1 I NK JET RECORDI NG HEAD, | NK JET CARTRI DGE COVPRI SI NG RECORDI NG HEAD, AND
METHOD FOR REFI LLING | 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 nethod for refilling such an ink 10
jet cartridge with ink. Mre specifically, the present invention relates to
an-ink jet recording head which ejects mnuscule liquid droplets, an ink
jet cartridge conprising such an ink jet recording head, and a nethod for
refilling such an ink jetIigaryrrdgecorbhndSuenk, Not only are the ink jet
recordi ng heads in accordance with the present invention conpatible with
ordi nary printing RpaEt (ISSIRIDGE @CGMPRIMEING REJORFNIIHEALSES as copyi ng
machi nes, facsimleing machi nes 20 conprising a comuni cati on system

wor dpr ocessor sANbavMERgOoa PORNREAJLDANGI aNK (BTt CARABTDGRAW IMEC AN ng

appar atuses 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
quality to one obtained by silver salt photography, with the use of an ink
j et recordbngié&ad, O (THEs Ihgdegdally AN® RaLMTEdn AREcor di ng medi um  such

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



2 dots that are visually unrecogni zable as dots (dots so snall that areas
of image 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 nunper 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 nmuch smaller
in volume thastkhehaboverentsanedyvahuecognteabpechki aakky,(dbfk sdroplets

roughly 2 pl in volune. Enabling and causing 15 an ink jet recording head to
ej ect ink dropheld akatsmmkhsasft hmagbovevdesdrivihed dnes ts ebtective to
nmeet the above described need of the users. However, it reduces an ink jet
recordi ng headpprapr gmtiing) spekd, ordawi hg olvex of o3 eclana advkrseiréfest upon
the ability to 20 print at a high speed. It unnecessarily slows down
printing speedeevedinbehepdsnthaghcelrer ronghesy whpdh (pdoondtititequire a hi gh
| evel of resolughgn..Thus, various nmeans for obtaining high quality inmages
at a hi gh Speéf " havéibéen) piopés&ddrpedeéxdaphae, 28 an>Pnkdpeinrecordi ng
head for ejecting ink droplets is structured so that it can eject plural
types of ink dot diameter, and 600 x 1,200 - 1,200 x 1,200 in
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



droplets different in size, for exanple, ink droplets 3 which are roughly 5
pl in volunme, and ink droplets which are roughly 2 pl in volunme. Thus, when
recording such color imges as accounting tables, graphs, etc., which do
not require high resolution, the ink jet 5 recording head is nmade to eject
ink droplets which are roughly 5 pl, whergas when form ng highly precise
phot ographi ¢ col or images, for exanple, digital photographic inmges based
on the data fromsuch 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 rel ativelkyishmkirer reugelyf 6r péxanpkelumepughlyikpbrioplealsune. As for
the structural design for an ink jet recording head, according to which an
ink jet 15 rewbidhngrkeaduigblpr @vipdednwivbhupeur alhset swinén nogzbedingdi f f er ent
in the volune by which ink is ejected, the follow ng have been known. For
exanpl e, the speti fipdati amagksUasSacPatehtingNdabées37g5ephdi seltgses an i nk
jet recording head 20 provided with two sets of ejection orifices, which are
different in Whichr 6pl aptsireauigadhiighwiiieshluhéonej bei dnkodiefti ces are
arranged in the zig-zag pattern. The specification of U S. Patent No.

6, 030, 065 Ui séres&siiag PrRAj 46 Faedr dPn§IREAd IpKodireed etes WhilCh RS sets of

nozzles, that is, a first set of _ , ,
roughly 5 pl, whereas when forming highly precise

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 heéd 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



nozzl es which are adjustable in the dianmeter of an ink droplet in order to
adjust in dianmeter, within a 4 predeterm ned range, the dot which the ink
droplet forns on recording nmedium and a second set of nozzles which also
are adjustable in the dianeter of an ink droplet in order to adjust in
diameter, within a 5 predeterm ned ranges,,the dot which the ink droplet
forms on recording nmedium Further, the first and second sets of nozzles
are different in the predeterm ned range in which they are adjustable in

i nk droplet diameter, although their ranges partially 10 overlap. This
speci fi cati onpdesektesmsinadotrhaye, sthectuvralvhderi ghef ankadrbpkejtet recordi ng
head, shown in Figure 1, according to which the recording head conprises
recordi ng headopost banset0¥dibGMned@Gn, andd &0Kecbord egpécbifngoyellesw, '
magent a, cyan, and black 15 inks, respectively, and each recordi ng head
portion is pwbictedlwaot hrewadgessabflenonzkbs, dihmneties, od set iok snaller
nozzl es 12 disposed in a straight line parallel to the secondary scanni ng
direction anddaopéet éh badger trozdiestidnddsposedri nwatbinaiaght |ine 20
paral l el to the secondary scanning direction (plural straight |ines of
smal | and % ar gEcABE2IrEd nafe rpBAGEr e§NepdPal WBEFh hRE LAkt drrPL6L t he
direction perpendicular to the lines of nozzles, that is, the primry
scanni ng di r é@EMENONt RECORELPIaRG I dFge horthes: atlee afteFhatRfy

second sets of nozzles are different in the
predetermined range in which they are adjustable in
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



