1 I NK JET RECORDI NG HEAD, | NK JET CARTRI DGE COVPRI SI NG RECORDI NG HEAD, AND
METHOD FOR REFI LLING I NK JET CARTRIDGE WTH INK 5 FIELD OF THE | NVENTI ON
AND RELATED ART The present invention relates to an ink jet recording head
whi ch records inages by ejecting liquid such as ink, an ink jet cartridge
conprising such a recording head, and a method for refilling such an ink 10
jet cartridge with ink. Mre specifically, the present invention relates to
an-ink jet recording head which ejects m nuscul e liquid droplets, an ink
jet cartridge conprisin% such an recordi ng head, and a nethod for
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apparatuses nmade up of a conbination of two or nore of the preceding
apparatuses, etc. In order to record a color imge, which is 25 equal in

qual ity tg o] Q@Bq5p fylﬁééﬁfioﬁaiﬁD R@ﬁagﬁy, with the use of an ink
jet recor in8E%eadr——ﬁfﬂfs—ﬁeﬁessafy—%ajgggﬁ——Oﬁ—fecord|ng medi um such 2

The present invention relates to an ink jet

recording head which records images by ejecting liquid
such as ink, an ink jet cartridge comprising such a
recording head, and a method for refilling such an ink

10 jet cartridge with ink. More specifically, the present
invention relates to an .ink jet recording head which
ejects minuscule liquid droplets, an ink jet cartridge
comprising such an ink jet recording head, and a
method for refilling such an ink jet cartridge with

15 .ink.

Not only are the ink jet recording heads in
accordance with the present invention compatible with
ordinary printing apparatuses, but also, with such
apparatuses as copying machines, facsimileing machines

20 comprising a communication system, wordprocessors
having a printing portion, multifunctional recording
apparatuses made up of a combination of two or more of
the preceding apparatuses, etc.

In order to record a color image, which is

25 equal in quality to one obtained by silver salt
photography, with the use of an ink jet recording head,

it is necessary to form, on recording medium, such



dots that are visually unrecogni zable as dots (dots so snall that areas of
i mge covered with dots do not appear grainy). In order to obtain such a
col or images, recording heads which are roughly 5 pl (pico-litter: 5 10-12
litter) in ink droplet volume, 40 - 50 pmin dot dianeter, and 600 x 1, 200
- 1,200 x 1,200 in resolution (dpi is nu@ber of dots per inch), have been
put to practical use. However, in order to satisfy users who desire 10 to
further reduce the graininess of the halftone areas and/or highlight areas

of a col or photogr It is, necessary to eject. ink drople ch small er
in vol une tﬁgﬂxgﬂgag5dvgﬁé%¥?%ﬁ v%ﬁ%éfo #%5%%%6?7i%%€?y?3? kK “Qroplets
roughly 2 pl in volunme. Enabling and causi 5 i et r rding head to
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printing speed eve en printing col or ges which “do not require a high

level of resojgrtldnjdels) VArigusapsanst fes1 @bt aipong Bpghufughity i mages
at a high speed have been proposed. For exanple, 25 an ink jet recording

head for ej ecdindqifke€E PPl £4& 660Skrucroned sopphak 1f20enig) ect plural
types of ink droplets different in size, for exanple, ink droplets 3
resolution (dpi is number of dots per inch), have been
put to practical use.
} However, in order to satisfy users who desire
10 to further reduce the graininess of the halftone areas
and/or highlight areas of a color photograph, it is
necessary to eject ink droplets much smaller in volume
than the abovementioned value, more specifically, ink
droplets roughly 2 pl in volume. Enabling and causing
15 an ink jet recording head to eject ink droplets as
.small as the above described ones is effective to meet
the above described need of the users. However, it
reduces an ink jet recording head in printing speed,
having therefore an adverse effect upon the ability to
20 print at a high speed. It unnecessarily slows down
printing speed even when printing color images which
do not require a high level of resolution.
Thus, various means for obtaining high quality
images at a high speed have been proposed. For example,
25 an ink jet recording head for ejecting ink droplets is
structured so that it can eject plural types of ink

droplets different in size, for example, ink droplets



which are roughly 5 pl in volunme, and ink droplets which are roughly 2 p

in volune. Thus, when recording such color inmages as accounting tables,
graphs, etc., which do not require high resolution, the ink jet 5 recording
head is made to eject ink droplets which are roughly 5 pl, whereas when
form ng highly precise photographic col of i mges, for exanple, digital
phot ogr aphi ¢ i mages based on the data fromsuch a digital device as a
digital canera, a color scanner, 10 etc., the ink jet recording head is nade

to eject ink graplats ugnrplatively aimider sidenf drsxpapbe, roughly 2
pl| in volunme. As for the structural design for an ink jet =~ recordi ng head,

accor ding to whiah an inkudiety 15 gecl didgidead insshr aeded sidduimdiral sets
of nozzles different in the volume by which ink is ejected, the follow ng

have been knayth kgl &xam es tde spesidd Gad i iblds U gSpifaf estc. No.
6, 137,502 discloses an ink jet recording head 20 provided with two sets of
ej ection orifulciesh ddicdt arequitd flef@ntrésoiuwkihioptied Shkejeand in which
the ejection orifices are arranged in the zig-zag pattern. The
speci fi cabi onradordlirgyy Red@nis Nmde G D3I HG5 Thilscdiosebeian winkcheareecor di ng
head provided 25 with two sets of nozzles, that is, a first set of nozzles
whi ch are adjusigble 5 ol hewhikeeret evhaf ormikg igpl etprecosder to adj ust
in dianeter, within a 4
photographic color images, for example, digital
photographic images based on the data from such a
) digital device as a digital camera, a color scanner,
10 etc., the ink jet recording head is made to eject ink
droplets of a relatively smaller size, for example,
roughly 2 pl in volume.
As for the structural design for an ink jet
recording head, according to which an ink jet
15 recording head is provided with plural sets of nozzles
different in the volume by which ink is ejected, the
following have been known.
For example, the specification of U. S. Patent
No. 6,137,502 discloses an ink jet recording head
20 provided with two sets of ejection orifices, which are
different in ink droplet size, and in which the
ejection orifices are arranged in the zig-zag pattern.
The specification of U. S. Patent No.
6,030,065 discloses an ink jet recording head provided
25 with two sets of nozzles, that is, a first set of

nozzles which are adjustable in the diameter of an ink

droplet in order to adjust in diameter, within a



predeterm ned range, the dot which the ink droplet fornms on recording

medi um and a second set of nozzles which also are adjustable in the

di aneter of an ink droplet in order to adjust in diameter, within a 5
predeterm ned ranges, the dot which the ink droplet forns on recording
medium Further, the first and second set's of nozzles are different in the
predeterm ned range in which they are adjustable in ink droplet dianeter,
al though their ranges partially 10 overlap. This specification discloses

anot her str Lb%gelg\,ﬁié.ec‘ﬂﬁﬁ%ﬁag{o%@n d Ciogg JeeS! difg sheady, in Figure

1, according-t di ng head conprises recordi'ng head portions

100, 10M 10Goi3d orl Uecdiari 4] GRd MY SO SRGSN Qo CXMmand Aok 15

i nks, respectiv and each recording head portion is provided with two

sets of nozzlgsicH hatsd Sard fefufap BBl efhdoZZdes: 2 & sposaekin a
straight line parallel to the secondary scanning direction and a set of

| ar ger nozzl eﬁfcﬂgﬂléﬂ SROSEHd N 2o ddpightid iy abiwlid oat he secondary
scanning direction (plural straight lines of snall and | arge nozzles are
render ed spargddddt)erminted nrdrefass, ofhd heotdiwieicdh artherpendispletr to the
| ines of nozzles, that is, the primary scanning direction, the small and
| ar ge nozzl esfames adrt eraadwdyng e weed Fukthicher thtehef ispaciaridcat i on of
United States Laid-open Patent Application 2003-0214551 di scl oses an 5
second sets of nozzles are different in the
predetermined range in which they are adjustable in
3 ink droplet diameter, although their ranges partially
10 overlap. This specification discloses another
structural design for an ink jet recording head, shown
in Figure 1, according to which the recording head
comprises recording head portions 10Y, 10M, 10C, and
10K, for ejecting yellow, magenta, cyan, and black
15 inks, respectively, and each recording head portion is
provided with two sets of nozzles, that is, a set of
smaller nozzles 12 disposed in a straight line
parallel to the secondary scanning direction and a set
of larger nozzles 14 disposed in a straight line
20 parallel to the secondary scanning direction (plural
straight lines of small and large nozzles are rendered
parallel); and in terms of the direction perpendicular
to the lines of nozzles, that is, the primary scanning
direction, the small and large nozzles are alternately
25 placed.

Further, the specification of United States

Laid-open Patent Application 2003-0214551 discloses an



ink jet

recordi ng head which has a plurality of ink supply openings

for

supplying ink ejection orifices wth ink, and has a first set of nozzles

for ejecting

liquid droplets of a larger size, and a second set of

nozzles for ejecting liquid droplets smaller in size than the liqu
droplets ejected by a nozzle of the first set. The first nozzle set
up of a plurality of first nozzles, and the second nozzle set 1is nade up

of a plurality of second nozzl es.
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recording head, in which the nozzles were disposed as shown in Figu
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first set. The first nozzle set is made up of a
plurality of first nozzles, and the second nozzle set
is made up of a plurality of second nozzles. The first
and second nozzle sets are disposed between the
adjacent two ink supply openings. Further, the
specification of United States Laid-open Patent
Application 2004-021731 discloses an ink jet recording
head having a plurality of (two) sets of first nozzles
disposed in a straight line, and a set of second
nozzles disposed in a straight line between the two
sets of first nozzles. The set of first nozzles is
greater in liquid droplet size than the set of second
nozzles.

Thus, the inventors of the present invention
made an ink jet recording head, in which the nozzles
were disposed as shown in Figure 1, the amounts by
which ink was ejected by each of the plurality of
nozzles 12 with the smaller diameter was 2 pl, and the
amount by which ink was ejected by each of the
plurality of nozzles 14 was 5 pl. Then, recording was

made using this ink jet recording head. As a result,



the foll ow ng tendencies were discovered: when printing solid inmages of the
secondary color(s) created by the conbination of nagenta and cyan i nks,

the nonuniformty of the solid inages is nore 5 conspicuous. This is thought
to be for the following reason. The snmaller the size of the primary ink
droplet, the smaller the difference in size between the primary ink
droplet, and the satellite ink droplet which fornms as the primary ink
droplet is ejected. 10 Further, the smaller in size the primary ink droplet,
the greater the ngn?gr of satellites ink drgplets ich formas the prinary
ink droplet iS"8jER{La¥IAS FERAEREIfdt WEHS OF SEPYRTdt i K§SPhe above

descri bed probl e is.effective ease the 15.nu r of the passes

for forning a%rfﬁ%béé ?B&éQeiTagﬁFsgﬁeﬁﬁgésaF?EQ?Fy F8%8FE§ES the printing

time, being Lhetelarg, nob desipables LaroLopobag. i ghaauglity, Jmges at a

hi gh speed. THRUSS nvent ors o € present 1 nventron O0~studi ed the

echani sm r espansibhent #hokie,f 8ETREEO0LPE o EndgBUNkLopyEmage, and the

met hod for el rmnating e above descri probl'em based on a fresh point

of view 4habohspiBlolBCOMN! i p0alySIANINGL e 4l SOOYCEENGolDEEDY an
i nnovative solution to the 25 above destribed problem that 1s, the nmethod

of elimnatipgakbg.abpye GRSCIdPethorobiens byrilevh simgryt hgxnozzl e
arrangenent, in particular, the arrangenent 7

droplet, the smaller the difference in size between
the primary ink droplet, and the satellite ink droplet
which forms as the primary ink droplet is ejected.

10 Further, the smaller in size the primary ink droplet,
the greater the number of satellites . ink droplets
which form as the primary ink droplet is ejected.

As for the method for eliminating the above
described problem, it is effective to increase the

15 number of the passes for forming an image. However,
this method directly lengthens the printing time,
being therefore not desirable for forming high quality
images at a high speed.

Thus, the inventors of the present invention

20 studied the mechanism responsible for the formation of
a nonuniform image, and the method for eliminating the
above described problem, based on a fresh point of
view, that is, an unconventional standpoint,
discovering thereby an innovative solution to the

25 above described problem, that is, the method of
eliminating the above described problem by devising

the nozzle arrangement, in particular, the arrangement



for the nozzles for ejection liquid droplets of the smaller size. SUMVARY
OF THE INVENTION 5 The primary object of the present inventionis to solve
t he above descri bed problemregarding the secondary color, with the use of
a nethod totally different from any of the7conventional met hods, in order
to provide an ink jet recording head capable of 10 form ng high quality

i mages at a high speed, an ink jet cartridge conprising such an ink jet
recording head, a nmethod for refilling such an ink jet cartridge wth ink,

and an ink jeg_.recardi r S, L : it h, ssal g i et Jiregardi ng head
or with said ?RE Fgf dﬁ%%ﬁﬁ%ﬁ?%geéy ggg?&i23k$8§gﬁﬁg§%£%%go?%t%gepresent
invention, there;i.s R0 ded an ink jet recording head conprising three
sets of nozzle arrays each of which conprises a |arge nozzle array which
includes a first ejection 20 outlet group and a snmall nozzle array which

i ncludes said second ejection outlet group, said small nozzle array being

adj acent to sapghMaRNISeZA er@FRYTonwherein said first ejection outlet
group includes—am gjectiomouttet—for ejecting ink, and said second 25

ejection autlet group tRel ydesaaly eeEdton PUWhElpreBaMENG rafe i £&1 1 00
outlet dianmeter smaller than said ejection outlet in said first ejection
outlet group,t8 slaweeitefd idbtakde¥ber g YeldWm MBgeatdiAgd tean
secondary color, with the use of a method totally
different from any of the conventional methods, in
order to provide an ink jet recording head capable of
10 forming high quality images at a high speed, an ink
jet cartridge comprising such an ink jet recording
head, a method for refilling such an ink jet cartridge
with ink, and an ink jet recording apparatus usable
with said ink jet recording head or with said ink jet
15 cartridge.
According to an aspect of the present invention,
there is provided an ink jet recording head comprising
three sets of nozzle arrays each of which comprises a
large nozzle array which includes a first ejection
20 outlet group and a small nozzle array which includes
said second ejection outlet group, said small nozzle
array being adjacent to said large nozzle array,
wherein said first ejection outlet group includes an
ejection outlet for ejecting ink, and said second
25 ejection outlet group includes an ejection outlet,

having an ejection outlet diameter smaller than said

ejection outlet in said first ejection outlet group,



inks are ejected to effect recording by said nozzle array sets when said
ink jet recording head is noved in a main scan direction at a position
opposing a 5 recording material which is noving in a sub-scan direction,
wherein in nozzle arrays constituted by two adjacent ones of said three
nozzle array sets, the |large nozzle array, the small nozzle array, the
smal |l nozzle array, the large nozzle array are arranged in 10 the order
naned, in the main scanning direction, and wherein one of said two adjacent

nozzle array s¢ :e.eeé&frgfh% n‘aé')e}g%}aéi%l;gégfmy’t '}?af% . of & §giaﬁwo adj acent

nozzl e array se jec I'nk nozzle array Sef- not

consti tuting spid 4no arliacentcJ5 fazal e argay selsy eletl snyghigw i nk.

