ce3e)') !l $L$~&B&T K TI TLE OF THE | NVENTI ON | NK CARTRI DGE AND PRI NTER
USI NG THE SAME BACKGROUND OF THE | NVENTION Fi el d of the |nvﬁmnummmmm

present mm MHMMIWMMIateS to an ink cartridge detachably at
printing i ke an ink jet printer or an ink jet plottensoshore

speci fi cal | y«ebdae* i nventi on pertains to a techni que of processing

information relating to the ink cartridge. Description of the Related Art
The ink jet-type printing apparatus i s arranged to cause the printer main
body to cal cul ate the rerraiTrEﬁprEqQEnfrﬂFy Id‘fV*'gbA'EﬁoP‘nk in the ink cartridge

based on the a t af Le d e Rl d to informthe
user of a statg?gk|Q§ﬁ#§§D§Et%§$tﬁéfﬁﬁé? P%IBE%er OS§ngent the printing
procedure frombeing interrupted by the out-of-ink. One proposed ink
cartridge has a storage elenent, in which various pieces of information
relating to ink kept in BREKGRIOUNI tOF dGBE, INMENKEBON| e , the type of ink
and the quantity of ink, are stored. The ink cartridge has these pieces of

i nf or mat | BheASgNHi Fei ARVeIHeL ®Re printer, to which the ink cartridge is

attached, reads.}he 0 i nf or nat.i i.ng | c IS t he
printing procedabg Efet%% E ?%?eﬁeloﬁgkﬁggﬁéglsn%%a@ﬁ ?#g]éeé%?tg%p&# abl e
and therefytbe@HBEd hethare d@std o pROHtAGIQUEDIh £oBLsas iReSHD! Bnk A
storage unit having a |large storage capacity can thus not be 1 1
jet printer or an ink jet plotter. More specifically the
invention pertains to a technique of processing

information relating to the ink cartridge.

Description of the Related Art

The ink jet-type printing apparatus is arranged to
cause the printer main body to calculate the remaining
quantity of each 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 from being interrupted
by the out-of-ink.

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

The ink cartridge is expendable and thereby required
to have as low manufacturing cost as possible. A storage

unit having a large storage capacity can thus not be



applied for the storage elenent of the ink cartridge. There is , however ,
a-contradictory requi renent of storing greater pieces of information
relating to the ink cartridge into the storage elenment, in order to enable
the user to obtain the detailed information relating to the ink cartridge.
SUMVARY OF THE | NVENTI ON The object of the present invention is thus to
provide an ink cartridge that enables pieces of information relating to the
ink cartridge, for exanple, information on a remaining quantity of each
ink, to bepptlored £ori dientsyorade SLAMRRL ePEMERE J\/ﬂ%?léar’?éél}&gﬂ-the
manuf act u&,'bng: cqst of the ink carttri d(ge %jncl udi ngl(it Qae stﬁra e elepment. The
obj ect of TPREFS hFentiCHPYET a3 S P RVFERTY PPN &SR e S FE P RA Pnk
cartridge 04 4 id4NYpi tdoNr& ehati & ijpl cartridge,
and a sto?gggr?ét}l?tﬂf'%fgle\t%e%fi%ntfﬁtgg{aﬁl?lildcrgr{?i ggé.n@%tﬂleggtg plglirkt of the
above andchhiewidge ieteteileabiechgei slantnal,i zadobieantbnknabiler tHge
detachably attached to a printer. The ink cartridge includes a storage unit
t hat stor@ses raloptadas téfe rkaiiedi angormabhoreradiaidn®d thethak
cartridge., The stprage unit has a storage area that includes a plurality of
nenory di vis] ocf%r}? %g@&'i vel y having nini mum storage capacities of bits
required for storing the plural pieces of specific information. In the ink
cartridge of the present invention, the storage unit has a storage area
including a plurality of 2SUMMABYDIOF diNE SLNNENTWMONNh respectively have

m ni mum st orage capacities of bits required for storing the plural pieces
of specific infdheateBhecthiod dhanBEREsn teddbi@RLEAB dFeciBRE €Rf or mati on
relating to the.ink cartridge, far e e ieces of information on

remai ni ngpﬁﬁé’rﬁ??i ag d'fnkl n "griéﬁ&% ieeézﬂs? fePﬁbgrer?atQ%%c%ﬁ tog year, nonth,
and date gqf fPvABELY §Ofat gl 0K €BE! Hink0arkt©Or PEgSL ORY- &ffdmpeat!y into
the storage unit, while reducing the manufacturing cost of the ink
cartridgeinfivacgbldances w t hemad nimef eyabheispgplafcadach dhk.hetpresent
invention, the plural pieces of specific infaormation include a_piece of

i nf or mat i 6&%@&%51@&%% atPufeSHPTARE iSheReRtri Hhd1la FTHHECHPEf er abl e
enbodi nent_, t I i TRAU . r -y _diyision,
whi ch hastt(g1 % (;%rnjl}gée)écgggggnte@cg 917%%:9? ?%aggﬂs%g(rihtets%r lgd ?egcneé%?&pé?olrt}é&i on
regar di ngsa otede Ok 1@mutiact ure of the ink cartridge, a nmanufacture nonth
menory division, which has a storage capacity of 4 bits and stores a piece
of informati on Adgaredngcad wohttthef 1pwesnftdcuries oflshe timkpeavidieddge, and a
manuf acture date nmenpry division, which has.a storage.capacity of .5 bits
Tnd st or 6B TATH SETBE M PO TR S EF Ay OE dae BT Arthdt Aot 158t he

i nkcartri;Qge, rh et BinS L4 OyE 3L b Ofne t PRKNBAVEAGIHY L, YERE ABIPE¥adkVi sion,
t he manufacture nonth nenory division, and the nmanutfacture date nenory

di vi si on meyitheiacladged im thes isgqusacerifgehe storage area. It is
preferable that the storage area al so i ncludes a nmanufacture hour nenory

di vi si on, whi ch®Masle@8toPadd patheyabove HRd HRe sttdres Heppded of

lnfornatlg%j%ctg ¥s actualized by an ink cartridge detachably

attached to a printer. The ink cartridge includes a
storage unit that stores plural pieces of specific
information relating to the ink cartridge. The storage
unit has a storage area that includes a plurality of memory
divisions respectively having minimum storage capacities
of bits required for storing the plural pieces of specific
information.

In the ink cartridge of the present invention, the

storage unit has a storage area including a plurality of



regardi ng an hour of manufacture of the ink cartridge , and a manufacture
nfnute nmenory division, which has a storage capacity of 6 bits and stores a
pi ece of information regarding a m nute of manufacture of the ink
cartridge. It is preferable that the storage area further has a validity
term nmenory division, which has a storage capacity of 6 bits and stores a
pi ece of information regarding a termof validity of ink kept in the ink

cartridge, and an after-unsealed validity termpenory division, which has a
st or age CEBEEORY &V PRE . YL ShoFeSPECHiid & BV BideiM YR S'Qpddeng a

termof validity of in £ i ae _in artridge afte l.in he i nk
cartri dgecépl%c%/%}%sc%ﬁf%ﬁ% a}t‘?%ﬁ,g%teﬁlej%ﬁ%n%%gggg)rge%%eea:plﬁie}sn%ﬁ ldfl'g(\:/%gi on,

t he manuf g¢t We dPPLE ARy P&t Ybai.onrhtike d@wath genent déi £bIBEDthe

di vi sion, the manufacture hour menory division, the manufacture mnute
menory di gipeicdnti¢ henfalrimdittion er el addmgy tdh Vilse ohnkandrithel &de er £anseal ed
validity termnenory divisio be arran%ed in this sequence in the

n, na
storage af&&MAie adb’o‘l“‘ﬂ%ﬁc‘éfvﬂiri%gﬁﬁéftﬂ-@rn BeF el AUt 1 bhest ot he
present in Lon, t i ti i.af o t menory
G vi oi on. LR L0 o3 GECPRr BFRR L Uk LRE PUAR, dhntl CRR 48Pe ORIV,
kept in the indaepattudee 45 sher etk tdertnkdgeantid yoé nkeoweid on nmenory
di vision being located at a specific address that is accessed prior to the
menory di eiffiigrniemt bl dmttchetipéesdoafadenfenivht i othirled aredgctiamg hehe
manuf acture of _ the ink cartridgg it stored. In accordance with still

f

anot her pPEPSERE BUB IS GRS bn lpﬂ‘]és‘éﬁftirﬂwﬁj&ﬂi on, the storage unit 4
i ncl udes: an ad%eééﬁsww e WAy LY A LOUNL dfh 1 £3RRIRG, G #ng! ock
t a e t hat h

signal output fromthe printer; an torage e has e storage

area and pTexsneniheknt iancesshd pasethDnpibeecowt Lpeplrifla om t he
address counter. The present invention is also directed to a nethod of
witing plafgirpretes dhasliedef acpilgfag nefi spfommatienorgedatuima that is
included in the ipk _cartridge bavin ny, one of _the _above confiqurations
and bei ng“‘@é’t"aﬁ%‘éﬂ\%% acﬂ_g%l %Biéacglﬁwj_e ?eTheIHEtoI’ﬁ?pl L?]ﬁ%fﬁ_ﬁg qfane st eps
of : gener%HH}HiirﬂénE',UEF‘le Elt%(i%sgé)falsé)écixflbEuh,@%oranﬁﬁh%nfvad‘ﬁhfg #ﬁ&k“de a
pi ece of information relating to the ink cartridge; and witing e plural
pi eces of mganeryat@ilvipaoinf,| cvh héhr haksi @n stdmage ptapaldiitty af f mTEnbLY s
divisions that are allocated in the storage unit and_respectively have

m ni mum se&dhaget eEPphcht i@t Bt dnfema Bloporestandhpdt Re Yiaw a®f pi eces

of specific informtion.. The nmethod of, th resent_invention it t he
o1 ur ot pi BeRFEEREEP e, Wi CEREY Gt e 40898 oRU Man Py B 2 SR B i o ons

that are aldmoeyedi yRstike St 888 HAl! af & HAsPEst LYphy iBY & 1 Ni PuELSt Or age
capacities of bits required for storing the plural pieces of specific
i nfor mat i emd Thierasr angaimene efaliindrrxhatipacirfeanrdingmat imen kel afing to

e e cainife, ar gaml o, pleces ot LnT SLIELI 00O LSRRI B o
Storage ont Cni 16" Fedum ng tHEr RARS Setur s ey oSt aF A Tb 7ok’ CArEF dge.
The preserind nwestesna pifacéhef dinfeetrdtionar®egarding a date of
manufacture of the ink cartridge. 1In this configuration,
the manufacture year memory division, the manufacture
month memory division, and the manufacture date memory
division may be arranged in this sequence in the storage
area.
It is preferable that the storage area also includes

a manufacture hour memory division, which has a storage

capacity of 5 bits and stores a piece of information



printer ( to which the ink cartridge having any one of the arrangenents
dr¥scussed above is detachably attached. The printer of the present
invention uses the ink cartridge with the storage unit, which has a storage
area including a plurality of menory divisions, which respectively have

m ni mum st orage capacities of bits required for storing the plural pieces
of specific information. This arrangenent enables the specific information

relating to the ink cartridge, for exanple, pieces of information on
renai ni ngreERTdingsaphmapk e R mifretuse Phfdied o radit T h@9¢eadndnont h,

and date of manuyfacture of in (A .t o . fficiently into
t he sjtora&emﬁﬁiuga%‘iuf%.'?Jelaﬁg!gnrae?ﬁgcyngﬁuggs&%él n‘gﬁ%%fslﬁ{%g %hseﬂ?]ﬁfgge .
cartridgec i PFESBRt 6 MO | QRAT & t150s dar peke@d (0 aifEBLAGR MMt that is
included in"an ink cartridge. The ink cartridge is detachably attached to a
printer amégdgardead anniwmutid ef hyabth€aprtivtesrof Theesiokagantriddas a
storage area that includes a gl urality of nmenory divisions respectively

havi ng ni ni num ditodgy@rafRERPLes thahithe (TeRFRe8 RECAENT LR PREr al

pi eces of specific.infornmation. The .5}.0 upht. Qf r i pventi on

i ncl uded n Vaaﬁi}%ktgaﬁeﬁr{rggnégrﬁggq}a%sQ{)lr‘lég%gar ggltjicﬁlcl%%?ng g%%%%%?i ty of
menory di Way L0ty WBiECK nesPechhuelsit e 8 pliees S or ageosaracidhes of
bits required for storing the plural pieces of specific information. This
arr angenemte gamadirg ahdespecofi vaildfdirtmt o6nindgl &Kdemg 1o the iinkkcartri dge,
for exanple, pieces of information on renminin uantities of inks and

pi eces of GaftloFhagfon Y @ *ItRE ~PEFeahpHt N it Ees MENPE¥t ure of
the ink cartri t d_effici (YA j ile
Feduci ng Y HERCR actiF PR Eh et s nis Bapas Y 8 B et
one pref eha?h%o%oplfi galficdat i dRer H§&6aANd AVERLMOSE FAEipkiurabepigges of
specific information include a piece of information relating to manufacture
of the inkegt tim tye.ink camt pi@feradit er eimisrid hbng the Halsterdgeidgea

i ncl udes a manuf acture year nenory g)irvi Si on. whi ch has a storage capacity
of 7 bitsidhd*t8r 891 LHERL LP i ittt FBHE REFA T ngS ATy Bam manuf act ur e
of the inlgGarisbdges it TMEAGLULS SRS R ACHRGY) Vi £4 28, M Cihbas a

storage capacity o ts and stores a plece of I'nformation regarding a
nont h of mENiBattueeofddthe mahoey tdivigeioand theranahashdrte At ieoaenor y
di vision, which has a storage capacity of 5 bits and stores a piece of

i nfor mat | SEeMGardl ngsiodat &hef mapnfzeture Binufke memany digyeionn this

configuration, the nuf acture year  penory divisjon, t manuf act ure nont h
meor 5 i VI SR LT SRt g A RAP R SR BF SRt £E° B Panged
in this sequengetintlhen KOG AHRAsidni Ral Serablenthat dthergiorage
area al so includes a manufacture hour nenory division, which has a storage

capacity cfedudmnte amd tHiereboaagieeaxred.i nformati on regardi ng an hour of
manuf acture of the ink cartridge, a manufacture m nute nmenpory division,

. .and !
whi ch has a st orl 3y CEPREPEF o6t RROLAG st else BBl &éc #RHL I SR BERBL i on
regardi ng g iyt 6al AN ALHES off, e BE oS 1488a hbd ST ShETAD! €
that the storage area further has
quantity information memory division, in which a piece of
information relating to a quantity of the ink kept in the
ink cartridge is stored, the ink quantity information
memory division being located at a specific address that
is accessed prior to the memory division in which the piece
of information relating to the manufacture of the ink
cartridge is stored.