25 placed. Further, the specification of United States Lai d-open Patent
Appl i cati on 2003-0214551 discloses an 5 ink jet recording 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

| arger size, and a second set of 5 nozzlesgfor ejecting liquid droplets
smaller in size than the liquid droplets ejected by a nozzle of the 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 10 and sekondtnezzbedsetishard dhspbsedsbet peemafithéy adj ac&nt two ink
supply openings. Further, the specification of United States Laid-open
Patent Appli sappby 2004i02%873drdespbdyesgannknkjpetipecordifagesead havi ng a
plurality of (two) sets of first nozzles 15 disposed in a straight |ine,
and a set of we&bndnknozrpHebadi spbsedti ach ofr apghteki Aerbeiwesanthe two
sets of first _nozzles. The set of first nozzles is greater in liquid
dropl et size thaHighdrepfess eécondarAerzFége,26nthas sechradi A¢&EnPérs of the
present invention_ made an .ink jet recording head, in_which the nozzles

wer e di sposedn8ézdRéwhOrneErgiiadll ke dafrbGRES Hy STRALER LRk SWES ej ected by

each of the plurali f
ptgan thé Riquid droplets ejected by a nozzle of the

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

10 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

15 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.

20 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

25 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,



nozzles 12 with the snmaller dianeter was 2 pl, and the 25 anmount 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, 6 the
foll ow ng tendenci es were discovered: when printing solid inmges of the
secondary color(s) created by the conbinajion of nmagenta and cyan inks,

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

dropl et, and the falébliheg iterkddnopket wewhi dhistoreseds whenprimary ink
droplet is ejected. 10 Further, the smaller in size the primary ink droplet,
t he greater theintmber sofl isatimbbiesesfi tkedsepbetisrywhipdhrf(eim as the primary
ink droplet is ejected. As for the nethod for elimnating the above

descri bed probkemteit biys teef eermpyaatéonneferigecntie ang apuAbednNdEs t he passes
for formng an i mage. However, this nethod directly |engthens the printing
time, being therappraiferndéyi Pablteef 6Pl 6r ANAGSRI 68 BQ&RI ty images at a
hi gh speed. Thus, the inventors of the present invention 20 studied the
mechani sm ¥ espORSPBLECHSr t Felf ot Prat ioRIRE ta Bentdf f BRen TahbeY1iAAd t he

met hod for elimnating the above described proble based, on a fresh point
of reason. gThe smaffer the size OP the S}imary in? P

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



view, that is, an unconventional standpoint, discovering thereby an

i nnovative solution to the 25 above descri bed problem that is, the nethod
of elimnating the above descri bed problem by devising the nozzle
arrangenment, in particular, the arrangenent 7 for the nozzles for ejection
liquid droplets of the snaller size. SUMMARY OF THE | NVENTION 5 The primary
obj ect of the present invention is to solve the above descri bed probl em
regarding the secondary color, with the use of a nethod totally different
fromany of the conventional nmethods, in order to provide an ink jet
recordi ng headoeaphabl acot1é8 fornengchigh gugbitydropgessabfathegh speed, an
ink jet cartridge conprising such an ink jet recording head, a nethod for
refilling suchmahlemnksjiee.cartridge wth ink, and an ink jet recording
apparatus usable wth 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 conprising three sets of nozzle arrays
each of mhich§E§Hﬁ5ﬁs@§_3EELgE§E§EéQﬂIe array which includes a first

ej ection 20 outlet group and a small nozzle array which includes said
second ej €ction out | et!§r GUP s PRl Aot Prasedyt velvitgtddiiacent to

said | arge nozzle arra¥ . .
to solve the above described problem regarding the

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 larger than said

ejection outlet in said first ejection outlet group,



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 dianeter |arger than said ejection
outlet in said first ejection outlet group, 8 for ejecting ink, wherein

