TI TLE OF THE | NVENTI ON METHOD OF STORI NG DATA BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to an ink cartridge

detachably attached to a printing apparatus like an ink jet printer or an
ink jet plotter. Mre specifically the invention pertains to a technique

of processing information rel@tdfogyfophke dferRf b dge. Description of the
Rel ated Art The ink jet-type printing apparatus 1s arranged to cause the

printer main body to calculate the remainin qu ity of each ink in the
ink cartridge based on the MEREbR OF 5?19%?@% égz%éomthe print head and

to inform the user of a state of running out of the ink, in order to

prevent the printing procedure from bei nﬁ i nterrl&pted by the out-of-ink.
One proposed ink cartri dg%A%gRQngorofg etBNENTIQN whi ch vari ous pi eces

of infor rrat&g@ rgﬁathgg A kgpt in the ink cartridge, for exanple, the
in angt e q p

type of uantity of 1nk, are stored. The ink cartridge has
these pieces ofrhaf piididin 1e@endibe irkiaedd tBeapl iiHiercatOriwgech the
ink cartridge is attached, reads the stored information regarding ink and
carries oudethehgtily imptaphededwr @ wuriimbiegfappamativk. 1Tke ankiodrtri dge
i s expendabl e and thereby required, to have as_| ow manufacturing cost as
possi bl e. AeEtBF2GdeTuRTt 2Rav kgl &t BLGE tefor affo T FRETILEGA 1RUE NSOt be 1

appl i ed T of g St 398, eLERRNL: Ofa LIEchAY ot 14 9Focelleg, 1S hovever, a
r At of “storing

contradi ctory requi
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



greater pieces of information relating to the ink cartridge into the
storage elenent, in order to enable the wuser to obtain the detailed
information relating to the ink cartridge. SUMVARY OF THE | NVENTI ON The
obj ect of the present invention is thus to provide an ink cartridge that

enabl es pieces.of. Jdnfo ti t t i C ri exanpl e,
i nf or mat i StPR l%dr é:Jn(%f n’rr‘% éggrﬁaﬁe;‘ %?&gggﬁ ila%k,tr}%%o gfék Igggcrecerd{(g??i'ci ently
in a storagg ghef@nNthowbibe ,r gdsieh fgadtilke omNHeapi 1réngneost otokhad nk
cartridge including the storage elenent. The object of the invention is

al so to praweatea pdrageerofisiimg cedt doni meledring dge, thensiiiod of writing
information relating to the ink cartri d%e, and a storage unit _i.ncluded in
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printer. The T nk cartTi ge 1 nc eS a storage unit that stores plural

pi eces of gpecthireridgy®rmation relating to the ink cartridge. The storage
unit has a storage area that includes a plurality of nenory divisions
respectively having m nimum storage capacities of bits required for

storing the plural pieces of sgecific information, In the ink cartridge of
the present invention, t heSU %eo%n?FEh§§V§%T%?§ge area including a
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provide an ink cartridge that enables pieces of
information relating to the ink cartridge, for example,
information on a remaining quantity of each ink, to be
stored efficiently in a storage element, while reducing
the manufacturing cost of the ink cartridge including the
storage element.

The object of the invention is also to provide a
printer using such an ink cartridge, a method of writing
information relating to the ink cartridge, and a storage
unit included in the ink cartridge.

At least part of the above and the other related
objects is 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



of specific information. This arrangenent enables the specific information
relating to the ink cartridge, for exanple, pieces of information on

remai ni ng quantities of 1inks and pieces of information on the year, nonth,
and date of manufacture of the ink cartridge, to be stored efficiently

into the storage unjt., .while i . f ri . t i nk
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information relating to manufacture of the ink cartridge. In one
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menory division, which has a storage capacity gf Zn?(ihts and_stores a piece
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manuf act ur ef ofnanieg datkucer brfi dgee imkt bipgtagrddgur &0i &¢, stdeedanuf acture
year nmenory division, the manufacture nonth rrermlrl¥ di viezd' n, ang t he
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manuf act ur e hour menory~di vi sion, S a storage capacity of 5 bits
and stores a piecg NEcbhlian® wakhdohegsr f 8¢ ad chaph ldfcamnohaet wiee of t he

ink cartridge, and a nmanufacture mnute nenory division, which has a

st or age present invention, the plural pieces 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 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



capacity of 6 bits and stores a piece of information regarding a mnute of
manuf acture of the ink cartridge. It is preferable that the storage area
further has a validity termnmenory division, which has a storage capacity
of 6 bits and stores a piece of information regarding a termof validity
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menory di'vision, as a storage capacity of. 5 bits and stores a
pi ece of iNhRIdEthsenutegaidiutg mememy dfiwidioht ywbichnkaskepttonagke i nk
cartridge after unsealing the ink cartridge. In this configuration, the
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the manufacture date nenory diyision,. the manufa re_ho r
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division, and the after-upseaad ¥t didy é@éfhg@ﬁ%rﬂéadlmﬁtﬁa;waﬁsbe
arranged in this sequence In the storage area. ['n accordance w th anot her
pref er abl e; apahii@atiyontevh mbmopveskEnti s hoant wlri,ch hirast er ageomaga has an
ink quantity information nmenory division, in which a piece of information
rel ati ng teapaqadm iaf ©fbike emd IEdRTed Bh8LleGfk efr tRtRF3 SIS ored, the
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In accordance with still another preferable application of the present
i nvention,aifessber,agaiwh had a ndamese cap aciiit gssf Gobritter anldastoueput s a
count in response to a clock signal output fromthe printer; and.
a piece of information regarding a term of validity of ink
kept in the ink cartridge after unsealing the ink cartridge.
In this configuration, the manufacture year memory
division, the manufacture month memory division, the
manufacture date memory division, the manufacture hour
memory division, the manufacture minute memory division,
the validity term memory division, and the after-unsealed
validity term memory division may be arranged in this
sequence in the storage area.
In accordance with another preferable application
of the present invention, the storage area has an ink
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 storage elenent that has the storage area and is sequentially accessed
based on the count output fromthe address counter. The present invention
is also directed to a nethod of witing plural pieces of specific
information into a storage unit that is included in the ink cartridge

having any, ok .t he ahoyee §ONEibaw Al Ofsa8Né ugines dgt achabt yinat t ached
to a printer. %e nmet hod 1 ncludes the steps of: generating the plural

pi eces of rspgsbhke itef ar mHid o, sighathourtpuide mopi the Eirimtermagndn
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speci fic infotomepen skameet pEhpkl ey FheefbPY @ %idT8fs 2thatSare

allocated in the stqrage unit_ a respectively e _m.nl r
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i nformati o(;adg?gsrr%bm&}. the present invention wites the plural pieces
of specific information into a plurality of nmenory divisions that are

all ocated in themsd gpageenti inventriespecs i ¥bsy Aaveatiad num dtweshed

capacities of bits required for storing the plural pieces, of sgeci fic
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storage unit, while reducing the manufacturing cost of the ink cartridge.
The preserdttavrati oo aspfinther. dThectedhiod d s Judasethet stefpischfi:he i nk
cartridge having any one of the_ arrangenents di scussed above |is detachably
att ached. generating the plural pieces of specific information,
which include a piece of information relating to the ink
cartridge; and writing the plural pieces of generated
specific information into a plurality of memory divisions
that 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



The printer of the present invention uses the ink cartridge with the
storage unit, which has a storage area including a plurality of nenory
di visions, which respectively have m ni mum storage capacities of bits
required for storing the pl ural pi eces of specific information. This
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storage unit, wiHe peintengothdhmpfesenti igivensionf uske itile chnkri dge.
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manuf acture of the ink cartridge, to be stored efficiently into the

storage umigces 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



whi | e reduci ng the manufacturing cost of the ink cartridge. In accordance
with one preferable application of the present invention, the plural
pi eces of specific information include a piece of information relating to
manuf acture of the ink cartridge. In one preferable enbodinent, the

storage area includes a nuf act ure vea memory divisian,.which has a
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manuf acture date nmenory division, which has a storage capacity of 5 bits
and storesarpréd@eof information regarding a date of manufacture of the
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and stores a piece of information
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 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
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



regarding a termof validity of ink kept in the ink cartridge, and an
after-unsealed validity termnenory division, which has a storage capacity
of 5 bits and stores a piece of infornmation regarding a termof validity

of ink kept in the ink cartridge after unsealing the ink cartridge. In
this confi gurag]{ B! REMPMIASEY” 81069801 SPTOU KL M MIPE 08, Sl Jppuf act ure
nmont h mendt v manuf acture date nmenory division,
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the validity term menory division, and the after-unsealed validity term
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memory division, the manufacture minute memory division,
the validity term memory division, and the after-unsealed
validity term memory division may be arranged in this
sequence in the storage area.

In accordance with another preferable application
of the present invention, the storage area has an ink
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
includes: an address counter that outputs a count in
response to a clock signal output 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.



apparent fromthe follow ng detail ed description of the preferred

enbodi nent with the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a perspective viewillustrating the structure of a main
part of an ink jet printer in one enbodinent according to the present

nvention: Fig. lseashn@iial obeck «di dUAMObst Nad kot 8l dHd Nt er
showmn in Fig. 1; Fig. ? is a deconpdsed perspective viewillustrating the
structure sdvaneaglesager uskd prelskart nknyeh tpoinntwer 11 obetlenee mbode ment
Fig. 4 schematically illustrates a connection between a printer main body,
a control agpazadtsttorayehe|pkhewing detmshedsdgscaintior adzzhe
openings fornmed on_th i nt _head .sho in Fig. 1. Figs., 6A and 6B are
perspecti I S € in

i RO B58 S RMRORLEPRY WOt 15t PG VIREST H RS e SR 1 nk
cartridge and a cartridge attachnment unit of the printer main body,
respectively; Fig. 7 is a sectional viewillustrating an attachnent state
in which the ink cart BRIgF FESCRIPTEOY. A TKE BRAANINGISto the cartridge
attachnent unit shown in Fig. 6B, Fig. 8 is a flowhart showing a
processi ng rout ifkd - ekedst &d RRTSPEF ki VES Wkﬁ%rl§&Mﬁ§F%%ﬂBEet&ﬂ<jet
printer; FLg. 9is a t%omchatt shoq%n a Brgg ssing routingrg.execgted at a
power - of f STHRCEPEENSLT nk P8t pPAfier?t #g: St PHEEHE i Hyr S
'3! lustrati gt BSmeRerd@loshi gt Wee tafe t PRSLA AU PLAFRRLS, Shown in Fig.

