled at step S330, and perfornms the witing
operation of the specific, i.nfor [ if re: b0

enabl ed i nk c?éPPH% b%adf‘gﬂtevﬁ%%sgrﬁégﬁé’?v%rﬁ?‘% ggllgéflﬁ g{tgi l?r%ghaglgsl@g%r?& é;InetaaEf’ed at
15 step S340 i{hqs,sPe&héd & hdif1eadiBg iadd writitlguoiesatitas antontht Ktoragaalenient
guantities of' inks, data on the frequency gf cleaning, data on_ the
frequency of 1889 meHNEIR, atgnept WaPWEHSS (hS19PoPal0 ¢ i [Rethsfcast FHReEHel: tRewhi ch
are witten in thi A s WE LT i [ lL.et,ed, the
control IC Zéﬁd\}/%lfésb%gg?ﬁgicﬁef%&eﬁ{ tehtgg%i/\}rn%%tc %g);% f 12%1?%{%8 a%%‘g%}rr?e? S{? ady at
step S3505Wien1@| thetdvatrbbP &/200i degerbiings Wheths brenotmen 20MI eady flaghait thes, i n
the case of an affirmative answer at step $350, the control, 1C 200, outputs
H - Z control Seragssalement 1088sy 108213 n ep gpab mg\ﬁz{a}teﬁﬁv@{% vhgier ghgot hiego to

t he storage nt s, reey hen
cuts off thewﬁﬁ&grép}ﬁ%%%gh %zgg% ¢ %%ﬁé};{;lg{l gg{ehelglggﬁ%t és-&%odggtﬂgﬁgjli 6%213%19 mtgt ep
S370. I n the10&sendvbesRataht tintecof tha disuancee i powbadmvamstmoion Myt t hat
is, inthe 25 case of a negative answer at step 5.310, on the other hand,
the control Fe€26680waits until all the read-wite busy flags becone ready
at step §380 When gl {ntdient headé Wit Srikusag §liRgR SRGRAE stRathut ist Bathei s, 1N
the case of an affirmative answer at step 5380, the program executes the
processi ng ofisstcefps SHhQative ensgrer 83870p 15320 hthewpatiol 1 ZO0 wehfimmag thsfinkhe

storage elenments 1080 and 1082 has the .30, NM wite flag_in bl ing
state, that F@?quﬁ {B%eve}b'ﬁgég%fwr e gRE AR Q?,SSN&@D g?a%les(i 8%5{532%;,% t %ggprogram
skips the pr g&?&%lsmﬁe%xatﬁic%eg;%r'§ﬁooiaﬂﬁ_@ sp4fic TerexRtUitEDecitioe afdreRssi ng
of ' steps 5350 t hrough S37 2 The witing operation is further_ described

in detail wi irhtheefnebleddek cartiidggsfor ¥hicththeuyntimpoperpiign hagbeen epabled\ithar t

show ng processi,ng-Louting executed . h 0]..16 . i 0 .cour se
of the ti ﬁﬁp §§‘el¢|'at1§18ﬁPG%ﬁ(é%nég%né%dgéﬁd%r%mC? ]iq&rllgenlge cah%alﬁg gluéslﬁg%/?np% t he
timngs of' exgeUddtDBn @ic frbquenty bf Bigadng datd om tifh¥quehey bf dteehfleatyahdr t  of

Fig. 28.. Mire specifically, the timng, chart of Fi%i" 29 shows_ th
1S s

data on the total time of attachment, which are written in equence. After the

writing operation is completed, the control IC 200 waits for all the read/write busy
flags to become ready at step S350, When all the read/write busy flags become
20 ready, that is, in the case of an affirmative answer at step S350, the control IC 200
outputs Hi-Z control signals CS1, CS2, CLK1, CLK2, R/‘W1, R/W2, I/Ol, and
/02 to the storage elements 1080 and 1082 at step S360. The control IC 200 then
cuts off the power supply to the storage elements 1080 and 1082 at step S370.
In the case where all the read/write busy flags are not ready, that is, in the
25  case of a negative answer at step S310, on the other hand, the control IC 200 waits
until all the read-write busy flags become ready at step S380. When all the
read/write busy flags become ready, that is, in the case of an affirmative answer at
step S380, the program executes the processing of steps S350 through S370.
In the event that neither of the storage elements 1080 and 1082 has the
30 NMI write flag in the enabling state, that is, in the case of a negative answer at
step 5320, the program skips the processing of steps S330 and S340 and executes
the processing of steps S350 through S370.