In accordance with still another preferable

application of the present invention, the storage unit



a validity termnmenory division, which has a storage capacity of 6 bits and
stores a piece of information regarding a termof validity of ink kept in
the ink cartridge, and an after-unsealed validity term nmenory division,
whi ch has a storage capacity of 5 bits and stores a piece of information
regarding a termof validity of ink kept in the ink cartridge after
unsealing the ink cartridge. In this configuration, the manufacture year
menory division, the manufacture nonth neqaag di yi si.on, the manufacture
drP#knBH

date nempipcdiddes pnant REGRGFRT aEPURE o PHYA F ofi®Ure TRanuf act ur e
mnute MeRRLYSHIL SEONa ERBNAId AL LIRS0 ST BRnGUL § Neng

af ter - unséal &4 va idity termnenory division nmay be arranged I1n this
sequence hnsither£§6r agemyaa. thatabeer ddrees wbthganahed anaf arsabl e
application of the present invention, the storage area has an ink quantity
i nf or mat | eeqvamradlyi sceesded imeadaopi Bee ofunif evkubrfremathag to a
quantity of the ink kept in the ink cartridge is stored, the ink quantity

i nf or mat i BAGRSET yCAPRESTon being | ocated at a specific address that is

accessed prior t Vs LU i3 i i j ion
relating to the%régn%?ra%gtaéurl?g %ﬁ"’%éh‘?lm l(r:ba\;%}ir%g&effgegt%gfﬁ dI nql{é;@gggdance
with stil bfapatiheingrpleralll ¢ ioppdscati speofi ftike jnesent timrenin vo, at he
storage unit includes: an address counter that outputs a count in response
to a cl ocktomae wutbuthakohsthecpupelein hhE dnkteragaidasdavingt has

h ' iall d b 0 _th
from the B 20 Ahuits S e Rpetoliitits Shf cubiny Bkl blinoc o

and advan t raseit e ENVeRhibofe thbld BRCATRI P &RPRESEL o ELOM the
follomjnggggﬁgﬁﬁ%% gﬁéﬁriptioﬁ of the p?eferred enbodi ment mﬁtﬁ t%e

acconpany igreg etf i 1gs + hBRIfFFu PESCRliIEHeEN &F FhiEcRRAW NGTEbrgatlions, a
perspective view illustrating the structure of a main part of an ink jet
printer i Whimh dmplmfentd Bdesediofg g At biesert ladid itoh;tiegink is a
= GeconpoSéd it AdeetFOR Vbt FrPLSHIS i FhepsBhea b Brferittdge used
in the inkgeRts P &NEEoPhalthe LAY BEPL urEld t ¥ cFChemdrdE alikyi d1 bHgt rat es
2 ConneCtE%gt are allocated in the storage unit and respectively

have minimum storage capacities of bits required for

storing the plural pieces of specific information.

The method of the present invention writes the plural
pieces of specific information into a plurality of memory
divisions that are allocated in the storage unit to
respectively have minimum storage capacities of bits
required for storing the plural pieces of specific
information. This arrangement enables the specific
information relating to the ink cartridge, for example,
pieces of information on remaining quantities of inks and
pieces of information on the year, month, and date of
manufacture of the ink cartridge, to be stored efficiently
into the storage unit, while reducing the manufacturing

cost of the ink cartridge.

The present invention is further directed to a



between a printer main body, a control IC, and storage elenents; Fig. 5
shows a | ayout of nozzle openings formed on the print head shown in Fig. 1;

Figs . 6A and 6B are perspective views schematically illustrating the
structure of an ink cartridge and a cartridge attachnent. unit of the
printer main body, respectively;, Fig. 7 is a sectional viewillustrating an

attachnment state in which the ink cartridge shown in Fig. 6Ais attached to
the cartridge attachnment, upif. shp in Fig..6B;, Fig 8is aflo ar t

showi ng a95%6€§§§ih@?ﬂ@ﬁ}?ﬁe%gﬁeﬁﬁ eaaﬁfrgQﬂ%ﬁ?%ﬁl _W%?Ys%%ﬁl9¥f€hFhe i nk
Jet print g&araﬁipgoem@nltg %fé%?eat aBR NOs 3 REAERSH NP APYhiRRS. L
executed at a power-off tine of the ink jet printer; Fig. 10 is a block
diagramil | ustrahienprietent efnahestpresane dhveret séorage seltdmeniskshown

in Fig. 3; Fig. 11 shows addresses of the control |IC seen fromthe printer
mai n body camfni@gendbihat haas hosaascidld . which has a storage area

including a plurality of memory divisions, which
respectively have minimum storage capacities of bits
required for storing the plural pieces of specific
information. This arrangement enables the specific
information relating to the ink cartridge, for example,
pieces of information on remaining quantities of inks and
pieces of information on the year, month, and date of
manufacture of the ink cartridge, to be stored efficiently
into the storage unit, while reducing the manufacturing
cost of the ink cartridge.

The present invention is also directed to a storage
unit that is included in an ink cartridge. The ink
cartridge is detachably attached to a printer and is read
and written by the printer. The storage unit has a storage
area that includes a plurality of memory divisions
respectively having minimum storage capacities of bits
required for storing a plural pieces of specific
information.

The storage unit of the present invention included
in an ink cartridge has a storage area including a
plurality of memory divisions, which respectively have
minimum storage capacities of bits required for storing
the plural pieces of specific information. This
arrangement enables the specific information relating to
the ink cartridge, for example, pieces of information on

remaining quantities of inks and pieces of information on



( menmory map ) of the storage elenent with regard to itens of information
on the black ink cartridge; Fig. 12 shows addresses of the control |IC seen
fromthe printer nmain body and the internal data structure ( nenory nmap )
of the storage elenment with regard to itenms of information on the color ink
cartridge; Fig. 13 shows the correl ation between the addresses in nenory
cells of the storage elenents and the addresses in the control 1C (print
controller%; Fig. 14 is a flowhart show ng a_processing routine executed
Fo

by the cohbeolvear i nmPRENcoARe dptenety HHaptecss OF r bhift A8 Kst or age

el ements; Fig. .15 s 1] jtﬁgt ' ' process
shown in ?ﬁggﬁlod\?%%artﬁo Lgfen‘b?gr%ﬁgkgﬁg | g.nglar?&sgzri{:rg%rsgt%gc §€$r{/h‘?tew

i |1 ustrat {ynq 1the- ePRe2haNath HTmaARAERVT Urkn §aEbEitd@EF ashenenkodi fi cation of
t he present invention. DESCRI PTION OF THE PREFERRED EMBODI MENTS [ Fi r st

Enbodi menthrt@inkgal Structure of Ink Jet-type Printing Apparatus)

In accordance with one preferable application of the
present invention, the plural plieces of specific
information include a piece of information relating to
manufacture of the ink cartridge. In one preferable
embodiment, the storage area includes a manufacture year
memory division, which has a storage capacity of 7 bits
and stores a piece of information regarding a year of
manufacture of the ink cartridge, a manufacture month
memory division, which has a storage capacity of 4 bits
and stores a piece of information regarding a month of
manufacture of the ink cartridge, and a manufacture date
memory division, which has a storage capacity of 5 bits
and stores a piece of information regarding a date of
manufacture of the ink cartridge. 1In this configuration,
the manufacture year memory division, the manufacture
month memory division, and the manufacture date memory
division may be arranged in this seguence in the storage
area.

It is preferable that the storage area also includes
a manufacture hour memory division, which has a storage
capacity of 5 bits and stores a piece of information
regarding an hour of manufacture of the ink cartridge, and
a manufacture minute memory division, which has a storage
capacity of 6 bits and stores a piece of information
regarding a minute of manufacture of the ink cartridge.

It is preferable that the storage area further has



Fig. 1 is a perspective view illustrating the structure of a main part of
an ink jet printer 1 in one enbodi nent according to the present invention.
The ink jet printer 1 of the enbodinment is used in connection with 10 a
conputer PC, to which a scanner SC is al so connected. The conputer PC reads
and executes an operating system and predeternined prograns to function, in
conbination with the ink jet printer 1, as an ink jet-type printing
apparatus. The conputer PC executes an application programon a specific
oper at i ngasystleilitdr Ep&d FRMQFHcaddilfg Ot anhifPuthasredesS tPda IS anpl e
read fromthe scanne C,..and di splays a pro d i e.on a . CRT display
M. When FHQQE#ﬁYg?%eg gﬁaﬁrﬁ?ﬁgsﬁéﬁﬁﬁuﬁiéﬁéggtéPp? efgggﬁﬁﬂéﬁlinage
processi Nge of3fq £XGMR! e rmftOHIChANG difs, igmaenRN Kl GRT €hepligyk MM, is
concluded, & printer driver incorporated in the operating systemis

act i vat edcha tirriadhgé er apdocas sefit eraga skt e d ovahe dirtky j e¢rpr meimeyryd. The
printer driver converts original color inage data, which are_input fromthe

scanner SE&1¥rd iebj strbeh this Festeg@degaPRsde piodcaskihg, ard R %esi nage
data printable b he iLnk jet. printer_1.in re nse-t he.printin
instructi8n?lﬁﬁ3y8%tbﬂf?ﬁﬂ%}%éﬁnﬁﬁ?%ﬁ&%gpo? ?%%ﬂéa%ég%i%gl? eo%n I(‘?fet
printer lyxeHie;ariwk 13k ealr@ridede a2 ue@des 518g thd Bhkecaehidge.
conponents, that is, red (R, green (G, and blue (B). The converted col or
i mage dat dAnprihlnkt sibtenify gandh tolidput the teenwficitoetrepryerer mémoansi sts of six
col or conmpagnents, that is, black &ﬁ), cyan ( C) , light cyan LC) ,
magent a ( AHVWESi9R ghthSa FIRAE RCLRTE MO yBRPEKY WBIVIFHROsr ithebl e col or
i mage dat r r ' o Hai ro Si ' ifies the
g BadlEdJERRE" AL SILAELO AYIALYOR! OB Inh, POLER AP AFALL

on-of f state hese I fageé processi ng an conversi on

processesmaifd Py i ibhe 8hk AR W tlts mDhuspembhioad iy vdiastehbed
here. These processes may be carried out in the ink jet printer 1 ( in

pl ace of the peilitditdternmemeryntivwiedonn ahd tbapatéterPOndernia@éd ink
jet printer 1, a carriage 101 is connected to a carriage notor 103 in a

carriage Medhdht S IS8T PeMRFRi Ad VBl iC0B2YaRE A aed By £RytF de

menber 10 oy d Kk along a width of a sheet of
printing %§%§¥ﬁ?%§i%9iﬁgﬁ%é%?ﬁﬁ$8%oéﬁ&%hé ink jet printer 1 also has a
sheet feed necham svddraahbeawshgetal @eHetrolplresf b1 Anaippkl jedtiygpe print
head 10 is attached to a specific face of the carriage 101 that faces the
printing pdpdrhaopresemdt inveniippnertiecetpragisi xedolprfe@n .1mke print

head 10 receiwgs su ies _qof. inks fed fromink cartrig es 107K and 107F
moant ed oA bhY rTosetTeT 1o Merid e LR paot bR SRR A KL R B E ng

paper 105_i‘Mftcrkrﬁ‘aH'9¥ﬁn§€tlaniﬁ{Q:&% e 104, 0 0t RS iﬁ’kC}_ESEEeiHOEﬁeand
print an inmage or letters on the printing paper 105. The ink cartridge 107K
has an i nindhamdetridge is shocrkdhl ddke | itk ( Kpainst kiept inTloenatd eart ri dge
107F has a plurality of ink chambers 107C, 107LC, 107M 107LM and 107Y)

whi ch ar e MY $hépéRdeREir Dl iRt afothe? . SEySA filitk adgTe s ghadyan i nk

LC), [ i ' . . ap . j
espect | vary 2egaEddl prd il TRABMERLRS b bthiol A Ui bR b P dede) 71 °
The print dfeathid@rmnaediotesré hetiagpa | Mee SHaplifes: 0ireobar thksinked from

these ink chanmbers 107C, 107LC, 107M 107LM and 107Y. The print head 10
ej ects thefE ol dgei dles SHPE¥®@.form of ink droplets of the respective

"1 & non- pri nt aBe SFES AABRA T W e 510 TREE] RESTAT R Rt er 1 to
cl ose nozzlf, PPERLEgS Ut LHge PHiB R dPe MRl L NEn T 5RbLIAG el 2uni t
includes: an address counter that outputs a count in
response to a clock signal output f£from the printer; and
a storage element that has the storage area and is
sequentially accessed based on the count output from the

address counter.



operation is not carried out. The capping unit 108 effectively prevents an
ihcrease in viscosity of ink and formation of an ink filmdue to

vapori zation of a solvent conponent fromthe ink while the printing
gperation is not performed. The capping unit 108 also collects ink droplets
fromthe print head 10 occurring by a flushing process during the execution
of the printing operation. Awping unit 109 is disposed near the capping
unit 108 to wi pe the surfa for exanple, wi.th a

ce. of tflgjsé)r%nt ?ea 10é
bl ade, so as tolWeFe ARt REDPAK FRETGER  of © YusPSRETET ng?P8 the
surface o ' aq,10._ Fi Is [ I ([r=Tols of the
ink jet p%?&]{églrtp%é%% pﬁqugﬁ)opl%rg%?.% ‘i"?]lgaeir% ﬂjgét Qg%lnﬁa?&%m?ngﬁ%&g%]s a
printer nmappaiedyt 18Pommehe Fedylofih§edptaitlidy) dpparapttdlon rof uehag a
print controller 40 and a print engine 5. The print controller 40 has an
i nt er f acerZ8figrired cempbedkinan hit viliha tihec | a@¢ pgPANANG oREAWANG@SAL i on
transmtted froma conputer PCC a RAM 44 in which a variety of data, for
exanple, the print data including the nulti-tone information, are stored,
and a ROM 45 in whi chpg piti RESJRIPYPONOBF @i PRARERTNY are stored. The
print controller 40 further has a controller 46 including a CPU, an
oscillator circRilg.47, Bsdai pergpEgnbvegelewatickl esteaittind that generates
a driving signal COMgiven to the print head 10 , and a parall el
i nput - out PECUGHEFE aeE 40 MR PARAsHft 41 henkr dgit dwhng@VeFL@p&ﬁQo dot

pattern dat d the driving. sigpal to the print engine 5 Control
lines of 8“%’&’??@%“‘%& eRoF I(Ijgag ovie! spoliﬁ%%ng)ll&rveethg%nConnect ed to the
print controlleg;40 v ad he rRyAdShal WUbcRUERHgrdH & adfe 4Shk Wiep a
power OFF is 13 input fromthe panel switch 92, the print controller 40
out put s appdwsarexioshownstimuciion (NM ) to the power source 91, which then

falls into a stand-bé state. The power source 91 in the stand-by state
supplies a stan8i8y &1E%tF FECHRRISES RETSPETAREL VEoRL £H L &L USG KA Bl RI pover

i t I F i.ed iath
pane! swi 2R SFRECURS! Comp tia v 0at Darr cnt SHECFIR 9 B Pt R e 1o

the print ogoriHO! Rbod@mel¥e; print controller 40 nonitors whether a preset
el ectric power is supplied fromthe power source 91. The print controller
40 al so out put sFtilge pbwechdopwtiiamstivicilopnstiMesshencanpmeriphug is

pul l ed out of a socket .. The power saqurce 91 has an auxiliary power unit
(for exan‘BIeé'-,W%Fr(’:a%aBFtl&t)‘?rirﬁadeQPthO' ehsoPBLZOdupdty dRdePd@% 32 power
for a pregqte%{é}}{lgd time period (for exanple, 0.3 sec) after the power plug
is pulled out of the socket. The print controller 40 further includes an
EEPROM 90 t hat stier.es isHowsesi daybagaodi ng A4 bbpekingls Gardnmédgenl07K
and the color ink cartridge 107F nounted on the carriage 101 (see Fig. 1).
Specific fhecarbrti headreih@wni #8l §dichg Y he pi eces of information

regardi ng quantities qf in in_the black ink cariridge 107K .and e col or
ink cartridge 1|5‘}I95('r %r@aﬁﬁll%ﬁg?]aqﬁgﬁt PFF@?eocft+%ﬁsv%?w§n%ﬁﬁ9g‘ao l(ffhtfy
consunpt i gn)€rst 9hed vnt tHerEERROM Yk dhe:ideat *idst pfagchdgfHrmation
will be discussed later. The print controller 40 al so has an address
decoder 9% artatid¢oeavertittaacimentr esd ti o firenine yprante 8Iika andb®tFy [ descri bed
| ater ) of storage elenents 80K and 80F ( described later ) , 14 to which
the contr &ESReYBLY&4Uiires an access (read/wite) , into a nunmber of

clocks. (Arr anggorlﬁ‘.ﬁ gf){? g‘)g%%%',io\'ﬂ%lzgq)ewT flﬁrsitrlta%fgﬁz?q{ L&'t AhhSn

connected to a I'ch control's Tea wite opera{:i ons
fromand sadthe fesphdldherhakifar tErdgesddo7Kknawt 107 Frf gt osagei £l ement s
80K and 80F) . The details of the control |1C 200 are described with
ref erenceattd agy@d Boghdied capityri@apsal tasdwrosedn pér spostn vien \F 29
iIIustratiG%g the structure of the carriage 101 in the ink jet printer of
the enmbodi'ment . Fig. 4 schematically illustrates a connection between the
pfldnéglf: mai n bogy gl0G (14 he €oohERRrCsZRVin&nd S PE-86RMAGE &) ¢FERES 80K
an :

executed at a time of power supply to the ink jet printer:

Fig. 9 is a flowchart showing a processing routine



Referring to Fig. 3, the control IC 200 is provided on and integrated with
the print head 10. The control 1C 200 cones into contact with the
respective storage el enents 80K and 80F nounted on the ink cartridges 107K
and 107F via contact nmechanisns 130 disposed on the carriage 101, and
controls the witing operations of specific information according to the
requi renents. As shown in Figs . 2 and 4 , the control IC 200 has a RAM 210

, in which data are tenpaorarily pt.. and s, connected o _the print

control | ePXRFYFE¢ ﬁ% gr%?‘f%-'F'P %utti p?]# Fﬁ?e : e:'?lé Bﬁ&_nﬂ{)ﬁ?her to the
storage el ement %1%0.K1@§s89%103ﬁ9a£9§£5m 115309 4 fgrely sinterpased
between the print controller 40 and the respective storage el enents 80K and
80F nmount ed maictheei B caid r s dgea gkl Bl anent878hawth chnt Faks tdwe data

transm ssion between the print controller 40 and the storage el enents 80K
and 80F. For comighi diceshavws|addreasiedn ot keepriomt tehdldoseehefngm

carri age chanism 12, and the.contrpol, .lC 200 are .sh separately in Fig.
2. The pri _e(RﬁfH%FFéPQﬁPOE?SgtfﬁﬁiE¥$uf?gféﬁﬁlIé%?%n&%g%%ﬁﬁéﬁq

sel ecti on (gidHdty Skhpdne rCRhe 8% HHgd he1 dhbhkNG1eRErAJHAG Of o SPEEREI C
information into the control IC 200 at preset time intervals . The specific
i nformat i @f atefdempdriam |gnkehe biladie RN 2a@tridgereset tine interval

here representseverytinmethe printing operation wth refard to one page is
conpl et ed, ever ¥ #9 nel 2 FRP¥S M idGesFeSatifod N CRI G L ¢ 5B eFEPMY ast er

lines is | et e r every. Li u in o] ' rried
out. The g%g%i ¥%9Fﬁ%bﬁﬁﬁ éoﬁggggﬁhggggggoihggaﬁgﬁ%,8%?éc%§§§¥iﬁ%§%rnation
regar di ng (gné £PBHADLNY 0GURR titesr Hde | kSme hRewhi @y ar @f t 6! £88BY, the
frequency of attachnent of the ink cartridge, and the total tine of
attachnmentof£ imformattdicin |¢h20bDer exdiaesinkecemputidggnal RxD and t he
command sel ection signal SEL and outputs a desired piece of information
requi red by the 59 ntl T SRees 1re AP ERehgtprscs toeshidterd bres§fsch are

previously r resp [ ra I t stored
in the contr g]%q’f%g%é?fgsggnﬁg%t%ﬁ?lﬁéggngﬁeﬁl)?%r?% atﬁﬁgoclér?%dd%g(%rgggl er 40.
In the inky eth@r tBhairoll ofct hpramiodisentoltibe )quantity of ink ejection is
calculated by nultiplying the weight of ink droplets ejected froma
plurality of noZZl®. dpknisdgs fAdWghaht sheyldagcq brogesctimm wdutheei nk
droplets. The current remainin antjt, f ink is determ.ned by._.

Subtract| SgERUEROURY 0T MORORUMIE df f2ftin G RS BPedrold S cres ii-RY
quantity ofrdfksbefrei thige SEablraQfe tdiEemhEENt Printing operation. The
amount of “16 I nk consunption isthe sumof the cal culated quantity of ink
ejection and a quiantily afs iankt Suthgoahakte dmktRdcCbicarad Sosaofi @theput, for
exanpl e, when_ sone abnormality occurs due to bubbles invading the print
head 10. HfRAPEBIBHACDHIS | pRoyRctitbntRAuEtevweha tappf ngigni t1 408ap@ be
pressed agai nst f.he print head 10 and.thereby clo t he nozzl e _openi ngs 23,
and sucks i nk b§£ﬁiané%oﬁsaﬁuﬁﬁfﬁ%%ﬁ&%ﬁﬁn% %%tl§§&§$5a7+%ﬁe5%ﬁtr1the
cappi ng unrigpd&8ahel e 414 PRse Qhk! eSlrAlAld 8. adheneoRdl# £Eadboper f or ns
the cal culation of the remaining quantity of Ink fromthe data stored in

t he EEPROMDOCtaecpreisent olavpndgranm stored in advance in the ROM 45. The
ink jet printer 1 of the enbodi nent receives the binary data as descri bed
previously. The array of the binary data is, however, not coincident with

t he nozzl e array i ) i cordingly

di vi des the RAM 4%%%?{]%[%?@& %gfﬁ%%spﬂ-tﬁﬁg'%%@sd %ahﬁgﬁggﬁtﬁ)u fer 44A, an

i ntermedi gtrei betf emvABim@nd 1an out put buffer 44C, in order to performthe
rearrangenent of the dot data array. The ink jet printer 1 may

al t er nat i V&¥gneaply Sdunuchereegdi rlatk pfotesyipeg Hoknt hagcdpranahvensi on

d the bi [ jon._In thi he ink jet.ptint 1 i St th
i nt data, whi G notuGE th TAREPCEANE IO bbb SR HPE £ Paneri 1t o

fromthe conpeteurRCod N i b Fawt TS Ers g Ajukapthe ddit ef f ageq4d. The
print data kept in the input buffer 44A are subjected to command anal ysi s
and t hen teambsdimead tarc¢hedingertioedilat otrdért daBeniticonont Toel énk46
converts the input grint data into |nternedi ate codes q¥ suppl yi ng

i nf or mat i &F‘Fég‘%r’a? § tRE FRSETRP PHEEREoRE Wied R crInegEpoR F¥dN etters
or characters, the type of nodification, the size of the letters or
characters , and the font address , The internedi ate codes are kept in the
internedi ate buffer 44B. The controller 46 then anal yzes the internedi ate
codes kept in the internedi ate buffer 44B and decodes the internedi ate
codes into binary dot pattern data. The binary dot pattern data are
expanded and stored in the output buffer 44C. In any case, when dot pattern
data corresponding to



one scan of the print head 10 are obtained, the dot pattern data are
serially transferred fromthe output buffer 44C to the print head 10 via
the parallel input-output interface 49. After the dot pattern data
corresponding to one scan of the print head 10 are output fromthe out put
buffer 44C, the process erases the contents of the internediate buffer 44B
to wait for conversion of a next set of print data. The print engine 5 has
the print head 10 , the sheet feed nechanism 11, and the carriage nmechani sm
12. The sheeempidie FreRRanitomwhil@Ricg eSSRPBLRF KedkS tRHbSBr PARAGS TRdi um
such as printing paper o inple t sub-,scan, whereas. the carriage

nechani smrﬂf? Egg'Piugtge%Et ﬁﬁah@ssgglﬁd]ﬁ{etcﬁletepsr it CR&A %ijot.lgﬁ?’e%??‘n flead 10
causes thg rbeieCthYRe@0pH Y PRREI BESERAHA A £Cin | BémBLaRAlch agptRSt the
printing nediumat a predetermned timng, SO as to create an i nmage
correspontliheg itk t hetgpmdmatted Yot apatarerimkiafetorkvigee printing nmedi um The
driving signal COM generated in the driving signal generator circuit 48 is

out put t o2RR3ENERt dF PG FETRY LTt PS50 SEEITHES Hr PRt IR ADELIPR the

par al | el [nput - out pUt,. | f . The ' he a plurality
of pr essugjgogr#fﬁﬁeérsl gzgijr?dé{;%%{:u?%%rtdaaclor%é]plsgglg%?néctcra#iﬁgg?Er%tl%rs 17
(pressur eg%r&r@émg SEeHRNt hhuteIpRidd Vet or caaaﬁguleng rddd fidem npgel e

openi ngs 23. The nunber of both the pressure chanbers 32 and the

pi ezoel ecsciannehisdt oan dldiisp lidws acprrciedsdd wmdogd be adRBdicgplde nozzl e
openi ngs 23. Wien the driving ,si%nal COMis sent fromthe el enment driving

circuit 58Tto Whedy ttheh 4A%E BHEes rd PTABF ARG 127 et IR AfsheRdt g
pressure 21 0 ; C rre i . openi ng
R S i I U e
formed onitmagyepbnnthBe@RT i sphayerz|es epard ngéed3 D rtitet or iditivend 10
are divided into six nozzle arrays of black (K) cyan ( C) , light cyan (
LC) , nmudascegafated gint Hugenparativg , suadepelisovag¢yjvatest riwture of
Ink Cartridge 107 and Cartridge Attachnent Unit 18). The black ink cartridge
107K and CRATGASH PAROEAIST dgRg07 RA LA IE s sl Bk dBRedTis 198 Tok | et

printer 1 havingythe ,apove confi.gurating V& A4 n | ture.
The foll ow ng descri%ptl on F‘:egarlds thzébst F#ure%?ggﬁg iér%lﬁlsdclgrﬁllég%es 107K
and 107F, daha blvtkchnkreariimpuiger 10MKtae aTaxoepl 8¢ and hd sdstedur e of
a cartridge attachnment unit 18 of the printer main body 100, which receives
and hol ds tohdhekredpiriefyel mageh Precashterdt oth gL 1on, iBgdeanta Figs .
6A and 6B_ar.e ect i Vi e chenmatically.il.lustrating the structure of
Che Tnk oBPRICR0TK e iR JB TS e Fadnen Pt RTE 3P S or i er
mai n bodypid ntil§, i hesRLILVEhY. afid.odtpets 2 iCye¥tBY idJtstrating
an attachnent state in which the ink cartridge 107K is attached to the
cartri dgeimeagechimtha toi theé8inRefjertripwinbeFi §j. 6RAhet heiigilnalarcoldge 107K
has a cartridge majn body 171 that is conpqgsed of a synthetic resin and

defines t A8tk ThEAbEPPEEAL S Pt RRSHI £ ATMICPUPRBER E Sand e St b age
element 8384 naoypopaked (o7 Shil WP dhf. of rhie LAdI08 BRIADOdY

171. The storage el enent 8 carries out nsm ssi on of 'vari ous

and from timagy iqded piinthedye HI0anabertgue ok warini dge: Yriater
attached to the cartridge attachnment unit Z8 of the printer nmain body 100
shown in Fi §OT6H STReC§t 6lagec ) FeRAPMBOR L § ecER@Edisn & Usstk ofk dpened

G or age ot Caokt gt OBt b BTy B10eBALE) ont HEPRITAFE 130 B bosed (o
: Eg 83% :: g.zl:d Peligionat vyel y tihepphioh@ i o caas LhamR 80K 4By ff-exppsed to
subjected to binary processing, which specifies the on-off
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 may be

carried out in the ink jet printer 1, in place of the printer

11



Referring to Fig. 6B, the cartridge attachnent unit 18 has an ink supply
needl e 181 , which is disposed upward on a bottom 187 of a cavity, in which
the ink cartridge 107K is acconmpdated. A recess 183 is forned about the

i nk supply needle 181 to receive an ink supply unit 175 (see Fig. 7) forned
in the ink cartridge 107K. Three cartridge gui des 182 are set on the inner
wall of the recess 183. A connector 186 is placed on an inner wall 184 of

the cartridge attachpent unit 18. The connec%\‘Q‘r 186 has a plurality of
th

el ectr ode8T1gBT IRMELHIEDR | EBPI FOUBHHERY the plurality of
connection term 1 o} g ; i tridge
107K is att achggﬂgtﬁe %ékt i}%‘ggg?;f%?%geféﬁ g:%;ﬁ&%&’@f% Ia:%rﬁféml%ﬁé&

cartri dget}0aKdagr et dg6hrdtbe tos Garf ta idtger bagacheenfanindh 18 wegoading to
the follow ng procedure. The procedure first places the ink cartridge 107K
on the cattimidye eltachfent and tiggguife doldt atlgel dhenepbessas0dorn a

| ever 182, which is fixed a rear wall 188 of .t cartridge attachment
it 15 oimeVE Abtardpnd heckiaTd Ract o gl dh (6 1o’ 598 IS e
cartridge . Tt tyh eve 8 r i.nk
cartri dgep%ﬂg%\%%?igp%@t?ggﬁgggpﬁg ?%E'suggﬁygﬁﬁiﬁﬁ%%?t@?}éd into
t he recesg d88oardls mpkRekhtef ek mephhyisaelll avilid] apskeed foedinkl sappl y

unit 175, thereby enabling a supply of ink. As the lever 192 is further
pressed déwes . aAdl uiek 193 -divpRskiist headel@ndsopttachedeto19 engages

with a mating el enent 189_dj sposed on th artridge attachment., unit 18.
Thi s fixeS§AHeThk %%?fr?Eg{éﬁgo‘??(rf:&.agﬁe?g;r fha&:ggaé‘tetsagﬁ}ﬁerﬂrﬂh 198, In
this statg,dde 1r851,r84k Ly P, cQMSELIFORaLR ThNahs s1&hbom iiflen 81 Or REE

el ement 80K'in the 1nk cartridge 107K electrically connect with the
pluralitypafiret eeé¢adda® hscenveke sagrpllelgeodt timkerefe duiicoml8.nKhi s

enabl es transm ssion of data between the printer main body 100 and the
storage elCcénriifli@orsyl7&nhandohfrdl mpartsy ofthdhIcdT T HIeat 91 dard107F

basically has ,a simlar._ st ure.to t_of _the j rtridge 107K, and
only the ﬁ"ljfefcetrsén%:rg]{i ?rtf@s%%?%ea%ﬁé)r egrpé?hggéf)l}t&r%q #ialsc:%r:t rrliogggv%%niFahas
five ink gRamiedstide MhLhalirve g fifoar eBb £81tY cirble: B8 theRhd pEihs
required to feed the supplies of the respective color inks to the print
head 10 viea Siepageat erpdtdtiegss The tdd avrinkiogr tpapkpe 103F accordi ngly has
21 five ink supply units 175, which res ectivel¥ correspond to the five