Fig. 2 is a functional block diagram of the ink jet
printer shown in Fig. 1;

Fig. 3 is a decomposed perspective view illustrating
the structure of a carriage used in the ink jet printer
of the embodiment;

Fig. 4 schematically illustrates a connection
between a printer main body, a control IC, and storage
elements;

Fig. 5 shows a layout 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 attachment unit of the printer main body,
respectively:

Fig. 7 is a sectional view illustrating an attachment
state in which the ink cartridge shown in Fig. 6A is
attached to the cartridge attachment unit shown in Fig.
6B;

Fig. 8 is a flowchart showing a processing routine
executed at a time of power supply to the ink jet printer:;

Fig. 9 is a flowchart showing a processing routine



Fig. 11 shows addresses of the control I1C seen from the printer main body
and the internal data structure (nmenory map) of the storage elenent with
regard to itens of information on the black ink cartridge; Fig. 12 shows
addresses of the control I1C seen from the printer main body and the

nternal dalacatblCcid Ca fBRERLAMMLAE bRC tHOrage gberpalinésh;regard to

itenms of 1nformation on the color ink cartridge; Fig. 13 shows the

correl ation bet weeg.the iadldr eisexk diagmamoiy loeltisavinghehstimbgenellenent s
and the addresses in the control IC (print controller); Fig. 14 is a

fl onchart showchgre @Hcbbsi §F ATAAS r@feré%a@@t Ryt ke Edtrofi1Cin the
course of the reading, _ process_f.romthe storage ele S;~FLQ.. 15 is a
timng chart on EH‘l%'o%&a§ﬁ8wsoﬁdfiﬁgssreesa(ﬁ€gtﬁ%} occoe%é@g%oIW% %%ePhgrﬂ%omhart
of Fig. 14,and iHikr1fakhs BRES SHEEENE Vn@Wridd Usghabi ng Hherappear ance
of another ink cartridge as one nodification of the present invention.
DESCRI PTI Qné&dno FiHE mAREF RRED ENBCRY AFAITS1 efneinrts tw iBrtb otk g@nd] t 0Géhremed
Structure of Ink Jet-type Printing Apparatus) Fig. 1 is a perspective view
illustratiof in&orsatienr enofthe midChalnkofCadt¥hRIfPét printer 1 in one
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the embodi ment i 8se & conput er
scanner SGjg§ g&&%t@m&‘s&ﬁdbod}hear?&meﬂteerin%ﬂre@ﬂsclar&@ QHEEHE €6 raN

operating systemand predetermned prograns to function, in conbination
with the {(m&mpety papl)t &f Lhassarragk ¢temeyde wiriintregard to items
of information on the color ink cartridge;

Fig. 13 shows the correlation between the addresses
in memory cells of the storage elements and the addresses
in the control IC (print controller);

Fig. 14 is a flowchart showing a processing routine
executed by the control IC in the course of the reading
process from the storage elements;

Fig. 15 is a timing chart on the occasion of the
reading process shown in the flowchart of Fig. 14; and

Fig. 16 is a perspective view illustrating the

appearance of another ink cartridge as one modification

of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[First Embodiment]
(General Structure of Ink Jet-type Printing Apparatus)
Fig. 1 is a perspective view illustrating the
structure of a main part of an ink jet printer 1 in one
embodiment according to the present invention. The ink

jet printer 1 of the embodiment is used in connection with
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apparatus. The conputer PC executes an application programon a specific
operating system carries out processing of an input image, for exanple,
read fromthe scanner SC, and di splays a processed i mage on a CRT displ ay
MI. When the user gives a printing instruction after the required inage

processing, for e>gcgegplopxra$v(raf(t)o?téngi&gat hs%a&ir?@)gfﬁenitsh%lg%r AL SpLay M, is

concl uded, @ &CpPPHL" porated I n thé operating systemis

activated 9, {5Apater PEOFea&cUahfBdee datast Ontdwe Bk in® sPisit¥efanly The
printer driver converts original color inmage data, which are input from

t he scannesr &feardsiibg @cpedgriams e rfagui t edni, Nnhge cemiviesstagn wd-tdol or
image data printable by the ink jet printer 1 in response to the printing
i nstruct i obheahdkoutphit BTERE edonverd®d2Boligk JSagkYB5t 21 1hBIi nk j et

printer 1. The_original_.colqr i e gat .St f

conponent s",ipPﬁﬁf’lti‘%,' rTe%Ie(f%?f“pbqu%%n ( )&%‘%g%g%u:alf@{?gf}ﬁ%agg}h%rted col or
I mage dat a, P55 REAP! ¢h by §P@cql£imito &rhhenignksy et el i Blaeirids consi sts of
si x col or conponents, that is, black (K), <cyan (C , light cyan (LC) ,
magent a (Mrockisghingregerdm {hpgt, image ,yélolrowx@ple Theepd Araw ehsl or

i mge data are further subjected to binary processing, which specifies the
on-of f stafansem Ak .dehd dFRRLEYSHARF FoTess %aﬁﬁo‘%ﬁiaﬁ SR 8A¢8 G%N

D oceoses Bre . SHBED bRl U8ed baFhk AN APl SPRGLELSA LI e Filbod

here. Thes ( s”may “be “cartiedTodt in jet printer 1, |
place of thgqRhiiieriddgdr pt@jcddwlngedrioh thiamprpyt efe tuchinghanak j et

printer 1, a carriage 101 is connected to a carriage notor 103 in a

carri age nbwagei smitllze ART digplandihelis aorcladed s agprdad a9y dxigigme

menber. 104 to . . .
incorporated in the operating system is activated to
transfer processed image data to the ink jet printer 1.

The printer driver converts original color image

data, which are input from the scanner SC and subjected
to the required image processing, to color image data
printable by the ink jet printer 1 in response to the
printing instruction, and outputs the converted color
image data to the ink jet printer 1. The original color
image data consists of three color components, that is,
red (R), green (G), and blue (B). The converted color
image data printable by and output to the ink jet printer
1 consists of six color components, that is, black (K),
cyan (C), light cyan (LC), magenta (M), 1ight magenta (LA),
andyellow (Y). The printable color image data are further
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
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nove forward and backward along a wdth of a sheet of printing paper
(printing nedium 105. The ink jet printer 1 also has a sheet feed
mechanism 11 with a sheet feed roller 106. An ink jet-type print head 10
is attached to a specific face of the carriage 101 that faces the printing

paper 1054iRalri $ncadaewerid aggei Boldpstenbpdi.ment. The print head 10
recei ves supplies of inks fed fromink cartridges 107K and 107F nounted on

the carriage 10In ahe¢ imkei¢t nmknteopl etd cemmiage IRl dts fengeEedos with

a novenment of the carriage 101, sq as to create dots and r'ﬂt .an_i mage
or letterdi %%?ﬁ?iﬂ%%&pér“léé‘. &I'rﬁ?lfﬂkagﬁr?‘FFg‘&é“ﬁngi as-an%i nk

chanmber 117K..in i.C | a { (K5 kS K .o Thes; kpk J 104F has
a pluralit %*ngnkg\@ﬁaﬁgle%r's%?b%gs 1%‘)'}]1:8%(11 Mal 73|._J|5\l/18 g%g(btﬁ%g%?‘lmgigch are

formed i ndgprandestvurel e vaekkard Qedngi akwi@th loght eparet nke (LO),
magenta ink (M, light nagenta ink (LM , and yellow ink (Y) are
respect i velryikkephg papehe pmknthagbeediwo)Cl0507LChe1drk JabRM D ERE 107Y.

The print head 10 receives the _respective pplies of color .inks.fed from
[hest | nk IcRARBERSS FoT BESTOME 60 TOURAR FETIA ot 218995 P rhEeg Tt Liad 10

ef ect's thesg, col or i ps e fOELAT ridka dr P&t afadhieal gapeeti ve

colors, soas to inp r-printing. A capping unit 108 is disposed
in a non-yiddabie raesactnonestragagdl ea)l ehathEddads jtdte ppiimeing to

cl ose nozzle openings of the print head 10 while the printing 12 operation
i s not camdpsir ol@5, Thieatappi ng LeweridaceelnethiivePPbordePRS - anTRicr ease

in viscosity of ink and fornation of cink fil.m,due_t aporization of a
sol vent &dnpdvheheads dfl t?ﬁec?ﬁﬁeﬁhislué)qaﬂjeeﬁr Pht ilﬁ’(f%p%?gt %5%’“? st NGt

cartridges 107K and 107F mounted on the carriage 101, and
ejects ink droplets onto the printing paper 105 with a
movement of the carriage 101, so as to create dots and print
an image or letters on the printing paper 105.

The ink cartridge 107K has an ink chamber 117K, in
which black ink (K) is kept. The ink cartridge 107F has
a plurality of ink chambers 107C, 107LC, 107M, 107LM, and
107Y, which are formed independently of one another. Cyan
ink (C), l1light cyan ink (LC), magenta ink (M), light
magenta ink (LM), and yellow ink (Y) are respectively kept
in the ink chambers 107C, 107LC, 107M, 107LM, and 107Y.
The print head 10 receives the respective supplies of color
inks fed from these ink chambers 107C, 107LC, 107M, 107LM,
and 107Y. The print head 10 ejects these color inks in
the form of ink droplets of the respective colors, so as
to implement color printing.