yel low, magenta and cyan 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 naterial which is noving in a
sub-scan direction, wherein in nozzle arrays constituted by two adjacent
ones of said fbhreejmerihg ankaywhetsint hellbay gragernzheaatr ayant he smal
nozzle array, the small nozzle array, the large nozzle array are arranged
in 10 the ordénksaned, efjrcthd mai rfSeahniragodiirgt bgnsaaddnowkéeei n one of
said two adjacent nozzle array sets ejects the cyan ink; the other one of
said two adjaceaty mezsl whanr apidetiskefjett reherpagenhaadnks aovedzzl e array
set not constituting said two adjacent 15 nozzle array sets ejects yellow

i nk. Accordi ngnt 8 BashhecaaspgésecsfionheétpreseAt tippveRPPEANTt Bere i s
provided an ink jet cartridge _conprising three sets of nozzle arrays each
of which Z%Tonpfre&siagl Bpgeras2zveigrr ay WRVERT ABl 8dé8PaSFRAst 20 ej ection

outlet group and a small nozzle array which includes said second ejection
out | et group,déép&t§ﬁ§p|whereln 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
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,



nozzl e 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 dianmeter |arger than said ejection outlet in said first
ejection outlet group, 9 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 noved in a nmain scan direction at a position
opposing a 5 recording material which is noving in a sub-scan direction; an
i nk accomodalffiorg egerctiion fiok, ateamindgilngwt heaigek tlao abel siyppl i ed to said
ink jet recording head, wherein in nozzle arrays constituted by two

adj acent ones iofkssairéd thretenozzl e fderay reetosdib@ tlye sedrgeoradz e array,
the small nozzle array, the snmall- nozzle array, the |arge nozzle array are
arranged in t heraydertsamben isaitthe nkaije ts camoirmig ngdiheect iien moaredt wher ei n
one of said two adjacent nozzle array sets eject the cyan ink; the other
one of said 13nt wonmadjracerin WX igny &F Seosdjtéors oppesimgedt a i nk; a
nozzle array set not constituting said two adjacent nozzle array sets

ej ects yel § owrieslerdagcorgiteg ied thd Chis géc e vénat K& ianleybets@&ad and the ink
cartridge, when the three inks are yellow, 20 magenta and syan inks, the

di st ance of tKér&s&deg; an ink accommodating 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,
10  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
15 two adjacent nozzle array éets 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,
20 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
25 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



ej ection outlet groups for ejecting the cyan ink and the nmagenta ink which
are relatively lowin the brightness than the yellow ink. According to a
further aspect of the present 25 invention, there is provided a nethod for
injecting ink into an ink jet cartridge including an ink jet recording
head for ejecting ink and an ink 10 accopodating portion for acconmbdating
ink to be supplied to the recording head, said nethod conprising a step of
preparing the ink jet cartridge including three sets of nozzle arrays each
of which conprises a 5 |l arge nozzle array which includes a first ejection
outl et group andomamsnaklingopolreianr dprwacchminndbtudeag iadi doseeond ej ection
outlet group, said small nozzle array being adjacent to said |arge nozzle
array, wheresnppaiddf tpsthej eecpodiogt headgr eapdi mekbdds campi@sejngct i on
outlet for ejecting ink, and said second ejection outlet group includes an
ej ecti on outl et stepaviftngrapasjiect tba ookl eetdrantrédgeaigeduthag said
ejection outlet in said first ejection outl et grough for ejecting ink,
wher ei n yel | ok rgEgERta gAdNEYaRc18TrAKS grehepécredchocempadsesedor di ng by
said nozzle array sets_when said ink jet recording head is noved in a main
scan directi oh2a82alpESilti 8RTAYpYSILAG anClBEBPdRnglnatefD&FTWRCh i s noving
in a sub-scan direction; wherein in_nozzle arrays constituted by two
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
10 ejection outlet for ejecting ink, and said second
ejection outlet group includes an ejection outlet,
having an ejection outlet diameter larger than said
ejection outlet in said first ejection outlet group,
for ejecting ink, wherein yellow, magenta and cyan
15 1inks 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