Accordi ng to anot her aspect of the present 1nve ere I's provided an

ink jet cartridge, SOMPrdMosd Y ef,8eist of e NOZH £ AELYSi £36HyEH Whi ch
conprises a |arge nozzle array which includes a first 20 ejection outl et

group and a simld MozTl S r@yrawi oy d9cd usles: sabd é%ﬁ@@ﬂn@i&Ction out | et
group, said small nozzle array being adjacent to said |arge nozzle array,

wherein sai d fédstd B @Ghd 08 Dul | @i & oL hdeldlesn an sebestann outlet for
ejecting ink, and said second 25 ejection outlet group includes an ejection

outlet, havidgréd:Bpectoaroi | £t b anes esrtaygecohdantseed bgj eabi on
outlet in said first ejection outlet group, 9 for ejecting ink, wherein
yel |l ow, magenddgatehttyames of said three nozzle array sets, the
large nozzle array, the small nozzle array, the small
) nozzle array, the large nozzle array are arranged in
10 the order named, in the main scanning direction, and
wherein one of said two adjacent nozzle array sets
ejects the cyan ink; the other one of said two
adjacent nozzle array sets eject the magenta ink; a
nozzle array set not constituting said two adjacent
15 nozzle array sets ejects yellow ink.

According to another aspect of the present
invention, there is provided an ink jet cartridge
comprising three sets of nozzle arrays each of which
comprises a large nozzle array which includes a first

20 ejection outlet group and a small nozzle array which
includes said second ejection outlet group, said small
nozzle array being adjacent to said large nozzle array,
wherein said first ejection outlet group includes an
ejection outlet for ejecting ink, and said second

25 ejection outlet group includes an ejeétion outlet,

having an ejection outlet diameter larger than said

ejection outlet in said first ejection outlet group,



inks are ejected to effect recording by said nozzle array sets when said

ink jet recording head is noved in a main scan direction at a position

opposing a 5

i nk accommodati ng portion for

recording material which is noving in a sub-scan direction;

10 the large nozzle array,

an

acconmodating the ink to be supplied to said
ink jet recording head, wherein in nozzlé arrays constituted by two
adj acent ones of said three nozzle array sets,

the small nozzle array, the snall. nozzle array, the |arge nozzle array are
e order, named,. in the [ fanniq?g?direction, and wherein
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accommodating the ink to be supplied to said ink jet
recording head, wherein in nozzle arrays constituted
by two adjacent ones of said three nozzle array sets,
the large nozzle array, the small nozzle array, the
small nozzle array, the large nozzle array are
arranged in the order named, in the main scanning
direction, and wherein one of said two adjacent nozzle
array sets eject the cyan ink; the other one of said
two adjacent nozzle array sets ejects the magenta ink;
a nozzle array set not constituting said two adjacent
nozzle array sets ejects yellow ink.

According to the aspects of the ink jet head
and the ink cartridge, when the three inks are yellow,
magenta and syan inks, the distance of the second
ejection outlet groups for ejecting the cyan ink and
the magenta ink which are relatively low in the
brightness than the yellow ink.

According to a further aspect of the present
invention, there is provided a method for injecting
ink into an ink jet cartridge including an ink jet

recording head for ejecting ink and an ink

n the yell ow

_ ink into an ink jet cartridge including an
ink jet recoqthagield 40rigkesttHBnbakt ag Bdrt Nkn 1Poraccommodat i ng



supplied to the recordi ng head, said nethod conprising a step of preparing
the ink jet cartridge including three sets of nozzle arrays each of which
conprises a 5 large nozzle array which includes a first ejection outlet
group and a snmall nozzle array which includes said second ejection outlet
group, said small nozzle array being adjaéént to said |arge nozzle array,
wherein said first ejection outlet group includes an 10 ejection outlet for
ej ecting ink, and said second ejection outlet group includes an ejection
outlet, havinq%an q&gction out | et d%aneter sna&l r. than ﬁaid h)e'ection
outlet in sai #FGHYICLF bEEF OROBULPBL TG0 diFCOTBIO% BeYi hGXi iR, ther ei n
yel | ow, nmagenta and, cyan 15 i nks are.ejected, to effect, recording .by said
nozzl e array%ﬁﬁéﬁ%ﬁ ntgafgeiﬁﬁcfggl éﬁﬁqu;%ﬁﬁi Tethy e&OQﬁiﬁgl n scan
direction at pasitiop opposing a, . recordi.ng naterial which.is .noving in a
sub- scan dir%bfﬁﬁﬂ? %ﬁe?ggﬁafﬁgﬁo§gﬁel§*r§ S SOt Ed By b adj acent
ones of said three nozzle grray sets, Lhe J.An0 nagel enartay, e, sl
nozzl e array, the snm hozzIeé~array, P%eeﬁarge nozzTl e arraé are arranged

in the OQQ?Vﬂ%ﬁg%hné?%iQGaP?EgeﬁgﬁggiQ%éﬁ%?%%ﬂé”&i?@gnﬁwg%kﬂb one  of

said two adj ace nozz array ejec e cyan I thé ot her one of
o o onh B OTEL A (SEUS 1D G605 I PP Ly 2 7 2 1
ink; a step ofs3iq second ejection outlet group, said small nozzle
array being adjacent to said large nozzle array,
wherein said first ejection outlet group includes an
10 ejection outlet for ejecting ink, and said second
ejection outlet group includes an ejection outlet,
having an éjection outlet diameter smaller than said
ejection éutlet in said first ejection outlet group,
for ejecting ink, wherein yellow, magenta and cyan
15 inks are ejected to effect recording by said nozzle
array sets:when said ink jet recording head is moved
in a main scan direction at a position opposing a
recording material which is moving in a sub-scan
direction; wherein in nozzle arrays constituted by two
20 adjacent ones of said three nozzle array sets, the
large nozzle array, the small nozzle array, the small
nozzle array, the large nozzle array are arranged in
the order named, in the main scanning direction, and
wherein one of said two adjacent nozzle array sets
25 ejects the cyan ink; the other one of said two

adjacent nozzle array sets ejects the magenta ink; a

nozzle array set not constituting said two adjacent



injecting yellow ink into an ink accommodating portion of said one of
nozzl e array sets not constituting said two nozzle array sets of said ink
jet cartridge; a 5 step of injecting cyan ink into an ink acconmodati ng
portion of one of said nozzle array sets constituting said two nozzle array
sets; and a step of injecting mnmgenta ink into an i nk accommodating portion
of the ot her one of said nozzle array sets constituting said 10 two nozzle
array sets. Wth the use of the above described nethod for filling the
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consi deration of the follow ng 20 description of the preferred enbodi nents

of the presefjjoimyenid ofyriakedt s no£08h UACEHRNS ¥k teakhgldggcogpanylng
drawi ngs. BRI EF DESCRI PTI ON THE DRAW NGS 25 Figure is a drawi ng show ng

an exanpl g ofstépeoNozg €cIR@nggaRNinkNiAtby&hCahki a&scbﬁﬁoagegﬁgl ng
apparatus in accordance with the prior art. 12 Figure 2(a) is a perspective
view of an inkojeiogasfrondgeof nsacgorndante arthyt betpresaptitavenyi on,
said two nozzle array sets; and a step of injecting
magenta ink into an ink accommodating portion of the
other one of said nozzle array sets constituting said
10 two nozzle array sets.

With the use of the above described method for
filling the above described ink jet cartridge with ink,
it is possible to easily obtain an ink jet cartridge
capable of forming an excellent image, that is, an

15 image in which the nonuniformity of the areas formed
of the secondary color(s) is inconspicuous.

These and other objects, features, and
advantages of the present invention will become more
apparent upon consideration of the following

20 description of the preferred embodiments of the
present invention, taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 is a drawing showing an example of
the nozzle arrangement in a typical ink jet recording

apparatus in accordance with the prior art.



and Figure 2(b) is a perspective view of the sane ink jet cartridge as the
one shown in Figure 2(a), as seen 5 fromthe direction different fromthe
direction in which the cartridge is seen in Figure 2(a). Figure 3(a) is an
expl oded perspective view of the ink jet cartridge shown in Figure 2, as
seen from the sane direction as the diréetion fromwhich the 10 cartridge
is seen in Figure 2(a), and Figure 3(b) is an exploded perspective view of
the sane ink jet cartridge shown in Figure 2, as seen fromthe sane
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1!5rle:icglu?2 Zsi s S pIa;te hﬁlgﬁ?gec%?"gi/vaﬁllsg%r%%’g%ﬁgé%{\l’%?g#‘ﬁf ?ﬁgﬂséggnhg%gorél )ng

el ement substrate of, t |nk et cartrid h in F| re 2. Fi. ure5|s
an enl ar ged segttl Gt JVC?% cc%r Tof ‘?ﬁ%ﬁ ﬁﬁnj tresgcor dllnvenn %

accor dance mnt 20 th sen r S dramnng
of an ink |j et® r ec Hith {iép:lrstat u} % pc%cr%eln‘% g];is%f hoefl n gg%?}tgrl dge
shown in Fig ) ctiy ative ink
jet cartri dg %%ﬁg:e 7%% t}}e: cgneoeg enat | ceFdlrdavm ng %‘ﬁow ng %rlej ection

orifice _%”?f”zgﬁﬂm{ﬁe %Eé@cfcﬁ?%ﬂff@ré‘r{tegﬂﬁ Sﬂﬁftéﬁfé’c@é&‘?tfﬁ 13 in the

conparative ink jet cartridge. Figures 8( are draw ngs show ng the
which the cartridge is seen in Figure 2(a).

Figure 3(a) is an exploded perspective view of

the ink jet cartridge shown in Figure 2, as seen from
) the same direction as the direction from which the

10 cartridge is seen in Figure 2(a), and Figure 3(b) is
an exploded perspective view of the same ink jet
cartridge shown in Figure 2, as seen from the same
direction as the direction from which the cartridge is
seen in Figure 2 (b).

15 Figure 4 is a partially cutaway perspective
view of the second recording element substrate of the
ink jet cartridge shown in Figure 2.

Figure 5 is an enlarged sectional view of a
part of the ink jet recording head in accordance with

20 the present invention.

Figure 6 is a schematic drawing of an ink jet
recording apparatus which employs the ink jet |
cartridge shown in Figure 2.

Figure 7(a) is a perspective view of a

25 comparative ink jet cartridge, and Figure 7(b) is a
schematic drawing showing the ejection orifice

arrangement on the recording element substrate mounted



differences in the nonuniformty anong three images. Figure 9 is a table
showi ng the results of the 5 tests carried out to conpare, in terns of
nonuni formty, the plurality of inages forned using the conparative ink jet
cartridge. Figure 10(a) is a schematic drawi ng showi ng the arrangenent of
the plurality of sets of ejection 10 orilfices in the first enbodi nent of
the present invention, and Figure 10(b) is a table showing the results of
the tests carried out to conpare, in terns of nonuniformty, the plurality

of images for.ned. usin rtr n the first enbodi nent. 1s
Figure 11(a) |sdcah %S¢ cgnr%efrlagth\f%vé% atOW| ng ]tca% arrangenent of the

plurality of sets of ?%SEEEQn %glflg?é |Q{%B?r§$%8ag gﬂgﬁgh @B of the

present invention, I gure (b) i's'a results of the

tests carri edyOue{ o SOUPAL Cnd MRLIEE %ﬂnﬁ%%fw@é%&g@sp' urality of

i mages formed using e Ink jet cartridge I econd e Iment. Figure

12(a) is a perspecti V?lkjh?lé’ 9f 15hg ‘chSlel gho@%ytﬁgerbgum% b ke

enbodi ment of the present invention, and Figuré 12(b) 1s a schematic

drawi ng 25 showiyg éi‘@rﬁécﬁa&%”@@tc&ﬁ dhe, plyradity of sets of ejection
orifices, on the recording elenent s %strate nounted in the ink jet

cartridge in ddtud 16 ehnidy, erROAb TRAL 1 i £ Ob efndM ) taRfed 3(HIngre schematic

dr awi ngs
the comparative ink jet cartridge.

Figure 10(a) is a schematic drawing showing
the arrangement of the plurality of sets of ejection

10 orifices in the first embodiment of the present
invention, and Figure 10(b) is a table showing the
results of the tests carried out to compare, in terms
of nonuniformity, the plurality of images formed using
the ink jet cartridge in the first embodiment.

15 Figure 1ll(a) is a schematic drawing showing
the arrangement of the plurality of sets of ejection
orifices in the second embodiment of the present
invention, and Figure 11(b) is a table showing the
results of the tests carried out to compare, in terms

20 of nonuniformity, the plurality of images formed using
the ink jet cartridge in the second embodiment.

Figure 12(a) is a perspective view of the ink
jet cartridge in the third embodiment of the present
invention, and Figure 12 (b) 1is a schematic drawing

25 showing the arrangement of the plurality of sets of
ejection orifices, on the recording element substrate

mounted in the ink jet cartridge in the third



showi ng the arrangenent of the plurality of sets of ejection orifices, on
the recording elenent substrate 5 nounted in the nodifications of the ink
jet recording head in accordance with the present invention. Figure 14 is a
flowchart of the nethod for filling the ink jet cartridge in accordance
with the present invention, with ink. 104DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Next, the preferred enbodi nents of the present
invention will be described with reference to the appended draw ngs. 15
First, (1) ink cartr| dge, and (2) ink jet recording apparatus enploying
(1) i nk jet cdt ‘? WEPt(1), will be described in detail. Referring to Figure

2, the ink jet cartri o dance.w he sen |nvent| Qn _conpri ses
an 20 ink jet recor dggauﬁgﬁd?gg? ej38§t }}’%‘é i Ereaﬁﬁ Rk dEATAPSS: for
storing the ink to be su%lledtothe

t
h h k
recordi ng hea A9 1?1 Nt AT %%IPerétr eOIF n1f egr%iuﬁa gl Pﬁk jgéel%j cgrter: ggeJ .

00 cont o S SPLES, BB LOYED o FmBeD! foc3nd ¥E! LON,ZS:! Bl Thec! nk | et

cartri dge H10 'S renov frount ed- on carr age e marn assenbly

of the gk rﬁ BEEET @%@&ﬂf&aﬁ%@ﬂ‘% LP BLQUL £ 6 eP%QQo}élngr eci Se' y
pOSItIOI’le re |vetot e carri age y a positioning neans,
electrically congegt egd-tOrdance with the present invention.

Figure 14 is a flowchart of the method for

filling the ink jet cartridge in accordance with the

present invention, with ink.

10
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Next, the preferred embodiments of the present
invention will be described with reference to the
appended drawings.
15 First, (1) ink jet cartridge, and (2) ink jet

recording apparatus employing (1) ink jet cartridge
(1), will be described in detail.
Referring to Figure 2, the ink jet cartridge
in accordance with the present invention comprises an
20 1ink jet recording head for ejecting ink, and an ink
container for storing the ink to be supplied to the
ink jet recording head. The ink jet recording head and
ink container are integrated. The ink jet cartridge
H1001 contains color inks (cyan, magenta, and yellow
25 inks). The ink jet cartridge H1001 is removably
mounted on a carriage 102 of the main assembly of the

ink jet recording apparatus shown in Figure 6, being



the main assenbly through a plurality of electrical contacts. It is
replaced as the ink therein is 5 depleted by consunption. (1) Ink Jet
Cartridge The ink jet cartridge HL001 in this enbodinment is a recording
head enpl oying a plurality of electrothermal transducing el ements which
generate the 10 thermal energy for causing the ink to boil in the so-called
filmboiling fashion in response to electrical signals, and an ink
container integral with the recording head. The recordi ng head portion is
of the so-called, side shopter type,.in. which the 15 plurali f
eIectro-therd%?eT+%$gﬂuB?ﬁbt%?% nfélaﬁ?Y%c??yt%%pﬁiﬁgéaﬁ?uﬁggigy Bf
ejection orifices for. ejecting in% dro #etériogflfor one, Tgetink ] et

[

cartridge Hldﬂis+gl?%+n%j%%??ﬁg A4%ch® coroF b4 GOARSChE

nkKsS~as cyan, nagen?a, yel | ow
i nks, etc. 20_Ref j i ich i ; d ti i
of the i nic | erigatrhogeeProbT R e e F A Bt B e
di I bsty.at [ i 301, i nk
Suppl v Dol di o BERBey  HHIED L 11T 8 0T Tt e 36 1703, |k |
absorbent5nen§§%EetQﬁoﬂ¥ E@ﬁ@ﬁggeﬁgnH1603, a cover H1901, and a sealing
oug h

menber 1801. Is e dinent will be described with reference to

16 the ink jet)cariyisige HO0Liqyhich is structured for ejecting three
inks different 1n type, the applitcation

The ink jet cartridge H1001l in this embodiment
is a recording head employing a plurality of
electrothermal transducing elements which generate the

10 thermal energy for causing the ink to boil in the
so-called film boiling fashion in response to
electrical signals, and an ink container integral with
the recording head. The recording head portion is of
the so-called side shooter type, in which the

15 . plurality of electro-thermal transducing elements
directly oppose a plurality ofvejection orifices for
ejecting ink droplets, one for one.