A capping unit 108 is disposed in a non-printable
area (non-storage area) of the ink jet printer 1 to close

nozzle openings of the print head 10 while the printing
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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. A wiping unit 109 is disposed near the capping unit
108 to wi pe the surface of the print head 10, for exanple, with a bl ade,
S0 as to Whergttohha d kot eshdweed qaper Thist capihiald ngnie thes surface of
the print head 10. Fig. 2 is a functional block diagramof the ink jet
printer 1aﬁfeGEiERﬁodmnﬁﬂenﬁh@mwﬂm¢eea§eiﬁmeNiEC¢$¢th@§ énbrhnﬁer mai n
body 100 (naln body of the printing. apparatus) .inc| udi

cont rol | erff AEmak§or pfi Al lgﬁgfﬁédeu?h OpY?HPQﬁﬁﬁF%WPe f4ad“ﬁ£¥eﬁﬁ

interface 4 r v p. I i on
transm £ 1S TP Rt ERe bR EREF A BT Y She kARl ol BBE OF
exanpl e, therpsiakadat anencdashiggt haitmulds - &0ee ic¥re@tsoankare stored,
and a ROM 45 in which routines for various data processing are stored. The
print contdodpket40finem Hdre hesiat chasdoliferoaBuradngdidy a & Brehiag

oscillator circuit 47, a drivin nal erator .circuit 48 that
gener at es BE A ¢ 55 n§UTiigith tiend ?9@&198 %ﬁﬁ$&ﬁ PElHEé&gu?p%ﬁﬂpéoﬁarallm

ot torn dars Bh0 BELE g7 SHEPO BRI s et BP) e gl e bR ool

lines of adangle 3Md shirFhandratpevwerineunead 94, af@raé:smpmanewtieﬂ to the
print controller 40 via the parallel input-output interface 49. \Wen a
power OFF & $UBdeénpap asomot W psawalt dkie chnR2residyusy ian maperofinsit 40

out puts a power .down instructi N o0 the.pag sour, 91, which then
falls int dh et 4R4- Efsﬁ%ﬁesu¥ﬁéchﬂﬁ t%%upﬁéquﬁ?Pg é%stand by state
supplies a Stam%fﬁﬂ 2 is a functional block diagram of the ink jet

.J.

printer 1 of the embodiment. The ink jet printer 1
includes a printer main body 100 (main body of the printing
apparatus) including a print controller 40 and a print
engine 5. The print controller 40 has an interface 43 that
receives print data including multi-tone information
transmitted from a computer PC, a RAM 44 in which a variety
of data, for example, the print data including the
multi-tone information, are stored, and a ROM 45 in which
routines for various data processing are stored. The
print controller 40 further has a controller 46 including
a CPU, anoscillator circuit 47, a driving signal generator
circuit 48 that generates a driving signal COM given to
the print head 10, and a parallel input-output interface
49 that transmits the print data developed to dot pattern
data and the driving signal COM to the print engine 5.
Control lines of a panel switch 92 and a power source
91 are also connected to the print controller 40 via the

parallel input-output interface 49. When a power OFF is
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electric power to the print controller 40 via a power line (not shown).
Nanely the standard power OFF process carried out via the panel switch 92
does not conpletely cut off the supply of electric power to the print
controller 40. The print controller 40 nonitors whether, a preset electric
pover is supphtedrbmortdieoekr sedtcte 921. thwe ppinht coottraller 40 al so
out puts the power down instruction (NM) when a power plug is pulled out of
a socket .oUhRupEvRPaHRF koW st Brchan ( BNy ) pbeth ‘grﬁ‘?we{:f%‘?uEﬁgnpl e, a

capacitor),_ in order to en I B r wer r

pr edet er mi hed Wpﬁggpé?Fﬂﬂ %?gﬁ éxgp 1% 8338 %I é§?€§ th'Ie‘Lg &g) Plrug is
pul | ed outg &}] <£g 1Sagkety  The id -y copstel lsﬁE:p‘lLQLéé”éhgﬂ:aldEJWeS an
EEPROM 90 t hat stores i nformation regardlng t bl ack ink cartridge 107K
and the cadDpsctpiccpoieirdge tH@Fpmbuhtedntonliles d&r viiage powefsdénkig. 1).

Specific pieces of information including the pieces of information
regar di ng (@@Enﬁhﬂwﬁﬁfﬁ N%m%lYntPﬁeﬂ&%ﬁﬂ??%kpeyﬁﬁ}FHH% BREPREHT t he

col or ink cartrl e F mai ni.n t Kk r i nk
consunptidﬁ?rﬁFg (Y%%\f%% %Eﬁ%&w%ggeéﬂr e a?|§°§f é%@ﬁy ?o&%ation
will be dié&ﬁsé%‘% |téHé3rsupim9 Rrd 1 cOPEL 8l bekved0 8 SehBapram@ddr ess
decoder 95 t converts an address in nenory cells 81K and 81F (descri bed

later) of stwntagelelrenedts 80K and 80F (described later) , 14 to which the
controller 4 6 requires an access iread/mmite) i nto_a nunber of clqcks.

(Arrangement of Tt PERECXODYTThéepr Rt MOt YT § eV 86 ST BHREESES to a

control electric power is supplied from the power source 91. The
print controller 40 also outputs the power down
instruction (NMI) when a power plug is pulled out of a
socket. The power source 91 has an auxiliary power unit
(for example, a capacitor), in order to ensure a supply
of electric power for a predetermined time period (for
example, 0.3 sec) after the power plug is pulled out of
the socket.

The print controller 40 further includes an EEPROM

90 that stores information regarding the black ink
cartridge 107K and the color ink cartridge 107F mounted
on the carriage 101 (see Fig. 1). Specific pieces of
information including the pieces of information regarding
quantities of inks in the black ink cartridge 107K and the
color ink cartridge 107F (remaining quantities of inks or
amounts of ink consumption) are stored in the EEPROM 90.
The details of such information will be discussed later.
The print controller 40 also has an address decoder 95 that
converts an address in memory cells 81K and 81F (described

later) of storage elements 80K and 80F (described later),
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| C 200, which controls read and wite operations fromand to the
respective ink cartridges 107K and 107F (storage elenents 80K and 80F)
The details of the control 1C 200 are described with reference to Figs. 3

and 4. Fig. 3 is a deconposed perspective view illustrating the structure
of the car¢hagg AdtniNcbhe riolk d el 6pré et eef ah e cnbo dimend / wrkitg: ) 4
schematically illustrates a connection between the printer main body 1,00,

the controinte 2a0Gumdrerthé Stlocdge: el enents 80K and 80F. Referring to

Fig. 3, the control IC 200_i rovid nd integrated with the print
head 10. TherEbaRPEMEE %Oéegﬁﬁéﬂi ﬁT'd% %Qﬂ?act with the respective storage

el ements 80K andI‘l?QE%gg'th PP b DNy oCard rd S98sc£88Kt A dOdErvha

cont act nechani sns i sposed on the <carriage 1.01, and controls the
writing opetratoonswiof chspeaitfiod d mfeeidratnd wrddeoogiars t bohBef requiandnrent s.
As shown in Figs. 2 and 4, the control 1 C 200 has a RAM 210 in which
data are tewpbher FEyDesptivaninkscasiadaiass t 0 7Knhangr ildt7 o ont EBFR&E 40 vi a

the paralle] input-qutput _i r-face 49 and further to the star

el ements SOkCHR ts8§§.KD1"ﬁé1 @g’h?te)r'ol arlﬁt? é%otzi‘%lﬁa I@l? n?%?gﬁgédgggg%)en t he
print cont I . eSPesti sigr el S4 .80k ignd 384K

nount ed onél?%egléﬁégégﬁq%i Scérg '107%({’%%%61%??9?% ggﬁ??oltls tﬁé%gat:%gqs
transm ssi ridedtmpeBeidheeprspict toat voewel 1 1Qsama ttivey stios ageretemmrt s 80K

and 80F. For convenience of illustration, the print head 10, the 15
carri age meEhdrs sarrZagmd tlhéncidm dak jetooiarershiowie sEpRAEmEYtin Fig.

2 e B oD L R, 0UPULS AP £l B Pon 08 iR
printer main body 100, the control IC 200, and the storage
elements 80K and 80F.

Referring to Fig. 3, the control IC 200 is provided
on and integrated with the print head 10. The control IC
200 comes into contact with the respective storage
elements 80K and 80F mounted on the ink cartridges 107K
and 107F via contact mechanisms 130 disposed on the
carriage 101, and controls the writing operations of
specific information according to the requirements. As
shown in Figs. 2 and 4, the control IC 200 has a RAM 210,
in which data are temporarily kept, and is connected to
the print controller 40 via the parallel input-output
interface 49 and further to the storage elements 80K and
80F. The control IC 200 is namely interposed between the
print controller 40 and the respective storage elements
80K and 80F mounted on the ink cartridges 107K and 107F
and controls the data transmission between the print

controller 40 and the storage elements 80K and 80F. For

convenience of illustration, the print head 10, the
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witing operation of specific information into the control |C 200 at
preset time intervals. The specific information are tenporarily kept in
the RAM 210. The preset tine interval here represents every tine the
printing operation wth regard to one page is conpleted, every tine the

printing operation wit ct}1 £gard;to severgl, r@gﬁ@gog l}%szl gggpgﬁ%)ie,gy or

every tinme ?ﬂg ﬁ‘gﬁuglle eanl ng pt’ocess IS carrie e Specl

i nformati ogbbgg.gt&@q%, lfrprplgxaapl e, pieces of infor rratl on regardi ng the
remai ning quantities of the frequency of cleaning, the frequency of

attachment of tHehé nketatteongeplded Uhe ondipalts tamelmpuhit $ aghmdnkxDThe
control I C 200 receives_the_input signal_ RxD and the conmand sel ectl on

signal SElaR#daoGopmand as%lé§FFéﬂ’“p|%’e%n%i 5%%@?\’:?7&(?& r¥Yt by Pehe
t t l 40 f
oyl 4B, BT o L LB BB e UL

read from¥he ve storag store

control 1G28%o ﬁ% ?f‘e@léttpﬂimél onebrviilad .t o e splelditt LOMd P +Rat4Gn | N the
ink jet printer t he enbodi nent, the quantity of ink ejectionis

cal cul at ecaty mmomqmmgytheptv\mrgmh@f RAMK 2drop| dttee epreted fuiome a
plurality of nozzle openings 23 by the fre nc%/ of, ejection of . the ink

dropl et s. Wh’éeﬁﬁrallelh‘?rfée‘f%? ?ﬁ&nﬁﬁaﬁi’ﬁﬂ’ B‘? PTIRL %Pgrﬁ?]%’aaﬁﬁon
subt ract i ng; g 3 ofo | ffeCRAYIEL OBom &%Deetche BLEYLOUS 4 SMBRAI NG
ore rt of g

gquantity o hé ctrrent printi operation. The

amount  of ﬂ-ﬁlhﬂhn‘éoﬂﬁélﬂ&tﬂﬂfh ivhl e sy @f+ & e eat Ul phedequantidsy i@f i nk
ejection and a quantity of ink suction. The ink suction is carried out,

for exanpleompheteson®aboznyl tipe dbeumaniirltolbablinns PRoadissg itshe

print head 10. The L . )
carried out. The specific information includes, for

example, pieces of information regarding the remaining
quantities of inks, the frequency of cleaning, the
frequency of attachment of the ink cartridge, and the total
time of attachment. The control IC 200 receives the input
signal RxD and the command selection signal SEL and outputs
a desired piece of information required by the print
controller 40 among pieces of information, which are
previously read from the respective storage elements 80K
and 80F and stored in the control IC 200, as an output signal
TxD to the print controller 40.