20 adj acent ones of said three nozzle array sets, the |I|arge nozzle array,
the small nozzle array, the snmall nozzle array, the |arge nozzle array are
arranged in the order naned, 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 seis ejects the magenta ink; a

nozzl e array set not constituting said two adjacent 11 nozzle array sets
ejects yellow ink; a step of injecting yellowink into an ink acconmodati ng
portion of said one of nozzle array sets not constituting said two nozzle
array sets of nsazdei rkrpet searst eijdges ge3lstepnéf Bnpéeebi pg cyan ink into an
i nk accommodating portion of one of said nozzle array sets constituting
said two nozzlisjertapgseedloandna snép eh iinkeeticngmonagengapiomk iiomt o an i nk
accomodating portion of the other one of said nozzle array sets
constituting 9ai daidoongochorngizéler payagesstsWek chastisdéusfinohéadlbove
described nethod for _filling the above described ink jet cartridge with
ink, it is pby¥Si BP&Zl6 eaPly Sehtaich &AifnRnKef eéareritdgedcéapabl e of

form ng an excellent image, .that is, .an 15 imge . in which the nonuniformty
of the areas PGFRe8f 6P3%ﬁ§1§806ﬁé§r&néoPBFPsF i 4NKN@GREPFEGEGL N IThese and

ot her obj ects, feature%, and advagﬁa%es of the present invention wll
become nore 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
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.



apparent upon consideration of the follow ng 20 description of the preferred
enbodi nents of the present invention, taken in conjunction with the
acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 25 Figure 1 is a
drawi ng show ng an exanple of the nozzle arrangenment in a typical ink jet
recording apparatus in accordance with the prior art. 12 Figure 2(a) is a
perspective view of an ink jet cartridge 1n accordance with the present
invention, and Figure 2(b) is a perspective view of the same ink jet
cartridge as the one shown in Figure 2(a), as seen 5 fromthe direction
different fromthe di raefuren2i(a) Wi ah phiepeartificdgd awsS ofeamn iimkEi gure 2(a).
Figure 3(a) is an expl oded perspective view of the ink jet cartridge shown
in Figure 2, astseentfridoe tihe asameddincectiidam ahe herekerect imonefit domwhi ch
the 10 cartridge is seen in Figure 2(a), and Figure 3(b) is an expl oded
perspective vapw &fignhe 84l imkaj perspactivdgeishomi theFsgueeik as seen
fromthe sane direction as the direction fromwhich the cartridge is seen
in Figure 2(byetisartgiudeed4apsthepanei ahpyncunahaguper 8pacti e seeaw of the
second recording el ement substrate of the ink jet cartridge shown in Figure
2. Figure S i §raR ERrafgsdcseeni gnafeypaly 6Fom the direction in

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 1is a schematié 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



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 enploys the ink jet cartridge shown in Figure 2. Figure
7(a) is a perspective view of a 25 conparative ink jet cartridge, and Figure
7(b) is a schematic drawi ng show ng the gjection orifice arrangenent on
the recordi ng el enent substrate nounted f in the conparative ink jet
cartridge. Figures 8(a) - 8(c) are drawings showing the differences in the
nonuni formty anong three inages. Figure 9 is a table showing the results
of the 5 testis catd i @shputat Oveoiparsst idattefidgeof nonuniformity, the
plurality of imges fornmed using the conparative ink jet cartridge. Figure
10(a) is a schematic Higwrag 8hew AQ8 (theaaerdngeiegs showhegptueal ity of
sets of ejection 10 orifices in the first enbodi ment of the present

i nvention, artiHqguercdd(l) il sndrablef showvingridey ttesad tinafes he tests
carried out to conpare, in terns of nonuniformty, the plurality of inages
formed using the inkFjietreaPtisdgethhlehehdvisy ehbodesehts @5 Fhgure 11(a)
is a schematic drawing showi ng the arrangenent of the plurality of sets of
ej ection Soritfésles ¢arrird satond epditieh Fontinpftenies priesent

nonuniformity, the plurality of images formed using
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 11l (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 1l(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) is 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



invention, and Figure 11(b) is a table showng the results of the tests
carried out to conpare, in terns 20 of nonuniformty, the plurality of

i mges formed using the ink jet cartridge in the second enbodi nent. Figure
12(a) is a perspective view of the ink jet cartridge in the third

enbodi ment of the present invention, and Figure 12(b) is a schematic
drawi ng 25 showi ng the arrangenent of the plurality of sets of ejection
orifices, on the recording el enent substrate nounted in the ink jet
cartridge in the third 14 enbodinment. Figures 13(a) and 13(b) are schematic
drawi ngs showmpgdtihenarrangenment of the plurality of sets of ejection
orifices, on the recording el enent substrate 5 nounted in the nodifications
of the ink jet recordimgurkead 3 (a)aceor danee \sirkh sidhemardsentr awiveyat i on.
Figure 14 is a flowhart of the nmethod for filling the ink jet cartridge in
accordance w showhag phesentahgemahtooaf whehpilonkaliOyDETAsEED BDESCRI PTI ON OF
THE PREFERRED EMBODI MENTS Next, the preferred enbodi nents of the present
invention wlEjbetdescprbédcest honefbeenceoctdihbeelappehdedbdtantags. 15
First, (1) ink jet cartridge, and (2) ink jet recording apparatus enploying
(1) ink jet camptintddein the modifications of the ink jet recording

head in accordance 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
DETATILED 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