The ink jet cartridge H1001l is for ejecting
such color inks as cyan, magenta, yellow inks, etc.

20 Referring to Figure 3 which is an exploded perspective
view of the ink jet cartridge H1001l, the ink jet
cartridge H1001 comprises a recording element
substrate H1101l, an electric wire tape H1301, an ink
supply holding member H1501, filters H1701, H1702, and

25 H1703, ink absorbent members H1601, H1602, and H1603,
a cover H1901, and a sealing member 1801. Although

this embodiment will be described with reference to



of the present inventionis not |[imted to the ink jet cartridge H1001, and
the like. Rather, the present 5 invention is applicable to any ink jet
cartridge as long as the ink jet cartridge is agreeable with the gist of
the present invention. (1-1) Recording Elenent Substrate Figure 4 is a
partially cutaway perspective 10 view ofl® he recording el enent substrate,
for describing the structure thereof. The recording elenent substrate
H1101 is provided with three ink supply openings H1102, which are disposed

in parallel.p?ﬂg {gﬁni%giﬁ%ggrléégaﬁyoéfanw'ggh?%%egééﬁgtg e&hgopead, 15

each ink supply openi sandw cthe el ectro-thernal

transducing el egeni 2, tHAp2. dlpposedelpopcSEalobL | LRE. 1BRdiLu BRLS of

ejection orifices drsposed 1n a I he. al'so on the

recording el e%%h%?@fééfﬁ%@ If%ﬁ&jrt%ﬁ 20 ﬁ&@cmnggéd%gi Ple fHReSet

el ectrodes H1 jet cartridge HIOO1 is also provided with

such  structugalt £099ONEN061 hayhaodc okl presages Hll06 rand, r&i &t i on orifices
H1107 and forned of a resinous substance by photolithography, in a manner

of covering 2§n§@§tﬁ@QV§§98§%PD§Qb$Q”98n§H sinfhecel egttodageHit04 for
supplying ink jet recording head with electrical™ power through the

el ectrical wWigsgasne Previfrdiuvtt Bat¥ribyepssHadbeechpraedieh gakd or the
like. (1-2) Electric Wre Tape
gist of the present invention.
(1-1) Recording Element Substrate
; Figure 4 is a partially cutaway perspective

10 view of the recording element substrate, for
describing the structure thereof. The recording
element substrate H1101 is provided with three ink
supply openings H1102, which are disposed in parallel.
In terms of the primary scanning direction of the head,

15 each ink supply opening H1102 is sandwiched by th
sets of electro-thermal transducing elements H1103
disposed in a straight line, and two sets of ejection
orifices H1107 disposed in a straight line. Disposed
also on the recording element substrate H1101 are

20 electrical wiring, fuses, electrodes H1104, etc. The
ink jet cartridge H1001 is also provided with such
structural components having ink passages H1106 and
ejection orifices H1107 and formed of a resinous
substance by photolithography, in a manner of covering

25 the abovementioned components. The electrodes H1104
for supplying ink jet recording head with electrical

power through the electrical wires are provided with



The electric wire tape H1301 constitutes passages for the electrical
signals applied to the 5 recording el enent substrate H1101 to eject ink. It
has an opening H1303 in which the recording elenment substrate H1101 is
fitted. In the adjacencies of the edges of this opening, an electrical
term nal H1304 connected to the el ectrodes H1104 of the recording 10

el ement substrate H1101 is disposed. The electric wire tape H1301 is also
provided with an external signal input termnal H1302 for receiving the

electrical signals fromthe main assenbly of the recording apparatus. The
el ectrical t&UPsalifiP304 cameealedtdid £3 Sihgnditkenput terminal 1302 are

connected wt continuous wWiring pattern forned of copper foil. As for
t he eIectricéH'%annEE?FBHlBeWﬁéEnTgHE el ectric wire tape H1301 and
recording el ement supstr

I

e H1101,.the, bu 05 of,  the el ectrode 20
2104 of t e v ecor di nRel Sl St bt P b oh TB1S U CoRBh Lt Lo the
electrical termnals 304 .0f the . electri.c w-.re tape 01, ,which
correspond t FAWe I8 Z% rrg]t es el-:heﬁlrloq‘a ﬁelgrneaclosr i g 1@'&% Ontthseubst rate

LIST, YA R SR B ARV E A TR S A0Skl RSunDLy
ot e, o SRS (P R PRy the ke sueely
substrate H1101 is fitted. 1In the adjacencies of the
edges of this opening, an electrical terminal H1304
) connected to the electrodes H1104 of the recording
10 element substrate H1101 is‘disposed. The electric wire
tape H1301 is also provided with an external signal
input terminal H1302 for receiving the electrical
signals from the main assembly of the recording
apparatus. The electrical terminal H1304 and external
15 signal input terminal 1302 are connected with a
continuous wiring pattern formed of copper foil.

As for the electrical connection between the
electric wire tape H1301 and recording element
substrate H1101, the bumps H1105 of the electrode

20 H1104 of the recording element substrate H1101l are
connected to the electrical terminals H1304 of the
electfic wire tape H1301l, which correspond to the
electrodes H1101 of the recording element substrate
H1101, with the use of the ultrasonic welding method.

25 (1-3) Ink Supply Holding Member

The ink supply holding member H1501 is molded

of a resinous substance, for example. As for the



which glass filler has been mxed by 5 - 40%to inprove the material in
rigidity, is used as the 5 material for the ink supply holding nmenber H1501.
Referring to Figure 3, the ink supply hol ding nenber H1501 conprises three
i ndependent spaces, in which the absorbent nenbers H1601, H1602, and H1603
are held to internally hold three inks, 18ne for one, different in 10
color, and also, to generate negative pressure, functioning thereby as an
ink container. Further, the recording elenent substrate H1101 is provided

And | oad t o RSRS AY Shertad HL A0 SHPRhG Hoi e, "%t her eby
an ead to ) e : er eby
given the in pl yi.n function. .The ink absorbent nbers H1601, H1602,
o’ 1603 ar AT o SRS 7 RO IS Far VR w11 be
abbrevi at ed PP fj.bher) ,c. t. Jdn.the co ed stat However, they
may be for rresﬁ%hofdlgarse hfal?lleq%y“{(%gars. ﬂI‘%‘en i nﬁ<)geacg26c}fgsznt 4Srr6e°nbtg?s H1601, H1602,

and 1603 ar & phoydehMidt b 1 el il 5 S/ a?é“g’tﬁm&

respectively, r preventing foreign fromenterin e recording

el ement sybstyats ; HLHQL khe il t8$ R 4k g i Wemdnd i@, are wel ded 25
to the upstreanf%?des of the fﬁL abé%ﬁﬁ%nt néﬁ%%rsrnH1601, H1602, and H1603,

in terms of therdinag i@ Biqutdies ] Nhd 0w &ash § iIkdRl: ABYndRoar mesh type
nmetallic 19 filter formed of stainless steel. However, a netallic filter
formed of stajrdEssoielsdd biredYifddf&idd¥s spaces, in which the
absorbent members H1601, H1602, and H1603 are held to
internally hold three inks, one for one, different in
10 color, and also, to generate negative pressure,
functioning thereby as an ink container. Further, the
recording element substrate H1101 is provided with a
plurality of ink passages, which are independent from
each other, and lead to the ink supply openings H1102,
15 one for one, being thereby given the ink supplying
function. The ink absorbent members H1601, H1602, and
H1603 are formed of polypropylene fiber (which
hereinafter will be abbreviated aé PP fiber), and kept
in the compressed state. However, they may be formed
20 of urethane fiber. The ink absorbent members H1601,
H1602, and H1603 are provided with the filters H1701,
H1702, and H1703, respectively, for preventing foreign
debris from entering the recording element substrate
H1101. The filters H1701, H1702, and H1703 are welded
25 to the upstream sides of the ink absorbent members

H1601, H1602, and H1603, in terms of the direction of

the ink flow. Each filter may be a mesh type metallic



is preferable. The recording el enent substrate H1101 is

also 5 provided

with the plurality of ink supply openings H1201 for supplying the recording

el enent substrate H1101 with each of the plurality of
openi ngs H1201 are located in the downstream side of t

i nks. The ink supply
he recordi ng el enent

substrate H1101. 10 Referring to Figure 47 the recording el ement substrate
H1101 is solidly adhered to the ink supply holding nenber H1501, so that
the former is precisely positioned relative to the latter in order to

t hat & fet | I j H1 f .t
2IS erjnreﬁt S ugs tfrelztjtcé(gE r1(3|1ﬁ.L<i)4%r?ecdo %ei%jaga%t%l etoﬁ%grytr(%?r'es %g%& igrel 6 !

he, Ird-8q9rdi ng

i nk supply openi ng

HL201 of the 4 i sUnplye 1ol i, ETher HISOL £ the adfipsi e L1151

adhesi ve) us or this wel

I Ng process 1s aesire

ow 1 n Viscosity,

l'ow i n hardenihg, tempenatre, 20 short in hardening time, relatively high in

hardness after curing, and also, resistant to ink. For

exanple, a

thernally curable adhesbveechhe; ABi 81bnekedsepst Bitewhieh1i $sepo¥y T esin,
may be used as the first adhesive. The thickness of the adhesive |ayer is

25 desired t @her I@ughtwBGpmprdhef I edges sty apeiihde ink supply

opening 1201, a part of the electric wire tape H1301 20

is |ocated, which

is solidy adiex®d tderfigpbyiidechdackestdfraf e lamdrit thebsiseawé adhesi ve

(second
H1101 with each of the plurality of inks.

The ink

supply openings H1201 are located in the downstream

side of the recording element substrate H1101.

10 Referring to Figure 4, the recording element substrate

H1101 is solidly adhered to the ink supply

holding

member H1501, so that the former is precisely

positioned relative to the latter in order
that each of the ink supply openings H1102

15 recording element substrate H1101 connects

to assure
of the

to the

corresponding ink supply opening H1201 of the ink

supply holding member H1501. The adhesive

adhesive) used for this welding process is

(first

desired to

be low in viscosity, low in hardening temperature,

20 short in hardening time, relatively high in hardness

after curing, and also, resistant to ink.

For example,

a thermally curable adhesive, the main ingredient of

which is epoxy resin, may be used as the first

adhesive. The thickness of the adhesive layer is

25 desired to be roughly 50 pm.

'On the flat edge portion of the ink supply

opening 1201, a part of the electric wire tape H1301



adhesive). The electrical joint between the recording elenent substrate
H1101 and electric wire tape H1301 5 is sealed with a first seal ant H1307
and a second sealant H1308 (Figure 5), being prevented from being corroded
by i nk and/or from being damaged by external inpact. The first seal ant
H1307 primarily seals the back side of t2He joint between the electrical
termnal 10 H1304 of the electric wre tape H1301 and the bunp H1105 of the
recordi ng el ement substrate H1101, and the peripheries of the recording

el enent subst.r atleocaHlelom,w V\thcq_{‘ e:f? éﬁ]@éi%fo‘g?an&es %aé ?%H%,%;%@O&S%ietq{g the front

side of the abovenentione j ol nt". 1on o tric wire tape

H1301 which isaaﬁtesn‘%dé;f}eée:'dp"%& tﬂ?e .rd-:'scé)rcfif; %ﬁéseir(p t%ss&posrli(g ate H1101 is

per pendi cul arq y edet er m ned and th opposite side of the

electric wr 301410 i rnedetermped Jineis fi it the
| ateral 20 suﬂt‘ ace of' t hgﬁﬁen%]lgyéﬁﬁﬁoﬁg’ﬁﬁé‘mﬁgﬁ%éﬁﬁ gl,IfeV\%&iptg% %I s roughly

per pendi cul are,lté?nérthﬁ S daceday] 19 tg | fke cSHPP!Yi APOUAYS 12O, by

t hermal cri nping, e use of adhesive, or the Iike neans. (1-4) Cover 25

The cover sHI9Q shovty i f1h QT € S5t SsSATLAh@ HEPIPOReDta thdtohe Wel ded to the
edges of the top opening of the ink supply holding nenber H1501 to seal 21

the i ndependeddaspaceasl 308 t e dutke s3IPPI e 10d db Fgveresdef r s 30dingl t hough the
cover H1901 is provided
corroded by ink and/or from being damaged by external
impact. The first sealant H1307 primarily seals the
) back side of the joint between the electrical terminal

10 H1304 of the electric wire tape H1301 and the bump
H1105 of the recording element substrate H1101l, and
the peripheries of the recording element substrate
H1101, whereas the second sealant H1308 seals the
front side of the abovementioned joint. The portion of

15 the electric wire tape H1301 which is not adhered to
the recording element substrate H1101 is
perpendicularly bent at a predetermined line, and the
opposite‘side of the electric wire tape H1301 from
this predetermined line is fixed to the lateral

20 surface of the ink supply holding member H1501, which
is roughly perpendicular to the surface having the ink
supply openings 1201, by thermal crimping, the use of
adhesive, or the like means.
(1-4) Cover