timng of execution of'the witing operation froma head address, and the
timng chart of Fig.. 30 shows the timng of execution of the witing
operation froma desired address via a dummy readi ng operation.. Wen the
programenters the routine of Fig.. 28, the control I1C 200 nmakes 10 the CS
signal in a lowlevel and resets the address counter 83 included in the
storage el enent 1080 or 1082 at step S406» as shown in the timng chart

of' Fig. 29.. The control 1C 200 then nakes the CS signal in a high |evel

and activates the t orage_ el enent. qr. . - . ntr ol
| C 200 subsequent | yfheomiﬁﬁ% QbelatiQILIg;ithier %ﬁ?ﬁ%igrégél?&eéﬁlggﬁth%feg%}g I?&;F {gﬁ'e

storage el emepy thlk . £08284at a Howhep sbédlbg aTh@cepigi foutingaxdeateddy cl ock
pul ses corresponds to a desired address, which is transm’tteddié m t he

print cont r ol thercongolal{d 209 invthe poursreohienvyritips opeiatier  Fes 2dqih friting

the specific data. ;The .addr - L . -@IE%W’L 0 or'
1082 increnen?rglrighcélagﬁéﬁoevgggg@e @ﬁ%?’ %gﬁ?ﬁuﬁﬂﬁg?%ﬁﬁ?gglﬁp %I? ht e cl glgk
si gnal .. TFhe wedlowehart 6f BRO 28 AMare epécificudlyythe pizaing wharh of Gés 20etowsltheess vi a

20 the address counter 83 at step, 5430.. The contro Icg 200 g?}:ll(es the RFW
signal in a tnig Mfexerutiog ofdhe Yrisisa APEIption diaft AticAd 20Fera RGPS WPHE he

storage el enent .1 0 : : ' akien ol &
witten, to aC%aléctcgelglgs5%t8ﬂ[§‘t§%f)hegﬁ%&}%&ﬁﬁ%e@u{éé}ggfgis@t %Yﬂgg%gi flilcl: data to be
witten at thissabsdditsedingduiassasading bpeatiorenory cel | 1081 or 1083 of 't he
storage el enent 1080 or 1082. After execution 25 Qf'.step. . he, program
exits from the routVhen Beprogam opgers ﬁ’ﬁéoﬁé?cqgllﬁ%@%am%ms’fﬁ%% M@K et ur e
of the T qyr t perRodinty o 1616 18461ES Sedels HRORIdIdeLoan: 8BMTAEIRARNP theby

bit., Inthe case e witing operation is performed with _regard to a
next addr esstdrhgd elementoldBD oud0S2 atistdp 3408 asshewn irsthy tepiag ichare of Bigd?®ss, the

CS signal and_ 30 th |Wsignal are kept .in, the hi state.... ntr ol

| C 200 t hen d][}yfep%&ngogl o0 '*1?% nﬁ&fﬁﬁ)g}e gg%%&kﬂ 6ﬁ1§gge%eirapgsaﬁg}];%igsngl%t o the
next address sEcQa%eh@leﬁQﬁf €650 of Q0% &f 88 3410t NEns bontad e emeibsedRifiyor
1082. After the Specification of the 6 next address, the @)ECIfI c data

out put from tduputoatpeifid Guaby afrabookriulscs o et wonage elesient 4% er it 1080
Ry s
address, on thfcoishemsmatd, fréthehe gt htrbTer2@armluopatiish teeprimwoidid si gnal
to the storage elenment 1080 or 1082 and perforns the ineffective witing
40 requires writing the specific data. The address counter 83 in the storage
element 1080 or 1082 increments the address by bit at a timing of a fall of the
clock signal. The control IC 200 can accordingly specify the desired address via
20  the address counter 83 at step S430. The control IC 200 makes the R/W signal in
a high level so as to specify the writing operation into the storage element 1080 or
1082, and outputs the data, which are to be written, to a data bus at step S440.
This enables the specific data to be written at the specified addresses in the
memory cell 1081 or 1083 of the storage element 1080 or 1082, After execution
25  of step S440, the program exits from the routine of Fig. 28. As described above,
in the structure of the fourth embodiment, the address is specified and
incremented by bit.
In the case where the writing operation is performed with regard to a next
address that is continuous with the previously specified address, the CS signal and
30  the R/W signal are kept in the high state. The control IC 200 then outputs a

specific number of clock pulses corresponding to the next address to the address

counter 83 in the storage element 1080 or 1082, After the specification of the



operation up to the next address as shown in the timng chart of Fig.. 30..
At the next address, the control 1C 200 outputs the high RFWsignal to the
storage elenent 1080 or 1082 and the specific data to the data bus, so as
to inplenent the witing operation., 10 In the arrangenent of the fourth
enbodi ment, the data on the remaining quantities of the respective inks
are witten into the storage elenments 1¢80 and 1082 in the follow ng
manner. As described previously, the address 00 is allocated to store the

data on the remainin uant i. f black ink in t [ cell. 1081 of the
storage el enBftt afg’éﬁg’ tgﬁ(ﬁp?%é‘ygﬁa%ﬁ?gﬁé -t!ﬁeﬁg{ln@&@?@méﬁ@ 13%)&%55 _