(1), will be described in detail. Referring to Figure 2, the ink jet
cartridge in accordance with the present invention conprises an 20 ink 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 recordi ng head and
ink container are integrated. The ink jetFiartridge H1001 cont ai ns col or

i nks (cyan, magenta, and yell ow 25 inks) e ink jet cartridge H1001 is
removably nounted on a carriage 102 of the nain assenbly of the ink jet
recordi ng apparatus shown in Figure 6, being 15 precisely positioned
relative to tpeceaselagpodD2ibyed rpostiventogtheansrrandei soel poteically
connected to the main assenbly through a plurality of electrical contacts.
It is replacedoasttibaihgkmthaeei andsib5 deptetedabyycoasnapteanto (1) I nk Jet
Cartridge The ink jet cartridge HL001 in this enbodinment is a recording
head enpl oyi ngha phinabkstygmbily eheotigbt hepimakaliapsdicehgcekenmeht s whi ch
generate the 10 thermal energy for causing the ink to boil in the so-called
filmboiling fashkohsin ¥Fesponsertaced|aetihicalnlsigratsin ahgl an i nk
container integral with the recording head. The recording head portion is
of the sd caffedespdebgheenenmpgpen-in which the 15 plurality of

el ectro-thermal transducing el ements
(1) Ink Jet Cartridge

The ink jet cartridge H1001 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 of ejection orifices for
ejecting ink droplets, one for one.

The ink jet cartridge H1001 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 H1001, the ink jet
cartridge H1001 comprises a recording element
substrate H1101, an electric wire tape H1301l, an ink
supply holding member H1501, filters H1701, H1702, and

25 H1703, ink absorbent members H1601l, H1602, and H1603,
a cover H1901, and a sealing member 1801. Although

this embodiment will be described with reference to



directly oppose a plurality of ejection orifices for ejecting ink droplets,
one for one. The ink jet cartridge H1001 is for ejecting such color inks as
cyan, magenta, yellow inks, etc. 20 Referring to Figure 3 which is an

expl oded perspective view of the ink jet cartridge H1001, the ink jet
cartridge H1001 conprises a recording el epgent substrate H1101, an electric
wre tape H1301, an ink supply holding nmenber H1501, filters H1701, H1702,
and 25 H1703, ink absorbent menmbers H1601, H1602, and H1603, a cover H1901,
and a sealing nmenber 1801. Although this enbodinent will be described with
reference to tBe thé ijrk retrteadgei H36O0M100hichhish stsustuwertufed f or
ejecting three inks different in type, the application of the present
invention is ROECLiippdt 68ree th&si Ak fferengaify tdge  HEDE1 aPRAd CEltd ON ke.

Rat her, the present 5 invention is applicable_ to any ink jet cartridge as
long as the i RE 8¢ PaPEFNdgdnvenidraeall 8ok tATIRED §Prsthef itfe ISitesent
invention. (1-1) Recording Elenent Substrate Figure 4 is a partially cutaway
per spective fGrFFéWQSfHQﬁQ1Ve€BFdFﬁﬁ éPéﬁentRég%%FraF%? PbFSeRkscri bi ng t he

structure thereof. The recordin | enrent _substrate H1101l,is provided with
Chree i Nk ° Subpr§nspan igs SHELGBa0NR G BPY arlpased i LgAFa

I &° Interns
of the prlnar%o%%aggl%%edH%%C%%%nc%&t%q%gge%%’agreeable with the

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 tWo
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 H1101l are
20 electrical wiring, fuses, electrodes H1104, etc. The
ink jet cartridge H1001 is also provided with sﬁch
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



15 each ink supply opening H1102 is sandwi ched by two sets of

el ectro-thermal transducing el enments H1103 disposed in a straight line, and
two sets of ejection orifices HL107 disposed in a straight Iine. Disposed
al so on the recording el enent substrate H1101 are 20 el ectrical wring,
fuses, electrodes H1104, etc. The ink jef;cartridge HL001 is al so provided
with such structural conponents having ink passages H1106 and ejection
orifices HL107 and formed of a resinous substance by photolithography, in a
manner of covering 25 the abovenentioned conponents. The el ectrodes H1104
for supplyingbumksj Bl1pécobrdnag héadowiitbretleettikal power through the
electrical wires are provided with 17 bunps H1105 formed of gold or the
like. (1-2) Elediriklegteiddperahiars ectric wire tape H1301 constitutes
passages for the electrical signals applied to the 5 recording el enent
substrate H1101 to ej ke isdlectini chad reak aggeilng IHEIOS tilh Uiigisch t he
recording element substrate H1101l is fitted. In the_adjacencies of the
edges of thisPBpeAgag, far eheceirehricatnfharatiierrlisrnket EBSto t he