In the ink jet printer 1 of the embodiment, the
quantity of ink ejection is calculated by multiplying the
weight of ink droplets ejected from a plurality of nozzle
openings 23 by the frequency of ejection of the ink
droplets. The current remaining quantity of ink is
determined by subtracting an amount of ink consumption
from the previous remaining quantity of ink before the

start of the current printing operation. The amount of
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procedure of ink suction causes the capping unit 1.08 to be pressed

agai nst the print head 1.0 and thereby close the nozzle openings 23, and
sucks ink by nmeans of a punp nechanism (not shown) |inked with the capping
unit 1.08 for the purpose of restoration. The controller 46 perforns the

cal cul ati o of 4 heuhSHFRIgH NG WAtd Y Of t1K &a0BulER edlajwast otgdoin the
EEPROM 90 ‘according to a programstored in advance in the ROM 45. The ink

jet printernd &fjetha canhodd mantyuaendsityesofhénkbisneryidata Fbeddsvti bed
previously. The array of the binary data is, however, not coincident with
the nozzl esuatiap bs aaerpedmihedPNeXaMRIe oSN SARG 2R ABRB &Nl y

di vides the RAM 44 into thr ort.iaqns,.tha i i f ern44A, an
i nt er nedi RECHEFT &4 %‘ﬁgglgﬁ odt pti l‘ﬁ)gf 'g’re_ ?]ﬁ%?ti ﬁeglﬁddte)ltg’to 'I[!)%ér}lform
the rearrangeggAlreOfod NEydod @l Bnathdbed Nenénkap@liny iviet losato

alternatively carry out the required processing for the color conversion
and the bivardzeésea. againbitsthasprinfiecheadklpeangrilmeeeby cdgisst &be t he

print data, which include the nulti-tone information and are transmtted
fromthe roAPLEcOPRTIRGS028he AhURUBEET &PKIAY VPE2PRe OntBrPUBR  43. The

print data kept i.n the input buffer 44A ar bj Qf lysis

and then tT&% ﬁflﬁ‘ts&l?f](?tt Eg‘owinbt 2%%{&£¥g®u%§e%rbgg’égqﬁ%gmccloht'rol F?r}a46

converts tfig, bﬁegyos%r id¥ et 8okt dnt ermrRdi 36 £t e6das HY4 6 UpLFotgs

information regarding the printing positions of the 17 respective letters

or charactens,cébeutlyps cof ofbdinfd caniadmingheuanié tof otfhé nkefrems tdre

characters, and the font address. The internedi ate codes are k%gé;i t he
d

i nt er medi adetpud Feredqip tAEERRPMO? P ACABTHAET SRR VRERITRE P iate

in advance in the ROM 45.

The ink jet printer 1 of the embodiment receives the
binary data as described previously. The array of the
binary data is, however, not coincident with the nozzle
array on the print head 10. The control unit 46
accordingly divides the RAM 44 into three portions, that
is, an input buffer 44A, an intermediate buffer 44B, and
anoutputbuffer44c,inordartoperformtherearrangement
of the dot data array. The ink jet printer 1 may
alternatively carry out the required processing for the
color conversion and the binarization. In this case, the
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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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 obtai ned,

the dot pq;%gégg&q.?&al@f%e% ia?flél'l}’aleﬁéﬂa:%r,r@ﬂeftr%Ulemeﬁti&‘itc@tliéﬁr, 44C

to the prin via the parallel input-output interface 49. After the
dot patt erinhdatiaz & ofr 8RN Dgrstcr eharsearend , tahel phienf ohéamddPease out put
fromthe output buffer 44C the process erases the contents of the

i nt er medi dtlee buf fermadBatte Gaide st aredepnbrit dheofind efmadiate Befpernt
data. The print engine 5 h the print head 10, the.sheet . ani sm
11, and tHetRBarrTh ecﬁé’é}ﬁ%&sﬁlég FHED Hed YFggd%r?eechJa%Fg%%%%l@g
successi vel ysf geds the,priati pYe rRUURe PIHESS Pk MUAANOIBEES tBe

i mpl ement su%-scan, Whereas the carri age nechanism 12 carries out main
scan of tHhetprneldikend d0deFhanird rdihenag @0 tcaustisethe dadspectTve nozzl e
openings 23 to eject ink droplets against the printing nediumat a

pr edet er nimbdarynided; BathsTho datentaranckpagdetArespsrdiaty 1s the
generated dot pattern dat n the printing nmedium The driving signal COM
gener at ed ‘?%tPﬁE E’d’rﬁnﬁ)?rngil‘sliggnal generator circuit 48 is output to an

el ement drivingrgidedidas0 i gnbheapti phthead ddtwW aoie Hesabliely 18
i nput -output interface 49. The print head 10 has a plurality of pressure
chanbers 3Znantt&n@itald pyiaft hpiaez 06l @cerolctaibedtotbeldot pattern
(pressure-gsggrE?E:Ienger(ailaelnf;ttsgariS?ngeggdv%lr%mc%rlllrzee%tultngut\:m t'ggf;[f:‘ger r)l%zczl ©
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 from the output
buffer 44C, the process erases the contents of the
intermediate 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 mechanism 11, and the carriage mechanism 12. The
sheet feed mechanism 11 successively feeds the printing
medium, such as printing paper, to implement sub-scan,
whereas the carriage mechanism 12 carries out main scan
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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openi ngs 23. The nunber of both the pressure chanbers 32 and the

pi ezoel ectric vibrators 17 is thus coincident wwth the nunber of the
nozzl e openi ngs 23. Wen the driving signal COMis sent fromthe el enent
driving circuit 50 to a certain piezoelectric vibrator 17, the

cor r espondifig; + PhEEPHE Lheabenc32 4. camd st edtt heRUSEOtHEs a
correspondi ng nozzl e opening 23 to eject an ink droplet. Fig. 5 shows a

| ayout of gherabzzrlye ofpepwragsuld fowvamsteron3fhengt iantpheadlidy ThE nozzl e
openings 23 on the print head 10 are divided into six nozzle arrays of
bl ack (K) Piezganectric |YHRFatpas A0 (Praagustca IMeTatig®t nmgenta (LM

, and ye#%§§% %&E)(%gééég{gvgéyiy%éégéﬁ%ﬂgec QE1aﬁ9 Cﬁg%&hﬁge At t achnment

Unit 18) i NK rid olor in cartridge 107F

which are dachgd £8.t henenkundle PbieNbeikn thkapires diite dX¥fbers 32
configuration, have a common basic structure. The follow ng description

regards tlend sthrauptivzafetheicnkibaatpirdged 19 Henddi0vE dehd wiabk i nk
cartridge 107K as an exanple, and_the structure of a cartridge attachnent

unit 18 oftkenppbaTe P fndiltt HHAFZ160°PORHIES redei vEBCENF Mol HST Y RBYI nk
tridge, wth i A L. Fi . d-6B
11998 1y 44T 0T84 0 LSy 1 g F g B R0u

perspecti ews-schemat i cal es ure of the

cartridge glQ7dc80en it L8 1 6bdee Attashaest unit thie ofothe spydidengnain
body 19 100, respectively. Fig. 7 is a sectional view illustrating an

attachmentprstsgseren obl@indret hd2i s ccartradgedl@rK dauset dbked to the
cartridge attachnment, unit 18, . . .
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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Referring to Fig. 6A, the ink cartridge 107K has a cartridge main body 171
that is conposed of a synthetic resin and defines the ink chanber 117K in
whi ch black ink is kept, and a storage el ement 80K i ncorporated in a side
frame 172 of the cartridge main body 171. The storage elenment 80K carries

out transm ssi o | dat @ fgo i Nt gk in body 100,
when t he ﬂléaéa%tegpd%%{ig%%%i sgah%g?acﬁggst% tglﬁgﬁgﬁérl:indggeg?t achnment unit
18 of theipluRteatEid HodutiCisten snafieg.it6BrhThb ster agek el enent 80K
is received in a bottomopened recess 173 forned in the side frame 172 of
the ink cacaritddeld7iQ7KThe Sttdragee @l ERefhegrieRBE1498 AaFaehment
connection termnals 1.74 exposed to the outside. Alternatively the whole
st orage el BRght 180K may be exposed to the outside. Referring to Fig. 6B,

the cartridge atﬁgggg%gtnd?% ng]7‘98 has apnhbnknRURRINE Me@ghe1d8k ndy & is

I
di sposed upward ~on a bottom 187 of a cavity, in which The ink cartridge
107K i s acggmrpdatpd mfineseds 183 ithdtoriedcabpoisedhe £ i mksgnppleytineed| e
181 to receive an ink supply unit 1.75 (see Fig. 7) formed in the ink
cartri dge 16%Kn Fndedefdayas itdge igk ¢danipor gk b7KeiDophird PAREK A8  of
the recess, 183. A connector 186 i | ace an_inner |l .184 of. . the
cartri dge hft58Rkent? nFts‘igFa‘?ﬁeei&ﬁW&E %&?@gl%%gpogap euc{ra T tay%olfde
el ectrodes Wi £ ] BELT beald v €98NRAL n Wddyt he1p! urald tét Ofage
connect i onf%grﬁr% nals 174 of the st OS?age élnemsncPYBOK when the ink cartridge
107K i s atéaehed 2@ d0 ddertast budge ratt sschaehbnupift ViBridhe dakacdrd ri dge