al | ocated togsph¥cCelchRnflabngo it 1482,  GHBILET BEe OMEGIEL | the BFri@hg toperatiegpigct i ve
color inks in the nenory cell 1083 of the storage el enent 1082.. The

arrangement @erformesl wishisegtidrina nexdaddeess tat isodiseonsing@isivish sieggeyiquilyie

storage el enents. 1080, and 1082 .to.zero,when, t tral. |G 200 Lorns
She wdit e Snerasd Bechih o AHE ogted HhGR g ekl T A0 Shyb T3t Y <
enabl es the dighal ©theReorigNEbmbMOl 030261t | (2 emdoferfdi@s 26: ireSheitd Wetihgks to

be witten prior to the other data into the storage el enments 1080 and 1082
in the cour sePURLGMBD g fhe nixt egdipsst asoopy intbe Haneg ehart of Bigo30. (dfthects of

Fourth embod} 0En] gy, €yl | § 00 fonfdifs ftkPeuEfc@i W%E@ﬁ?&g @@as%ﬁ??t he

data on the fenmaining quantities of tThHe respe € Witien
preferenti al tigmient D0S0N® 1082 afd ccagecifit darrtb shel @i bag)do 2O ERinglehbigt the

of f-operation of the power source. Even if the power plug is pulled out of
t he socket iﬁ‘fiﬁﬁgé’t’@lagméfter t he power-off operation, this arrangenent

suf 1 el eff ]y ensur g3k ahag o e ki IairbadRek e & oA | L es

of inks e processing routine execute e contro ite
data into 3fuianhdesbbiiagespdcane nils 40 8@itendint® 8 steragareldnshto USOnMeh t he

power, plug j accjdental ]y pulled qut of fhe socke i t hout the power-off
oper at i on oriqsme_ﬁ‘ ttg_‘l"e tj‘;@‘b‘(ﬁéﬁ gty %§ %??Eilg"éﬁﬂ’éqm?lsgh}tl\élhﬁfqd&eﬁﬁeoopb%\er down
instruction M¥cated th SRNE thebdhta Hﬂ%reﬂb@ﬂn%%ﬂ%ﬁﬁt& Qﬁ"%lr%ﬁ iR 'tlﬁ:nlﬁgmory

previously, and the electric power Is sup d “"to the print contrdller for
0. 3 seconds dwl MEdnd thof storage alamieht HISP, pulwbe addgssee 00 0f; dPpbY, anddOiare t he

L R Rt 100 R SSE hol  STR O Bl
g SZ P:f.t Lxecgg kBe infinfory 81151088 33 eh&51BRE I Fem &R0 082 THEBZrankBReNY o1l thitD
embodiment resets the address counters 83 in the storage elements 1080 and 1082
to zero when the control IC 200 performs the writing operation into the storage
elements 1080 and 1082. This enables the data on the remaining quantities of the
20 respective inks to be written prior to the other data into the storage elements 1080
and 1082 in the course of the writing operation by the control IC 200.
(Effects of Fourth embodiment)
The arrangement of the fourth embodiment enables the data on the
remaining quantities of the respective inks to be written preferentially into the
25  storage elements 1080 and 1082 on the off-operation of the power source. Even if
the power plug is pulled out of the socket immediately after the power-off
operation, this arrangement sufficiently ensures the storage of the data on the
remaining quantities of inks.
The processing routine executed by the control IC 200 to write data into
30 the storage elements 1080 and 1082 is carried out when the power plug is

accidentally pulled out of the socket without the power-off operation or when the

power supply is accidentally cut off. The power down instruction NMI is issued



be completed within the time period of the auxiliary power supply,

(Modi fication of F ourth enbodinent) In the fourth enbodi nent, the data on
the remaining quantities of the respective inks are |ocated at the
specific addresses in the nenory cell, which are 10 accessed
preferentially by the printer main body 100. One possible nodification of
the fourth enbodi nent has format inforngy on at a specific address accessed
first by the printer main body 100 as shown in Fig, 31, Fig.. 31

schematically .illustrates a data.arnay i : | sl

modi fi cat i on $0et ﬂ@ﬁfcé}ﬂ‘ﬁ‘?lﬁns @%8@?0@3‘%@?&%‘%& 813? gm’:[;?rq %X EB%BII llsrlsgpﬂghgs
format infor rfattheg]i%%émumm Ghr DS dBondelly hanpet ithy aiilierynpdwansastar ed in
the nenory cell. e applicable procedure_ specifieg an ink reminjng
quantity mencngorgpratedi on the@anick anaidebodyh 180w Sings| Be argEsgenh P02 as
the target witi area based,on_t rymt r ; "
subsequently e(?%l’rqﬁggfénto}fﬁe?et‘ lapﬁq“l?}l{ég&ﬁgw% ng%gerr%g{alhgﬂg l@%%ueg?gghh;enent