25 The cover H1901 shown in Figure 3 is such a

component that is welded to the edges of the top

opening of the ink supply holding member H1501 to seal



wi th m nute openings H1911, H1912, and H1913 for preventing the

abovenenti oned i nternal spaces 5 (chanbers) of the ink supply hol ding nenber
H1501 from changing in internal pressure, and mnute grooves H1921, H1922,
and H1923, which are connected to the openlngs H1911, H1912, and H1913,
respectively, by one end. The other end¢‘of the ninute grooves H1921 and 10
H1922 connect to the md portion of the mnute groove H1923. The m nute
openi ngs H1911, H1912, and H1913, and virtually the entireties of the

m nute grooveshe HLIRZ ?é]gieg—llﬂg&h@rﬁﬂgoy@ wdigenseal i ng nenber
H1801, with onI% t he other en of the mnute 15 gﬁ§§£e H192§§be|ng exposed

to be used asmaébad rHVENE, aFtHdber  thdecopyeri @0 & sppsevieed with a
| ocki ng nenber H1930 used for | ocking the ink jet cartridge H1001 to the

mai n assenbl ywofh afihutke | el BEPs HITYL 1 APPBIBE USan@H 41 $) £dbunti ng of | nk
Jet Cartridge into Ink Jet Recording Apparatus Main Assenbly Referring to
Figure 2, theptékehteingartie igslgevedtli®ionsd piove ctesll wspdicea gui de H1I560 for
guiding the ink cartridge H1001 into the predeterm ned position on 25 the
carriage 502 Ofhdriee n®) nofisistesrblyk ofuphikey i ikl diotg mecosdi AgSappéranus, shown
in Figure 6; the ink jet cartridge |ocking nmenber H1930 for |ocking the ink
jet 22 cartrchgegingtie tarermge dOessureoponmd matnone witboaas unshown
headset |ever; a positioning bunp HL570 for
H1921, H1922, and H1923, which are connected to the
openings H1911, H1912, and H1913, respectively, by one
end. The other ends of the minute grooves H1921 and
10 H1922 connect to the mid portion of the minute groove
H1923. The minute openings H1911, H1912, and H1913,
and virtually the entireties of the minute grooves
H1921, H1922, and H1923, are covered with a sealing
member H1801, with only the other end of the minute
15 groove H1923 being exposed to be used as an air vent.
Further, the cover H1901 is provided with a locking
member H1930 used for locking the ink jet cartridge
H1001 to the main assembly of an ink jet recording
apparatus.
20 (1-5) Mounting of Ink Jet Cartridge into Ink Jet
Recording Apparatus Main Assembly
Referring to Figure 2, the ink jet cartridge
H1001 is provided with: a guide H1560 for guiding the
ink cartridge H1001 into the predetermined position on
25 the carriage 102 of the main assembly of the ink jet

recording apparatus, shown in Figure 6; the ink jet

cartridge locking member H1930 for locking the ink jet



precisely positioning the ink jet cartridge HL001 relative to the carriage
102 in ternms of X direction 5 (primary scanning direction); a positioning
bunmp H1580 for precisely positioning the ink jet cartridge HL001 relative
to the cartridge 102 in ternms of Y direction (recording nedium conveyance
direction); a positioning bunp 1590 for %8recisely positioning the ink
cartridge 10 H1001 relative to the carriage 102 in ternms of Z direction
(ink ejection direction) As the ink jet cartridge H1001 is precisely

posi ti oned T elati ¥y g0 & N3, £ 1. AGR D O by: beia, ol agerh n, cogt gt i th al

of the abovenentioned positioning buhps H15 , the

external si gnalsidipyitnd S50 Nal &, 302 o8 4 11h Bl SRS Mis Py tApe HI301 are
precisely placed in contact wwth the contact pins (unshown) of the

el ectrical cqitacts th o 1 SPOS@ At jde cLatFidge HP@o1 establishing

thereby the electrical 20 connection between the ink jet cartridge and the

main - assenblyeld Wah Bbomee | SatMEagesTo pin ofe s the X sdiustttenof the ink
jet cartridge in accordance with the present invention, which is integral

Wi th ink scontmineisy dloneyveig dieedtaseni d et Donisg absep 251 880pat i bl e
with an ink jet cartridge, the ink holding portion (ink container) of which
i s separabl e foaomitdel seby tposi € 1akinet thecotidi gt head) r t des et 0havi ng t he
23 recording elenment substrate, as long as the ink jet cartridge is
agreeabl e wi tteldteitectmi tld gastridge he02 in terms of Y direction
(recording medium conveyance direction); a positioning
) bump 1590 for precisely positioning the ink cartridge
10 H1001 relative to the carriage 102 in terms of Z
~direction (ink ejection direction). As the ink jet
cartridge H1001 is precisely positioned relative to
the carriage 102 by being placed in contact with all
of the abovementioned positioning bumps H1570, H1580,
15 and H1590, the external signal input terminals H1302
of the electric wire tape H1301 are precisely placed
in contact with the contact pins (unshown) of the
electrical contact portion disposed within the
carriage 102, establishing thereby the electrical
20 connection between the ink jet cartridge and the main
assembly. Given above is the description of the
structure of the ink jet cartridge in accordance with
the present invention, which is integral with ink
containers. However, the present invention is also
25 compatible with an ink jet cartridge, the ink holding

portion (ink container) of which is separable from the

portion (ink jet recording head) thereof having the



present invention. Incidentally, designated by a referential synbol H1000
is an ink jet cartridge which 5 stores only black ink. (2) Ink Jet
Recordi ng Apparatus Next, a typical ink jet recording apparatus in which an
ink cartridge such as the above described one is nmountable will be
described. Figure 6 is a 10 schematic dra&®i ng of an exanple of a recording
apparatus in which the ink jet cartridge H1001 in accordance with the
present invention, and the ink jet <cartridge HL000 which stores only bl ack

ink, are no .15 -The i i rdj t S Ny Figure 6
enpl oys the %C@ecfl%ir?lr%}gegﬂe@éﬁﬁdobﬁénufaﬁ&% gdugr]gl&%?aa{vﬂﬁi%ﬁe i%@abl y

nount abl e on i %%ga t r:aw i i r{yxidge HLI001
has been pr e%%%eﬁ/d%\éog%fi 0 edearﬂerbat"lﬁs:ergt%y% %%ﬁaﬁigléﬂl%%.&f}h%ﬂéo carriage

102 is providedmiih fhe ol 86111 Galci gePRRaall VeeRaHerd @y t4 ansm tting
driving signals or the like to each of liquid ejecting portions through

the external s gnadnt TPUts RS Nal G0 ®fid hen recerfindea feadagarynigges HL000
and H1001. 25 The main assenbly of the inmage form ng apparatus is provided

with a guisdi ng:shed tod 03 M€l ikt ends in the primry scanning direction,
and the 24 carriage 102 is supported by the guiding shaft 103, being
enabl ed to shuit| and rg R cdiitign @ pplaafatc uk03.
Next, a typical ink jet recording apparatus in
which an ink cartridge such as the above described one
is mountable will be described. Figure 6 is a
10 schematic drawing of an example ofva recording
apparatus in which the ink jet cartridge H1001 in
accordance with the present invention, and the ink jet
cartridge H1000 which stores only black ink, are
mountable.
15 The ink jet recording apparatus shown in
Figure 6 employs the ink jet cartridge shown in Figure
2, which is removably mountable on the carriage 102.
In the drawing, the ink jet cartridge H1001 has been
precisely positioned relative to the carriage 102. The
20 carriage 102 is provided with the electrical
connective portion for transmitting driving signals or
the like to each of liquid ejecting portions through
the external signal input terminals of the recording
head cartridges H1000 and H1001.
25 The main assembly of the image forming

apparatus is provided with a guiding shaft 103 which

extends in the primary scanning direction, and the



More specifically, the carriage 102 is controlled in position and novenent
by being driven by a primary 5 scan notor 104 through the driving nmechani sm
made up of a notor pulley 105, a follower pulley 106, a timng belt 107,
etc. The carriage 102 is provided with a hone position sensor 130 so that
as the home position sensor 130 on the éarriage 102 noves past a shielding
10 plate 136, the position of the carriage 102 is detected. Recording

medi ums 108, such as sheets of printing paper, thin plastic plate, etc.,

are fed, while heing soezoarated one by one, into t.he in 1; senbly of the
i mage form n§HPpa%t ue fJTSorﬁUaprPO%tLﬁ%r%Xif@efegetﬂe ln(%\%afl% @ rotating a
pi ckup roller_ .131 b er feedin tor ,135 through ar ain. Then,
each recordi r%)ge lr?@dielﬁﬁb%(fgf&so csohnlgtceicyle% a(nlti)%n%etéjoen urlycpls nsahl rec (lgo'n) by the

rovaion of %2R camvayance el L8t 108 LpUah S he, Rosidl on dgrit i ng

portion) in e recor g fedi um squar e aces e 1nk ejecting

surfaces of tﬂy:\s-i k| e, rnﬁgpé i qg%- (qﬁgg@é}g@ Qo The.sonveyance
roller 109 i's d%%l}i})eﬂn%t)nydt e rnqojétrgl?i%ﬁ 0 rg&L (I'ine 1%ee(]ﬁrlZS n%tor 134
through asgeaycdd aldt o NES Nern Qu Pt 182 CHy i ¥ B6P el N0 Bgh um dO8 has | ust
been fed, and whether or not the |eading edge of the fed recordi ng nmedi um

108 25 is acgurat@ltoPositioperns ora i fEOEdF M1y, Bie, £onfmidged as each
recordi ng medi um 198 noves past a
belt 107, etc. The carriage 102 is provided with a
home position sensor 130 so that as the home position
) sensor 130 on the carriage 102 moves past a shielding
10 plate 136, the position of the carriage 102 is
detected.

Recording mediums 108, such as sheets of
printing paper, thin plastic plate, etc., are fed,
while being separated one by one, into the main

15 assembly of the image forming apparatus, from an
automatic feeder (AFS) 132 by rotating a pickup roller
131 by a paper feeding motor 135 through a gear train.
Then, each recording medium 108 is conveyed (in
secondary scan direction) by the rotation of a

20 conveyance roller 109 through the position (printing
portion) in which the recording medium 108 squarely
faces the ink ejecting surfaces of the ink jet
recording heads H1000 and H100l1. The conveyance roller
109 is driven by the rotation of a LF (line feed)

25 motor 134 through a gear train. Whether or not each
recording medium 108 has just been fed, and whether or

not the leading edge of the fed recording medium 108



paper end sensor 133. The paper end sensor 133 is also used to detect the
actual position of the trailing 5 edge of the recordi ng nedium 108, in order
to precisely calculate the current printing point of the recording nmedi um
108 based on the detected actual position of the trailing edge of the
recording nmedium 108. 10 The recordi ng #edi um 108 is supported by a platen
(unshown) by its back surface, so that the printing surface of the
recording medium 108 is kept flat in the printing portion. More

specifically,, the |iqui ej ecti.ng sides of the ink jet recording heads
H000 18- and HLOFEHAB0 B L HOSE (i Sye THEE o0 BT FourBER 0 f rom the
carriage 102 sgo that the liquid ejectin surfa of the ink jet recording
heads. FL000 ARePT It S & b 1T SHee Rarad BT 578 HoRer thBReof ¢ he
recordi ng medi 08 ich J t air f conveyance rollers.
The ink jet (rj%%‘c?r%ienrbd ‘r']%éar%]o%_&l()%% \Qﬁ%%Hg?% ar Zj %Deﬁ%stooerdq%nft%; aclasiori age 102

s0 that the difegtionc{suhich 1he, o) setion of 4} case HLLOT) arg aligned

becones intersecti ona e prinmary rection carriage 102.

Recordi ngsi s dmgle by @lectdMgr-dity AdPid hese, eigcsiQ@ayopbfices HI107. G ven
above are the descriptions of the basic 26 structures of the ink jet
cartridge and,jdkid&ely FLCOiitY apPar@t isnt N ALEOI NGNS Mt Hrt hRe Pr esent

recording medium 108 based on the detected actual

position of the trailing edge of the recording medium

108.

10 The recording medium 108 is supported by a platen
(unshown) by its back surface, so that the printing
surface of the recording medium 108 is kept flat in
the printing portion. More specifically, the liquid
ejecting sides of the ink jet recording heads H1000

15 and H1001] mounted on the carriage 102 project downward
from the carriage 102 so that the liquid ejecting
surfaces of the ink jet recording heads H1000 and
H1001 are positioned parallel to the portion of the
recording medium 108, which is between two pairs of

20 conveyance rollers.

The ink jet recording heads H1000 and H1001
are mounted on the carriage 102 so that the direction
in which the ejection orifices H1107 are aligned
becomes intersectional to the primary scan direction

25 of the carriage 102. Recording is made by ejecting ink

from these ejection orifices H1107.

Given above are the descriptions of the basic



invention. Next, the portions of the ink jet cartridge and ink jet
recordi ng apparatus in accordance with the 5 present invention, which
characterize the present invention, will be described in detail, while
conparing the preferred enbodi nents of the present invention to conparative
ink jet cartridges and ink jet recording®apparatuses. 10 [Conparative
Exanpl e] Figure 7(a) shows a conparative ink jet recording head H1001

manuf actured with the use of the sanme nmethod as that used for manufacturing

t he above def&{.&%?réé‘kofeﬁh&_ ﬁlEi;g&.e %ﬂiﬁ%%}@%ﬁ {p) 1s shows the

arrangenent o € ejectiron oritices on I ng elenent substrate

H1202 mount edré'@owgn%gg%%ifét&ér{ﬁi oHiDe PR lehe Seelchrom the

direction indicate arrow mark in Figure 7(a). The first and second

sets 302 and 30301 6h SN OiHd 685 204 Wit 4iand oy sskis; R and 305

of ejection orifices, and fifth and sixth sets 306 and 307 of ejection

orifices, areyghsporefiet NracStdahghippdPSrusMR JBPGEdan®é wapAWLEBIi ng the
correspondi ng i nk supply opening ~308. This structural arrangenent nakes it

possi bl e 50 25rssipt yithhegeibnkswillith ecletattetype, thdrprghehbe three ink
supply openi ngs 308, one for one. Each of the wejection orifices making up

the first, thifdenabén27willfbd @tectiloedornfidceaset swidle 304, and 306 is
formed so that its size is suitable for ejecting ink
comparing the preferred embodiments of the present
invention to comparative ink jet cartridges and ink
| jet recording apparatuses.

10 [Comparative Example]

Figure 7(a) shows a comparative ink jet
recording head H1001 manufactured with the use of the
same method as that used for manufacturing the above
described ink jet cartridge H1001, and Figure 7 (b)

15 shows the arrangement of the ejection orifices on the
recording element substrate H1202 mounted in the ink
jet cartridge H1001, as it is seen from the direction
indicated by an arrow mark in Figure 7(a). The first
and second sets 302 and 303 of ejection orifices,

20 third and fourth sets 304 and 305 of ejection orifices,
and fifth and sixth sets 306 and 307 of ejection
orifices, are disposed in a straight line, in a manner
of sandwiching the corresponding ink supply opening
308. This structural arrangement makes it possible to

25 supply three inks different in type, through the three

ink supply openings 308, one for one. Each of the

ejection orifices making up the first, third, and



droplets which are 5 pl in volunme, and the neasurenents of the ink passage
| eading thereto and s the neasurenents of the electro-thermal transducing

el enent therefor, are adjusted accordingly, whereas each of the ejection
orifices making up the second, fourth, and sixth ejection orifice sets 303,
305, and 307 is forned so that its size?2’s suitable for 10 ejecting ink
droplets which are 2 pl in volune, and the neasurenents of the ink passages
| eadi ng thereto and the neasurenents of the electro-thernmal transducing

el enent theref,o are adj usted accordi ngl Figure 9. s . the results of
the recordin Jiéﬂi ees:tescfjlc corFJv@rcee csa‘?‘trﬁge%ozdutéc?zg BH imltslhse rel ati onship
bet ween t he RO i 307 _for ejecting