F

di fferent col or Tkslnk GRTEBLGEG O Tart3F d3R IB¥EFChAMBGH chl fXveln

di fferent I ' at ek , 3 ver, o ‘ 80F

i ncor por at‘@&ﬁeﬁrg%ﬁl.{ E’?]e{cg?)oflh“?\r%‘eﬁrrht ﬁergggrgggéﬁﬁfgﬁk@zgﬁg%dge
107F and tahe1furea Ut ¥ f €f etk coh ambieriss 18r7€ ,calo7aat j vied M st 00 2OMI, Nnah i s
storage el enent 80F. (Qperation of Ink Jet Printer 1) Wth reference to
Figs. 8 add ™. wihd Ghyarent g mfeh dnideepdeREilgso Hforagin® et essEvighicarri ed

out by the _ink jet printer 1 of .the di ment _het ween ower.-an_tinme and
a povver_—ofJTn]ii#é?of Rtll%ltpr(f%?gr lf.k_ F(lelgné)PS e 95 1% wch r?Mgho ln%‘ta

processi NehJdfut £ 26 e otk £d £l 8/d 1 TBwOf nPQWEY SUPRLS ddb£ NeehPhrépl
printer 1. Fig. 9 is a flowhart showi ng a processing routine executed at a
power - of f itn nehefibvkechambeats pt 0 ACer 10.7Lthe T®MM( oL DELMLG6 aax@clLd 2% .t he

processi ng routine of Fig. 8 immedi ately after the start of power_ supply.
Wien the péVePrddlr BeaghIBireReivRie FRe GRFREEE 1Y S SUPBLASH B, cPher
controll er, fd i he cartrid K or
T07F has [ boshreh SrEFEa A Bt 4 Y7 i T ot Mt
carried ound fos7exanphe, pridefeseatingot @ @t Hkegaker cdae F ephrsesmnt flag
in the case where the EEPROM 90 stores the ink cartridge replacenent flag,
or in anotthes fexampdE, ibksddopd et 0 F efae dr @gpekd itterechous . aad ASNut e)
of manuf agctur,e o#e%roductifn seri,al, nunber data with regard to the ink

cartridge Fo7RBIeTEPE A PhePEdde Widre the power is on without

repl acement of anydg: 68" Wnlidgeso 407K aad plda 1 ANAt nb% -pdfmihBiease of
a negative answer at step S30 , the 22
area (non-storage area) of the ink jet printer 1 to close

nozzle openings of the print head 10 while the printing

12



controller 46 reads the data fromthe respective storage el enents 80K and
80F of the ink cartridges 107K and 107F at step S31. Wen it is determ ned
that the ink cartridge 107K or 107F has just been replaced, that is, in the
case of an affirmati ve answer at step S30, on the other hand, the
controller 46 increnents the frequency of attachnent by one and wites the
i ncrenmented frequency of attachnent into the storage el enent 80K or 80F of

the ink cartridge 107K or 107F at _step S32,.Th |l er. 46 d
the data PPEMANPT esPeBitd STat Ghe CHiemeris GRBRRBCoOR L FRE  nk

cartri dge%f%%%f@glgozEe@fena_iserarﬁ%cJ@&sQaia veadolt PesL AR dhase

required by the print controller 40 and include, for exanple, data

regar di ngfbieateicén of £ e uifrelc tilk Bn dlaé at o egap o hg atthieomunt la afo Iveewut act ur e,
data regarding the validity term and data regarding the after-unseal ed

val i dity cemporgt doremdihe dndpyhddicuihieyPEdadiig aRRr2bagnngsopekati on
fromthe storage elenents 80K and 80F IGh W escribed,later in

det ai | . TRgrfanW% rer'Pﬁg §31?spelqnu%n‘tl?§7tﬁi01%esaw[%é ?géLgl-eocu S &% at preset
addr esses girg giher £FEPROM 98 e0fpd ih £ Nge RAML 84 olc it @Pn §38y Al rauhpepngnt step
S34, the controller 46 determ nes whether or not the mg cartridges 107K
and 107F atrbaches dortihg itile jestequiintrrof &he primbipgf opematiok.| et
printer 1, based on the data stored in the EEPROM 90. \Wen suitabl e, that
is, in thd Widding Wik 40°%dtS VLispRfed Bea FN&AAPPANG URithglBBerat i on
is allowed at.ste 3 [ tes. atd f L Nt| and
the. pr ogr 5 BKPECPPoriFhacH: Soceaf i b eAToR Hes s pBle Do ¢
suitabl e, gt Batades, 44 dbetsagepef oatnesd! iivik ansyeaual ot RpBH, d@stt he
contrary, the printing operation is not allowed, and information

repr esent edipetthien @r bhi it g ofapei wifi ndre spdispl el ohOei t her t he panel
swtch 92 or the display MI at step S36._The ink jet printer 1 carries out

Kk
a predeternm ned pEintd AF Gr seESEinehePLask dia _quléD%rt?lh?ih@]_‘o{\b%Fati on
i.s allo Q'Hn%c?ng%0|éﬁ.é'i'EbS&liﬁllélnact.es T { h‘@'t”% Litihes of the
bl"ac nks t he edet er

respectiv and col or i In the course o p m ned printing
process. Thelaid&end prafmd it R it dbidy Yoof (gagh bolyi 6f A€ pt iteei by
subtracting an anount of ink consunption, which is due to a current
printing ep@edidons)f iomiudipgedi ordnteradmtrgldwdnt4@yanfl ianmhbtbre t he
start of the current printing operatian. The anmount, of ink congunption with
egar d 1 0CBENE e | THHBEE SRR LB P g AR ep BEACE LAt E he
quantity @f ddik, SHCHr-qMm {CNStaEdnBY uld1§ 5 Ukl 89 -0 LN LS eHaRShn
previously. The quantity of i1nk ejection is calculated, for exanple, by

mul ti pl yi ng arhemivet ghit £ obmasa darkpult eplBC, Gy RRANe 48r Eguentyghod veeteton of
the ink droplets. The controller 46 wites the calcul ated | atest renaining
quantiti e®fofladhe. r ESFe@¥IRP+ Aiks thE MHelrfht A28/ -t eddrai fdiQuantities
of inks i he P e up 2 Ni q i.tes; of J are
witten i ﬁ%g%%etﬁgggﬂ;?\%gag&o?lggﬁ gsrr{e‘ﬁfghsoﬁg%nga’%g %5 JfﬁeWﬂll%EE
cartridgegoldin@ndrb@/ ki Sast Ra tROWHoS¥EEERJ addir 8edreldf. onrHde panel
switch 92 in the ink jet printer 1. Referring to the flowhart of Fig. 9,

i n responpEitiet grerof fodperat Pohustherehpeswercenitrold ler t4fe ipenlaldsngt ch 24
92 in the ié‘% ] et priniﬁ 1, the Ero ram first determ nes whether or not
the ink j&“pPirnmtRPSCHELIFROF StARE by &t & 8TV L5 SPA ISP ¢t REse
where thedik £t RBi Rhelt Lde POtebNat B 19UHY - DYoRbAl @M HLeOnSTLL . the
program stops the sequence i n progress at step STl% and returns to step
ST11. In the gasenwesedt he,i akd) et pparanties]l linput rotiiput anddyfstat e at
step ST11, on the other hand, the programdrives the capping unit 108 to
cap the pAththidadranenissephemBintadata: dpee kare dri@idrt conEt€F8ns of
the print head 10.intao the. EEPROM.90 at p,ST14. The. driving conditions
here incl t?(?gcada ot gtélee ot The" dr F’\%igﬁ‘ga%si%@gl tf’ojtiloen'p%rréﬁf:eefn e

i ndi vidual differance ofiihes i+ Bt phgad aRd t2rc9ndhhiion wEepTdSetben to
conpensate for the difference between the respective colors. The program
subsequentlly amteoragkss eouanseort edl \tar itdtey mfint nees tmetlol ¢ hed EEPRAMEBE at
step ST15, an tores the contents of a control panel, for exanple, an

adj ust menPaAFR e Lot BBPre QU YRt FRELFSAGEN? Fof HRST Ry BREEEi BRE F the
case of bidirectional printing, into the EEPROM 90 at step ST16 . The
programthen stores the remaining quantities of the respective black and
color inks , which are witten in the EEPROM 90, into the respective
storage el ements 80K and 80F of the bl 48k and color ink cartridges 107K and
107F at step ST17. After that, the programcuts the power supply off at
step ST18. (Structure of Storage El enents 80K and 80F) The internal
structure of the storage elenents 80K and 80F is described in detail with

Y - v p— AN 2 1 N A~ B AN " o,




25 shown in Fig. 3. Fig. 11 shows addresses of the control |1C 200 seen
fromthe printer nmain body 100 and the internal data structure (nmenory nap)
of the storage elenment 80K with regard to itens of information on the bl ack
ink cartridge 107K. Fig. 12 shows addresses of the control | C 200 seen from
the printer main body 100 and the internal data structure (nenory map) of
the storage elenment 80F with regard to itens of information on the color
ink cartridge 107F. Fig. 13 shows the cqrrelation between . the addresses in
Lhe st o ag@ L bR 588 DAPSDR AhUcPnS Zsadisabs i F ERE TSt AB 200
(the print, sl ld oWt aotie ilACk: & PKo AT §9€0 KHK piwe o GpbRr 1Nk
cartridge fb Fiﬂgveigﬁvitiég fé}ned ther%iﬁ(to ?un%tion as the ink chanbers
and keep bligckvidbdhcalh@n ifikk]lsandtiond usleahdebgt artagee el eMbBet oiEE and
80F, respectively. In this enbodinent, EEPROVe are applied for the storage
el enents SORLERI 8bFinTHOEEPRONE -BFed Foke t AEPPUG AR e eFEFRPBOK and 80F
respectivel,y include the ry cell n wal /wite controllers
5ok and BIRGTETHEGROTSE Fan S St T T Ag Lagk: 10! 838 SroafeE THBR) and
into the r(%ra-}rysﬁstv!n%_.81&a%ra;ﬁl&eaa@amle§spsae&t I 8gKoaReE S3F t hat

count up on the occasions of the reading and witing operations of data

bet ween t lbamriedeoutaiviadddhe Idnahdswwhidamertd ydees| po8lKanull 8tElyi a t he
read/wite controllers 82K and 82F in response to a cl ock signal CLK as
shown i n ¥ RBEKtRICaf R bY RfgelRrtihe RAUPEsL thet REidtlor age

el ements 80K .and E gre specified by the bit unit . In the specification
her eof tcﬁenta%%%gggegmﬁn the storage el enents 80K and 80F represent the
head addresses aihd her DR BNt 01 e Wi 0hmbha t¥¥ & esnReRdidId 26prepe@ces of
information are to be stored. The data structure of the nenory cell 81K of
t he storagdestenbatp8OKL sl sdeg liired e dm ddle powerarsouddge 207K The
described in detail with reference to Fi 11. The nenory cell 81K (storage

el enent 8ER)HasCABITSSSERT 060t RIGGHIP AP ULRNEES AWEF| BO%%d to a
r eadabl e %r?‘gsﬁ%égglﬁ stmﬁfgegﬁ%%a aG@erngaj.ﬁ‘adriesSﬁ?ﬁliédt E{L.pyg f6g, whi ch

are alloc read on rage —area In this enbodl nen a piece
of informyddre N thRel poRISH RO HEOII L VnHE bh aglixhink 415y regwvstenndtat the
address 00 in the nmenory cell 81K having a data length of 8 bits . A piece
of inforndticon exampd ef.r eyuzaRycdtoal)eadim@nder ptpnenisaae 1@ swmdpad ypi ece

of informatjon on the frequen of attachpent . of e bl ack ink. cartridge
(07K are iy SLEFE et TVEDy & RiIaharRLged O5iBRDes Lobol hoRaving a
data | engtdy Bebi s 3 A D) egLe8L kRLOPRIA O, PRga: kORI 1d FeoRer bed of

at t achnment oé#'}t)hg'i nk cartrjl dge 107K ies regi s[bereg ét {pﬁije addr%ss 18 havi ng
a data | engtdh obckethits . The data regarding the remaining quantity of

black ink is allocated to the head address 00 anong the readabl e and
writabl e addresséx ®rintotghtrelimy 4 GrfenbbaEninedanies aneERRRAM

regar di ng e i.nin uant.i f. Lnk.to jtten preferentially.
The data ogtndqt%%g?grsr%or%n% %ﬁ%ﬁ%ﬁa%lo?q gf%%ﬁrlﬁr% }?%ﬁbﬁﬁ‘i‘:ﬁ ajrne}\(/al ue of 100
(expresse¢dytpeagentiaga £nd ghaddahlby ded easeeriagl Wd7r anpuAgeess of
execution of the printing process . The remai ning quantity of black ink may
be repl acexh byhe heaamiadge ol OilnK scensitipt | dH. | Bpeles it t piecase,of he
anount of ink consunption has, an initial value of O (expressed by,

per cent ag)* B Graqiat iy 1A 109 e RIES T o fob RrE At ?Bg?%%réing
execut i on arrl@EtR'é'snt)!fnﬂnﬂ%oﬁiﬁs*?he-rﬁa@ﬁ'fﬁ]@%%‘kfi%@@’ﬂ%@% Q%%l dala
regardi ng the maxi mumink capacities 1n the black and~color 1nk cartridges
107K and X3¥For Tiwek cadrtlradigen 107 t e epericeiiqgpuasthaded of tihkgrexi num

i nk capacity data and actual amounts of ink consunption. Alternatively the
maxi mum i TEDEEI Pfed Ny oFE WIRE taN) narkes§raedyd reltérerEEPBOM 489d 80F of
t he respegt,ive. ink.cartridges 107K and 107F. . he .case where. the anounts
of ink coﬁltshuerrpdf?g%lglseotﬁsg c?‘n %c?%?l?ﬂew?gﬁra%ﬁi Qg SSURHR T i 2867 i nks,
data on t e, QU t Qod £Ko E2BSUIDTL B TR hakgadRelst hedloddl We kRag range
of O to 90~ . Data with no initial values witten therein are generally

i ndefi ni tesoWweritsgahheddnesisainwe¢meryncé hesrahfjeand &1F o Bdscrimbed he
data ensures the accurate nonitor of ink consunption. This arrangenent al so
enabl es tHéa%"é’éﬁr%fQ%Y%Fﬁ?ﬁaf’ilﬂ‘eé‘ft%ﬁ%élndo?oﬁot(dtet?é“ah%‘ﬁfli%9t8\’:)i'nk kept
inthe ink cartridge is nmeasured on the assunption that adequate correction
is carried out during the use of the ink cartridge . Setting the maxi num
val ue of the data on the anmpbunt of ink consunption equal to 90~ effectively
prevents ink fromrunning out in the cddrse of the printing procedure. In
the case of a half-sized ink cartridge, which has



hal f the ink capacity of a standard-sized ink cartridge, data on the
remai ni ng quantity of ink or data on the anpbunt of ink consunption may take
an initial value of 50 (expressed by percentage). An alternative technique
sets 100 to the initial value of the data on the remaining quantity of ink
or O0tothe initial value of the data on 28 the anount of ink
consunption, and doubles the decreasing rate or the increasing rate. The

| atter technigue enabl es the | Di it f t . itored
on the | AERTTELEnoURE SEh ShRErberao 08 i 38 e 4 LEBAG B uRR e

hal f - si zed itk £attmbdge A &« pbtrghable to the printer. Pieces of
information relating to the manufacture of the black ink cartridge 107K are

stored at speddrgemddtesfedimatoieI@ecddely occupy m ninum bits required
for storage (storage capacities). Nanely the storage capacities required
for storing theTh@smﬁﬂWPecﬁpéégékﬁriﬁ¥o%ﬁa?ﬁ&?%ﬁ¥9@i PefefO¥i%d one
anot her. r a 8 plec i r I 0N r .o facture is
registeregeag8?Hggé§é¥%§§n5%§%g%i%ggg %géaQ?éﬁgtﬁB§?g¥Eﬁ %:QE%Hﬁﬁgée of
informati gp @hd he pathigle mMiogttFedge s AP X e4ed ab 7¥he sadregs 2F
having a data |l ength of 4 bits and a piece of information on the date of
manuf act updemertegi S¢Krandda 0Fhe aBteedetdd Imvihdhe datretfe@ehgi® 2005 bits