advant agequs| ¥sRE@VWEkS iﬂt@fﬂé&tﬂih%@ﬂer&éﬁﬂ @030 mdl082atheowtifing bparaigen eanea 1004
from 20 being erased accidentally In a nodifjed structure that uses a
common st or ades ceimpieied withinghe Hmeperiop ph e aulasaPRYFIYRBPANd t he col or i nk

cartridge, rﬁgﬁid{ﬁt‘dﬂf}aﬁ%ﬂ‘@% [elaTRof:Ta NN accessed readily based on the

format infor hi s“arrangément favorably saves the tine period
required for the agaassfoirfiabmbsdinfent, the eatacaithyreamalniag quentitieggof the

operations. In this arrangeneni, the cagpacjty of. the ink repmini. quantity
memory di vi sitewesoRinks aigdpeated #Hdpe E}E?F’%g’sﬁpdéif%?‘?‘?glnttge P‘r‘?@l%}éﬁg@ﬂr}y&gﬁﬁeach
ink chanper | Rk iy i 85d@100 NbREHREBR M&@fication t he
case whe;rg taﬁgeslggr%ﬁpﬂg?ﬁlﬁlﬁ%e ﬁggp%tggﬂgﬁlece@fof i nf o??r?ati on to be stored,
t he accessi blof ths Saurthmayibddmentshasi fotreat inforiagon ot mespetifit addeess epcestyl . .

This ensures the shorter acces 3 i even in the cas .

of * gener al - piffpo®e thet BrFe e R 20& ar%&v?? Bt Eﬁ]g\/bi(}]f hga?illo%cgfmggcalllyn t he
first and thepsecond aahodhpaghs idiSEuESECcADRVEne Hodifibation of aietburth t he
second storage areas 660 and 760 are only the data on the remnaining.

quantities ofenftodimegpebid dasa iartky .100H angladssi formatindprmation K01 nakpiddy t5r e
et achmons ofiSEhs TS iar ookl By b neh SR AR O SRR TERaRlC |
el apsing aft gheipsea iMGetlidguantity fehdeedivifdk1e0slinkiied in atwritable second
storage ar eaito?‘sgz aggz? lgO%Oasatie ‘Ea?él\gt]: Iwgrﬁggearea based on the format information 1001,
and subsequently carries out the required writing operation, This arrangement
advantageously prevents information stored in a read only storage area 1004 from
20  being erased accidentally.
In a modified structure that uses a common storage element to both the
black ink cartridge and the color ink cartridge, required information can be
accessed 1eadily based on the format information 1001. This arrangement
favorably saves the time period required for the access, that is, for the reading and
25  writing operations. In this arrangement, the capacity of the ink remaining quantity
memory division 1003 is determined corresponding to the capacity of each ink
chamber in the ink cartridge by the format information 1001. In the case where
the ink cartridge has less pieces of information to be stored, the accessible area

may be restricted by the format information 1001. This ensures the shorter access

30  time even in the case of general-purpose storage elements.

[Possible Modifications]



data, which are transmtted fromand to the printer main body 100.. The
presence of bubbles in ink stored in the ink cartridge depends upon the
frequency of attachnment and detachnent of the ink cartridge. The opti nal
conditions of ink 10 supply (for exanple, the frequency of flushing) in the
flow paths fromthe ink cartridges 107K and 107F to the print head 10 may
t hus be determ ned according to the fréduencies of attachnment and
detachnment of the ink cartridges 107K and 107F, which are stored in the
second storage are ‘ i i edhbdvedfRdakOfbregf ' t he
first through the ?ﬁf@gﬁmgggéﬁgga?#gnts,d?ﬁgﬁigggﬁﬁ storage areas 660 and
860 provi de timahersnmmy stdiage sireass6dloand 60 arolcnly itk date eredireramaning st or e

the | atest dat the i ni tity, of t | ink.. .JIh ,
ore menory. dtergies e trprsroreois . 8 voufimtdRraRndh M oG8
the second apgl éﬁﬁlrglaithé JeROIEE B eAllySOUAHEEMBROMR, ddtithmtnt bEtheZblk

conplete flag is inverted to determ ne whether or not the witing operation
of the datacarridges 108Keindil9FF qudititidaa of thedicne ¢lppsingaftasaaprabipgricankd f or

each ink renainin nt it ry division.. The [ ‘ ag may
have two or CRR egrlﬂz apd Iﬁ7g§gﬁt%‘? SCCRBG SRFIEEA %atsié\ggla%ﬁgggeggg%e%ﬁ% or the
det er m nat i og,@f whithelb &hndhitte@ frohhghd/ol the PEnRPaiadd bedy heks esanep! et ed
for each ink remaining 25 quantity nmenory division. In the enbodi nments