el ectrodes H1104 of the recording 10 elenené substrate H1101 is di sposed.
The el ectric WeFerdtBpgeceBORt sURFEEAPROVI dRY WPt RIGATeXxPEr natt Hahal

i nput term nal H1302, for iving the electrical, signals fromthe nmain
assenbly of t AR PBEBFBEnBEng in ghlcﬁ tLe recording g?ement

substrate H1101 is fitted. In 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 H1301, which correspond to the
electrodes H1101 of the recording element substrate
H1101, with the use of the ultrasonic welding method.

25 (1-3) 1Ink Supply Holding Member

The ink supply holding member H1501 is molded

of a resinous substance, for example. As for the



apparatus. The electrical term nal H1304 and external 15 signal input
termnal 1302 are connected with a continuous wiring pattern forned of
copper foil. As for the electrical connection between the electric wire
tape H1301 and recordi ng el enent substrate H1101, the bunps H1105 of the
el ectrode 20 H1104 of the recording el enent substrate H1101 are connected
to the electrical termnals HL304 of the electric wire tape H1301, which
correspond to the electrodes H1101 of the recording el enent substrate
H1101, with the use of the ultrasonic welding nethod. 25 (1-3) Ink Supply
Hol di ng Menberedheouskmsupplyl htddi bige nembesupii 59 1ho bdimd deembef a resi nous
subst ance, for exanple. As for the 18 resinous material for the ink supply
hol di ng menberl5¢I504t i¢s dssdesiiredathat rasiesimosigbsudstancentonto which
glass filler has been mxed by 5 - 40%to inprove the material in rigidity,
is used as thehEchugbasal fibterhkapnkResnpplyeAobdi hg-mehbeFoH1501.
Referring to Figure 3, the ink supply holding nenber H1501 conprises three
i ndependent spaREsVe| hhghneherhal absbiBedithenberysedend, the602, and H1603
are held to internally hold three inks, one for one, different in 10
color, and aI@%Ferabe%%FaFﬁené@Et?VprYeggh@é?gf%ﬁ%??Bnﬁﬁ@O%hereby as an

|k container, EurLher. (Lhe, gfecordi pg el epent, stbsirate HAOL s provi ded

H1501 comprises three independent spaces, in which the
absorbent members H1601l, 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 H110l1 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 as 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



plurality of ink passages, which are independent from each other, and |ead
to the ink supply openings H1102, 15 one for one, being thereby given the

i nk supplying function. The ink absorbent nmenbers H1601, H1602, and H1603
are formed of pol ypropylene fiber (which hereinafter will be abbreviated as
PP fiber), and kept in the conpressed state. However, they may be forned 20
of urethane fiber. The ink absorbent nenbers H1601, H1602, and H1603 are
provided with the filters HL701, H1702, and H1703, respectively, for
preventing foreign debris fromentering the recording el enment substrate

H1101. The fiktees rHEEQhedHE#03ta2RdcER708cal e VIR WOEL 2D 4 Ondhgl UDSt T eam
sides of the ink absorbent nenbers H1601, H1602, and H1603, in terns of the

direction of rtheeirnkokhew. oEaghafinhtes BBY¥eberabaeShbyypenel-ahlic 19
filter formed of stainless steel. However, a netallic filter forned of

stainl ess stegk pirb&erabyesintering, is preferable. The recording el enent
substrate H1101 i1s also s provided with the plurality of ink supply
openi ngs H1201 for suppl Werpddieng edendintg selbananit s Wisiolaties Hk01 with
each of the plurality of inks. The ink supply openings H1201 are located in
t he downsty eaprosiidedofvithethecpidiragielenEningubsppateopidh@hgsl0 Referring
to Figure 4, the recording el enent substrate H1101l is solidly adhered to
t he i nk suppl #1R60difprg supplying the recording element substrate
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 to assure
that each of the ink supply openings H1102 of the
15 recording element substrate H1101 connects to the
corresponding ink supply opening H1201 of the ink
supply holding member H1501. The adhesive (first
adhesive) used for this welding process is 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 um.
'On the flat edge portion of the ink supply