107K is attached to the cartridge attachment unit 18 accordi n% to the
fol | owi ng pnécédamethe meiptoscnaie PeA¥t 1pPackRePhERENkRKaFRF TG IFO7K on

the 107K is attached to the cartridge attachment unit 18 of
the printer main body 100 shown in Fig. 6B. The storage
element 80K is received in a bottom-opened recess 173
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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cartridge attachnment unit 18. The procedure then presses down a |ever 182,
which is fixed to a rear wall 188 of the <cartridge attachnment unit 18 via
a support shaft 191 as shown in Fig. 7, to be over the ink cartridge 107K
The press-down notion of the | ever 182 presses the ink cartridge 107K

downward, so as to ke. the Ln . upj 5 fitted into the recess 183
and make tH ﬁ’ﬁﬁ gaﬁp ‘i/lé%eeealtga%g%{)épr%/télrl@{é&%hé%i'nk supply unit 175, thereby

enabling a suppipye Ofnk karfeitibe hever i:93ticsched ey tHessedtdadae a
clutch 193 di sposed on a free end of the |ever 192 engages wth a mating
el enent 18Pt dhspnead amitthd &adadmdengat ¢ acheeho 1hewing prip¢edfinees t he
ink cartridge 107K to the cartridge attachnent unit ate, the

. 18. t hi
plural ity Yte conpeediugie tfehhs ha® k2392 bhet F‘lBksFSFérdél&%?eLgﬁF IQ%‘K% t he
ink cartridge 107K el ectr] i | 4 d
185 on 1t HEPRET EPEgoR L Ea IR E AP EE - o il P8l L nob rBLBE CfleS

data bet wesp, the Prépt e82maiAibady s180xaadtbhe séaragaldl emmiof 8Bk Vi a
the control 1C 200. The color ink cartridge 107F basically has a simlar

structure ¢oarthatigef atheachkeodr umiidgel 8107ka angupploytt hafif f@dedde i s

descri bed here. The color ink cartridge . 107F has five_ink ers in
which f i v&hewnf éprefidool’or t9 P& AFRL kKERE. 11k F?rrté%fnﬁ?%dlﬁg?{?geéﬁ’t%e

supplies of_the .respectjivye _calor,.ink t pr.i d Vi gr.separ at e
pat hways. %%Sﬁéflgrmfnrﬁéj&grgpri% get}geg%gggo:igizn&ﬁ/g%gggﬂ |vie§]i(nk suppl y

units 1. 75,906l JLIPTH iaveink£0d | espend tot Rakbethel ¥akdshph ler emtitcol or
i nks. The color ink cartridge 107F, in which f ive dif f erent color inks

are kept, hoSweférttedasnbnl yhengetesage8sl emshimEoF theorigvr afB@Pier ei n.
needle 181 pierce the ink supply unit 175, thereby enabling
a supply of ink. As the lever 192 is further pressed down,
a clutch 193 disposed on a free end of the lever 192 engages
with a mating element 189 disposed on the cartridge
attachment 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 via 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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Pieces of information regarding the ink cartridge 107F and the five
different color inks are collectively stored in this storage el enent 80F.
(Operation of Ink Jet Printer 1) Wth reference to Figs. 8 and 9, the
following describes a series of basic processing carried out by the ink
jet printer . 1 of the e odirre veen .a,0ower - on. ki i of f
time of tHe ‘b‘?l%ﬂ]érs‘ipngﬁ’gu ligtsflé‘ir\ﬂzlh t s%%%mcﬁ%vgﬁrocerslg?%éwfgoutlne
execut ed afo g, ﬁveﬁh&%’@feﬁ%‘%ﬂcf q e, | Ny b &lo Do+ MK c]arfi'ﬂdgg is a
fl owchart s%ovm ng a processing routine executed at a power-off tinme of the
ink jet prigier ilh whielt@aeotili Ef e4@rtxeoliesihie predesst nthowevene of
Fig. 8 inmediately after the start of power supply. Wen the power source
91 of thelask ¢eiypont estarpget @lestpbnon8OFhd COHEIPRFRELUGFGFRIN -

det erm nes_whet her_or not t ink cartrid 107 7F ha een
repl aced #H1LEep °%31(5‘f%@aaé&nsf‘éﬂaafh&geg%@bnl sc%]é% ‘lg(?eoétolﬁ?é%ll&
exanpl e, r r e tvd190s+Hrklye jncase
where ¢ he B B0 S5 as e T cah Tase e n ! Soanar e s Pms e i

anot her exaips es tbashfe Oélldﬁl'eat eagar di ng the time (hour and minute) of
manuf acture or production serial number data with regard to the ink
cartridge I0menationr.of nIekeleds®@niierertheé power is on without

negat i ve ansver R SREERFATRL92F ¢afer ol 1€h048 r b TheL LAY rom the
58;@602; Vgéeéegg%%s gl gg%rite% 83KpanRd SBF e ddienjnkasahitld dgas by0tKeand
p Wien it Is determned that the ink cartridge 107K
ink jet printer 1 of the embodiment between a power-on time
and a power-off time of the printer 1. Fig. 8 1is 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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or 107F has just been replaced, that is, in the case of an affirmative
answer at step S30, on the other hand, the controller 46 increnents the
frequency of attachnent by one and wites the increnented frequency of
attachnent into the storage elenent 80K or 80F of the ink cartridge 107K

107F at_step S32. Th || er. 46 t ds__the dara f th
Cespocti VSR P aGE e e AP BOR MR H0R TP ROC R BR4 1§ C 0578 Sand

107F at Steef%rgééﬁgﬂé%xﬁd 460 PULh bef £k aE 8rithasRyd AL T RIahY blgFori nt

controller include, for exanple, data regarding the year of

manuf act urgg dakp reegiar ding the nmonth of manufacture, data regarding the
validity term and data regarding the after-unsealed validity term_The
control 1C 200 Weenallty isxaatesninedr EadithgdpetBki 63T 0k IRe 1878 age

el enents 80K and _80F, which will be descrjbed later in_d il,. _The

control | er°ﬁ6fgagsg‘6‘l§erﬁ‘ﬁ/pmp??85rfeﬁ’ FEHU- ou a%déLtsa at™ p%ge a8fddsses in
t he EEPROV i kR tt*l%é'*’%g)a Wéralt ePp o , Abn StbeeaERBE AheR S34he t he
controller I%)(A).%f)fdéterarﬁ nes setﬁter or tﬁé(;% t he inrli cartridges 107K and 1.07F
attached t@ohbeoilnles et6 pihotemehtar asuiimbdechoy ofhat tkcheengr it er 1,
based on the data stored in the EEPROM 90. Wen suitable, that is, in the
case of arcméfandaMniteansier iacrzaeenssd LXoFYeRTHg%dptaEReR™eS tal | oned

or ogr am ext 201 FBf ERE GOt A FolPRnErof OF 87 ¢t dmeh 5 AEE 1% o e
that is, i1y9Reca39 A £t Negabl ¥88NSWHe AnEEER1SI4 4OLhER GRUJIATY,
the printing operation is not allowed, and information representing the
prohi biti ortheadapai Aitbngthe despleajdd o taitdge ¢ hempartel 8OM taghd D or
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, a printing 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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the display MI at step S36. The ink jet printer 1 carries out a
predeterm ned printing process in the case where the printing operation
is allowed. The controller 46 calculates the remaining quantities of the
respective black and color inks in the course of the predeterm ned

printing process. The current remainin quanti% of each ink is determ ned
by subtrmtnguaﬁa&hﬁmttwtihﬁrcéﬁsﬁg*ﬁiccﬂﬁe fch PEIRIETD 2BSWED ent

orint1 10 oper g Lancaly o e Py oNs heml g uand Wpelal leghalore Lhe

start of t i g~ opera noun consunpti on

wi th regarg,{ Q1 £3¢84l, NknSidHSraselieh féﬁr@%@ﬁt}iﬂgcﬁhé e & £61 k@B nand
the quantity of i nk suction consuned by the sucking action described

previ ousl yof Theigtanyg iy dfsipllayejdectn edtiler cdheupaned, svatcdx&plog; by
mul tiplying the weight of an ink droplet by the frequency of ejection of
the ink drioptefld sy dbht 261 Bé&eAE IR ites the calculated | atest remaining

quant i ties of thg fespective Lnks as the data.. onythe LSURLAE Dpngyant i ti es
. |

of inks into the € updat ed remai ni ng quantities 0 nks are

witten igtonthey peReEdya rStekagasel areHes t&Kpaiit 80irg ¥péhat ilork
cartridges 107K and 107F after the power switch is turned off on the panel

switch 92 isn dbheoweld j etThw icnrtrdllRef difr iyl celaliest Itdve eemadhifiqy. 9,
in response to an off -operation of themgower switch on the panel switch 24

92 in the FRROFACISS Mfertle T4RPRFHVEMPLAST A & M NEs PliffetRelt not

L "o RE KR B A4, DEReR IRk EL Bty SRS tpdfe coae

program stQpsrent remaining quantity of each ink is determined by
subtracting an amount of ink consumption, which is due to
a current printing operation, from the previous remaining
quantity 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 gquantity 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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the sequence in progress at step ST12 and returns to step ST11. In the
case where the ink jet printer 1 is in the stand-by state at step ST1l1l, on
the other hand, the program drives the capping unit 108 to cap the print
head 10 at step ST13, and stores the driving conditions of the print head

10 into the, BEPROM hRt st apr STdr ThetHei yrbgraa0mdistd orge hetmineg ude a

vol tage of the driving signa to conpensate for the individual difference
of the priwhetheadoantot tladink greobrdorrectl ds Lo sonpandaby Etate he

di fference between the respective colors. The pgjggr am subs_e%téently, stores
counts on &t \&FeRt§TAE -t | hBr §hienfésenyheprdhe o5t It eBT&RERT dnd St ores

h f | ot , j
(1 COnCenLSe Ol R FEfha BBk ko CL ., A USHIBBL HELS I

nien ng posSititons in’

di recti onaln ord agiBace AMOptey RERRAY W Step S1d6reThensPregsadg hen
stores the remaining quantities of the respective black and col or inks,

whi ch are $fi1tenInnthlee caEEPROM 9, that bnkhderteqyoiniters 3t dsage dhenents

80K and 80F of the black and color ink cartridges 107K and 107F at step
ST17. AftestandrPYi fEapLogf it eRitS the Pokde °§g‘6§l hagds. LPesPERISHTB.