di scussed abofdubblee inddkestercd dortherink Fatizidge idspends cengat thgpfiequsacy &t

countdown ty na | ternatively b th - 83. For
exanple, in gﬁ%cwepg?n‘iﬁ]ﬁ%ffﬁfg&geo otﬁed:l@ﬁg%[%ﬁﬁghtgh%lg pi @Efgon%ﬁfégﬁ

struct ur gy t Bigyphl(for axamyles el hdqiepce b MBsBing) its deh flawnmninefiomhtat ihke 30
second storage areas 660 and' 760 are accessed prior the first storage

t .
areas 650 apitridese 107Kand| \07F fie thearti dead &0 ayy t&P%B%S@B@H&%aeF@‘ g e
| ocated at the.hi r . € - g as 650
o 750 1o o HREGacRE Of RaRERe AR Saafd o I lid el PO e T
structure, the7EatHclofesteed @rad sicogd stquptaidas 660 afid 76@ respecti ve inks
stored at the head_addresses shoul d, be | ed. at he end addresses In all
the enbodi ments di Qbu@§e8°18bol\‘}5, CURELTAL ggﬁ‘[r] thghfi e‘&l’éf ntgﬁ@’ggS u ﬁl‘l“?ti es
of [the respeghbyfinldlis BE ScBbRf Shidlle hitfs NPRA1RE S0P pfAB HvBddiAREpS. —The

data on e remalning quantity o i nk may, however, be stored at any
divisions for each color ink to sequentially store the latest data on the remaining

quantity of the color ink. Three or more memory divisions may, however, be
provided for each color ink.

In the second and the third embodiments discussed above, the write

20  complete flag is inverted to determine whether or not the writing operation of the
data on the remaining quantity of each ink has been completed for each ink
remaining quantity memory division. The write complete flag may have two or
greater bits. A counter may alternatively be applied for the determination of
whether or not the writing operation has been completed for each ink remaining

25  quantity memory division.

In the embodiments discussed above, the address counter 83 used is a
count-up type. A countdown type may alternatively be used for the address
counter 83. For example, in the first and the second embodiments of this
modified structure, the data array should be changed in such a manner that the

30  second storage areas 660 and 760 are accessed prior to the first storage areas 650
and 750. Namely the second storage areas 660 and 760 are located at the higher
addresses than those of the first storage areas 650 and 750. In the third and the



menory address, which is preferentially accessed by the printer main body
100 (print controller 40) For exanple, when internedi ate addresses are
accessed first by the print controller 40 for the witing operation, the
data on the remaining 10 quantities of inks maybe stored at the

i nternedi ate addresses. Nanely the storage positions of the data on the
remai ning quantities of the respective iggks are not |imted to the

physi cally head addresses in the nmenory cells 81, 810, 1081, and 1082, but

may be any dresses er ent.i-all ssed f e

wWriting opergi“l“g% emdbofigm?lﬁ a&‘ﬁ?’ 3@)5‘%{% ée& :grreﬁ%t sfla OB E’%P&%Qfﬁ §'%appl i ed
for the Stor%]ﬂﬁnut%seﬂﬁﬁé FesBbtive Mks si618Q at ﬁll&dlei@gadxeé’sedIsﬁétﬂdﬂoéllccalmimry of
the sequential access type FEROM nay be used instead of'the EEPROM The

EEPROM i ncl udisserd agklressegenori es., In all the above enbodi ments, the
remaining quantitigg 9 d k) 5, ApCHiscAleRupblie Bl B o E}&hﬁhfu@g to

the quantities of € anoun nsunpti on oweve be

used i nst ead qhntithe ofeh@iadpagive uslal it isesedht uhalmad oT hiee mtekloqaadidres:hges 107K,
107F, 1107K, and 1107F used in the above n;ﬂq:dl ments nmay be replaced with
anot her ink daetdefaige tsormawiag quantty Pf egoh ink-mgy, however, abeng%egeaétaiWe vi ew

111 ustrating n&e?rﬁyﬁ%ﬁﬁ?e@?@ﬁ@cﬁ’qs ég?f%%ﬁl c%éésgtg%gﬁgé) lpgjgter i) 'B%d 100

nodi fication e pres I nv he I'n rtr e 500 inc udes a
vessel 51 sulgstrbhablier aﬁog)r E&dexampﬂeh&/heshaqannmata add&@ts&mgtﬂ acessed first
paral | el epi ped a porous i i

(not shown) that re nated wi.th i nk and
accommmdat ed by rih ?ﬁ@m$é§@@ﬂ? gﬁdh§WE Oﬂ%ﬁ%§¥ %% h%%qﬁbU§W§n?ﬁe t op
openi ng t } \

Pbserva 18 ( ipfRSS ki ma E&%&%???q%%?%ﬂh%&%&%%f’%ﬁ NooiR ey i
the ink carpomﬂg&soﬂﬂﬁﬁﬁ&ndnkh@?ﬁndnmgu$smdncmofﬁE:abmn@venbbdmnsnﬂs)
nt col.or, i nks.