. A piece of information on the time (hour)_ of manufacture is registered at
the addred¥e3gemsifhped vith refguenfe stdifikdsa Hided df ifHdrndtidn on

the tine L nut 0, re J gl st . r ing a
data | eng%l hnhgftl‘£ O?%?%%@%%gg%tgé}eéééleﬁq’?ﬁ olﬁnggfg%tgﬁ%t %g%prggzﬁlﬁlgﬁgseri al
nunber i sokeghstedediagel De1addtassiAR Juw iphd it dinloF tRBH MO8 iRehitS. A

pi ece of information on the frequency of recycle, a piece of information on

t he val i dFtig .t dr scbematiicahdyal pl ueé reft € hivocanniegt iovn theet wéerrthuaseal ed
validity termare respectively reqi stered at the addres B having a data

| engt h of PFIHLET mal &éc’é\fﬂcﬂr%%s H%Rﬁ‘l"@oﬁa {]Qtanq er?gri‘i the @ttﬁ?IE%g?eand at
the addregg 56ghavi agglpata length of 5 bits. The data structure of

t he nennr% g@ﬁ?n%lF 0 fﬂgistorage el ement 80F included in the color ink
cartridge 107F refdascinfetoimiget aj | thet Bohefernence 2iom FKisgprokZidedhe
menory cell 81F (storage el enent 80F) has addresses 00 through 38 , which
are al | ocaned@ndo ia tregrabed Whdbwtheablrd ndt diedge 18y -ea TiBD cndradidi€sses 48
t hrough 86, which are _allocated to a. e only storage area 760. Pieces of
i or wat 67 Ok TRBE T ERdich S EaSh: S RS CHEABIAE iRgRROEASR, el | ow

ink, |1ghk1ey@dht§keorNdrd Hir ROGRLRG B Fife "ok SEEEES idlgd 18 @R esses
00, 08, 10, 18, and 20 in the nmenory cell 81F, each having a data |length of
8 bits. Aapideci0 DF wnbhoramttaotomecharfisegsehCy dfisgeandngnt khepri nt head
10 and a piece of information on the frequency of attachnent of the col or

i nk cartrF@FE 1TE AP r Nt SPRITPIS® vEF Y LA T IRP2BRF&986s 9B and 30,

ime pori SRGH Gt ot heenay: PhonrBpraldiy TG e R AT, S AR % e

address 38nlami nich F dasa beagihaof the Bohrolha datcp negarginmgMtheo,
remai ni ng quantities of the respective color inks are allocated to the head
addr esses i00 wHroughate ameng ameoraznddlyl &enid, vendabbecaddresszed D0

t hr ough 32 Thi s, arrangene enagles,the data regardi ng the remaining

quantiti e$P6F RHED egdiﬁﬁ 1251 6P i tRepRagAish HRRREFOMSRHEY Y. The

pi eces of ;iaf LORqrl r ¢ i t Ll , gent a,
Bnd vl | on e are AP Sa SRR Tl S5 e pahtifs 9K TR
pi eces of gioEf.or IMte aronegal di g2 0 beis ananal pgintampics&ad aftwéghttgan and

| i ght magenta inks 30 are allocated to the followng 2 bytes (16 bits).
Thi's dat aP&FMfcterRrtreoliiqs dhpmreabhe respeibyrei akorager iedgneRbtEng only
t hree col qr n nd. ygl lLow ., The on_t r.emai ni uantity
of each cglo?)qr a|n(§ %%gagﬁr&ﬁlﬁﬁ?a?n vg ﬁel&k ool aé%%%?%s?@&@fnpé;rgg?\?age )
and graduahley ¢legteases e Oguehh taaH A8 85800l RX&FEE A OBREl pirigPrinting
process. The remai ning quantity of each color ink may be replaced by the
anount of comk xohtanpéiCoand rnhenstierage eidsmenttise 80iblantd FO0F nk For

consunption has an initial, value of 0 ( expressed by percenta and
gradual | y SO Eas8B o %&ﬁ?ﬁ%ﬁaﬁr’ﬁ} esEBSf péiégutr?‘gﬂdoﬂot'hg%péi nting
process. The arrangenent of the data on the remaining quantities of the
respective color inks are simlar to the arrangenent of the data on the
remai ning quantity of black ink and is thus not specifically described
here. 15



Pieces of information relating to the manufacture of the color ink
cartridge 107F are stored at specific addresses that respectively occupy
mninmumbits required for storage (storage capacities). Nanely the storage
capacities required for storing the respective pieces of information are
different fromone another. For exanple, a piece of information on the year
of manufacture is registered at the address 48 having a data length of 7
bits, a piece of inforpatioon on_ the gnghh of qgnq%aiéu?g is reqistered at
the addr eS&TFH AR iMGCRTAST | bhgt AP Of T2 PR LY §CprEQe 33 StV Pat i on
on the da f acture 4s segistered at the address 53 having a data

| ength ofE§Q§ﬁé%g] %begg&gT ?hfornation on the tinme (hour) of manufacture
is registered afrnhehgraddt ess o hagirngoaodapatiseagt Anplut3kigbabirsd a

pi ece of information on the tinme (mnute) of manufacture is registered at
the addressdsk heammgnd detlketbhgnhsdigrabi $BL and cgretesobuthftdremt i on

on the production serial nunber is J;F?’gl st e{ed at .t he, agdr ss 63 havjng a
dat a | engVRiFinE pPeEa i gR &t S G 1T At Y Oh1PRe R FRUER GPHI T Beycl e,
a pi ece ofqi afgrapty i e er mpRt § PS4 rAiAf ﬁfaet

i nformati gr? %{r)letﬁtda te(??u%lﬁ%?igldﬂ%ﬁ%%ty ter mgr elr espéct !glve y J(f)(geréi stered
at the addresxdipbadrig e kepa Langthe (AB bLDs , Tak tdreasddr esme80 havi ng
a data length of 6 bits , and at the address 86 having a data length of 5
bits. ReféntionyabhmErg represents ew@dnd it UhGWRE 18 Hing aP®Takenof t he
control 1C.200 seen_fromthe printer, main 00, esses t hrough 10
are all ocdt" g‘tﬁe?ﬂﬁdi %‘Por%?i BAYPert4t icnogmggg%éﬁé’steo‘?egrg{é gﬁﬁ‘r‘?’e%q‘%OK of the
bl ack i nkpeandyd g9 JOF Kt 1andwaddy e33R 24 d B B4 A4 €2l | prakedsto the
information relating to the storage €l enent 80F of the color ink cartridge
107F. Thecdaipl ¢ eadt hoaf elreary 2t hiyé eshesmalnuacatele Aniegcip radtk s sisThe

correl ati on between the addresses in the storage el enents 80K and 80F and
t he addressesiedtaatcontfhsl sreedbdic dmd Pmatiepndngiwiedao foare

descri bed bri ef with reference.to Fi,a. 13. Data.ar red _hy. the unit of
vt o ettt D G i ebtre o e B RHE, £H8! BRI ALES Y |t
in the stgiGa: £t £88NLF Stk andtB8RF rddddRc§oBE H1d4n2RG,. the area of 1

byte is accordingly allocated to even the data having the I ength of |ess
than 1 byfeeduendy of atdgeclahentm$ tAGKiakdc 8OFridwe hendt hbe tabal only
the required mninumbits are allocated tgo the respective data,, so that
there i s hdMAPLEiney tATHMR tat aT88 coRFEQL RN ri%‘%%?ﬁ?i%lﬁeﬂfwgtorage
El enent s h Q ' ' ‘ di ried
out i ¢ ne enrE s bplEnb X pRihlg CEPCLIIES 21 0RaI bRE SR RARERE Ok
and 80F, whiadsisefepfiddd@bbyihferediioh +£q2AGda BespraS® i8N
instruction fromthe printer main body 100 ( the print controller 40 )
with refecOdereblergd 0 guonadprisced ef 1inforaatimrhavhishodnryy a
processi ng _routine.executed by the control |C 200 in the course o he
Peadi ng. pPoeaafF bR FRECE s o ERER bhReanao809° SirHrgtsreoks®,
timng chamlg 90rtdea oEast AN Pl nkheoheadinBcI P eSS s hattdeghbowchart
of Fig. 14. \Wen the programenters the processing routine of Fig. 14, the
control |CxPO0cditbe mpakiost acCBtsioddadrif0a | ow | evel and resets the
address counters 83K and 83F in the storage el enents 80K and 80F at step

S200. The contrdi® 11206 Khdf trdletPERE &S ff g PAPR AP F evEPeand sets

the stora t - Lnsth [ S t. .St 0 he
control | %%fg{)%gsigﬁl% Iaéyﬁj%gggghallg/ %gﬁg%élet%&n%yf"%v%fle@%(%ﬁﬁdt?%er eby
speci fi eswa iIrqratid® iaperad éPhetosy bl e Frage abamad Bi 8Pk antb BHEeat step
S220. The control 1C 200 then outputs a specific nunber of clock pulses to
the stora@®ediengat 3 380K ahlle SOFequestep SE36JemTiel wpeeff ithenumder of cl ock
pul ses corresponds to_a desired address, which is _qutput_fromthe print
control | eprﬂﬁa?‘u Sat ?ﬁﬁﬁcﬁ%%e% iﬁ?m@d'rﬂjrrbgl%ﬁlaﬂé%tégﬁﬁ e%n[polﬁai n an
access forgJieadh a L LSi C , utnt't?t trol 1C
200 converdte; a f??gtq a drslélg‘gEg%\ F&g;%e%z gﬂgﬁg droceygs{)é%dgg?lr? a de%?fried
range of ddamessies plmetvidals) rematime menpugneaitlys Bl Kiakdb8Here33the

start of the current printing operation. The amount of
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at which the controller 46 requires to gain an access for the reading
operation, into the correspondi ng nunbers of clock pul ses. The control IC
200 successively outputs ( *Adf-1 ) clock pulses and ( *Ade-*Adf ) clock
pul ses to the storage el enents 80K and 80F. The address counters 83K and
83F in the storage el enents 80K and 80F increnent the address by the bit
unit at a timng of a fall of the clock signal CLK The control I C 200

t hereby specifies a desired address at st S240. Th ata stored ip the

st or age eﬁé‘%eﬁt‘?%ﬁkpgﬁa%éﬁ SI & WL eacc?g‘(p%uﬁﬁgegt qtuf?élt_tlan%E of the
fal | of theyclopk:pubae and e §eRhES Ly ©£00h kOB o he figsi Lag count on

the address counter required for the reading operation in the above nmanner,
and t enposaicitdorsticr eartrties doiyiut fdat axanprlespahedinngome abhea odesd X £ty

address, for exanple, the data on the year of manufacture, the data on the
nmonth of AEsWRRtdve, tohdukkhesnipNadidtg dthg PEART ARadhd Odat Then the

after-unseal ed validity.term _at. step_S$250. e read: Qut data eri al
dat a expr8§§§§%V?h8%bilpiurﬁl{c?tls%nt 3 %t%ﬁe t-(glontcr%&gf‘%gZB&lcton]sdeﬁt ®the bit
data to thg Tgfb%sd@é ag@tn el {napiiet Ia@ll dalms thdrerpaspbbel tdat a at
step S260. e control I C 200 then outputs the converted parallel byte data
to the prnozzmtopehéngd) 23, sapg S2dKks Timk bynplestrss ¢ fiead@at ng
process and the programexits fromthe processing routine of Fig. 14. As
descri bedMgchABLSNY( e heShRdssinkedgetthi %‘EleeFFﬂPPﬁBBe%ﬁFehogyf?ﬁe bi t

unit in this, &'IPP;%&QE”& %%fsf eocéétfénﬁ r%fleEE%%dc'tPﬁf‘%ér' Q6! $% oL ment

di scussed "above, pieces of T nformatiron relating to e manufacture of the
ink 34  edd tadgf BA€i6h0be0thB BHREERIINQY qlarSPEEY fd £ Adressasthbat
respectively occupy mnimumbits required for storage . This arrangenent
enabl es t Heta wsittcatk &tior ddee EHFRIM 96 agic okl BY o @ ge Pelogmamn s 8Okednd 80F
to be utilized effectively. The arrangenent of the enbodi nent enables a
vacant mer®r B IPSPoAD v%?‘?:hR?g 4Pl-ocated to data in the case of a fixed
data | ength but unu e .al rea and
effectively useglh'f%o?%ﬁgggt g?ggé:te& tiaﬂgt t@ga%[?gggqg%% orcrre;%‘?%%%q' IS

arr angememti peisyr @sthhe £fdd st enbedt pragei ®hspr.e phecesrdyi skorgmion in
a fixed storage capacity. In the enbodi ment di scussed above, the

i nexpensi WéNEEPRAM t@ahiish d@wdesr ounodnky inivsl demglievlithl thecasszzlis
applied for the storgge el enent s %OK and 80F of the bl ack ang col or ink
cartri dge@TEFAK QRdEEG7RT Mihkr BeRfe 1¥at a TOP tFRPFERE Mgt gt &ntities of

i nks are %tcf?;f&ddi&tﬁﬁ} a&%'ﬂ@é'&{bqwr@?'j}’nfﬁdyﬁféet B8 r49%n Of %ﬁ&t
expendabl e ink cartfridges 107K and 10/F. In the arrangenent of the

enbodi menti sdi sousisgehabiovefetrhe 4apcadablia tanthedibhakl usfAgee Bl easd650 and
750 are | ocated at addresses that are sequentially accessed prior to the
read only a3t BRABM LA PBES GBA48ndI T EF 19T tHePRELHIEt ithE ERBFEGE FBARAt s 80K

and 80F. Ié\fer{ﬂgaégg %tarégtégg?ghatTﬁ?r riineks Jgéjﬁeaéggggre;[t Lf%ggger ation of

data into the readabl e and w1 tabl e storage n after the off

oper at i on aaft d#ea POVRIN v WM d 1Py Ofu £ henBaRekyusiw d & Np B8k e bhiih AT SRIEABNT
ensures conpletion of the witing operation of data before the power plug

i s pul | edcoutonfecanteessdiket andThBecbhhhagdrzat ioon of Ihetleibothsent thehi ch
applies the i n_extpens_i ve storage el enents 80K and 80F enabling only the 35
f1 ink jet printer 1 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 command analysis and then transmitted to the
intermediate buffer 44B. The controller 46 converts the

input print data into intermediate codes by supplying

information regarding the printing positions of the
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sequential access to decrease the cost of the ink cartridges 107K and 107F,
thus advant ageously reduces the possible failure in the process of
rewiting the data. [Modifications of First Enbodinment] In the enbodi nent
di scussed above, the address counters 83K and 83F used are the count-up
type. The count-down type may alternatively be used for the address
counters 83K and 83F. In this case, the data array should be changed in

such a nmanner that the adabl e and wrjtabl e staorage eas .650 and 750 are
accessed ﬁﬁsd?e?BlYﬁgl?égﬁrﬁn?f/ cgl%?%%teﬁﬁeatsh%%lﬂg?‘na’afr?%eal%d‘@g/l?ﬂe
readabl e . I 0 .ar, C hi gher
addresses%?%%%&fﬁgggqgfé?ﬁﬂgggg%%%ifgég?%?gagéhﬁgggt%%dggﬁgE%%%ﬁgﬁgfeg
concret el whd he tRiraeesiatei ddaesrirokdgandithe iheerered Date wwepert i es of

inks allocated to the head addresses should be registered at the end
addr esses 44Fhe fhaccphdrofllidmre ppetben anakyzen thegprienbeditate he

off-carriage type printer, in which.the ink cartrjdges are not nounted on
the carri & ?gﬁgeﬁgkﬂnatsﬂ? o””‘n%r'ﬁﬁg&ﬁ'rqﬁ gb‘&ﬁ%e‘f‘g&%@r‘f‘a??\&ﬁﬁi gﬁet he i nk
cartridge q o= A d ri LAt bov
enbodinen?#ﬁé?t gggggbgﬂgi %d?%&ﬁt%gsﬁgﬁﬁé%%ENnggg%g?iggtgﬁr ?ﬁgastorage
el ements ¥kanyg 86F paXk tthehedbrtiac arnosypahdelde aaedjuehbirald aacesset ype