> =Y Py acti, oy 302 .
i nk dropl ets, O%?iéé)?ﬁlﬁog }g"’{/tefl esf eérfg%%hllp?nosr%tltéi}%lgﬁe foﬁrfaaeejse%%ne%tle%k by the

ej ected ink dc[roo(r;g!]teettsS _&njtdc}% nar\/\%iy]plt o, %ggné/el%r?%vrtznoeév\hi ch hereinafter

will be referre 0 sinply" as cyan ei'na and magent a
(hereinafter, i Qlﬁ r f .{@9%[ .00, . W conbi nati ons
of the inks er?%éciuef roelrrga‘t?(?lfe_L{:ij%%ejcjtllggor%5 orl %%ﬁ%@aagﬂé%%%mh%d Mor e _
speci ficakly,iaf 4Rl & 2 d i MBge SRS Q5B Ala B O Ys@lc A0 by scanning
recordi ng nmedi um (PR-101: product of Canon Inc.) once 1n the predeterm ned

direction, the diBge e tdorR8 aF&CH i i e iin Wasg T $Ady kY r 8o $Canner
(CanoScan LI DE8BO: product of Canon Inc.), and then, was turned

each of the ejection orifices making up the second,
fourth, and sixth ejection orifice sets 303, 305, and
) 307 is formed so that its size is suitable for
10 ejecting ink droplets which are 2 pl in volume, and
the measurements of the ink passages leading thereto
and the measurements of the electro-thermal
transducing element therefor, are adjusted accordingly.
Figure 9 shows the results of the recording
15 tests, which were carried out to confirm the
relationship between the positioning of the ejection
orifice sets 302 - 307 for ejecting ink droplets, and
the level of nonuniformity of images effected by the
ejected ink droplets, and in which two among yellow
20 (which hereinafter will be referred to simply as Y),
cyan (hereinafter, C), and magenta (hereinafter, M)
inks were used for image formation, with the
combinations of the inks ejected from the ejection
orifices set as follows. More specifically, after a
25 solid image was formed at a duty of 50% by scanning
recording medium (PR-101: product of Canon Inc.) once

in the predetermined direction, the image on the



into a grey nonochromatic inmage with the use of an inage processing
software (Photoshop 7.0.1: product of 5 Adobe System Co., Ltd.). Then, the
resultant inmage was evaluated in three grades in terns of the foll ow ng
standpoints. That is, the inmages, the nonuniformty of which was virtually
undetectable as is the nonuniformty of 26he solid image in Figure 8(a),
were 10 evaluated as "0", and the images which suffered froma relatively
smal | anmount of nonunifornity as does the solid image in Figure 8(b) were
eval uated as _"tri | e" Lastl%% t he, i.mages, the nonuni f rnlty of which

e

‘was clearly doifiy &Y o ]??cﬁﬂjr?%o A of - TK es%rfldlrrageln
Figure 8(c) \ﬁ'[ﬁ,t&;eovalpurag l.as ¢ nosns %nc Dt d;f‘ld]f}q?‘c% dl Qgt he fourth

set 305 of _ej'ectionoritices an Si xt ejec I on or| I ces

(straight er}Le]f i cﬂgrce&]qfe%cgcg%enac& ar 4 q%” ter?%é) {e el ggtion orifices

maki ng up th our ej ection I Cce, e center of the

correspondlngﬁﬁg§§ fgﬁégél e%égtﬁggés rectlﬁéglfwb PII &hé@t §07 and

which is par e pri scan IS eq to the di st ance

bet ween the 2Ri5Reandand é&urtmcﬂ ect 'I“Px'%nor'tfh'ecpre%%tlsta%% %{afé;he?%s whi ch
was 2.371 mm and the di stance d2 between the second and sixth ejection

or lkf ce sets B3 A B0/ Wasr 29 gradd? ANt Jhes TSsWHS 8T BowMign the yel | ow
in I C

standpoints. That is, the images, the nonuniformity of
which was virtually undetectable as is the
) nonuniformity of the solid image in Figure 8 (a), were

10 evaluated as "0", and the images which suffered from a
relatively small amount of nonuniformity as does the
solid image in Figure 8(b) were evaluated as
"triangle". Lastly, the images, the nonuniformity of
which was clearly confirmable as is the nonuniformity

15 of the solid image in Figure 8(c) were evaluated as
"cross".

The distance dl between the fourth set 305 of
ejection orifices and sixth set 307 of ejection
orifices (straight 1line which connects the center of

20 each of the ejection orifices making up the fourth set
305 of ejection orifice, and the center of the
corresponding ejection orifice of the sixth ejection
orifice set 307, and which is parallel to the primary
scan direction), is equal to the distance between the

25 second and fourth ejection orifice sets 303 and 305,
which was 2.371 mm, and the distance d2 between the

second and sixth ejection orifice sets 303 and 306 was



was high in |ightness, was used in conbination with one of the other inks,
virtually no nonuniformty was 5 detected, and there was virtually no
difference in terns of nonuniformty between the inages forned by the
conbi nati on of the yellow ink and one of the other inks, and the inages
formed by the conbination of the yellow?Pnk and the renaining inks.
However, when the 10 conbination of the cyan and magenta inks, which were
low in lightness, was used, the resultant imges suffered fromclearly

det ect abl e n%ngqbfornity. Further, it becane evident that the | onger the
di stance between the two sets of ejection orifices 15 used for inmage

formation, the nore IT%(_;}L%?&?%{A@\?#% W}Q%?rs]ti[ﬁgrg%%g?‘(gefnﬁo ‘pﬁ%%\gr nmed, for

the follow ng reason. en the anc ween t he sets of

ej ection orifjces  usedf ary Qe J or L d Sin %Q)H{&qgadt]%&? Sauellite ink

dropl ets which formas primary i nk droplets are ejecte romthe two sets of

ej ection orifjLes @ £aldY ey, hednahable WO raasit f aldd . which
occurs in the space between the ejection orifices for ejecti'ng ink

dropl ets, sandidthe-teRe 0T G 1 TR 1M 1AQRINIP WA RE A1 ddieed offmat i on of a
nonuni form inmage. In conparison, when the di'stance between the two sets of

ej ection orifdes usehdin i fRge dpidtiedh e il tfodnd$ whort di stance
seens to be effective to reduce the ratio at which the satellite ink
dropl ets the combination of the yellow ink and one of the other
inks, and the images formed by the combination of the
yellow ink and the remaining inks. However, when the
10 combination of the cyan and magenta inks, which were
low in lightness, was used, the resultant images
suffered from clearly detectable nonuniformity.
Further, it became evident that the longer the
distance between the two sets of ejection orifices
15 used for image formation, the more likely it was for
nonuniform images to be formed, for the following
reason.
That is, when the distance between the two
sets of ejection orifices used for image formation is
20 long, the satellite ink droplets which form as primary
ink droplets are ejected from the two sets of ejection
orifices, are carried by the unstable flow of gas
(air), which occurs in the space between the ejection
orifices for ejecting ink droplets, and the recording
25 medium, contributing to the formation of a nonuniform

image. In comparison, when the distance between the

two sets of ejection orifices used for image formation



which formas primary ink droplets are ejected from the two sets of
ejection orifices, nmaking it thereby 5 nore difficult for a nonuniforminmage
to be formed, although the anmount by which the satellite ink droplets form
is virtually the sanme as the anmount by which the satellite ink droplets
formwhen the distance is long. 10 It sBéuld be noted here that in the case
of the ink conbination in which one of the two inks is yellowink, the
~yellow ink, which is relatively high in lightness, seens to be effective to

render the nonuniform i ncons uous, in spite of the fact, that 15 the
amount by whi'ch % 'ts'atté%ls?t%‘ Iﬁ:rk)cglrsotﬁrbctes i ERNI G r?sf{ﬁﬁh‘é?lglothe sane

whet her or not one of the ., inks of the ..nk c 1N, on s ow. Further,
t he above desrcerqO e tﬁheen]%ﬁﬁn%r?%\dg’ rté“eccﬁ?s% Jvﬁ‘l]énd BF¥nting duty

was in the of 25 -_J45% th r]cozzle arrangement of the ink
jet recordi ng ca}‘a TR otie ot prré er rot-:-[gL odi fre erﬁec?% ]ﬁcr)%sent

i nventi on, C t above
descri bed t\g’(vth41 ﬁﬁlﬁigZ%pdéeﬁ%r&bn@gﬁlgﬁeﬁ §3 %E{?q}iﬁ gl::gg%pec%%%%nent in one
of the prefGrgad ebodmnt 01, LS MESEH IMRIU oL Seobfleatical i

function to a conponent in another 31 Tpreferre ment e two

components W gl INah&ch O Neh S HeT £t 1 fle S:WTE’O' -

droplets form is virtually the same as the amount by
which the satellite ink droplets form when the
distance is long.

10 It should be noted here that in the case of
the ink combination in which one of the two inks is
yellow ink, the yellow ink, which is relatively high
in lightness, seems to be effective to render the
nonuniformity inconspicuous, in spite of the fact that

15 the amount by which the satellite ink droplets form
remains virtually the same whether or not one of the
inks of the ink combination is yellow.

Further, the above described phenomenon was
more conspicuous when the printing duty was in the

20 range of 25 - 75%.

Next, the nozzle arrangement of the ink jet
recording head in one of the preferred embodiments the
vpresent invention, which is based on the knowledge
obtained through the above described tests, will be

25 described in detail. If a given component in one of
the preferred embodiments of the present invention 1is

identical in function to a component in another



[ Enbodi nent 1] In this enbodiment, the ink jet recording head 5 was enabl ed
to eject plural types of ink droplets, that is, ink droplets different in
size, nmore specifically, ink droplets which are 5 pl in volunme, and ink
droplets which are 2 pl in volunme, and was structured so that the ejection
orifice group for 10 ejecting cyan ink dridplets which were 2 pl in vol une,
and the ejection orifice group for ejection magenta 1ink droplets which are
2 pl in volunme, are disposed as close as possible, in consideration of the

results of &%Ieen%e ee;%?%gﬁqn&% u?ﬁé‘gt&@ecﬁ?ﬁﬁé’rg?r?@§%if’fdoel5 conparative

ink jet reco I'S unnecessary t the 1nk droplets ejected

fromone groyp fgfnaedtﬁf;tﬂfg\;[}ﬁéeiéérﬁgsr@f%é)ﬁai sy, and all the ink

droplets ejecte romth r group of ejectiom orifices are 2 pl in
vol une; all tﬁgﬁbg&iﬁ@§@3§ ry is 20 that they are roughly 5 pl and 2 pl in
vol ume, respectively. As Tor the specific nethod for varying the ejection

orifices in the amuntnhbynWei eRpbBkmest, g6t €k Yati eueoknews AehRods are
avai l abl e. For exanple, the anmpbunt by which ink is ejected fromeach 25

ej e_cti on cgri fuLe Sadbhed vies i@}b@(y y_aﬁyépgty@s e@gcim@_ru];@@iétgﬁ_ in the size
of its opening; when the opening of each ejection orifice is circular, the
amount by 32 thdt cis ) nknk sdeperées dahfdeenvariedsbye vaiyrag the di aneter of
t he opening of each ejection orifice. Next,
specifically, ink droplets which are 5 pl in volume,
and ink droplets which are 2 pl in volume, and was
) structured so that the ejection orifice group for
10 ejecting cyan ink droplets which were 2 pl in volume,
and the ejection orifice group for ejection magenta
ink droplets which are 2 pl in volume, are disposed as
close as possible, in consideration of the results of
the tests carried out using the above described
15 comparative ink jet recording head. It is unnecessary
that all the ink droplets ejected from one group of
ejection orifices are 5 pl in volume, and all the ink
droplets ejected from the other group of ejection
orifices are 2 pl in volume; all that is necessary is
20 that they are roughly 5 pl and 2 pl in volume,
respectively. As for the specific method for varying
the ejection orifices in the amount by which ink is
ejected, various known methods are available. For
example, the amount by which ink is ejected from each
25 ejection orifice can be varied by varying the ejection

orifice in the size of its opening; when the opening

of each ejection orifice is circular, the amount by



the effects of the difference in the type of the color

ink supplied to each

of the groups of ejection 5 orifices fromwhich ink droplets which are 2 p
in volunme, are ejected, upon how nonuniformty is visible to the hunman
eye, will be confirnmed. Figure 10(a) shows the positioning of the recording
el ement substrate H1101 of the above 10 @escribed ink jet cartridge HL001 in
this enbodinent, as the substrate H1101 is. seen fromthe direction

indicated by the arrow marks in Figures 2(a) and 3(a).

Here, the ejection

orifice groups HL1108, each of which is made gg of a plurality of the above
fQ%r%%P Q%e

described 15 "H}edt igH bt 1S IR SA 107 WS IV
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i ce group

idhg; digtance

ejection orifice

Figure 10(a) shows the positioning of the

} recording element substrate H11]01l of the above

10 described ink jet cartridge H1001l in this embodiment,

as the substrate H110l1 is. seen from the direction

indicated by the arrow marks in Figures 2(a) and 3(a).

Here, the ejection orifice groups H1108, each of which

is made up of a plurality of the above described

15 ejection orifices H1107 will be referred to as the

first ejection orifice group 402, the second ejection

orifice group 403, the third ejection orifice group

405, the fourth ejection orifice group 404, the fifth

ejection orifice group 407, and the sixth ejection

20 orifice group 406, .counting from the left side of the

drawing. The distances among the ejection orifice

groups are the same as those of the above described

comparative ink jet recording head. That is, the

25

distance between the second ejection orifice group 403
and fourth ejection orifice group 404 is 2.138 mm, and
the distance between the fourth ejection orifice group

404 and sixth ejection orifice group 406 is 2.371 mm.



Further, the first and second ejection orifice groups 402 and 403, the
third and fourth ejection orifice 5 groups 405 and 404, and the fifth and
sixth ejection orifice groups 407 and 406, are positioned so that they
oppose each other across the corresponding ink supply opening H1102. The
ejection orifice groups 402 - 406 are paridllel to each other. This
structural 10 arrangenent nmakes it possible for the three inks different
in type to be supplied through the three ink supply openings H1102 one for

; th f t d th h
other  acr o8 T%Le"ot% ] Qctgpen%%o'g%d Ao o St SR PR R e
i nk of the sa4r683nc Clor t)pcr ou <;l;,@le n&l y%]:()&%pld’t% v{né czp. %(g%ym?andvm ch. In

ot her words 19 1% econ ejec i on I ce groups and 403 are

th i t t t t j %ﬁg] th

ej gcf?gﬁ :)PI fice g(irlgfjptg{%o%l%%@ka%&z[% Ce(gr%g eeégs&goéer}?rn j%t]J‘hé rIg otl‘”t he i nk

they eject. iﬂﬂtiﬁﬁ d@e.qﬂgtghfgﬁigﬂ {F§%1 téfgbggdgléyafgg@ups 407 and
o) 0 ey

406 are the sane In t ec €] ect. Moreover, each of the

ej ection @rlggfcﬁ;;sofm@%rtd rega, thhd dnang; # tdh el £otdone | ©féfice groups
402, 405, and 407 is formed so that it can eject ink droplets which are 5

pl in vol une,c@ngh cd her MBSS W ETBIMM S 006 | herd o Passaaed | eadimge t hereto, 34
and the nmeasurenents of the el ectro-thermal transduci ng el enent therefor,
are adj ust ed BSPISHpEE ey, each other across the corresponding ink
supply opening H1102. The ejection orifice groups
) 402 - 406 are parallel to each other. This structural
10 arrangement makes it possible for the three inks
different in type to be supplied through the three ink
supply openings H1102, one for one; the two ejection
orifice groups positioned so that they oppose each
other across one of the ink éupply openings H1102, are
15 supplied with the ink of the same color through the
ink supply opening which they sandwich. In other words,
the first and second ejection orifice groups 402 and
403 are the same in the color of the ink they eject,
and the third and fourth ejection orifice groups 405
20 and 404 are the same in the color of the ink they
eject. Further, the fifth and sixth ejection orifice
groups 407 and 406 are the same in the color of the
ink they eject. Moreover,veach of the ejection
orifices of the first, third, and fifth ejection
25 orifice groups 402, 405, and 407 is formed so that it

can eject ink droplets which are 5 pl in volume, and

the measurements of the ink passage leading thereto,



wher eas, each of the ejection orifices of the second, fourth, and sixth
ejection orifice sets 403, 404, and 5 406 is forned so that its size is
suitable for ejecting ink droplets which are 2 pl in volune, and the
measurenents of the ink passage |eading thereto and the measurenents of the
el ectro-thernmal transducing el enent theretor, are adjusted accordingly. 10
Figure 10(b) shows the results of the recording tests, simlar to the tests
carried out using the above described conparative ink jet recording head,

in which two anpn el | ow (which inafter will be referred to sinply as
Y), cyan 15 (ar{gefiq‘}%f“ﬁe@rsu mne 1'n%l ‘?ftggtgﬁtae e n%het%?al inks were used
for image formatio conbi nat i |nk e ected from

i on tagnadl J; gh fhe %f 4h e .
e ejection € i gure
th Ci on O et Lhet Ak FEFFoha. A APIoBE SoCAB F o £
10(b), such nar @%gf(nr%??h of-ﬂét fqgﬂ%_lnéégiﬁg use(ﬁ%% é%éﬁges 8(b) and

8(c) was not ‘foun |nages he

cartridge H ﬂﬁpt i esy orned

usi ng tﬁe co |n£%|on d? %% %@8?% an rl I n syﬁgatlﬁfac?ory i mages

were forngd. t%‘&fme%’f%‘é Odi’§§ aé‘f?e bfé V!%f«‘i‘t% c SeePnd and fourth
an

ej ection orlflce groups 4 the distance etmeen the fourth and

SIXth el ectiamard fAe; 30 daioHpss 40 AN AD0) BN oo ufid Angg bet veen the

second and s h ejection orifice groups 403 and
the measurements of the ink passage leadlng thereto

and the measurements of the electro~thermal
transducing element therefor, are adjusted accordingly.