whi ch separ at el ive diff ets 54 for
the respecti Em@ togﬁff)gl{lysg%}(lg h&? ‘é)‘te?ﬁ?ﬁ i}, fhe 'Bg@lofy 86 Eo@i’tllé’nl

bottom face @fgi gt WeSRl a r@lmemgﬂﬁaddilgsswgﬂéﬁfeﬂt&hl?ta%c@s%e@lfortII@leﬁQ%ﬁdf ic
positions face I'nk supply needl es (not own here) when the ink cartridge

500 i s attacheidingoparattans.ri dge attachnent unit of a printer, main body
(ot Shopr her ) . Bt S ERRRERS, B2 SRR BEARY By LA gt o
supply inl et glepdnts SDNSO@XLOBOSARNEOEH0 ALdEitfc PicdhR9IITANS s@fueitid] @vedss ( not
type FEROM may be used instead of the EEPROM. The EEPROM includes flash
memories.
In all the above embodiments, the remaining quantities of inks are used
20 as the information relating to the quantities of inks. The amounts of ink
consumption may, however, be used instead of the remaining quantities of inks.
The ink cartridges 107K, 107F, 1107K, and 1107F used in the above
embodiments may be replaced with another ink cartridge 500 shown in Fig. 32.
Fig 32 is a perspective view illustrating the appearance of the ink cartridge 500 as
25  one modification of the present invention.
The ink cartridge 500 includes a vessel 51 substantially formed in the
shape of a rectangular parallelepiped, a porous body (not shown) that is
impregnated with ink and accommodated in the vessel 51, and a cover member 53
that covers the top opening of the vessel 51. The vessel 51 is parted into five ink
30  reservoirs (like the ink reservoirs 107C, 107LC, 107M, 107LM, and 107Y in the
ink cartridges 107F and 1107F discussed in the above embodiments), which
separately keep five different color inks. Ink supply inlets 54 for the respective



shown here) fixed to the printer main body The extensions 56 are | ocated on
both side ends of the upright wall 55 and respectively have ribs 56a. A
triangular rib 57 is also forned between the | ower face of each extension
56 and the upright 10 wall 55.. The vessel 51 also has a check recess 59,
whi ch prevents the ink cartridge 500 frombeing attached to the unsuitable
cartridge attachnment unit mstakenly Tkhé& upright wall 55 also has a recess
58 that is |ocated on the substantial center of the width of the ink

cartridge 50 I G thrRQR 3iflcSpdnionk @ @b bohiem fhbe bEdasseskdl 51.The
circuit boar Oligf sﬁg%ﬁr a??%p;/é 1ofc contacts, which are | ocated to face

contacts on tihe ipkisapsly inein Shotyhe sprgific BQS(btil@gefa@ dnte EPRIY Gecdlph it

nmounted on the re e ther i ded
with proj ect'ﬂil%’ﬁ% g@@iv@lﬁa Wiéﬁﬁnaﬁ g@; Sg‘\'ﬂ-t?c to y % %@&E% &wg%es ?El ?%nl ng
the circuit gf ﬁ&tex%fx in b%(ay (Hott HRvabeys). eAladi (EfBéXft@)sﬂnls\& aolinegiatiks, t hat
i's, nmagenta, |'ight cyan, and |ight magenta, arﬁ applledfor

t he pl ur afi t;&omfeddarn‘tﬁ &reemppecond)pf amKkpright W&ﬂefpr"é@éms josqtefondhe s afso
oop Ucabl o onpt bt CorB a0 40, o A s cpL i gadch A€ol o

i nks conbi na |"Ow OF color inks and sone

addi ti onal %&’E‘n hél%?flxedzl% tﬂ‘ﬁnﬁ)ﬂéi ﬂl@inpd(ﬂyOf[hE betepsionedt arlerimmltﬁd anbaith
applicable to the carriage %pe printer, in V\/ruD g lnk artél dges
are not nountidd eods phthecmrighhigell Andepspecteely §aygE0HA0% 5 fragereyp

printer, in cartri e

descri bed i n\g?H% a]fsf):f’f cﬁpgﬁkgﬁn tﬁ@?qﬁ] fgceg%g%lﬁ?reex%}gf&%%ﬁ%% g%%ﬁl? ’ nventi on
is not regtrixaliess t ofidgesabloge Ashagi arkiesk eeceshsbr widéh poliehisctheiioks, but
there may be many ot her, nodifications, changes, . and Iter a%@gng vutt hout
departing fr certridgs 5Qbfonbeingynitachedfio the “ﬁ'ﬁilﬁ‘bk’nﬁ?rg & S 0 ¢ he

pr esent |nvent| n._, 68 The scope and spirit of the present invention are
limted onIy g’ terms of the appended clains., 69 CLAIMS 1 An ink
cartridge detac hablme npygkitakilesHalsahas mkjoess ¥ that isrlpcatesborpthesiuhgfantial

center of the width of the ink cartridge 500. A circuit board 31 is mounted on the

15 recess 58. The circuit board 31 has a plurality of contacts, which are located to
face contacts on the printer main body, and a storage element (not shown)
mounted on the rear face thereof. The upright wall 55 is further provided with
projections 551 and 55b and extensions 55¢ and 55d for positioning the circuit
board 31.