opening 1201, a part of the electric wire tape H1301



menber H1501, so that the fornmer is precisely positioned relative to the
|atter in order to assure that each of the ink supply openings H1102 of the
15 recordi ng el enent substrate H1101l connects to the corresponding ink
supply openi ng H1201 of the ink supply holding nenber H1501. The adhesive
(first adhesive) used for this welding pypcess is desired to be lowin
viscosity, low in hardening tenperature, 20 short in hardening tine,
relatively high in hardness after curing, and also, resistant to ink. For
exanple, a thermally curable adhesive, the main ingredient of which is
epoxy resin, paylbeatsed aBitheiki gslidaghgsh¥eed Theet bt 6kpgsshef the
adhesive layer is 25 desired to be roughly 50 pm On the flat edge portion
of the ink suppty sapeaceg 420k, thepast of hbkeeleet rsecwhde tape H1L301 20
is located, which is solidly adhered thereto by the back surface, with the
use of adhesi ygéhéseécond Tdhesieoe)ricdhej@irectbetoaten oild detawsding he
recording elenent substrate H1101 and electric wire tape H1301 5 is seal ed
with a first stanant BaB6¥rahd Hl3etomdd séatanicHi308 tEpguH&3B8), being
prevented from being corroded by ink and/or from bei ng danaged by external
i npact. The fissseséatlanithi18307ipsinarplgnsebdld0¥ hendbackespdd of the joint

between the electrical term nal 10 H1304 of the electric wire tape H1301 and
t he bunp sealant H1308 (Figure 5), being prevented from being

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 H1101, and
the peripheries of the recording element substrate
H1101, whereas the second sealant H1308 seals the
front side of the abovementicned 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



H1105 of the recording el ement substrate H1101, and the peripheries of the
recordi ng el enent substrate H1101l, whereas the second seal ant H1308 seal s
the front side of the abovenentioned joint. The portion of 15 the electric
wire tape H1301 which is not adhered to the recording elenent substrate
H1101 is perpendicularly bent at a predejermned 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 hol ding nenber H1501, which is
roughly perpendicular to the surface having the ink supply openings 1201,
by thermal crichpi ngdepkedase spacadhési vbe onkt hepbilkehngédnsg (1-4) Cover 25
The cover H1901 shown in Figure 3 is such a conponent that is welded to the
edges of the tmepbegpdAibRg, ok ltheughk tbeppbyehoHdPAg menbervEUSdl to seal 21
t he i ndependent spaces in the ink supply holding nenber HL501, although the
cover H1901 i ¥iphovilgede wicehimgsutiéddpenHadd2Hiond, HUP9B2 foand HL913 for
preventing the abovenentioned internal spaces 5 (chanbers) of the ink supply
hol di ng menbePTRYSOE iNgofhec RRRYFAG A ONRfled REFTPRsSBAESSand i nute grooves
H1921, H1922, and H1923, which are connected._to the op enln%s H1911, H1912,
and H1913,° r ed FEEFOGERY. OBy tHe InEngUPPRY SPAERNENBSMBETt He SHilndTegr ooves

H1921 and changing in internal pressure, and minute grooves
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
mempber 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



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 grooves H1921, H1922, and H1923, are covered with a sealing nenber
H1801, with only the other end of the mnute 15 groove H1923 bei ng exposed
to be used as an air vent. Further, the gover H1901 is provided with a
| ocking nenber H1930 used for locking the ink jet cartridge HL001l to the
mai n assenbly of an ink jet recording apparatus. 20 (1-5) Munting of I|nk
Jet Cartridge into Ink Jet Recording Apparatus Main Assenbly Referring to
Figure 2, thechrkrjiggecabt thdgeardi@gd ns2pravideddintbioa glikdeaHl560 for
guiding the 1ink cartridge HLO01l into the predeterm ned position on 25 the
carriage 102 ahshbenmakendasseiblyrof at besinkonéhg bempr diBgoappar at us, shown
in Figure 6; the ink jet cartridge |ocking nmenber H1930 for |ocking the ink
jet 22 cartrpdgeitelyhposatibagegl@lei nngogedi nartondget H1IAA1 unshown
headset |ever; a positioning bunp H1570 for precisely positioning the ink
jet cartridgerHlefiver sbatiheeceortiihgecddri ageteorsi nft &r g reftXodi rection 5
(primary scanning direction); a positioning bunp HL580 for precisely
posi tioni g t Keriimkryesceantingdge rec0oen)rebpabpgationing bampr H4G80102 in
terms of Y direction (recordin% nediunlconveiance direction); a positioning
for precisely positioning the ink jet cartridge H1001
relative to the cartridge 102 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