10 Figure 10(b) shows the results of the
recording tests, similar to the tests carried out
using the above described comparative ink jet
recording head, in which two among yellow (which
hereinafter will be referred to simply as Y), cyan

15 (hereinafter, C), and magenta (hereinafter, M) inks
were used for image formation, and in which the
combinations of the inks ejected from the ejection
orifices were set as follows. As will be evident from
Figure 10(b), such nonuniformity as that found in the

20 images in Figures 8(b) and 8(c) was not found in the
images formed with the use of the ink jet cartridge
H1001 in the first embodiment, even when images were
formed using the combination of the magenta and yellow
inks; satisfactory images were formed.

25 Further, when the distance between the second
and fourth ejection orifice groups 403 and 404, the

distance between the fourth and sixth ejection orifice



were changed to 1.135 mm 1.397 nmm and 2.532 mm respectively, while
keeping virtually the sane the 5 basic structure of the ink jet cartridge,
such nonuniformty as that found in the images in Figures 8(b) and 8(c)
was not found in the inmages fornmed with the use of this ink jet cartridge
just as the nonuniformty was not found i3 the case of the ink jet 10
cartridge in this enbodi nent, even when the conbination of the magenta and
cyan inks was used for inage formation; satisfactory imges were forned.

Enbodi t 2] Fi 1 th i fioni f th 15 ej ecti
b1 e o ourtrBIER B0 T Gt diiy A iraree U AN S SHNOT o2 he 1 nk_J et
trid H1001 in,th d enbodi t th b te H1 i
from  the o rEETTh T CE gl BYPTREC B Thh Hes K T T tiF ot S a5 (a)
. 20 Thi nmbodi i i ff i the first
enbodi rr:;lt ei n&?%%f&%#égeg:??ﬁ{gg% ;q%({]ﬁfﬁ%%f%ﬁ’lr %%gn%g%?éi:o ai:edeonI {?le | eft

side of the f£§§ﬁeggﬁ%§5é’llz iiée@%@‘%\/\igﬂiﬁgg}% Jtlg‘?réélﬁ‘getfag ternms of the

scanni ng direction carria cartrrdge is used in

head was Gsed 1o T o rrde: Crhe Bane | magers as 1 hese T3 ned by t he compar al iy
y the conparative
ink et recogdhng: AeAd: t YSLO0EN0 FOKSq AMRNEnd henyELE O Figures
8 (b) and 8(c) was not found in the images formed with
the use of this ink jet cartridge just as the
nonuniformity was not found in the case of the ink jet

10 cartridge in this embodiment, even when the
combination of the magenta and cyan inks was used for
image formation; satisfactory images were formed.
[Embodiment 2]

Figure 11 (a) shows the positioning of the

15 ejection orifice groups of the recording element
substrate H1101] of the ink jet cartridge H1001] in the
second embodiment, as the substrate H1101l is seen from
the direction indicated by the arrow marks in Figures
2(a) and 3(a).

20 This embodiment is different in nozzle
arrangement from the first embodiment in that the
fifth and sixth nozzle lines were placed on the left
side of the first nozzle line (leading end side of
carriage in terms of the scanning direction of the

25 carriage when the ink jet cartridge is used in the ink

jet recording apparatus shown in Figure 6).

This ink jet recording head was used to form



(which hereinafter will be referred to sinply as Y), cyan (hereinafter, O,
and magenta (hereinafter, M 5 inks, with the ink to be ejected from each
ink ejection orifice set as follows. The results are showmn in Figure
11(b). As will be evident fromFigure 11(b), such nonuniformty as that
found in the images in Figures 8(b) and 8¢6c) was not found in the inmages 10
formed with the use of the ink jet recording head in the second enbodi nent,
as it was not found in the images fornmed by the ink jet recording head in

h first di t,. wh i f d i h i nati
of the magentaiartRgel HOIFTRKES TEOSarTRIBES 07y T iagee Neratt eFnbht The
effects of the resentdinveetign can bg gccoggléshed ggeeitffgwof the.first
or second enbodi MR HIMEVE? ’r%ﬁﬁ?%l% t He 3t PO Ur %?rangenent in

whi ch the di stance betueen the || ne of 20. pozzLescwhichoelect symll yellow

i nk droplets, "and I'nes of nozzl'es Ich ejec dropl ets of

other col ors, Shor 6L L e PEer e8] 1 abh g mEL AL Nie rDOLOELOF Vigpw The first

enbodi nent may superi or i fractural arrangefent to this

enbodi ments,  2p,kt igifRasppabhe t9 Lbi bkethal FfohheabRkihgt recording
apparatus shown in Figure 6 1s operated so that recording is made only when

its carriage t$-8PYSH 3FiriBe08EtdhEeedl PBwst Nathd SreJ160QS W disopt made
when its carriage is noved in the opposite direction, the
in Figure 11(b). As will be evident from Figure 11(b),
such nonuniformity as that found in the images in -
Figures 8(b) and 8(c) was not found in the images
10 formed with the use of the ink jet recording head in
the second embodiment, as it was not found in the
images formed by the ink jet recording head in the
first embodiment, even when images were formed using
the combination of the magenta and yellow inks;
15 satisfactory images were formed.

The effects of the present invention can be
accomplished by either of the first or second
embodiment. However, regarding the structural
arrangement in which the distance between the line of

20 nozzles which eject small yellow ink droplets, and the
lines of nozzles which eject smaller ink droplets of
other colors, shorter is more desirable. From this
point of view, the first embodiment may be said to be
superior in structural arrangement to this embodiment.

25 It is reasonable to think that if the ink jet
recording apparatus shown in Figure 6 is operated so

that recording is made only when its carriage is moved



nore upstreama given line of ejection orifices (closer to |eading end of
carriage) in terns of the 5 direction in which the carriage is noved while
recording is actually nmade, the less likely it is for the ink droplets from
the given line of ejection orifices to be affected by the unstable flow of
gas (air). Therefore, in order to prevent the formation of 10 an i nmage
suffering fromthe nonuniformty attributable to the unstable flow of gas,
whi ch occurs in the space between the ink jet recording head surface having
the ejection orifice of each of the nozzles for ejectin i nk droplets, and
the rebor di ng eI 1ot o oo PR 5 CHRROTHGIE et i AR arTEs of ke
different in type the line of ejectiqgn orific ] j ect i nk which
i s thought tol%sg THE ShE t%%tmci[;‘éeérimlsr% tforllef(e({éfgsoletser \é@nldrgrcf %ﬁ’no%%eﬁi formty of

on | mge consplsyQls.. LG 15yl Lok J Uydde Lovesi] Lot ness, i

positioned 2 erns o rection1n ich the carriage

is nmoved whil g%lﬁg%é&alé(y f@g@{&n&élﬁg%ﬁi ac‘yc%i)ualfrf ;:/@érﬁhggg ippdernms of

direction in carriage nove ecording). Even from

this standpoiff,edfifd I {51, RMOQA HENL, FRY, e Sal \;ﬁ%pfesuperior to the
0

second enbodi ment. The cyan and magenta inks are extrenmely lowin
l'ightness comnpateelfg YL | ovehakiy H@é(@é’?rthéﬂhf‘é‘s§81i1¥@%¥ cy@ani @nglo Fagent a

i nks are conpared to each other, "the cyan ink is slightly lower in
| i ghtness thaghd henk droplets from the given line of ejection

orifices to be affected by the unstable flow of gas
(air). Therefore, in order to prevent the formation of

10 an image suffering from the nonuniformity attributable
to the unsfable flow of gas, which occurs in the space
between the ink jet recording head surface having the
ejection orifice of each of the nozzles for ejecting
ink droplets, and the recording medium, it is desired

15 that when using a plurality of inks different in type,
the line of ejection orifices which eject the ink
which is thought to be the one that is most likely to
render the nonuniformity of an image conspicuous, that
is, the ink with the lowest lightness, is positioned

20 most upstream in terms of the difection in which the
carriage is moved while actually recording (leading
end of carriage in terms of direction in which
carriage is moved while actually recording). Even from
this standpoint, the first embodiment may be said to

25 be superior to theé second embodiment.

The cyan and magenta inks are both extremely

low in lightness compared to yellow ink. However, when



magenta i nk. Thus, even in the case of the first enbodinent, such a
positioning of ejection orifice 5 groups that the cyan ink, that is, the ink
lowest in lightness, is ejected by the first and second ejection orifice
groups, the nagenta ink is ejected by the third and fourth ejection orifice
groups, and the vyellowink is ejected by8the fifth and sixth ejection. 10
orifice groups is the best positioning of the ejection orifice groups.

[ Enbodi nent 3] In this enbodinent, the ejection orifices from which ink

droplets which are 2 pl jn volune are 15 ejected a not(ﬁ%s sed in a
straight i n%,hear?é’atnn@ndeﬂa&ﬁn%@f e A% eCrOéWcaerq%qi%eeai ecpcgferc’ol or ink
supplied to the ejecti.on arifi.ce.qgrQups o j.egt. i I whi ch are
2 pl in vol ur%ge uéﬁ'oarrl1 hlonvq\? the Slnl kﬁtr%&‘ gLronq%Py 13} eﬂér?q}tr?laegggatg%ace}gr@ o the human

eye is 20 C‘?[{H;d]'e?]{{%d-inﬁ!.gu&ﬁuéz(%ﬁreﬁh%‘\’stk@ec%g% Lgt cgar *f][iir‘ii&e H1005

manuf actured-u g the sane nefhod as that us for manufacturing the above

descri bed i nkiedy ¢y | dggn "a'lg%ésrid@i%i':r}&%@ )i sthayys; £ ej ection

orifice 25 arrangenent on the r I ng el'enent substrate HL105 nounted in

the ink jet carduddga 81008 @sd hek [ agprding eleneny sulalsat g HL105 is
seen fromthe 39 direction indicated by an arrow nark in Figure 12(a). The
first and seconfhigi, o Uiddte PPUitse 602 ANthnd second ejection

orifice groups, the magenta ink is ejected by the

third and fourth ejection orifice groups, and the

) yellow ink is ejected by the fifth and sixth ejection
10 orifice groups is the best positioning of the ejection

orifice groups.

[Embodiment 3]

In this embodiment, the ejection orifices from

which ink droplets which are 2 pl in volume are
15 ejected are not disposed in a straight line, and the
effect of the difference in the type of color ink
supplied to the ejection orifice groups which eject
ink droplets which are 2 pl in volume, upon how the
nonuniformity of an image appears to the human eye is
20 confirmed.

Figure 12 (a) shows the ink jet cartridge H1005
manufactured using the same method as that used for
manufacturing the above described ink jet cartridge

- H1001, and Figure 12(b) shows the ejection orifice
25 arrangement on the recording element substrate H1105
mounted in the ink jet cartridge H1005, as the

recording element substrate H1105 is seen from the



603, the third and fourth ejection orifice groups 605 and 604, and the
fifth and sixth ejection orifice 5 groups 607 and 606, are positioned so
that they oppose each other across the correspondi ng i nk supply opening
608. This structural arrangenent nakes it possible for the three inks
different in type to be supplied through3the three ink supply openings 608,
one for one. 10 Mreover, each of the ejection orifices of the first,
third, and fifth ejection orifice groups 602, 605 and 607 is fornmed so
that its size js sujtable for e'qgting ink droplets whjch are ? PI in
vol ume, and KM HeIurEmthtat heTt il pas | dadi 1T het2td) - 15 and

th t f_th tro-th |, t duci I her ef
ad st od acCoit gyt e Seon At o ha ol bRt oft BT 486 SRt he second,

f th, d si h ej ti ifi ts 603,. 604 d 606 i f d t hat
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ejecting 40 the smaller ink droplets are not disposed in a straight line.
More specificebgy. mie eitgaldtQital arrangement makes it possible for

the three inks different in type to be supplied
through the three ink supply openings 608, one for one.
10 Moreover, each of the ejection orifices of the first,
third, and fifth ejection orifice groups 602, 605, and
607 is formed so that its size is suitable for
ejecting ink droplets which are 5 pl in volume, and
the measurements of the ink passage leading thereto,
15 and the measurements of the electro-thermal
transducing element therefor, are adjusted accordingly,
whereas, each of the ejection orifices of the second,
'fourth, and sixth ejection orifice sets 603, 604, and
606 is formed so that its size is suitable for
20 ejecting ink droplets which are 2 pl in volume, and
the measurements of fhe ink passage leading thereto
and the measurements of the electro-thermal
transducing element therefor, are adjusted accordingly.
However, the ink jet cartridge in this embodiment is
25 different from those in the first and second
embodiments in that the ejection orifices of the

ejection orifice groups 603, 604, and 606 for ejecting



orifices of each ejection orifice group are divided into a plurality of
units, each of which conprises 5 four ejection orifices, and the four
ejection orifices of each unit are disposed in a straight |line which holds
a predetermned slight angle relative to the ink supply opening 708, giving
t hereby an overall inpression of slightl4 snaking. In other words, each 10
of the ejection orifice groups 603, 604, and 606 is nade up of a plurality
of ejection orifice units (in each of which a predeterm ned nunber (four)

of ejection_gﬁgfggg lg&eigksgggggﬁ%ghgiétEg%gg%gkhg gt @, slight angle

relative to i K stuppl'y opening are ¢ A"t Ae direction

paral | el to tpe Loy SYPRLY ORERL NGoodY | Y0t ¢ hey el egiege per mal transduci ng

elenents in a tinesharing fashion in order to recor an | mage prevents

el ectrical Cug]m@&c&gogkb@gea éggc%%hi gditocal bgws gh-echr 91 4hgr nal

t ransduci ng enents at the same tine. Therefo It offers such a benefit

that the peak;gHprgnpiuahiecsaprbanieducedcnobr WRechi kempHowewer, in the
case of an ink jet cartridge, such as those in the first and second

enbodi ments, EBuZSeBiehohhereireetisonagni kheesoal egebtepacbiremiekisfice
group are disposed in a straight line, driving the electro-thermnal

transduci ng ebeneats uRid hireBdsBabised 414 af ashieghakesel whiahher difficult
to forma long straight line. Therefore, this driving nmethod is
holds a predetermined slight angle relative to the ink
supply opening 708, giving thereby an overall
impression of slightly snaking. In other words, each
10 of the ejection orifice groups 603, 604, and 606 1is
made up of a plurality of ejection orifice units (in
each of which a predetermined number (four) of
ejection orifices are disposed in a straight line at a
slight angle relative to ink supply opening), which
15 are chained in the direction parallel to the ink
supply opening.