20 In the above embodiments, five color inks, that is, magenta, cyan, yellow,
light cyan, and light magenta, are applied for the plurality of different color inks.
The present invention is also applicable to another combination of these color inks
such as three color inks combination of magenta, cyan and yellow or these color
inks and some additional color inks.

25 The principle of the present invention is applicable to the off-carriage
type printer, in which the ink cartridges are not mounted on the carriage, as well
as to the on-carriage type printer, in which the ink cartridges are mounted on the
carriage as described in the first through the third embodiments.

The present invention is not restricted to the above embodiments or their

30  modifications, but there may be many other modifications, changes, and
alterations without departing from the scope or spirit of the main characteristics of

the present invention.



5 an ink reservoir for storing ink; and a non-volatile nenory circuit for
storing data related to the ink in the 1ink reservoir, the non-volatile
menory circuit including: a single chip select termnal for receiving a
chip select signal; a single wite/read termi nal for receiving a
wite/read signal; 10 a single input/output termnal for receiving an

i nput/output signal; a single clock te6final for receiving a clock signal
a power supply termnal for receiving power supply; a nenory cell array for
storing a pluralitynof  unr dsq 86 oflfe GRAShE IVRAHAT 2R BNl da¥ By @ach word
bei ng accessible by an address given to the nenory cell array; an address
counter for produdittegapphededddaioss to the menory cell array, the address
counter configured to be reset in response to a predetermned |evel of the
chip select signal and increnmented in synchronismwth the clock 20 signal
while the menory circuit is selected by the chip select signal; and a
wite/read controller for controlling the nenory cell array, the

write/read signal controller being operative in a wite node and a read
node according to the wite/read signal to serially access the nenory cel
array bit by bit according to the address supplied to the nenory cel

array fromthe address 25 counter synchronismwth the clock signal 2, An
ink cartridge in accordance with claim 1, wherein when data is to be read
out fromthe nenory cell array, 30 (i) the address counter is reset in
response to the predetermned |evel of the chip select signal, and (ii)
then the wite/read controller operates in the read node to serially read
out one bit data fromthe nenory cell array according to the address 70
increnented in synchronismw th the clock signal, and outputs the one bit
data via the input/output termnal 5 3. An ink cartridge in accordance
wth claim2, wherein when data is to be witten into the nenory cel

array at a selected address, (iii) the address counter is reset in response
to the predeterm ned | evel of



the chip select signal, (iv) then the address counter is increnmented in
synchronismwith the 10 clock signal while the wite/read controller is
kept in the read node until the address reaches the sel ected address, and
(v) then the wite/read controller operates in the wite node to wite one
bit data given to the input/output termi®d into the menory cell array
according to the selected addresses in synchronismw th the clock signal..

15 4. An ink cartridge detachably nmountCai®i®n an inkjet printer,
conprising: an ink reservoir for storing ink; and 20 nmeans for storing data
related to the ink in the ink reservoir, the neans for storing data

i ncl udi ng: neans forl‘rﬁﬁeiir}f{)rngtﬁd%é‘id%ta%ﬁéﬁﬂ SRRl on”‘éﬂf‘ﬁmgeﬁ_rpggéﬁ;\éingg a

write/read signal; ‘neans rrecel ving an’input/output sign
for receiving @ombpasikgsi gnal; neans for receiving power supply; neans for
storing a plLurality of words ,e?ch consi sting of one bit data, each word

bei ng accessi bl e by 2BAGIFaFEE fofisiamneak means for storing a plurality

words; 30 neans for  nfadiigiig nﬁéggorggggﬁ%%mt ﬁoﬁ%@egﬁg%ﬁteﬁ%.tﬁéﬁﬂé ROt

plurality of ' words, the means ucing t ress being configured to
be reset in r@spesgeoit,chanm-gdetlermemad cirevieincbfdinghe chip sel ect signal

and 71 increnented in synchronismwth the_.cl ock .signal i] e the neans
for etoring Cdatais cel SOl g FIE Ietmml & atiel R Ahn ikt Setale or

control ling the nmeans fop gl #NiRAB M eRhinkY foP feddRAiktsa Wlﬁéh%ad@igﬁﬁ; for
control li ng@bel ng operative in a wite node and a read node according to