(St botur ¢y of  BL0L89° HLapale,A9% avh SO0 cTbe bl Gl shelet e A (e

st orage el scri bed et'ail eference to

Figs. 10 é@é?@'f‘li@-aﬁhgstéQeisstﬁebe(iWid{gﬁgi’cﬁMi{:huﬁfs_r atfi re et peidtnt er nal
structure of the storage elements 80K and 80F 25 shown in Fig. 3. Fig. 11

shows addrtessés16f itrhieo coer BEPROM 200 3&estiemor8Thé . pr Theednis ingody 100
and the internal A data structure (nmenory ma&é of the storage el enent. 80K

with regdidRedtiodss RITE - hRCOPARE forf Dt 2%e BFalRS MEeEtrdi ggonal

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 quantities 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 80F
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107K. Fig. 12 shows addresses of the control 1 C 200 seen fromthe printer
mai n body 100 and the internal data structure (nenory map) of the storage
elenent 80F with regard to itenms of information on the color ink cartridge
107F. Fig. 13 shows the correlation between the addresses in the storage
el ements 80K and 802 and the _addresses in the control IC 200 (the print
control | eSHHL FhefBBack -i nk T thrh RIPADAAIREG S &t I ¢ kO EEPHr | dge

SOTF have (Gavidd 8R.JPEIRG, LAY Shi el HAGY BBayAT obhenhtn ChABEERAGNd keep

bl ack and "co I NKs, inc or age e enen

respecti velata slﬁrd@tﬁr@npﬁamaemmaglﬁm&eaghmé ed eli@in ¢ BOKSKQLATE
el enents 80K and 80F. The EEPROMs used for the storage elenents 80K and

80F respectadgeetg tocluemst hé hehorypaddldrs or8tkead 8iF, inleatinkridge

control l ers 82K and 82F that control readi ngcéind witing oper ations of
data fromidK - i ntH9t hd2nehery eddresHss S ‘?:C%Ihﬁraélngs% LoBffErs 83K

and 83F that n‘EOH{IE E&Q—tﬂ{‘téP 89913% P&otﬁﬁdr ﬁﬁ?ellognté W idd £g

oper at i ons oc% ween t he pri n mal n e menory cells

81K and 8Htmi@ttbe reashariyt fapgorss Oiﬁér§t82‘|égfl§10eﬁgﬁeh@ [BREPOHEEHt 0 a
clock signal CLK, as shown in the block diagramof Fig. 10. The addresses

in the st areagyer | epeht em8OKE ahuf 80Radi® s wacithiced ddyort Henk miartumidgel n the
speci fication hereof, the addresses in _the storatge el enents. 80K and 80F

represent 4He hedit dddt 2 SH Dt R EOREEd i 12D RHTWACRH R P& A ¢ 8EFSNdi ng
26 pieces i9f £l 0&@8&53@ lridh ¢ SoR' el dBF dAkALHJ Uk S 0L St g MerDrY

cell 81K of the 'storage el enent Included int carfridge
107K is desws ideftird1dat@i bowi T(hhreefﬁﬁﬂﬁecbﬁtlfl@l.-lé-ﬂ- a40he

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 81F, 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. 1In 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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menory cell 81K (storage el ement 80K) has addresses 00 through 18, which
are allocated to a readable and witable storage area 650, and addresses
28 through 66, which are allocated to a read only storage area 660. In
this enbodi ment, a piece of information on the remaining quantity of black
ink is registered at the address 00 in the nenory cell. 81K having a data
| engt h of BiBices f piBEOTTHLINR oRFEL itGh Bh $ReTRAequency of cleaning the
print head 10 apnd _a piece_of infaormatiop on the freguenc tf achment
bF The black i nkctog, G the® SHVR RS rebi Bb8r B iorct jee TR 6y af hBe
addresses Q8o -dheRehlt BAW N d@ba iherdlh fadk bLAR ARG Of
information on a total tine period of attachnment of the ink cartridge 107K
is registep@d as ddecadibedssniBetaiilngi thdadBetengehtofFilg. 1 f s.TH&e data

regardi ng the renaining guantity of black ink is allocated to the head
addr ess 00M&ROFY tFRltedd&bl (S teragnr plamar bddPEdsdas R dfroa§es1@ 0 Thi s

arrangenen I t .dat a_regardi ng t renmai ni.n uantj ty .qf ack
ink to be %vtrllr(ts{&gﬁl gr%e’f _té}r%el%tq} %rrley.gi‘h?g a%%q:@natﬁ%apgm%ma é&%&%ﬁq of

bl ack ink Bagradft idtdaadsyal 48305 q40Q (LPras sadr-BigReEeeNL@IIn ade
gradual ly decreases to O with a progress of execution of the printing
process. Tagloemdied ngoqaamteidd/ axilpl atbrdage amgabe erepl acedcbyst he anount
of ink consunption. In the latter case, the anmount of ink. consunption has

an initial ©MPRAdEGIt 0 ReRgES R bR FOrEE T RR) OBnd NG HRMBALPLIRT i ncreases
to 100 wit . P f t. LNntj T i nt
o 0 body G087 RAYE Bkl 08, Bbdil e Rla it 0nBl 8RR qs R iR ok

mai n body has “dat'a ~Tegar X1 mum i nk - capaci
and col or thakn&mbkki dges 40 anthd/Batthecadttbats 1. thepiece

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 quantity 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 quantity 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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percentage is based on the maxi mumink capacity data and actual amounts of
i nk consunption. Alternatively the maxinmumink capacities may be stored in
the storage elenments 80K and 80F of the respective ink cartridges 107K
and 107F. In the case where the anounts of ink consunption are wused in

| f th i nj titi f_inks, dat the. i nk
Consunpt i GHIES SE5Re o LDt PAETudl B OFRORS: ditpcs B CTT00% BAPa wi th no

initial v i heid therei ppar e rgenarAl hyihndgfdyi 160 Wais idwrdhe
initial \a/%#)ﬁlzt%g{ e r%nge of 0 tg 90% i nto tlhe dat% ensures the accurate
noni tor ofrégkraansuipti max ifbnsi vk rangeeEnt e sai 80 les alllaask el sedwire
determ nation of whether or not the quantity of ink kept in the ink

cartridge imkneastumddiges LAEKasnthptQoh-t hBheagagueitbacdpre@f ohes
carried out during the yse of the ink cartridge. Setting,the naxi

Val e’ of (BRTOSPAOdS (e BARAMOR! R OB hSHI A SRS Lt ¥od80s, 2l
effectivel e ' f Lem; ' iR nt.he a 1CoUE S8+ 9f &liRe PreNti ng
procedure.él?ﬁﬁgée%t(f:@sdem% gghéﬁwwsc{}gse‘%%n (I:Iartridge, vvhickel3 Egs hal f the
i Nk capacithyxohus Strandesapastizads nkagabér sdgaed dahatae tdheoregai ni ng
quantity of ink or data on the amount of ink consunption may take an
initial vatlemeht5080Exprstel of the cespaeYiveshnk|earhatirges dOAK que
sets 100 to th% initial value of the data on the remaining quantity of
ink or 0 t3*€hé% Kitial value of the data on 28 the amount of ink

consunption, a”dxﬁoc',—iﬁé[ S d DG HIECE 6™ REho uRE S OF 1 &5\&&6&\?&&% ate The
| atter technique enables the remaining quantities of inks to be nonitored
on the ides¢dcah paalee vhenthet heinhdndtrandaransizddd nkf canksi ddata
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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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 mninumbits
required for storage (storage capacities) Nanely the storage capacities

R L (SN
manufact ur @iy oi:el.% tﬁ{c?Peé‘Eﬁx%erﬁ‘éQre% %Q@‘E'e’}gtéc‘i’ﬁ‘lt aqd@%q{%fés

bits, a piece o ornation o e nont manuf act ur e registered at

the addr esshdF femd 1wiRgdghantengids ob£4ihkisS to adl moplieee«d dmferaRti ON
on the date of manufacture is registered at the address 33 having a data
| ength of 3deinttsicalisgiake wifer hbdhnble ot andakd t9imed Hads pagft madaeact ur e

is registered at the address 38 havin a |l ength of its i ece of
|nfornatloﬁHGnqﬁﬁeQ?ﬂg’ﬁﬁ%ﬁé2§n%fcagﬁﬁﬁ£§ﬁU?Eel? %?BE&dgﬁ ?

address 3D,hgjying-a data length of 6 bits, and a piece of |nfornat|on on

t he produgtlon serial nunber is reglstered at the address 43 having a

data | ength of 8prhikls AP E6eobhaitifoaf nedéieninen tdethée enuandaofuracycl e,
a piece of information on the wvalidity termof ink, and a piece of
infornationfoﬁHaubleﬁkeﬂmhnﬂﬁm%nidabi&Q@Kt@rﬁléﬁ@ﬂ@%p@ttsvaqﬁfic

t d t th d 4B h a data | engt h . of hits, at the
L eee oafAranres JHat easpRorive Ik SR %nf—wg"w&rte%geéaus%eﬂav. g

a data | enggh @Qéﬁﬁ?gs(SE%? aﬁébEHﬁEWé% tﬁgmgggnr a%{ ?(ﬁ t he

storage el ement 80 nclu I the co cartri 107 escri bed

in detail vabadciefssencegharkidfol2stbieing 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 piece 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 piece 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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menory cell 81F (storage el ement 80F) has addresses 00 through 38, which
are allocated to a readable and witable storage area 750, and addresses
48 through 86, which are allocated to a read only storage area 760. Pi eces
of information on the remaining quantities of cyan ink, mnagenta ink,

yellom1ink66lkggkug%ag hghxiaﬂgn%gghbfnnggﬁgb.ink are registered at the
addresses 00, 08, 10, 18, and 20 in the nenory cell 81F, each having a

data length of ®nbi tdata#psecacafunaf®f neheomemv ihec &I 2qBaCYof tBkeani ng
the print head 10 and a piece of information on the frequency of
at t achnment sgprage vl onenitk 804t tineyjeded7Ein he cogiar ekl rcagpacidgel y at

t he addres 28 and 30, oth having a, data | ength of bits. A piece of
0t ormati 1017 ofi SFFOTAP hE SEFPod B EAUISKRREARCOr O tHES | i carfFfdge
L07F 1S 1 efbalelkai1! B raddieoragl AL @ #5F] het0ldhaplledidg. The
data regarding the remaining quantities of the respective color 1nks are
al | ocat ed tarbtheythesd wadditeasesalQdduiedlio2@ asaagbike anehdaliltasng
witable addresses 00 through 38. This arrangenent enables the data

regardi ng $hereamiadi ey Goant ARfdegddragres eshddrrovghc8bor wivikah taree
witten preterentially. The pieces. of _information arding the remaining
qumﬂitiesag$9ﬁﬁﬁﬁé 98ntE 2y ¥l FERGAHG %E%aa%%%bataf?ﬁﬁthQirst 3
bytes  (24; Riebhna ¥¥nt BR RiIRCESeRh 1 hihYy TRid PO £ £88r SNLJHR 1H&™I ni ng
quantitieslof Iié%t c?an and Iid%t ﬁage%{gﬁ%nkslBO are a??%caté t'o the
fol | ow ng Rabghasa (hék biyted)low Hirk , ddightsicyaat ting i anidhls gdyphiacghi€at o a
color ink cartridge having only three colors, cyan, nagenta, and yellow
The data ohRkhéTtemf hin§eqgesntat vy 2ddreesesr Gk 08, 10, 18, and