Driving the electro-thermal transducing
elements in a time sharing fashion in order to record
an image prevents electrical current from being

20. applied to all the electro-thermal transducing
elements at the same time. Therefore, it offers such a
benefit that the peak current value can be reduced, or
the like. However, in the case of an ink jet cartridge,
such as those in the first and second embodiments, in
25 which the ejection orifices of each ejection orifice
group are disposed in a straight line, driving the

electro-thermal transducing elements in a time sharing



problematic in that it makes it difficult to form flaw ess tables or ruling
lines. In conparison, an ink 5 jet cartridge such as the one in this

enbodi mrent, shown in Figure 12(b), in which the ejection orifices of each
of the ejection orifice groups 603, 604, and 606 are not disposed in a
straight line, is thought to be effectivelto formflawess ruling |ines. 10
Through the above described three ink supply openings 608, cyan ink,
magenta i nk, and yellow ink are supplied, and i mages were forned by

ej ecting cyan_ ink drogletsh magenta ink _droplets, _and ée||OM/ink dropl et s,

which were 2 PRSPACHOIGKES fEoRPERELsELEAACUEE FBUFPR™ BndC89xt h ej ecti on
corpar ed” to GEEaRATe LLRE " of FECTEET Tt pet bt ot LB it Bicor e the | niks

fhe. honuni f or RECYI6F50°t R Fhaged” TRESetfod  ALeaUrSr (Fodsitl ng was. the
case of the  [AEMLErScSrEHPags stroatd SaTES ol CyRar BRCAf oBlet 2 whi ch

were 2 pl in ﬁgguggaﬁﬁagggjgﬁkgdagrggbebhge&ntQgéi?émggggﬁgn%hection orifice

group 603 or jection orifice group an e magenta ink

dropl ets whi chrgghe 18 Bl gliBev byl ware figh! etle! E9BAZ orf G ifraRlesol the
ejection orifice groups, the nonuniformty of the’inmages was virtually
i npossi bl e of each of the ejection orifice groups 603, 604, and

606 are not disposed in a straight line, is thought to

be effective to form flawless ruling lines.

10 Through the above described three ink supply
openings 608, cyan ink, magenta ink, and yellow ink
are supplied, and images were formed by ejecting cyan
ink droplets, magenta ink droplets, and yellow ink
droplets, which were 2 pl in volume, from the second,

15 fourth, and sixth ejection orifice groups 603, 604,
and 606, respectively. Then, the images were compared
to determine the effect of the color combination of
the inks assigned to each of the ejection orifice
groups, upon the appearance of the nonuniformity of

20 the images. The method used for recording was the same
as that used in the first embodiment.

To describe the results, in the case of the
ink jet cartridge structured so that cyan ink droplets
which were 2 pl in volume were ejected from either the

25 second ejection orifice group 603 or the fourth

ejection orifice group 604, and the magenta ink

droplets which were 2 pl in volume were ejected from



to detect. The long straight lines (ruling |line) recorded by the ink
droplets which were 2 pl in volune 5 were superior in terns of straightness
to those recorded by the ink jet cartridge in the first enbodinment. As
will be evident fromthe above description of the preferred enbodi nents of
the present invention, 10 not only is th& present invention is applicable
to an ink jet recording head in which the ejection orifices are disposed in
a straight line, but also, an ink jet recording head, such as the one in
this enbodinegh in mhicg the.ehgction ori.fices are diyided into a 15
plurality of GRFtESSEaRh GRSWAPERCEBRPPFSESCE IPPBASY eFfitned nunber of

ej ection orifiges aligneg at athgrﬁdgtggnidiv§gghgilandmwhg%qb§%e chai ned
in the direcP|8Hnb£P 'f-eV PS an-i Ak guppwy opening, dnd™&§5° &n i nk j et
recordi ng hea LN Lch gj ecti 1.1 e di ed.in the zig-zag
pattern in orggrd Bg?gfséFAgh%égﬁegﬁ#%%gg?if?%%édéggfgﬁg Fk*géellaneous

Enbodi ment s] GLyensaloke ape LA AesehipLi aRSCAl \Lhe HDLef er e igghodi ment s

of the present Inventio wever, these e iments are not intended to

!i”it _thQ§SCQQ?eOEubQEiBEe§%nEeEH%eB%i@@ra&@h@h@%@ wgr@gosethe_present
i nvention includes various nodifications 43 “of the above enbodi ments as

!ong as they aeeozaeeedll enewihit the tachriicge @ihstnef fiketpresent
I nventi on. )
embodiment.
As will be evident from the above description
of the preferred embodiments of the present invention,
10 not only is the present invention is applicable to an
ink jet recording head in which the ejection orifices
are disposed in a straight line, but also, an ink jet
recording head, such as the one in this embodiment, in
which the ejection orifices are divided into a
15 plurality of units, each of which comprises a
predetermined number of ejection orifices aligned at a
predetermined angle, and which are chained in the
direction parallel to an ink supply opening, and also,
an ink jet recording head, in which ejection orifices
20 are disposed in the zig-zag pattern in order to raise
the ejection orifice density. [Miscellaneous
Embodiments]
Given above are the descriptions of the
preferred embodiments of the present invention.
25 However, these embodiments are not intended to limit

the scope of the present invention. In other words,

the present invention includes various modifications



Figure 13(a) shows one of the nodifications of the ink jet recordi ng heads
in the preceding 5 enbodi nents, and Figure 13(b) shows the ejection orifice
arrangenent of the ink jet recording head in Figure 13(a), as seen fromthe
direction indicated by an arrow mark in Figure 13(a). The ink jet recording
head in Figure 13(a) is 10 provided withitwo nore ejection orifice groups
than the ink jet recording head in the first enbodinent. The additional
two ejection orifice groups are disposed nost upstrean1(|eading end of ink

i di f the di

hoved vhile aSEUETEY b@x%?éﬁﬁaglﬁ%eﬁ sop= TRbSorbor Y Brbr FekBRIRNaTT 1 ot
hird, fifth, ; f 7 705, d 707

fslgorneh ;o Wﬁgg t§%Z§%E§F§%§ ﬁ@nafgk kﬁg g% EﬁgrgQVE%Qﬁ |n volﬁge and

t he neasurenments of ttﬁ ransgiu%a}s %g %%cg {Zﬁe%e%r %o%llﬁ%tldl urenents

of the electro- thernal C|ng enment are

accordingly, r C e LOE f he second fourth,
sixth, and eig thﬂ% %?lgﬁegfﬁgﬁgehgéyg ;8195%0393;8§Engnd 706 is formed 25

so that its Sbﬁ%oﬁ%m@ﬂkkabhﬁdf@&gﬁk%CﬁBQQ i Bkodsophet ajeWhiich are 2 pl in
vol ume, and the neasurenents of the ink passage Ieadlng thereto and the

nmeasurenment s gfj44ckharebagbnenthernehet hansguei rgcel-aAmat neher ehor, are
adj usted accordingly. Designated by referential
Figure 13(a), as seen from the direction indicated by
an arrow mark in Figure 13 (a).
The ink jet recording head in Figure 13(a) is

10 provided with two more ejection orifice groups than
the ink jet recording head in the first embodiment.
The additional two ejection orifice groups are
disposed most upstream (leading end of ink jet
recording head) in terms of the direction in which the

15 carriage is moved while actually recording. Each of
the ejection orifices of the first, third, fifth, and
seventh ejection orifice groups 700, 702, 705, and 707
is formed so that it can eject ink droplets which are
5 pl in volume, and the measurements of the ink

20 passage leading thereto, and the measurements of the
electro-thermal transducing element therefor, are
adjusted accordingly, whereas, each of the ejection
orifices of the second, fourth, sixth, and eighth
ejection orifice sets 701, 703, 704, and 706 is formed

25 so that its size is suitable for ejecting ink droplets

which are 2 pl in volume, and the measurements of the

ink passage leading thereto and the measurements of



synbol s 708a, 708b, 708c, and 708d are four ink supply openings, which are
capabl e of supplying inks 5 different in type, one for one. In the case of
this nodification, the formation of images suffering fromthe nonuniformty
attributable to secondary color(s) can be prevented by designing the ink
jet recording head so that the black 10 imk is ejected fromthe first and
second ejection orifice groups, the cyan ink is ejected fromthe third and
fourth ejection orifice groups, and the magenta ink is ejected fromthe
fifth and sixth ejection orifice groups, .and the yell Mli%k is ejected from
the 15 sevent kN&n8&lECHROR LEREEE o LG SEICENGr GdFRENLREGEFELPE( b TShows

anot her of the nodifications of the precedjng enbodinents., The ink jet
recordi ng heaadﬂHSFF&uﬁgcfggﬁfgﬂg‘prBgFﬂgﬂabfghbytﬁﬁkﬁﬁ?gtéf%ction orifice

groups than the ink j 20 r r di head i n FEigure a).. _The additional

t wo ejectionsgpkpﬁ@e%é§SUp§%§ e ﬂﬁgcniﬁpﬁ BPQ PG %%&F?&QL Jr&dp Y709, each
ejection orifice_of mhi%hii% %#%e%atgg ar%assiz% %%it%%&% for ejecting ink
dropl ets mhicﬁpgpéngﬁ’plhi \ &1 e 28 th@ t SER é]e iron~orifice group 25

710, each gj ect.i rifi.ce whi [ iyen the area size suitable for
ej ecting i%k ?ﬁé%%é%&twﬁ%cﬁgéfz fﬁ%ﬁjﬁ¥%(%b'une. Designated by referenti al

symbol s 708a, 45 708Dy HOHC. oS08 At S W £ Fedi¥h | s uPPlY  openi ngs,
whi ch are capabl e of supplying 1nks

formation of images suffering from the nonuniformity
attributable to secondary color(s) can be prevented by
designing the ink jet recording head so that the black
10 ink is ejected from the first and second ejection
orifice groups, the cyan ink is ejected from the third
and fourth ejection orifice groups, and the magenta
ink is ejected from the fifth and sixth ejection
orifice groups, and the yellow ink is ejected from the
15 seventh and eighth ejection orifice groups.

Figure 13 (b) shows another of the
modifications of the preceding embodiments. The ink
jet recording head in Figure 13(b) is provided with
two more ejection orifice groups than the ink jet

20 recording head in Figure 13(a). The additional two
ejection orifice groups are the ninth ejection orifice
group 709, each ejection orifice of which is given ‘the
area size suitable for ejecting ink droplets which are
5 pl in volume and the tenth ejection orifice group

25 710, each ejection orifice of which is given the area
size suitable for ejecting ink droplets which are 2 pl

in volume. Designated by referential symbols 708a,



different in type, one for one. Also in the case of this nodification, the

5 formation of inmages suffering fromthe nonuniformty attributable to
secondary color(s) can be prevented by designing the ink jet recording head
so that the black ink is ejected fromthe first, second, ninth, and tenth
ejection orifice groups, the cyan ink is € ected 10 fromthe third and
fourth ejection orifice groups, and the nagenta ink is ejected fromthe
fifth and sixth ejection orifice groups, and the yeIIOM/ink is ejected

fromthe seven h an i gh jecti,o rlflce grou Wen u3|ng only a
si ngl e recordi 6bhe28§Fo Bﬁggejﬁag 9H§§ Bt fef Yﬁa n&e PHBRLY cyan and magent a
inks, in addét%gnﬁég tgg ¥§ agmlggﬁﬁgieaﬁg Fggpg&g bnﬁﬁks is desired
Eﬂatlthe I|Pe | ZL r tJe LI L | et b ? X OLnfgannLnkargngo

e lines of nozzle or i r _droplets of mag i
pl aced next tgléég %ther %gﬁg % ?ﬁergplnes of ejection orifices are

pl aced outward of phe @Slfﬁ lﬁfqg}opletggﬁglﬁg&ﬁf é%gf%ﬁruiﬂénes of

nozzl es for ejectlng e snal cyan and nagenta i nks

Further, ig t@@rﬁ?%?oﬁfokhﬁggggslEhf%@ﬁgﬁg'Egom2§h@eﬁ@nbﬂl%gkﬁlggd'f'Cation

of one of the preterred iments, 1n which, in principle, t addi t i onal
ink such as bLagkibikab3en@b H@%@nﬁg%ycﬁgﬁﬁkqg )t R@n46e ?%%Q@%%%H &9l or (s),

it is desired that the positioning he ejection orifice lines for
ejecting yell @®@signing the ink jet recording head so that the black
ink is ejected from the first, second, ninth, and
} tenth ejection orifice groups, the cyanvink is ejected
10 from the third and fourth ejection orifice groups, and
the magenta ink is ejected from the fifth and sixth
ejection orifice groups, and the yellow ink is ejected
from the seventh and eighth ejection orifice groups.
When using only a single recording head to
15 eject inks other than yellow, cyan, and magenta inks,
in addition to the yellow, cyan, and magenta inks, it
is desired that the lines of nozzles for ejecting
smaller droplets of cyan ink, and the lines of nozzles
for ejection smaller droplets of magenta ink, are
20 placed next to each other, and the other lines of
ejection orifices are placed outward of the ink jet
recording head relative to the lines of nozzles for
ejecting the smaller droplets of cyan and magenta inks.
Further, in the case of the ink jet recording
25 head in this modification of one of the preferred
embodiments, in which, in principle, the additional

ink such as black ink is not used for creating the



magenta, and cyan inks is not altered, and the additional ejection orifice
group(s) for ejecting the 5 inks other than the yellow, nagenta, and cyan
inks, are placed on the outward side of the ink jet recording head,
relative to the ejection orifice groups for ejecting the yellow, mgenta,
and cyan inks. Further, fromthe standpoftht that it is preferable to 10
pl ace the ejection orifice group(s) for ejecting the ink which is |owest in
| i ght ness, on the nost upstream side (leading end of carriage) in terns of

}Pemagi{ﬁcingggggggkgPﬁéﬁgﬁﬁggriggeigsde V%%d“@kg tﬁ%tﬁ%EEXi% g%@ding, as

5 jet "recording head inthe secon

erbodi ment, 1 kel 8y PLIERRARLE L3t s selectian gLitios gaugs for el ecting

bl ack ink, tha nK-whi ch i's 'owest =i i's pl aced nost

upstr eam (| eaglad-gnd oy AL 0e), k3 LEEMBI9LLhe dikeghion in which the

20 carriage is whil'e actually recording, as showmm 1n Figure 13(a). As

for the combi nai;en 01! RS ciidntved kel Beoubnk)] ¢ eo@caiing head i n

accordance with the pres invention, noét only nmay it "be the conbination

of 25 yellow, iPBRGeRkRe ARG GY M R 1R rdlgeAtal, h@ndCinnatiey) of yellow,
red, and nmagenta inks (yellow ink is higher in lightness than red and

magent a i nks) aré7 pl@lcetOR Rdld Jutefarveldion ogr eer, iamndjexan inks (yell ow
ink is higher in Fﬁghtness t han green and cyan inks).
recording head, relative to the ejection orifice
groups for ejecting the yellow, magenta, and cyan inks.
! Further, from the standpoint that it is preferable to
10 place the ejection orifice group(s) for ejecting the
ink which is lowest in lightness, on the mcst upstream
side (leading end of carriage) in terms of the
direction in which the carriage is moved while
actually recording, as it was in the case of the ink
15 Jjet recording head in the second embodiment, it is
preferable that the ejection orifice groups for
ejecting black ink, that is, the ink which is lowest
in lightness, is placed most upstream (leading end of
carriage) in terms of the direction in which the
20 carriage is moved while actually recording, as shown
in Figure 13(a).