the wite/#@ad signal senisihgly mpuéestputhéermimhsiof oeceiviogi ay iapywlowmiti ty of
words bit by bit according to the address supplied to the neans for
storing a plur 3%y of words fromthe means for producing the address in

synchroni smwi th the cl ogkingledgdk terminal for receiving a clock signal;
a power supply terminal for receiving power supply;
a memory cell array for storing a pluality of words each
15 consisting of one bit data, each word being accessible by an address given to the
memory cell anay;
an address counter for producing the address to the memory cell
array, the address counter configured to be reset in response to a predetermined
level of the chip select signal and incremented in synchronism with the clock
20 signal while the memory circuit is selected by the chip select signal; and
a wiite/read controller for controlling the memory cell array, the
write/read signal controller being operative in a write mode and a read mode
according to the write/read signal to serially access the memory cell array bit by
bit according to the address supplied to the memory cell array from the address

25  counter synchronism with the clock signal.

2. An ink cartridge in accordance with claim 1, wherein when data is to
be read out from the memory cell artay,
30 (i) the address counter is 1eset in response to the predetermined level of
the chip select signal, and
(ii) then the write/read controller operates in the read mode to serially

read out one bit data from the memory cell array according to the address



10 5. An ink cartridge in accordance with claim4, wherein when data is to
be read out fromthe neans for storing a plurality of words, (i) the neans
for producing the address is reset in response to the predeterm ned |evel
of the chip select signal, and 15 (ii) the neans for controlling operates
in the read node to serially read out o bit data fromthe means for
storing a plurality of words according to the address increnented in
synchroni sm w tiicithentel o€ kyrh@madm wathtthe dlopki tinbihand Betpuldi the daé dit\daga t he
means for receiving . an |input/output signal. 20 6 An ink cartridge in

accor dance wi t Wigihgiinpuy/ouigybiceniahhen the data is to be witten into neans
for storing a plurality of words at a selected address, (iii) the neans
for producing the address is reset in response to the predeterm ned | evel

of the chip select signal, 25 (iv) then the means for producing the address

inincrenmented in synchronismwth the clock signal whi]le the neans for
control lingJis kept 3 ADOAR Cartites IgeRoTdacr Wit e dr whgeIouBHdsts Figho

selected addr g3 v ad ikibind AR NGIMEARY [RLeGeRbIALL Ng operates In the
wite node to wite one bit dat’a given to the neans for receiving an
i nput/ out put si gnal (iitle addesss BQunte@dnsesétdn regpondertg tle pedetatningd kefel ofor ds
according to thﬁa el e<it ed. address in synchronismw th the clock signal..
the chip select signal,
(iv) then the address counter is incremented in synchronism with the
10 clock signal while the write/read controller is kept in the read mode until the
address reaches the selected address, and
(v) then the wiite/read controller operates in the write mode to write one
bit data given to the input/output terminal into the memory cell array according
to the selected addresses in synchronism with the clock signal.

15

4. An ink cartridge detachably mountable on an inkjet printer,
compiising:
an ink reservoir for storing ink; and
20 means for storing data related to the ink in the ink reservoir, the means
for storing data including:
means for receiving a chip select signal;
means for receiving a write/read signal;
means for receiving an input/output signal;
25 means for receiving a clock signal;
means for 1eceiving power supply;
means for storing a plurality of words each consisting of one bit
data, each word being accessible by an address given to the means for storing a
plurality words;
30 means for producing the address to the means for storing a
plurality of words, the means for producing the address being configured to be

1eset in response to a predetermined level of the chip select signal and
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incremented in synchronism with the clock signal while the means for storing
data is selected by the chip select signal; and

means for controlling the means for storing plurality of words,
the means for controlling being operative in a write mode and a read mode
according to the write/read signal serially access the means for storing a
plurality of words bit by bit according to the address supplied to the means for
storing a plurality of words from the means for producing the address in

synchronism with the clock signal.

5. An ink cartridge in accordance with claim 4, wherein when data is to
be read out from the means for storing a plurality of words,

(1) the means for producing the address is reset in response to the
predetermined level of the chip select signal, and

(ii) the means for controlling operates in the read mode to serially read
out one bit data from the means for storing a plurality of words according to the
address incremented in synchronism with the clock signal, and outputs the one

bit data via the means for receiving an input/output signal.

6 An ink cartridge in accordance with claim 5, wherein when the data is
to be written into means for storing a plurality of words at a selected address,

(iii) the means for producing the address is reset in response to the
predetermined level of the chip select signal,

(iv) then the means for producing the address in incremented in
synchronism with the clock signal while the means for controlling is kept in the
read mode until the address reaches the selected address, and

(v) then the means for controlling operates in the write mode to write
one bit data given to the means for receiving an input/output signal into the
means for storing a plurality of words according to the selected address in

synchronism with the clock signal.