20 in the memory cell 81F, 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 length 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 quantities
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 cyan,
magenta, and yellow inks are allocated to the £first 3 bytes
(24 bits), and the pieces of information regarding the

remaining quantities of l1ight cyan and light magenta inks
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has an initial. value of 100 (expressed by percentage) and gradually
decreases to O with a progress of execution of the printing process. The
remai ni ng quantity of each color ink may be replaced by the amount of ink
consunption. In the latter case, the anmount of ink consunption has an

oLt ek 8010 SenceRedy RNl A0E) BOd AL oCUBLLY, T RS o
i 1ar foTRe S ARt of P Rt S 5 e BBE LM CREELUE M0
ink and i shahisgnenlspethteealdoloresceivhad heigenPhecandfyd niownati on
relating to the manufacture of the color ink cartridge 107F are stored at
specific addreshke d3he eRsphetianainbroupyantditumtbeashr egdiored nk or

st orage torage capacities). Na the storage. .capacities required for
stori %g E a7 ¢ elclffgéaéi & éleof)l}empo‘ﬁﬁplr@r‘?%f% t%ﬁfpfee’?%?l?tﬁg@gi Gl

anot her. F i I i f ure is
regi stere a?&?ti%gﬁlggd’dreecg%@%fggﬁa\??ngngqug?% gﬁgﬁf’tﬁ ‘%@g%’%%équ%g‘l g)cgé of

i nf or mat i othenpthe tng hp ob cesruf adhe erémainegigsti@rad: atyt be addsess 4F

having a data length of 4 bits, and a piece of inf ormation on the date of
manuf act ur@e}8r ¥elgimaehalrapP lanedddr bbs FBonati af nlkstonswnpthoof. 5

bits. Apigce of 'in rmation o ‘fthe tinme,(haur) of manufacture is

regi ster eaf%ttk?%e 3&8?55535%3 hgﬁﬁ%ga’&o‘dﬁf:aogeﬁ CORSIMBLHPPshAs Bhece of

informati ofyppjhhesdige &8 OYleSp U ss BB %%tfﬁ&{égé?%ﬁé%fgd%ﬁ@ﬁ

address 5D having a data |length of 6 bit's, and a pirece of 1 nformatiron on

t he producinonesseisaltacuhber wiithr egipst@gedsat dtheedddues®nfdDF the
printing process. The arrangement of the data on the
remaining quantities of the respective color inks are
similar to the arrangement of the data on the remaining
quantity 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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having a data length of 8 bits. A piece of information on the frequency of
recycle, a piece of information on the wvalidity termof inks, and a piece
of information on the af ter-unsealed validity termare respectively
registered at the address 6B having a data length of 3 bits, at the

addr ess 8%}“@%@9 & i @ckengt R ixfofnbtion ¥ @let bemaddressut8§ having a
data length of 5 bits. Referring to Figs. 11 and 12, anong the |lower 8- bit

addr esses mdntibactantg dls e Rtseed &tothéheddriestse5D haivirhpdy dHGR
addresses 00 through 10 are allocated to the inf ormation relating to the
storage elkeRaths®k of Bhbs. blRack 3 nkiegpt Pifdger AOYRA AN R|ir EBSes 20

t hrough 34 ar I.| ocated. to the infornmatian . relatin t he .stora

ol oment S0P FUFRd Bol: Thk RARPPRAgE TGRS fecdata thEngeRTeRS ot 2
bytes is gllocgted @ ©acheAUnesE sThei €911 ehabi g hImeehsbbradddesses
in the storage “elenents 80K and 80F and the addresses in the control IC
200 (the pphrhedde@hénrydOf neeydasgr abpilebei efl indbtrma trisdmremahd o Fi g.
13. Data are stored by the unit of 1 byte in the control |C 200, whereas
data are statédipy tieem @ t1fEs1 Bnd pnPiREesOdr dgef @FBAEACR o0t 8OF.

In the contyol 1 C 200 he area,of .1 byte is _accordin al | ted . to
even the oA eﬁé\ﬁnﬁge?%%al‘@%gfﬁlgp Fgggy?ﬁgnrfsgﬁceﬁlvg%‘)}tﬁ%ggggregréaed

el ements 80K and §8Bre¥k td1e 1WiPLhghandata0nlehdhe s£08i bedsT RItTWRADI t's
are allocated to the respective data, so that there is no vacancy in the
data 32 ars@dretcRBesdinygy Opegraatiata I¢ongtBtof &gkiEsenentisa 8k eaadd8@s)s The
foll ow ng describes a decoding process carried out in the course of the
readi ng op¥f aba¥A T in 4akast 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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el ements 80K and 80F, which is perfornmed by the control 1C 200 in response
to an instruction fromthe printer main body 100 (the print controller
40), with reference to Figs. 14 and 15. Fig. 14 is a flowhart showi ng a
processing routine executed by the control 1C 200 in the course of the
readi ng process fromthe storage el enents 80K and 80F, and Fig. 15 is a
timng ch&%e®n the occasion of the reading process shown in the flowhart

of Fig. 14. Mhen. ! hepr BNt tdie PAgECEichb i B4t BOE efnd FBQF )14, the
control Ic(ﬁﬁ)a‘?ll}rlgt O%ael%ge'[s@gbcs siognal in g | ow | evel and resets the

addr ess count er sy aNdo®3h g Me ddiei sé or agke ebdrimg PBOKC andcBOF1gd st ep
S200. The control | C 200 then nakes the CS signal in _a hi gh | evel and sets
the storage:elismthesc80Ksandfetreizea@ing@peEasietzem EREpS 891G 9%The

control 1C 200 subsequent | es_a.RLW. si gp@k ' I ebondhy, it her eby
speci fi es «l¢BaBitHg 8%&)&%% gﬁigf'r Hﬁﬁcﬁ"e i ageogﬁ'éa?fierﬁcpg 48‘8% %ﬁﬁ 80F at
step S22 Qtﬁ% N 00, then neUt At 61 8nSPe6hf tBenpadareomadmck

pul ses too{%e S o%(r}lagg@acggsent 5080K élnd 80F at step S230. The specific
nunber of b@ek qul(sese perimaspondsdidlen 4desi wed mdefessnahitchFilgSout put

fromthe print controller 40 and at which the print controller 40 _.requires
to gain anléceedslbor Fdani nbd dhfaa FAOMGIAREJIFRSYING R H5P 6 S5 dtEss,

the control 1C 200 convert fi.rst _ address_ *Adf n r * Ade
in a desi r’é‘auFéﬁﬁ'reeX(ﬁc%Hﬁaegé’eg; YA} ﬁgaﬁglma%gcgjj?g%ﬁ?fand

81F, 33 at, which §bhe CORLLQAdLE A& ERAUEEEF R Baidhat @R aidBOR he
readi ng opérati on, I'Ato the correspondi ng nunbers of clock pul ses. The

control | GRAGF sgcaessisval yivuhpgutisar ¢ *dufthe dcdekn il $&¢ aRGIHIHe- * Adf
) ClOCklMgigzeg%t;EZWn in the flowchart of Fig. 1l4.
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
S220. 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 requires
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 el enents 80K and 80F. The address counters 83K and 83F in the
storage elenents 80K and 8CF increnent the address by the bit unit at a
timng of a fall of the clock signal CLK. The control |C 200 thereby
specifies a desired address at step S240. The data stored in the storage
el ement s 88K wndc80Ehar eondutgpliet ol @ weqaibes &b ghént am agsedsfs thver f al |
of the clock pulse. The control I C 200 controls the desired count on the
addr ess cotheeFepr8d®id OPTHRTLAB 1 dREPNEREpEPET TP IMILRALTY ,

BoEE er
and tenporarily stores_the t o] SRAndi t i
address, f9 °8¥éﬁ%ﬁ%§§?he ngtg%%HH$%€ @ga?bgfEﬁgﬁﬁ$§%%?8}§?cgﬁ€b%gga on
the month pkagFanyf aaldée pd e dada o Ade- ¥akirdi bY ol Blu 1Kk tthe tdaf a  on
the after-unsealed validity term at step S250. The read-out data are
serial datatexpuessedemgntise 84X tamdi 80Fso that the control 1C 200 converts
the bit data to the byte data, as well_ as the serial data to the parallel.

data at step S26BheT IS F of ore e thh 6ﬂgp§ﬁ§t%ﬂ{tE8n§§FF§HJ aral | el
YLt a L Pehlh ol Wbl GO B Thodlndilt M0 adtilbe T AL SRl

decodi ng process an rogram exi rom the processing routine of Fig.

14. As degerd haghpigwdousknl 1t be eHdrepsckss sgaailfCed . anthienebameriled by
the bit unit in this enbodinment. (Effects of First Enbodinent) In the
enmbodi mentI1di 3e0ssberahwespepcitféesoh desfigavhtaddreesaatngted ER40.-

manuf act f the ink 34 cartrid tored i i i fi
Al cases ThRaRatgs QT 9! § Pot iy TR FRnT bPRE N Coc dof O&: Brstbe.

eren LBSRTBS ERREIGRLS L LRU e1RIAGS sevseLlsen oF dhecamece

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 S5250.