FEROM may be used instead of the EEPROM The EEPROM i ncl udes fl ash
menor i es. O4ERWE BBEFE Terddi nent, the remaining quantities of inks are

used as the infarmation relating t he antities aof inks. The cupul ative
amount s of ink 36 S4Y Tasheutiier o helsn (SRR, 4 Ei Eoredhonding EF fhe
remai ni ng gHaRlddr 8% fhel P¥EntTh8alinko GFd rdtﬁge_s%fnéemﬁeddé@yay@éénl n the
above enbodi nent may be replaced with another ink cartridge 500 shown in

Fig. 16. Mara Ifire sserpaildgedtrares e enedl fostr ahienguttpu tafipetf ance4qf t he
ink cartridge 500 as one nodification of the present invention. The ink
cartridge BOCth@cPudad herdséP Fias e aperalilel okpRatreutiRIEhape of a
rect angul ar rall.el epi ped, o) S d t_sh h i s 1npregnat ed
wi th ink gﬁdp%:ﬁ%ﬁrgmggt‘edg‘lfrFaetIEeE@%sggf? }éf?:r%%rf ag%\gée?go%%@oseprogglﬁﬁat

covers thed epeoReRime ot nkhgrvassekaaly o e \AscFhtS8rbh PREt&GEpALO five
i nk chanbers ( like the ink chanbers 107C, 107LC, 107M 107LM and 107Y in

t he i nk chufifelge4107F Wiscpseedsisn gtmsadpovbeemivodi emehe) ofwiiloh separatel y
keep five different color inks | nk suggly inlets 54 for the respective

col or i nkdHrerPBAABE AP et T 1§ 4BpbRi YRbhstBR FRE VT BN f A e oh ek fre

vessel 51. e En ly.inlets 54 at the specific positions face ink
supply neé eso%néfiﬁﬁgﬁ%i%%fe) when the ink cartridge 500 is attached to a

cartridge attachmeihtprimt &hg@npr 6Nhas ERenpkadyt Geia sShowthereheelai r of
extensions 56 are integrally formed with the upper end of an upright wall
55, whi ch fised onackandfm hkl si dadofththecapkigagpimee¢inprisms4.2 Thelhe

ext ensi ons .56 regeive prgjections. of a Iever‘% ot _shagwn herg} fixed to the
ori nter METIE BodhS B ST Bnt L 5BUEFE T OCKT B SR oAt 7 dF BABERH tne
upright waldabemandu@spest p¥ehy ihay e dpds, 568. ihd1sRBHYE dugidead,is also
formed between the |ower f ace of each extension 56 and the upright wall
55. The vedsatesdd aheo caas icaghenkchendssn IR (cahrtk spoememisin hecdan

of the print head 10.

The print head 10 causes the respective nozzle
openings 23 to eject ink 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
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a ink cartridge 500 frombeing attached to the unsuitable cartridge
attachnment unit m stakenly. The upright wall 55 also has a recess 58 that
is located on the substantial center of the width of the ink cartridge 500.
A circuit board 31 is nmounted on the recess 58. The circuit board 31 has a
plurality of contacts, which are |ocated to face contacts on the printer
mai n body, and a storage elenment ( not shown ) nounted on the rear face

hereof . Th i | 55 is furth | i j ect ons 55a and
550 and eAtBAY e BBY AR SERERS: Y5be AST L hoP SR AT KOATE 31, 1 the

above enbgdiyrent ity hesf ipte £6h0E chiehbd @t 3bSankRGLS Pur 8YARy W&# | OW,

| i ght cyan, and light magenta, are applied for the plurality of different
col or inkpiezZidwlectyrdat vilveatoos i1F alpoeappliecaisreexatang conbi nati on of
an arbitrary nunber of color inks, for exanple, a_conbination of three

di ff er ent S¢S FHksTEHERRIGEhY &1 Yo PAPRERIEYRE| B tha COFOPAGFIEN of six
d|fferento(§¢¥%%QK§ | nch, %LHQTEEQEBftBB@h@QB&ePEE%%d¥%‘3h&£%§r%n gddi tion

to the above color 1In e present 1 nvention 1s not restric ed to

the above sgbedieBit 20 IdSt AR Fi6ahtEORS, 1 PULs HRIL cBih DEasBRB W PEREr
nodi fications, changes, and alterations w thout departing fromthe scope or

spirit of thiee munimecrhafadiey idzzicobpemd nreszht |iWkent tive. dihievsugpe and
spirit of the present invention are limted gnly by the ternms of the

appended EH&NEE HB1 19 SRR 1EPELRRRED PBEPE. AATVHIO TR 4Ge®EohPi gur ed
to be detac Ya TRUBL Y K PO R Q}ig]%aﬁgf h Ak th{é.réggfe%?)@?fd §g| an

ink reservoir tor containing an i nk; a storage unit storing plu
pi eces of pypamdre thbamweat i ®p el aldmgrdetélietionlkcansgértdge, and incl udi ng

an input-output termnal and an input
corresponding nozzle opening 23 to eject an ink droplet.

Fig. 5 shows a layout of the nozzle openings 23 formed
on the print head 10. The nozzle openings 23 on the print
head 10 are divided into six nozzle arrays of black (K),
cyan (C), light cyan (LC), magenta (M), light magenta (LM),
and yellow (Y).

(Structure of Ink Cartridge 107 and Cartridge Attachment
Unit 18)

The black 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 following description regards the
structure of the ink cartridges 107K and 107F, the black
ink cartridge 107K as an example, and the structure of a
cartridge attachment unit 18 of the printer main body 100,
which receives and holds the ink cartridge, with reference
to Figs. 6A, 6B, and 7.

Figs. 6A and 6B are perspective views schematically
illustrating the structure of the ink cartridge 107K and

the cartridge attachment unit 18 of the printer main body
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out put control unit; wherein the input-output control unit inputs or
outputs a serial data signal via the input-output termnal, and wherein the
serial data signal contains data that is updated according to use of the
ink cartridge and which having a data size that is an integral nultiple of
ei ght bits and which is updated according to use of the ink cartridge, and
data that is not updated according to use of the ink cartridge, and at

| east a part of which ,having a data size that is.a_ngn-integral multiple of
ei ght D £ 308 %‘?Bﬁcitg‘vr?o]t}gUpcng(%d .48 & nsge?glﬁé‘é'ﬂof"%%‘é ink cartridge.
2. An ink;ganididge;hg Lo daReamiidt StaEE 1n WiSI&h NchBe sphural pieces
of specific information include a piece of information relating to

manuf act ucartfridegei ak 7¢aris | dgtachednt o nkheachrtdgedga atcdcercdaneetw t h
claim1, wherein the storage unit further conprises a manufacture year
menory ar@®1tw&h has a storage capacity of 7 bits and stores a piece of

information regarding a vear aof manuyfa e, i artridge, a

manuf acture non?ﬁ%ﬁékﬁ?ga?8a?1ﬁhigﬂ%hggﬂé'ﬁf%réggt%gg %t%ﬁzﬁgﬁaﬁi?s and
stores a pia8G& AighNhaiMBidady regar €hag a MiYnb &fe ARBY! actyrapdthe ink
cartridge, and a manufacture date nenory area, which has a storage capacity
of 5 bitsrawdstareésiaf pnesetbe inkochatiber ddgd dimgila cdattel @tk nbnkf act ur e

of the ink cartridge. 39 4. An ink cartridge in accordance with claim 3,
wher ei n t B¢ $eRlag@nthia SHAERSE LAPPNe8 O ARGITRITRECHOUR RetdRS area,

whi ch has 3. 301 g8 §anagid Vool i bide andy ShakGe 1 Pi eoy of skBtargmti on

regar di ng an hour of “man ure o nk cartridge, and a manufacture

M nut e nMeDlem e €ag o vhcahrhiass dogt Ot 2easeARACi sy 6F Gaklilcuarthshotss a
pi ece of information regarding a m nute of manufacture of the ink

cartri dgeansl £Aon fkecprtim tye niani mdootyldrite, wiltdn dhee mnk ocstreidgehe
storage unit further conprises a validigﬁitern1nennré area, which has a

st or age c&ﬂ%ﬁt%ﬁcﬁtﬁaﬁﬁﬁgzﬁﬂiEﬁ%r%§r§_ qgﬁa%ﬁt?ﬁh Pﬁ%i%ﬂ??ebérﬁﬁng_a
term of V%'Hed'ptﬁ/jfrﬁﬁe{rhﬁa'i@kb‘&%y J!@Ot%?ohﬂkiﬁaf‘ﬁrg'.q%%. 6.pHa éﬂ%&&?ét ridge
i n accordance "W clarm 3, wherein the storage dnit further conprrses: an
address ceurinein®uBprt LiNgréceoRlY iih r£spotsen-ere ke @Ckesiegal 1 Dot put
fromthe printer; and

formed in the side frame 172 of the ink cartridge 107K.

The storage element 80K has a plurality of connection

terminals 174 exposed to the outside. Alternatively the

whole storage element 80K may be exposed to the outside.

Referring to Fig. 6B, the cartridge attachment unit

18 has an ink supply 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

ink supply needle 181 to receive an ink supply unit 175

(see Fig. 7) formed in the ink cartridge 107K. Three

cartridge guides 182 are set on the inner wall of the recess

183. A connector 186 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 80K when the ink cartridge 107K is attached
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a storage el enent having the nmenory areas and which is sequentially
accessed based on the count output fromthe address counter. 7. A printer,
to which art ink cartridge in accordance with claim1l is detachably
attached. 8. A storage unit provided with an ink cartridge that is
configured to be detachably nmountable on a printer) the storage unit being
witten or read specific information by the printer, the storage unit
conprising: an input-output termnal via which a serial data signal is

i nput or gﬁtﬁ&ﬁ %ﬁﬂtﬁédgea@§?ﬁﬁ£m88¥pﬁp%ﬁwi$0I unit that inputs or

outputs the seryfl fakacaghalagdad iR 10nH cQUhBH! bt AbNELr 3 ihgbereln

a
the serial data"si gnaf( contains data that Is updated according to e of

the ink cattaidige mpdinbhtchshayibedadpttd tihee fididiowsngnprotegate mul tipl e
of eight bits and to be updated according to use of the ink cartridge, and
dat a t hat The peagtiaredt acsdr pillegad e gtk t¢rrinkdger LOdgeomricheit | east

a part of which having a data size . of_a ngp-integral nultiple of eight bits
26 whi hORE ik 9 AR WACBBEBIPRG & b8 aseTBP PRECPAR R BEeases,
storage ugplnl 3 266R50386L Y bif| Al B Siedhas o Bddie Rl LY A #l £F oG O
specific rnformation include a prece of Information relating to manufacture
of the inkagantidggeatt@chheaior@@etunst viileod dartbpett ahaifnk Icxl tasdge

that is configured to be detachably nmountable on a printer, the storage
uni t bei nghamint tien kg r edd EpebPf P¥ MO NEtHorcdYLEhEIsr ilM7ds, tHeest orage
unit conprising:.an input-output termnal_vja,which a serial . data signal is
i nput or 859&#’;‘1%‘#&1 ’ﬂﬁ%i%tgguizéﬁt Tc?_d"neﬁ ojrgfmpfetsﬁgts i TGt %ng(r out put s
the seri a&aé%tﬁédfgmadvkyd@wﬂ%r@,t§_ova§ £ H6nd P WO Ui s S 1% ik 1 ¢ and
wherein the serial data signal contains data that is updated according to
use of the7snieicerédi doe canthahrebelavilgp aanat makiezecHdatnks saypp g egr al

multiple of eight bits and which is updated accordi ng to use of the ink
cartri dgenegsd e1afd phardesthetinbdrRl Aok illg t §heFef enad kg

on- i nt egfal CRAM fre R 6 Bt TP L TRE it o SRR R BERF A ng to
the use of &dhgtbRk168rdisde8edldn £ HLY 8GR YR thé N ARCHNAANGRH g ddscl ai m
10, wherein the storage unit further conprises a manufacture hour nenory
area, whivhtihasa angtongge loapactt ¥ 86f &Blipesedndnsttdrescar prédgeof
Informatlgl?:tachment unit 18. This fixes the ink cartridge 107K to
the cartridge attachment unit 18. In this state, the
plurality of connection terminals 174 on the storage
element 80K in the ink cartridge 107K electrically connect
with the plurality of electrodes 185 on the cartridge
attachment unit 18. This enables transmission of data
between the printer main body 100 and the storage element
80K wvia the control IC 200.