As for the combination of the inks used by the
ink jet recording head in accordance with the present
invention, not only may it be the combination of

25 yellow, magenta, and cyan inks, but also, the

combination of yellow, red, and magenta inks (yellow

ink is higher in lightness than red and magenta inks),



In other words, the present invention is applicable when three inks
different in color are used, and one 5 of the inks is substantially higher
in lightness than the other two. Figure 14 is a flowhart depicting the
method for refilling a typical ink jet cartridge in accordance with the
present invention, with inks. 10 First, af/ ink jet cartridge such as the ink
jet cartridge HL001 in which two ejection orifice groups, that is, groups
403 and 404, for ejecting smaller liquid droplets, are disposed between the

Kk I L h ' ' ifi 402 05 f
G ccting | ar g8 FPORTBUbFBbI BfoVar ot sBbEel: BRCL R BpRBLL AVERAER of the
Kk I f h [ ' 0 404,
ospect i vel y, LaRoronZapet: PntornFPEES PRaRc hoER A8 BEs% dr%) ecti ng

smal | er "qu'end599g§t§ ?89 '?BgegrégeththeHEQBheE§ Sggie%gbuée'y1 are

di sposed acroSs an d i oha pl'y openi ng i gures

10(a) and 10(Q%enI§E9@sp§5§g @%EgggéﬁQOz IBh S i ?%elﬁ%edcaaha'@a% HL001 i s

provided with an i nk storage er A or supplying the ejection orifice

groups 25 §060§”9hé01n%%t95'QKbs%BntEEl§§oh§%ﬁe9hﬁﬁb§&gﬁtk%%s wRp! yi ng the
ejection orifice groups 402 and 403 wt i nk, and an i'nk storage chanber C

for supplyingthheo f#8ereifotion orifice groups 404 and 405. Next, yellow ink
is injected into the ink

Figure 14 is a flowchart depicting the method
for refilling a typical ink jet cartridge in
accordance with the present invention, with inks.

10 First, an ink jet cartridge such as the ink jet
cartridge H1001] in which two ejection orifice groups,
that is, groups 403 and 404, for ejecting smaller
liquid droplets, are disposed between the two ink
supply openings, the ejection orifice groups 402 and

15 405 for ejecting larger liquid droplets are disposed
on the opposite sides of the two ink supply openings
from the ejection orifice groups 403 and 404,
respectively, and the ejection orifice groups 406 and
407 for ejecting smaller liquid droplets and larger

20 liquid droplets, respectively, are disposed across an
additional ink supply opening, as shown in Figures
10(a) and 10(b), is prepared (Step S100). This ink jet
cartridge H1001 is provided with an ink storage
chamber A for supplying the ejection orifice groups

25 406 and 407 with ink, an ink storage chamber B fof
supplying the ejection orifice groups 402 and 403 with

ink, and an ink storage chamber C for supplying the



storage chanmber A (Step S200) . Thereafter, cyan ink is injected into
either the ink storage chanber B or C5 (Step S300), and nmagenta ink is
injected into the remaining ink storage chanber (Step S400) Steps S200 -
S400 do not need to be carried out in the abovenentioned order; the order
in which they are carried out is optionat® As for the nethod for 10
injecting ink into the ink storage chanbers, any of the known nethods may
be enpl oyed; for exanple, a pressuring nethod, or vacuum generating nethod.

By injecting %ﬁgce§°ﬂ§89§59§§|?g&%?%kh 4l SpgP288i bl e to obtain an ink jet

cartridge whi €] ec romthe e ection orifice groups 406

and 407, cyan ink fromdhe %jeqqtcjvpgrg{iifé' c&, g;&létas 432, ahh 403, and one of

the ejection orifice groups 404 an 405, a magenta 1 nk fromthe other of

the ejection sepibhee gaAURS 404seBY 4050) Whepn s g & USEfahnknket 520
cartridge, it is désired that each ink storage chanber is filled with the

same ink as thgjebkew thtwheehnkt tWas ipkevikowsh¥ thhhedr Whilect he
i nventi on has béen described with reference tothe structures discl osed

herein, itsis (s2apngBoognf aRedmhgehiie dekaiiks isgectedt Antanadhkhi s
application is intended to cover such nodifications or changes as nay cone
within the purpasesiel tih& 4%ocrbger ehampets (Stephg4voope stepbe fol | owi ng

clainms. 50

S200 - S400 do not need to be carried out in the
abovementioned order; the order in which they are
carried out is optional. As for the method for

10 injecting ink into the ink storage chambers, any of
the known methods may be employed; for example, a
pressuring method, or vacuum generating method.

By injecting ink as described above, it is

possible to obtain an ink jet cartridge which ejects

15 yellow ink from the ejection orifice groups 406 and
407, cyan ink from the ejection orifice groups 402 and
403, and one of the ejection orifice groups 404 and
405, and magenta ink from the other of the ejection
orifice groups 404 and 405. When using a used ink jet

20 cartridge, it is desired that each ink storage chamber
is filled with the same ink as the ink with which it
was previously filled.

While the invention has been described with

reference to the structures disclosed herein, it is

25 not confined to the details set forth, and this

application is intended to cover such modifications or

changes as may come within the purposes of the



WHAT IS CLAIMED IS: 1. An ink jet recording head conprising: three sets of
nozzl e arrays each of which conprises a large nozzle array which includes a
first 5 ejection outlet group and a small nozzle array which includes a
second ejection outlet group, said small nozzle array being adjacent to
said | arge nozzle array, wherein said finst ejection outlet group includes
an ejection outlet for ejecting ink, and said second 10 ejection outl et
group includes an ejection outlet, having an ejection outlet dianeter
smaller than said ejection outlet in said first _ejection_outlet group, for
ej ecting ink, THREPEEASPER &F, thegertrard &Pen ficdkevwdng f3adMscted to ef fect
recording by said nozzle array sets when said ink jet recording head is
noved in a main scan direction at a position opposing a recording nateri al
which is noving in a sub-scan direction, wherein in nozzle arrays
constituted by two 20 adjacent ones of said three nozzle array sets, the

| arge nozzle array, the small nozzle array, the small nozzle array, the

| arge nozzle array are arranged in the order nanmed, in the main scanning
direction, and wherein one of said two adj acent nozzle array 25 sets ejects
the cyan ink; the other one of said two adjacent nozzle array sets eject
the magenta ink; a nozzle array set not constituting said tw adj acent 51



nozzle array sets ejects yellowink. 2. An ink jet recordi ng head according
to daiml, wherein said nozzle arrays sets each includes an ink 5 supply
openi ng, between the |arge nozzle array and the small nozzle array, for
supplying the ink to be ejected thereby. 3. An ink jet recording head
according to Caim2, 10 wherein ink suppby openings of said three nozzle
array sets are formed on a comon substrate. 4. An ink jet recording head
according to Claim1l, wherein the nozzle arrays constituting said three 15

nozzle array sets are arranged in the order of the 1|arge nozzle array, the
smal | nozzle EEEE¥E§LEQE§REEE;EﬁbzzIe array, the large nozzle array, the
smal |l nozzle array and the large nozzle array as seen froma | eadi ng side
of scanning in the -mafR d8dnnigly TP HI+BEt PEBAY 5OMRT iSH#Y et recordi ng head
according to Claim1l, further conprising a black nozzle array, disposed
outside of said threethbsgl 8e46r & IQ%21S RrEF¥et PRGN 25 MR ink. 6. An
ink jet recording head according to Claimb5, 5%¥ ereiq%émo of such bl ack
nozzl e arraysCaFBIPE&F ded 2 TPEerPoSETEY & dHoAFeSafr £¢<St7. An
ink jet cartridge conprising: three sets of nq zl e arrays each

r f, ich 5
conpri ses °a | 8¢ §& tH6Fz I8 ErTay WA RhaPAcPudRE 1d fYigle array arl

includes a second ejection outlet group, said small
nozzle array being adjacent to said large nozzle array,
wherein said first ejection outlet group includes an
ejection outlet for ejecting ink, and said second
10 ejection outlet group includes an ejection outlet,
having an ejection outlet diameter smaller than said
ejection outlet in said first ejection outlet group,
for ejecting ink,
wherein yellow, magenta and cyan inks are
15 ejected to effect recording by said nozzle array sets
when said ink jet recording head is moved in a main
scan direction at a position opposing a recording
material which is moving in a sub-scan direction,
wherein in nozzle arrays constituted by two
20 adjacent ones of said three nozzle array sets, the
large nozzle array, the small nozzle array, the small
nozzle array, the large nozzle array are arranged in
the order named, in the main scanning direction, and
wherein one of said two adjacent nozzle array
25 sets ejects the cyan ink; the other one of said two

adjacent nozzle array sets eject the magenta ink; a

nozzle array set not constituting said two adjacent



ej ection outlet group and a small nozzle array which includes said second
ejection outlet group, said small nozzle array being adjacent to said |arge
nozzle array, wherein said first ejection outlet group includes an 10
ejection outlet for ejecting ink, and said second ejection outlet group

i ncludes an ejection outlet, having an epection outlet dianmeter smaller
than said ejection outlet in said first ejection outlet group, for

ej ecting ink, 15 wherein yellow, magenta and cyan inks are ejected to
effect recordin gg said nozzle arr se when said ink jet recordi ng head
is noved in anﬁgF §E§ﬁyd5?é5tﬁaﬁc§% Xegggwtﬁg%'opposing a recording
material which is noving in a sub-scan direction; 20 an i nk accommodati ng
portion for acconmodating the ink to be supplied to said ink jet recording

head. wherein inZnozééeiﬁﬁéﬁéi(¥gygﬂéi éﬁhé&&tg%#éé@gﬁir$ooef§?ﬂf1§aid

three nozzle array ‘se arge nozzl®e array, nozzl e array,

the small  25.pzehe aLiayndhad 8n4e0Eke QLAY 188 A:anged 0 the or der

naned, in the main scanning direction, an wherein one of said two adj acent

nozzle array 33pp36t $pehltly,t RetGkan ithe 1600108 3k Sailnd e
adj acent nozzle array sets“ejects the nagenta ink; a nozzl'e array set not
constituting saiad1t wezadieageHay,NG22! &upP1dM netcheelied Ty@d ow ink. 5

ejected thereby.

) 3. An ink jet recording head according to Claim 2,
10 wherein ink supply openings of said three nozzle array

sets are formed on a common substrate.

4. An ink jet recording head according to Claim 1,
wherein the nozzle arrays constituting said three
15 nozzle array sets are arranged in the order of the
large nozzle array, the small nozzle array, the small
nozzle array, the large nozzle array, the small nozzle
array and the large nozzle array as seen from a
leading side of scanning in the main scanning

20 direction.

5. An ink jet recording head according to Claim 1,
further comprising a black nozzle array, disposed
outside of said three nozzle array sets, for ejecting

25 Dblack ink.

6. An ink jet recording head according to Claim 5,



8. A nethod for injecting ink into an ink jet cartridge including an ink
jet recording head for ejecting ink and an ink acconmodati ng portion for
accomodating ink to be supplied to the recordi ng head, 10 said nethod
conprising: a step of preparing the ink jet cartridge including three sets
of nozzle arrays each of which conprises % |large nozzle array which
includes a first ejection outlet group and a small nozzle array which 15

i ncl udes said second ejection out | et group, sai d snall nozzl e array being
adj acent to sa d Iargg 6ﬁ§e anr ay. k ? said first ejectlon ﬁutlet
group i ncl ude‘§ ShELE) &¢6 o?d’ﬁ}bt Yo en%%% ﬁgaffﬁl?ysar?cf S

ej ection outl et dgro up i nc udes 3j$ ection utlet 20 having an ejection
outl et di anet®f sﬁﬁlF&PQFﬁaﬁ%ig %C??%% BUBFEEYPn said first ejection

out | et group, for ej ecti.ng i.n wh el l ow, .nmagenta and cyan inks are
ejected to effect rechdlﬁ sﬁ%f%ﬁﬁéhgvc%Tpg§ %gﬁs when said ink jet

recording head is noved 25 in in $¢an dlrectlon [ 8-PQ |t on opposing a
recordi ng materi al f%ﬁe?ssﬁ5V|§g 'R & guﬁ%ﬁ? a%c?lon% erein in

nozzle arays caRst LUt &l iy J, 001 2l poept A8R b SALLL Y op, pope @

array sets gé nozzZl'e¢ arra AOZzI'e “array

nozzl e array, ﬁQ%tg%EQ%u'?;%Zé ‘;nzg{xgpav%erea aérké‘ﬁﬂeﬂoz'%l '}&r%[ &Jn Paygred, in

the main scann I'rection ein one o sal djacent nozzl e
array sets includes said second ejection outlet group, said small

nozzle array being adjacent to said large nozzle array,
wherein said first ejection outlet group includes an

10 ejection outlet for ejecting ink, and said second
ejection outlet group includes an ejection outlet,
having an ejection outlet diameter smaller than said
ejection outlet in said first ejection outlet group,
for ejecting ink,

15 wherein yellow, magenta and cyan inks are
ejected to effect recording by said nozzle array sets
when said ink jet recording head 'is moved in a main
scan direction at a position opposing a recording
material which is moving in a sub-scan direction;

20 an ink acéommodating portion for accommodating
the ink to be supplied to said ink jet recording head.

wherein in nozzle arrays constituted by two
adjacent ones of said three nozzle array sets, the
large nozzle array, the small nozzle array, the small

25 nozzle array, the large nozzle array are arranged in
the order named, in the main scanning direction, and

wherein one of said two adjacent nozzle array



ejects the cyan ink; the other one of said two adjacent nozzle array sets
ejects the magenta ink; a nozzle array set not constituting said two
adj acent nozzle array sets-ejects yellowink; 10 a step of injecting yell ow
ink into an ink accomodating portion of said one of nozzle array sets not
constituting said two nozzle array sets of58aid ink jet cartridge; a step
of injecting cyan ink into an ink 15 acconmodati ng portion of one of said
nozzle array sets constituting said two nozzle array sets; and a step of
injecting magenta ink into an ink  accommodating portion of ,the other one of
said nozzle &AFFSy IGT Rkt FYER AGXsaitder WF oz A8 aPfayadét £W° 20 9. An
ink jet recording apparatus_conprising an ink j recording head as defi ned
[

et
in daim1l an@dd2CcEarY iRR? For 28€aMNISREISy SIGA Ty ' dMFEEBFEi g edd. 25

nozzle array set not constituting said two adjacent

nozzle array sets ejects yellow ink.

8. A method for injecting ink into an ink jet
cartridge including an ink jet recording head for
ejecting ink and an ink accommodating portion for
accommodating ink to be supplied to the recording head,

10 said method comprising:

a step of preparing the ink jet cartridge
including three sets of nozzle arrays each of which
comprises a large nozzle array which includes a first
ejection outlet group and a small nozzle array which

15 includes said éecond ejection outlet group, said small
nozzle array being adjacent to said large nozzle array,
wherein said first ejection outlet group includes an
ejection outlet for ejecting ink, and said second
ejection outlet group includes an ejection outlet,

200 having an ejection outlet diameter smaller than said
ejection outlet in said first ejection outlet group,
for ejecting ink, wherein yellow, magenta and cyan
inks are ejected to effect recording by said nozzle
array sets when said ink jet recording head is moved

25 1n a main scan direction at a position opposing a
recording material which is moving in a sub-scan

direction; wherein in nozzle arrays constituted by two



10

15

20

25
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adjacent ones of said three nozzle array sets, the
large nozzle array, the small nozzle array, the small
nozzle array, the large nozzle array are arranged in
the order named, in the main scanning direction, and
wherein one of said two adjacent nozzle array sets
ejects the cyan ink; the other one of said two
adjacent nozzle array sets ejects the magenta ink; a
nozzle array set not constituting said two adjacent
nozzle array sets ejects yellow ink;

a step of injecting yellow ink into an ink
accommodating portion of said one of nozzle array sets
not constituting said two nozzle array sets of said
ink jet cartridge;

a step of injecting cyan ink into an ink
accommodating portion of one of said nozzle array sets
constituting said two nozzle array sets; and

a step of injecting magenta ink into an ink
accommodating portion of the other one of said nozzle

array sets constituting said two nozzle array sets.

9. An ink jet recording apparatus comprising an
ink jet recording head as defined in Claim 1 and a

carriage for scanningly moving said recording head.