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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effectively. The arrangenent of the enbodi nent enables a vacant nenory
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

art ?”ge”enéa%%wf% thes &ffb£E8NinSELEREE sA MR E S EBicOhalirbygmt i on in
a fixed storage capacity. In the enbodi nent di scussed above, the

i nexpensi venhakEPREYE cwhiivedl ¢ @fdrdigsy adh ioniny btikes sequemedlf cacséosagdes.
applied for the storage el ements 80K and 8CF of the black and color ink
cartri dgesThOBKagnR IOTFenfhepablies dhten bhmitRe SEANFFACHDARLELERLS of

i nks are stared. Such application degjtably. r C e cosi. of .the
expendabl e°%i ﬁl%’ecasrtt?}f?lggse 2k iBgF.an%én E{ﬁe_ grgrtg%geuﬁlnilg?dt he

enbodi ”E“te%%%tt%ﬁ‘%lyﬁlb()\/@he hhe o, € Spdeibi balt e 5heh 808 naRAsSs 650
and 750 are located at addresses that are sequentially accessed prior to
the read oal yagsl=9rtagems easdt6q santh 76éhioht he mddpecdted tst dedge Ehenents

80K and 80F. Even in the structure that carries out the witing operation
of data intbet hasecadall 1%t data Aol dhahel ar b8P t6BOUGREA 75¢° B2 er the

off operatign of t ower._.swi tch on the panel i.tch 92 '

arrangemenfil ﬁﬁ?rteesggépnﬁpé’ttiho% 318:otI:r?egWirtelD%Sngpéggﬁcgcnlv%%§3% %dbfecf%re t he
pover plugipg @ﬁ}d%&%@%ﬁ&&éﬁ%%w e ©opbawaldon ofnide

enbodi ment, which applies the inexpensive storage elenents 80K and 80F
enabl i ng oalyathgenddn segmentrieal taec eSS itad efet relasraglec ofombref ptilkece mk
cartridges 107K and 107F, thus advantageously reduces the possible failure
in the proe&sdngformakiepndn e Ehkad FIOFIICERBASISY First Enbodi nent]

In the embodiment discussed above, the inexpensive
EEPROM, which carries out only the sequential access, 1is
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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In the enbodi ment 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 manner that the readable and witable storage areas 650

and 750 ar @ affaseed1PEicted® thedeeadasenlyhet obage @f eaBeb66Bkand 760.
Nanely the readable and witable storage areas 650 and 750 are | ocated at
the highercaaddridges 103K 2hadskO oF . ttHeus axdvant g Isirabe ngdagescedeand

760. More concretely, the pieces of informatio regardin e remai ni ng
quantities P(?fsﬁﬂk%eaﬁﬁééé‘(]%d 19 tPﬁePﬁé’a&?Sa%ld?gs§§§“g§htoH‘§ %E‘er Rered at

the end ad SSES. r } : invention is applicable
to the off-géd%rllaglec%-g%gﬁpri%% Fe)itfrlg% \%ﬂ%@?ﬁﬁ%ﬁl?%k cartridges are not

mounted on the canyi@ge, eAboWlentdsdidcubBedrasavéi aged yedpespter, in
which the ink cartridges are nounted on the carriage as described in the

above enbediurerers| A3Knarabo¥3Fenedi mera ,the heoBRRRONY | Syappl | &8 ef or

the storage el enents 80K and 80F, A dielectric¢ nmenor f the seguenti al
access typE&REROMIANY BBPEsBAY ?\%F@&Ha&flvet]ﬁéch&m% f‘lo‘?fé He FAePudes

flash menorj . t odg L emsi i 11 i nks
are used as et‘%% oér?KataﬂBganesre at ?inrgPttrholsi tﬁges%'u?%ﬁ]tq%%&]%% sﬁgrlﬁjé)a

cunul ati ve paimeudingdd il u¥h eonaumpld @Rafayhehoved@bldanseditsbead of
the remaining quantities of inks. The ink cartridges 107K and 107F used in
the above ernbothgenireayg 666 waEl ddd amea lRegpsaed pak wart itde 588dshown

in Fig. 16. Fig. 16 is a
g onlé’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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perspective view illustrating the appearance of the ink cartridge 500 as
one nodification of the present invention. The ink cartridge 500 includes
a vessel 51 substantially forned in the shape of a rectangul ar

par al | el epi ped, a porous body (not shown) that is inpregnated with ink and

accommmodat gd srﬁrﬁ[ﬂeléfﬁstr?% HoweRBE , &AL TR B 1 hale eoMRIIHIAE tOp
openi ng of H vessel 51, The vessel 51 is parted into five ink chanbers

(like the qﬁ&naﬁétnilesSOTOE(ﬁ,ksl.WLC 107M 107LM and 107Y in the ink
cartridge 107F discussed in the above enbodinent), which separately keep
five different cBhornk caksidgenk0ZKmidyl (T egesd matheabovge mrGiEENt M3 ol or

51 The. 1 kS SeIBFSR Palotiotbr Bk 20 SRR RELLE T B 16R alppry
needl es (”gérngﬁmn?%\&)UM%%t @?Idﬁ?l&aﬁﬁ% Q)'fqg@lxﬁggaﬂtﬁdgeg@@%doﬁeo a

cartridge uni t mai n (not Shown here) . Pair

of extensinoasfibfiid 6f tiy pikand mvE@ﬁrmd Wit h the upper end of an upright
wal | 55, which is located on the side of the _ink supply inlets 54. The
ext ensi ons 56 re@bﬁvénlﬁr@?é‘éﬁl@ﬂ@ 0% irgirdersotd shefdeHer®) fixed to the

rinter nmain_bqd etn50556 elocateo ot ds of the
5p|ri ght vvalfs}lb§%%h g% X&fte.r\}"éﬁ‘@ ﬁ%ve Sha nggt% aér}'bu ggﬁaﬁtﬂ 57 is

alsoforrre 0 o] e tike upri ght
Tﬁ akel SReT. Egeld wWef pdASEs Boe%crrre& 886 o6 18a¢ prig

wal | al so has a check recess 59, which prevents the 37
i nk cart ri dgerz=ithd tem heithg iatk sohedadconimnedartad tabl theczetssialgedl ,
attachnment unit m stakenly. The upright wall 55 also has a recess 58 t hat
is | ocat ednfnat FOVAHINUAPLEl S8ehbet SOUaTS ViRg ntoP PRETINE of the

vessel 51. The vessel 51 is parted into five 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
extensions 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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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 main body, and a storage elenent (not shown) nounted on the
rear face thereof. The upright wall 55 is further provided with

projections 55a and 55b and extensi.ons_ 25 r o5hkL-Qni he

circuit boaPH %rfﬁ\lgﬁ@ g@@vgre%obﬁﬁ%ﬁt gt?ﬁghf%%eg%oﬁ%? ?% ?&f{;%é is,

TAgENta, CYAR. YehLOWat kiaiin Y BNundRd itk sRggNLa, are applied for the

plurality o J’l ffefent col or inks. The present 1nvention is also

appl i cabl e to anynheordpmbghenwadfl &b anbsor hay mumbecess 68 drhahkiés for

exanple, a conbination of three different color inks of magenta, ¢ ]ﬁn and
an

yel | ow, a toekited on tdie subatppsiadt c€HHT 9k $he AR Myt othert
above five color, inks in addition 1 t h o] i I i T
present i nGémtHToH19E Eh%? r €8t 'rc?%ldgtboo?ﬁ%%gb%ge&é%ﬁ%%g (?r%nijiﬁ%%eictéggs
modi ficatigys, Buls tOPFEuRY RNyl Ablen PrifatatyonE cbavgets and
alterationS w thout departing fromthe scope or spirit of the main
char act eri ghiicsh afret hecpresend fawentdorac Toerrstbpeprnhd tepi maindpodlie

present invention are limted only by the terns of _the t_%E?ended | ai ms. 38
WHAT |'S CLARNED $Sorageaehemeit dMak o YA/ T hedroR ik e d&r ¢ T dy@Cfavi ng

a data stiol%age d%éi _ce%%/l\né;g&%b}rj%} !‘tigg\iages riesgiﬁ%thggn%r'os‘j,ﬂgedt be 1§t ep of:

storing, €sSi 0 ata records in‘the data storage
regions, eg?%jhséégigﬁtsa 52004 dahgybnGri SwHdeE iehsbigsc aaflabeisy séored in
e

a portion t ata
positioning the circuit board 31.

In the above embodiment, the five color inks, that
is, magenta, cyan, yellow, light cyan, and light magenta,
areappliedforthepluralityofdifferentcolorinks. 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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storage regions, the portion having a size neasured in bits and which size
is equal to the nunber of bits, so that a mnimmrequired nunber of bits
are allocated to each said data record and each said data record occupies
a location in the data storage device imedi ately after a precedi ng data
record wit hBRT Vat &hey " ERetEbet ween. 2. A nethod of reading data from an
ink cartridge, conprising the steps of: providing a printer having nounted
thereon an ink cartrjdge having a data storage deyvice havi, ur al

st or age regionslthatAc%%ﬁQ§a1%% SFOFERT 1P ‘GafR +BEOTHS ﬁ#&éeEEEXé@%ion,
each sai d dat aat®cetdckdyayvidegiae nuitierpbfrdli tstcahde begnghsSt aoagri 8idy
portion of the data §torage regions, the portion having a size neasured in
bits, and whitH$P28% s equal to the number of bits, so that a m ni mum
requi red nunber sodribid,s iar eswadde@eabed to peachl gy doflatiata ececardndireach
said data record occupies a location in the data storage device

i mredi at el ytiad t @ata precedengradedbast ecacth wsd ftbutlavacarcprdt Hervebgt ween;
obtaining a read-out data by reading at | east one of the data records

cont ai ned i nutter daf abster agd dminge,storeld tin uai trortiom @Ibegienndaty
address to an end address, the read-out data being serial data expressed
by the bit smbtggeancegioneer tthag polmeiomataving dat aite byasudat aimhbetsi s

paral |l el data. 39
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.

2. A method of reading data from an ink cartridge,
comprising the steps of:

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 1is

parallel data.
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