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. 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
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41 regardi ng an hour of manufacture of the ink cartridge, and a

manuf acture m nute nenory area, which has a storage capacity of 6 bits and
stores a piece of information regarding a m nute of manufacture of the ink
cartridge. 12. A storage unit in accordance with claim11l, wherein the
storage unit further conprises a validity termnenory area, which has a
storage capacity of 6 bits and stores a piece of information regarding a

termof validi tukokuppipkikeps 175t hgnibk easipddigbvely. cérsb@praggunit in
accordance with claim10, wherein the storage unit further conprises: an
address cooantlee fiNeutifhgrancoaniomingspon§ae codogl dok sagalidgs put
fromthe fri nter; and a storage_ el enent having the nepory areas and which

i s sequent PEFl-y1BERESRE baS - P T RB LcoRhP T otR RS BP e QUM ESS: _
counter. g, %WaPég%og%%%q%% g?f}@m'elﬁl% Cagtﬁ riggs?:#g'll%nﬂfé;érf E?Ege'iqge havi ng

a storage unit res p pl eces specl matonrelating
to the inkjgakld b#gen 2Be¢mAt i P Heduit @A gt € &1k cdier PigOt B 7R QYA | Si ng:
a read out mechani smreading out data that is not updated according to use
of the inkheaftiviedgid feeéght chilog, inkes @ne atolkestivepar stofredeinat a has
a data size that is a non-integral _multiple of eight bits; an acquisition
nmechani snFBeGUISTHERIBr el ¥ e8B8Fout data by eight bits, the data not to

o POl RV Belafucad e gt L 02 oo Deving e e
which wites thrpidat addf@tehseupdatetlys. 8 and 9, the following
describes a series of basic processing carried out by the
ink jet printer 1 of the embodiment between a power-on time
and a power-off time of the printer 1. Fig. 8 is a
flowchart showing a processing routine executed at a time
of power supply to the ink jet printer 1. Fig. 9 is a
flowchart showing a processing routine executed at a
power-off time of the ink jet printer 1.

The controller 46 executes the processing routine
of Fig. 8 immediately after the start of power supply.
When the power source 91 of the ink jet printer 1 is turned
on, the controller 46 first determines whether or not the
ink cartridge 107K or 107F has just been replaced at step
S30. The decision of step S30 is carried out, for example,
by referring to an ink cartridge replacement flag in the
case where the EEPROM 90 stores the ink cartridge
replacement flag, or in another example, based on data
regarding the time (hour and minute) of manufacture or
production serial number data with regard to the ink
cartridge 107K or 107F. 1In the case where the power is
on without replacement of any ink cartridges 107K and 107F,

that is, in the case of a negative answer at step S30, the
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42 according to use of the ink cartridge and having a data size that is
an integral nultiple of eight bits in the storage unit by eight bits. 15. A
printer used with an ink cartridge, the ink cartridge having a storage unit
that stores plural pieces of data relating to the ink cartridge, and has an
i nput-output ternminal, the printer conprising: a read out mechani smreading
out the plural pieces of data relating to the ink cartridge fromthe

storage UEk)%lt\f:icﬁL%@f A5PHE 24t RHE bRt rFklom A Q0K §b btk RGNS

acquiring, fromthe read out data, data which is not updated accor%ing to
use of thelieftercas t30Kgaenandodt oifeaste dmardavtriigels Havikgred deo aFsi ze
that is a non-integral nultiple of eight bits, and data to be updated
accordingaﬁo&kﬁpcﬁ3ﬂhe i nk cartridge and having a data size that i's an

i |l ti f ht bi ! q
| nF egra . mul t1 pg%&g} ﬁ]a% ngs; rgla:ltn dSC'H’)V% )Ehearg.n]? car#: Q@? rtri dge

which wites th accordlng to usé o
and havi ngra 1@pt@ ﬁage%ha@t b'e'ierﬂr!réﬁlégfe@' it ple, otneltgm cﬂiéé be the

storage unit by eight bits. 16. An ink cartrldge for nounting on a printer,

conpri si ngn afddmma tdgeebadyweef arki s¢egn Si3tk, cmardber ctthémwllthmd, | bhe
controller 46 increments the frequency of attachment by
one and writes the incremented frequency of attachment
into the storage element 80K or 80F of the ink cartridge
107K or 107F at step S32. The controller 46 then reads
the data from the respective storage elements 80K and 80F
of the ink cartridges 107K and 107F at step S31. The data
read out here are those required by the print controller
40 and include, for example, data regarding the year of
manufacture, data regarding the month of manufacture, data
regarding the validity term, and data regarding the
after-unsealed validity term. The control IC 200
actually executes the reading operation from the storage
elements 80K and 80F, which will be described later in
detail.

The controller 46 subsequently writes the read-out
data at preset addresses in the EEPROM 90 or in the RAM
44 at step S33. At subsequent step S34, the controller
46 determines whether or not 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. When suitable, that is, in the case of an affirmative
answer at step S34, aprinting operation is allowed at step
S35. This completes the preparation for printing, and the

program exits from the processing routine of Fig. 8. When
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a data storage device nounted on the cartridge body; and a plurality of

el ectrical contacts in electrical comunication wth the data storage
device, the electrical contacts being arranged for the transfer of data in
serial fashion between the data storage device and the printer. 17. An ink
cartridge for nounting on a printer, conprising: 43 a cartridge body
defining an ink chanber to hold an ink; a storage el enent nounted on the
cartridge body and conprising: a nenory cell for storing data;, a readlwite
control | epothsuiclorio kel s théddiiRy ofn dbha FASH &fd wMeIAGITR ARIVEE t he

Cl ook si gl S Wbt Yat 20fs ThEaGHT N Er - welee BF VECFRE GRRAr 187 1 +¥and a
pluralityngh gh¢sliddalnPhetrind i &h & i‘é@&n@:@m@@h@?kgﬁi‘ﬁﬂ@iéﬁe
storage elenment, the electrical contacts being arranged for the transfer of
data in sefi prihasiign detiwphaybd shoedgbesl ementpaarel tdvel pchnderorl8. A
nmet hod of storing data in an ink cartridge having a data
the display MT at step S36.
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
gquantities of the respective black and color inks in the
course of the predetermined printing process. The
current remaining gquantity of each ink is determined by
subtracting an amount of ink consumption, which is due to
a current printing operation, from the previous remaining
guantity of ink before the start of the current printing
operation. The amount of ink consumption with regard to
each ink is the sum of the quantity of ink ejection and
the quantity of ink suction consumed by the sucking action
described previously. The quantity of ink ejection is
calculated, for example, by multiplying the weight of an
ink droplet by the frequency of ejection of the ink
droplets. The controller 46 writes the calculated latest
remaining quantities of the respective inks as the data
on the remaining quantities of inks into the EEPROM 90.
The updated remaining quantities of inks are written
into the respective storage elements 80K and 80F of the
ink cartridges 107K and 107F after the power switch is
turned off on the panel switch 92 in the ink jet printer
1.

Referring to the flowchart of Fig. 9, in response

to an off-operation of the power switch on the panel switch
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storage device with plural storage regions, conprising the step of:

storing, in succession, a plurality of data records in the data storage
regions, each said data record having a nunber of bits and being stored in
a portion of the data storage regions, the portion having a size neasured
in bits and which size is equal to the nunber of bits, so that a m ni mum
requi red nunber of bits are allocated to each said data record and each
said data record occupies a location in_the data st agé &GVICG I medi atel y

after a p?echklibgedhik J8toPdiRitSTodt: Jﬁﬁhﬁ&PQ¢ﬁW LeEMmifNe3t hod of
readi ng ﬁ%g BESF%%“nothﬁgrihkdﬁst_§P£R£b§'f%_ %FQE%NH(P‘LEt P4 oviding

a pl’l nter avi ng nount ed ereon” an cartri aVI ng a OI’ age

devi ce haytngtBpukall 1St OrageHEH D9 \ﬁl'iléi‘ecﬁﬁbah.ﬁkaj@'thpa:lllrﬁyeﬁfldﬁéa
records in succession, each said data record having a nunber of bits and
bei ng stonetl in ahposttla@rd-diyt%blat@t st Rg®Tt &gi bhe, Priegnsu tstephavi ng a

size neasured in bits, and which size is equal .to the nunber of bits, so
that a n1FPﬁuﬁPﬁ&ﬁﬂ??ﬁFquﬁﬁﬁﬁrﬁﬁSb?gs 3?8 g&ﬂ&c??@drF RS SR a

record angd ch $3 lerf’ezt@aééc%ga‘éccc% G518 {OC+ PR ihg fata s orage

devi ce inne |ately r a preceding data record w thout vacancy

t her ebet weeandBpistidte at e&épostr1dat anbyh¢ eaiew haind patte pivdfahhe data
records contained in the data storage device, by bit unit, froma begi nning

addr ess t@dramesndlweldeappinchainihidl 08t t@ararbdirgy Bein4l hesdh kpatssed by

tpg.(raalbi tel u%iitﬁg ag% C,Onve & n eshetlggagrf\lfl}.ngact:gn% q}gnes da% 6*:hvg“pcrhlrk

2SS (@oreintollof o) Ly Beyh AR e tyaf ) o

A@@A@léoﬁ@.@:A@l@AS[r.‘feA]ltrusllr@@ a[voltage of the driving 51gnal
to compensate for the individual difference of the print
head and a condition of correction to compensate for the
difference between the respective colors. The program
subsequently stores counts on a variety of timers into the
EEPROM 90 at step ST15, and stores the contents of a control
panel, for example, an adjustment value to correct the
misalignment of hitting positions in the case of bi-
directional printing, into the EEPROM 90 at step ST16. The
program then stores the remaining gquantities of the
respective black and color inks, which are written in the
EEPROM 90, into the respective storage elements 80K and
80F of the black and color ink cartridges 107K and 107F
at step ST17. After that, the program cuts the power
supply off at step ST18.

(Structure of Storage Elements 80K and 80F)
The internal structure of the storage elements 80K

and 80F is described in detail with reference to Figs. 10
through 13. Fig. 10 is a block diagram illustrating the

internal structure of the storage elements 80K and 8O0F
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the control IC 200 (the print controller 40).

The black ink cartridge 107K and the color ink
cartridge 107F have cavities formed therein to function
as the ink chambers and keep black and color inks, and
include the storage elements 80K and 80F, respectively.
In this embodiment, EEPROMs are applied for the storage
elements 80K and 80F. The EEPROMs used for the storage
elements 80K and 80F respectively include the memory cells
81K and 81lF, read/write controllers 82K and 82F that
control reading and writing operations of data from and
into the memory cells 81K and 81F, and address counters
83K and 83F that count up on the occasions of the reading
and writing operations of data between the printer main
body 100 and the memory cells 81K and 81F via the read/write
controllers 82K and 82F in response to a clock signal CLK,
as shown in the block diagram of Fig. 10. The addresses
in the storage elements 80K and 80F are specified by the
bit unit. In the specification hereof, the addresses in
the storage elements 80K and 80F represent the head

addresses or the head bits, in which the corresponding
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pieces of information are to be Stored.

The data structure of the memory cell 81K of the
storage element 80K included in the black ink cartridge
107K is described in detail with reference to Fig. 11. The
memory cell 81K (storage element 80K) has addresses 00
through 18, which are allocated to a readable and writable
storage area 650, and addresses 28 through 66, which are
allocated to a read only storage area 660. In this
embodiment, a piece of information on the remaining
quantity of black ink is registered at the address 00 in
the memory cell 81K having a data length of 8 bits. A piece
of information on the frequency of cleaning the print head
10 and a piece of information on the frequency of
attachment of the black ink cartridge 107K are registered
respectively at the addresses 08 and 10, both having a data
length of 8 bits. A piece of information on a total time
period of attachment of the ink cartridge 107K is
registered at the address 18 having a data length of 16
bits. The data regarding the remaining gquantity of black
ink is allocated to the head address 00 among the readable
and writable addresses 00 through 18. This arrangement
enables the data regarding the remaining gquantity of black
ink to be written preferentially.

The data on the remaining quantity of black 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 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
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increases to 100 with a progress of execution of the
printing process. The printer main body 100 has data
regarding the maximum ink capacities in the black and color
ink cartridges 107K and 107F. 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 80K and 80F of the respective ink cartridges 107K
and 107F.

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 an initial value
in a range of 0 to 90%. Datawithno initial values written
therein are generally indefinite. Writing the initial
value in the range of 0 to 90% into the data ensures the
accurate monitor of ink consumption. This arrangement
also enables the secure determination of whether or not
the quantity of ink kept in the ink cartridge is measured
on the assumption that adequate correction is carried out
during the use of the ink cartridge. Setting the maximum
value of the data on the amount of ink consumption equal
to 90% effectively prevents ink from running out in the
course of the printing procedure.

In the case of a half-sized ink cartridge, which has
half the ink capacity of a standard-sized ink cartridge,
data on the remaining quantity of ink or data on the amount
of ink consumption may take an initial value of 50
(expressed by percentage). An alternative technique sets
100 to the initial value of the data on the remaining

quantity of ink or 0 to the initial value of the data on
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the remaining quantities of inks to be monitored on the
identical scale when both the standard-sized ink cartridge
and the half-sized ink cartridge are attachable to the
printer.

Pieces of information relating to the manufacture
of the black ink cartridge 107K are stored at specific
addresses that respectively occupy minimum bits required
for storage (storage capacities). Namely the storage
capacities required for storing the respective pieces of
information are different £from one another. For example,
a piece of information on the year of manufacture is
registered at the address 28 having a data length of 7 bits,
a plece of information on the month of manufacture is
registered at the address 2F having a data length of 4 bits,
and a piece of information on the date of manufacture is
registered at the address 33 having a data length of 5 bits.
A piece of information on the time (hour) of manufacture
is registered at the address 38 having a data length of
5 bits, a piece of information on the time (minute) of
manufacture is registered at the address 3D having a data
length of 6 bits, and a piece of information on the
production serial number is registered at the address 43
having a data length of 8 bits. A piece of information
on the frequency of recycle, a piece of information on the
validity term of ink, and a pilece of information on the
after-unsealed validity term are respectively registered
at the address 4B having a data length of 3 bits, at the

address 60 having a data length of 6 bits, and at the address
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storage element 80F included in the color ink cartridge
107F is described in detail with reference to Fig. 12. The
memory cell 81F (storage element 80F) has addresses 00
through 38, which are allocated to a readable and writable
storage area 750, and addresses 48 through 86, which are
allocated to a read only storage area 760. Pieces of
information on the remaining quantities of cyan ink,
magenta ink, yellow ink, light cyan ink, and light magenta
ink are registered at the addresses 00, 08, 10, 18, and
20 in the memory cell 81lF, each having a data length of
8 bits.

A piece of information on the frequency of cleaning
the print head 10 and a piece of information on the
frequency of attachment of the color ink cartridge 107F
are registered respectively at the addresses 28 and 30,
both having a data 1length of 8 bits. A piece of information
on a total time period of attachment of the ink cartridge
107F is registered at the address 38 having a data length
of 16 bits. The data regarding the remaining guantities
of the respective color inks are allocated to the head
addresses 00 through 20 among the readable and writable
addresses 00 through 38. This arrangement enables the
data regarding the remaining quantities of the respective
color inks to be written preferentially. The pieces of
information regarding the remaining quantities of cvyan,
magenta, and yellow inks are allocated to the first 3 bytes
(24 bits), and the pieces of information regarding the

remaining quantities of light cyan and 1light magenta inks
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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 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. The arrangement of the data on the
remaining gquantities of the respective color inks are
similar to the arrangement of the data on the remaining
gquantity of black ink and is thus not specifically
described here.

Pieces of information relating to the manufacture
of the color ink cartridge 107F are stored at specific
addresses that respectively occupy minimum bits required
for storage (storage capacities). Namely the storage
capacities required for storing the respective pieces of
information are different from one another. For example,
a piece of information on the year of manufacture is
registered at the address 48 having a data length of 7 bits,
a piece of information on the month of manufacture is
registered at the address 4F having a data length of 4 bits,
and a piece of information on the date of manufacture is
registered at the address 53 having a data length of 5 bits.
A piece of information on the time (hour) of manufacture

is registered at the address 58 having a data length of
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length of 6 bits, and a piece of information on the
production serial number is registered at the address 63
having a data length of 8 bits. A piece of information
on the frequency of recycle, a piece of information on the
validity term of inks, and a piece of information on the
after-unsealed validity term are respectively registered
at the address 6B having a data length of 3 bits, at the
address 80 having a data length of 6 bits, and at the address
86 having a data length of 5 bits.

Referring to Figs. 11 and 12, among the lower 8-
bit addresses of the control IC 200 seen from the printer
main body 100, addresses 00 through 10 are allocated to
the information relating to the storage element 80K of the
black ink cartridge 107K, and addresses 20 through 34 are
allocated to the information relating to the storage
element 80F of the color ink cartridge 107F. The data
length of 1 or 2 bytes is allocated to each address.

The correlation between the addresses in the storage
elements 80K and 80F and the addresses in the control IC
200 (the print controller 40) are described briefly with
reference to Fig. 13. Data are stored by the unit of 1
byte in the control IC 200, whereas data are stored by the
unit of 1 bit in the storage elements 80K and 80F. In the
control IC 200, the area of 1 byte is accordingly allocated
to even the data having the length of less than 1 byte.
In the storage elements 80K and 80F, on the other hand,
only the required minimum bits are allocated to the

respective data, so that there is no vacancy in the data
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(Reading Operation from Storage Elements 80K and 80F)
The following describes a decoding process carried
out in the course of the reading operation from the storage
elements 80K and 80F, which is performed by the control
IC 200 in response to an instruction from the printer main
body 100 (the print controller 40), with reference to Figs.
14 and 15. Fig. 14 is a flowchart showing a processing
routine executed by the control IC 200 in the course of
the reading process from the storage elements BOK and 80F,
and Fig. 15 is a timing chart on the occasion of the reading
process shown in the flowchart of Fig. 14.
When the program enters the processing routine of
Fig. 14, the control IC 200 first makes a CS signal in a
low level and resets the address counters 83K and 83F in
the storage elements 80K and 80F at step S200. The control
IC 200 then makes the CS signal in a high level and sets
the storage elements 80K and 80F in the active state at
step S210. The control IC 200 subsequently makes a R/W
signal in a low level and thereby specifies a reading
operation from the storage elements 80K and 80F at step
S5220. The control IC 200 then outputs a specific number
of clock pulses to the storage elements 80K and 80F at step
S230. The specific number of clock pulses corresponds to
a desired address, which is output from the print
controller 40 and at which the print controller 40 regquires
to gain an access for reading data. In this address
conversion process, the control IC 200 converts a first

address *Adf and an end address *Ade in a desired range

of addresses (bit data) in the memory cells 81K and 81F,
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storage elements 80K and 80F.

The address counters 83K and 83F in the storage
elements 80K and 80F increment the address by the bit unit
at a timing of a fall of the clock signal CLK. The control
IC 200 thereby specifies a desired address at step S240.
The data stored in the storage elements 80K and 80F are
output to a data bus at the timings of the fall of the clock
pulse. The control IC 200 controls the desired count on
the address counter required for the reading operation in
the above manner, and temporarily stores the output data
corresponding to the desired address, for example, the
data on the year of manufacture, the data on the month of
manufacture, the data on the validity term, and the data
on the after-unsealed validity term, at step S250.

The read-out data are serial data expressed by the
bit unit, so that the control IC 200 converts the bit data
to the byte data, as well as the serial data to the parallel
data at step S260. The control IC 200 then outputs the
converted parallel byte data to the print controller 40
at step S270. This completes the decoding process and the
program exits from the processing routine of Fig. 14. As
described previously, the address is specified and
incremented by the bit unit in this embodiment.

(Effects of First Embodiment)
In the embodiment discussed above, pieces of

information relating to the manufacture of the ink
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that respectively occupy minimum bits required for storage.

This arrangement enables the limited storage capacities
of the storage elements 80K and 80F to be utilijized
effectively. The arrangement of the embodiment enables
a vacant memory division, which is allocated to data in
the case of a fixed data length but is kept unused, to be
allocated to another storage area and effectively used for
the storage of another piece of information. This
arrangement ensures the efficient storage of more pieces
of information in a fixed storage capacity.

In the embodiment discussed above, the inexpensive
EEPROM, which carries out only the sequential access, is
applied for the storage elements 80K and 80F of the black
and color ink cartridges 107K and 107F, where the data on
the remaining quantities of inks are stored. Such
application desirably reduces the cost of the expendable
ink cartridges 107K and 107F.

In the arrangement of the embodiment discussed above,
the readable and writable storage areas 650 and 750 are
located at addresses that are sequentially accessed prior
to the read only storage areas 660 and 760 in the respective
storage elements 80K and 80F. Even in the structure that
carries out the writing operation of data into the readable
and writable storage areas 650 and 750 after the off
operation of the power switch on the panel switch 92, this
arrangement ensures completion of the writing operation
of data before the power plug is pulled out of the socket.
The configuration of the embodiment, which applies the

inexpensive storage elements 80K and 80F enabling only the
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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.
[Modifications of First Embodiment]

In the embodiment discussed above, the address
counters 83K and 83F used are the count-up type. The
count-down type may alternatively be used for the address
counters 83K and 83F. 1In this case, the data array should
be changed in such a manner that the readable and writable
storage areas 650 and 750 are accessed prior to the read
only storage areas 660 and 760. Namely the readable and
writable storage areas 650 and 750 are located at the
higher addresses than those of the read only storage areas
660 and 760. More concretely, the pieces of information
regarding the remaining quantities of inks allocated to
the head addresses should be registered at the end
addresses.

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 above
embodiment.

In the above embodiment, the EEPROM is applied for
the storage elements 80K and 80F. A dielectric memory of
the sequential access type FEROM may be used instead of
the EEPROM. The EEPROM includes flash memories.

In the above embodiment, the remaining quantities
of inks are used as the information relating to the

quantities of inks. The cumulative amounts of ink
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consumption may, however, be used instead of the remaining
guantities of inks.

The ink cartridges 107K and 107F used in the above embodiment may
be replaced with another ink cartridge 500 shown in Fig. 16. Fig. 16is a
perspective view illustrating the appearance of the ink cartridge 500 as 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 £ive ink chambers
(like the ink chambers 107C, 107LC, 107M, 107LM, and 107Y
in the ink cartridge 107F discussed in the above
embodiment), which separately keep five different color
inks. 1Ink supply inlets 54 for the respective color inks
are formed at specific positions on the bottom face of the
vessel 51. The ink supply inlets 54 at the specific
positions face ink supply needles (not shown here) when
the ink cartridge 500 is attached to a cartridge attachment
unit of a printer main body (not shown here). Pair of
extensjions 56 are integrally formed with the upper end of
an upright wall 55, which is located on the side of the
ink supply inlets 54. The extensions 56 receive
projections of a lever (not shown here) fixed to the
printer main body. The extensions 56 are located on both
side ends of the upright wall 55 and respectively have ribs
56a. A triangular rib 57 is also formed between the lower
face of each extension 56 and the upright wall 55. The

vessel 51 also has a check recess 59, which prevents the
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ink cartridge 500 from being attached to the unsuitable
cartridge attachment unit mistakenly.

The upright wall 55 also has a recess 58 that is
located on the substantial center of the width of the ink
cartridge 500. A circuit board 31 is mounted on the 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 55a and 55b and extensions 55c¢ and 554 for
positioning the circuit board 31.

In the above embodiment, the 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 any combination
of an arbitrary number of color inks, for example, a
combination of three different color inks of magenta, cyan
and yellow, a combination of six different color inks
including other than above five color inks in addition to
the above five color inks.

The present invention is not restricted to the above
embodiment or its 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.

The scope and spirit of the present invention are

limited only by the terms of the appended claims.
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WHAT IS CLAIMED IS:

1. An ink cartridge configured to be detachably mountable on a
printer, the ink cartridge comprising:

an ink reservoir for containing an ink; and

a storage unit storing plural pieces of specific information relating
to the ink cartridge, and including an input-output terminal and an input-
output control unit;

wherein the input-output control unit inputs or outputs a serial data
signal via the input-output terminal, and wherein the serial data signal
contains data that is updated according to use of the ink cartridge and
which having a data size that is an integral multiple of eight bits and which
is updated according to use of the ink cartridge, and data that is not
updated according to use of the ink cartridge, and at least a part of which
having a data size that is a non-integral multiple of eight bits and which is
not updated according to use of the ink cartridge.

2. An ink cartridge in accordance with claim 1, wherein the plural
pieces of specific information include a piece of information relating to
manufacture of the ink cartridge.

3. An ink cartridge in accordance with claim 1, wherein the storage
unit further comprises a manufacture year memory area, which has a
storage capacity of 7 bits and stores a piece of information regarding a
year of manufacture of the ink cartridge, a manufacture month memory
area, which has a storage capacity of 4 bits and stores a piece of
information regarding a month of manufacture of the ink cartridge, and a
manufacture date memory area, which has a storage capacity of 5 bits
and stores a piece of information regarding a date of manufacture of the
ink cartridge.
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4. Anink cartridge in accordance with claim 3, wherein the storage
unit further comprises a manufacture hour memory area, which has a
storage capacity of 5 bits and stores a piece of information regarding an
hour of manufacture of the ink cartridge, and a manufacture minute
memory area, which has a storage capacity of 6 bits and stores a piece of
information regarding a minute of manufacture of the ink cartridge.

5. An ink cartridge in accordance with claim 4, wherein the storage
unit further comprises a validity term memory area, which has a storage
capacity of 6 bits and stores a piece of information regarding a term of
validity of the ink kept in the ink cartridge.

6. An ink cartridge in accordance with claim 3, wherein the storage
unit further comprises:

an address counter outputting a count in response to a clock signal
output from the printer; and

a storage element having the memory areas and which is
sequentially accessed based on the count output from the address
counter.

7. A printer, to which art ink cartridge in accordance with claim 1 is
detachably attached.

8. A storage unit provided with an ink cartridge that is configured
to be detachably mountable on a printer, the storage unit being written or
read specific information by the printer, the storage unit comprising:

an input-output terminal via which a serial data signal is input or
output; and
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contains data that is updated according to use of the ink cartridge and
which having a data size that is an integral muiltiple of eight bits and to be
updated according to use of the ink cartridge, and data that is not updated
according to use of the ink cartridge and at least a part of which having a
data size of a non-integral mulitiple of eight bits and which is not updated

according to use of the ink cartridge.

9. A storage unit in accordance with claim 8, wherein the plural
pieces of specific information include a piece of information relating to
manufacture of the ink cartridge.

10. A storage unit provided with an ink cartridge that is configured
to be detachably mountable on a printer, the storage unit being written or
read specific information by the printer, the storage unit comprising:

an input-output terminal via which a serial data signal is input or
output; and

an input-output control unit that inputs or outputs the serial data
signal by eight bits via the input-output terminal, and wherein the serial
data signal contains data that is updated according to use of the ink
cartridge and which having a data size that is an integral multiple of eight
bits and which is updated according to use of the ink cartridge, and data
that is not updated according to use of the ink cartridge and at least a part
of which having a data size that is a non-integral multiple of eight bits and
which is not updated according to the use of the ink cartridge.

11. A storage unit in accordance with claim 10, wherein the
storage unit further comprises a manufacture hour memory area, which
has a storage capacity of 5 bits and stores a piece of information
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regarding an hour of manufacture of the ink cartridge, and a manufacture
minute memory area, which has a storage capacity of 6 bits and stores a
piece of information regarding a minute of manufacture of the ink
cartridge.

12. A storage unit in accordance with claim 11, wherein the
storage unit further comprises a validity term memory area, which has a
storage capacity of 6 bits and stores a piece of information regarding a
term of validity of an ink kept in the ink cartridge.

13. A storage unit in accordance with claim 10, wherein the
storage unit further comprises:
an address counter outputting a count in response to a clock signal

output from the printer; and
a storage element having the memory areas and which is
sequentially accessed based on the count output from the address

counter.

14. A printer used with an ink cartridge, the ink cartridge having a
storage unit that stores plural pieces of specific information relating to the
ink cartridge and an input-output terminal, the printer comprising:

a read out mechanism reading out data that is not updated
according to use of the ink cartridge by eight bits, wherein at least a part
of the data has a data size that is a non-integral multiple of eight bits;

an acquisition mechanism acquiring, from the read out data by
eight bits, the data not to be updated according to use of the ink cartridge
and having the data size that is a non-integral muitiple of eight bits; and

a writing mechanism which writes the data that is updated
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according to use of the ink cartridge and having a data size that is an
integral multiple of eight bits in the storage unit by eight bits.

15. A printer used with an ink cartridge, the ink cartridge having a
storage unit that stores plural pieces of data relating to the ink cartridge,
and has an input-output terminal, the printer comprising:

a read out mechanism reading out the plural pieces of data relating

to the ink cartridge from the storage unit via the input-output terminai;

an acquisition mechanism acquiring, from the read out data, data
which is not updated according to use of the ink cartridge and at least a
part of which having a data size that is a non-integral multiple of eight bits,
and data to be updated according to use of the ink cartridge and having a
data size that is an integral multiple of eight bits, respectively; and

a writing mechanism which writes the data that is updated
according to use of the ink cartridge and having a data size that is an

integral multiple of eight bits in the storage unit by eight bits.

16. An ink cartridge for mounting on a printer, comprising:
a cartridge body defining an ink chamber to hold an ink;

a data storage device mounted on the cartridge body; and
a plurality of electrical contacts in electrical communication with the
data storage device, the electrical contacts being arranged for the transfer

of data in serial fashion between the data storage device and the printer.

17. An ink cartridge for mounting on a printer, comprising:
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a storage element mounted on the cartridge body and comprising:
a memory cell for storing data;
a read/write controller that controls reading of data from and
writing of data to the memory cell;
an address counter that counts, in response to a received
clock signal, when data is read from or written to the memory cell; and
a plurality of electrical contacts in electrical communication
with the storage element, the electrical contacts being arranged for the
transfer of data in serial fashion between the storage element and the

printer.

18. A method of storing data in an ink cartridge having a data
storage device with plural storage regions, comprising the step of:
storing, in succession, a plurality of data records in the data

storage regions, each said data record having a number of bits and being
stored in a portion of the data storage regions, the portion having a size
measured in bits and which size is equal to the number of bits, so that a
minimum required number of bits are allocated to each said data record
and each said data record occupies a location in the data storage device

immediately after a preceding data record without vacancy therebetween.

19. A method of reading data from an ink cartridge, comprising the
steps of:
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providing a printer having mounted thereon an ink cartridge having
a data storage device having plural storage regions that contain a plurality
of data records in succession, each said data record having a number of
bits and being stored in a portion of the data storage regions, the portion
having a size measured in bits, and which size is equal to the number of
bits, so that a minimum required number of bits are allocated to each said
data record and each said data record occupies a location in the data
storage device immediately after a preceding data record without vacancy
therebetween;

obtaining a read-out data by reading at least one of the data
records contained in the data storage device, by bit unit, from a beginning
address to an end address, the read-out data being serial data expressed
by the bit unit; and

converting the read-out data to byte data which is paraliel data.
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