bunp 1590 for precisely positioning the ink cartridge 10 H1001 relative to
the carriage 102 in terns of Z direction (ink ejection direction) As the ink
jet cartridge HL001 is precisely positioned relative to the carriage 102
by being placed in contact with all of the abovenentioned positioning bunps
H1570, H1580, 15 and H1590, the external sjgnal input termnals H1302 of
the electric wire tape H1301 are precisely placed in contact with the
contact pins (unshown) of the electrical contact portion disposed wthin
the carriage 102, establishing thereby the electrical 20 connection between
the ink jet caetbrd@aganlehbatMBibstassepbhy. 1&hyeasabnyeing e description
of the structure of the ink jet cartridge in accordance wth the present

i nvention, whtaebtiksdigst égrabreebbhlenkithonhai hecknithheyeést bhetheesent
invention is also 25 conpatible with an ink jet cartridge, the ink hol ding
portion (ink poatanheihvehtwhnch Iscsdparabl e fdesdrmwtepdryian (ink j et
recordi ng head) thereof having the 23 recording elenent substrate, as |ong
as the ink jerefeaentiddesiysbayrBélbPeini ah ihk fethaptakidost wbichhe
present invention. Incidentally, designated by a referential synbol H1000
is an ink jetstarepri ageywhlerk 5nktores only black ink. (2) Ink Jet

Recordi n aratus Next, a typical ink jet recordi ng apparatus in
d App(2) Ink Jet Recgghing Appa%atus g app

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 ofla 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



which an ink cartridge such as the above described one is nountable wll be
described. Figure 6 is a 10 schematic drawi ng of an exanple of a recording
apparatus in which the ink jet cartridge HL001 in accordance with the
present invention, and the ink jet <cartridge HL000 which stores only bl ack
ink, are nountable. 15 The ink jet recorgdjng apparatus shown in Figure 6
enploys the ink jet cartridge shown in Figure 2, which is renovably
nount abl e on the carriage 102. 1In the drawing, the ink jet cartridge H1001
has been precisely positioned relative to the carriage 102. The 20 carri age
102 is provi dedrwibbet he2elieckubpakteconpeehevgupai hgoshboe tloapsnitting
driving signals or the like to each of liquid ejecting portions through
t he external begngl ehaplkdt eonshakslef albegr ener duhginbeadacar to3dges H1000
and H1001. 25 The main assenbly of the inmage formng apparatus is provided
with a guidi njJoshatpet@3inhildly, ektendsringthéOprimacygnscahhedgidi rection,
and the 24 carriage 102 is supported by the guiding shaft 103, being
enabl ed to shptslieiahongdt hevgueditngyshafingl@8iveNbbg specifiacdl |y, the
carriage 102 is controlled in position and novenment by being driven by a
primary 5 Scafacabt 6pt20410HAr shghughetiei diraginechashsmisrdeadg upf a not or
pulley 105, a follower pulley 106, a timng
of a motor pulley 105, a follower pulley 106, a timing
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



belt 107, etc. The carriage 102 is provided with a honme position sensor 130
so that as the hone position sensor 130 on the carriage 102 noves past a
shielding 10 plate 136, the position of the carriage 102 is detected.
Recor di ng nmedi uns 108, such as sheets of printing paper, thin plastic
plate, etc., are fed, while being separa%;d one by one, into the main 15
assenbly of the inmage form ng apparatus, Troman automatic feeder (AFS) 132
by rotating a pickup roller 131 by a paper feeding notor 135 through a gear
train. Then, each recording nedium 108 is conveyed (in secondary scan

direction) byithgceatatkdn §&s@t2@n@@nf@yaﬂﬁ@géofbema&QQn;hé@ugh the
position (printing portion) in which the recording nedium 108 squarely

faces the inkcehettineg auréacesrefotfiengnkefietm 1egomdireg peadsaHLO000 and
H1001. The conveyance roller 109 is driven by the rotation of a LF (line
feed) 25 not opapd4 thdosghsargean.t riie).paffeat herd asemodr eBXdh ig exbsai ng
medi um 108 has just been fed, and whether or not the | eading edge of the
fed recordi nguaedi tm d68e2b6 ths actuasat pbyipdsnt bbnedef braiimhgeg formati on,
are confirmed as each recordi ng nmedi um 198 noves past a paper end sensor
133. The papeedegadosenber ré88risngl sediusetiOBp det ecterheocactual position of
the trailing 5 edge of the recording nmedium 108, in order to
precisely calculate the current printing point of the
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 H1001l 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



precisely calculate the current printing point of the recording nedium 108
based on the detected actual position of the trailing edge of the recording
medi um 108. 10 The recordi ng medi um 108 is supported by a platen (unshown)
by its back surface, so that the printing surface of the recordi ng nmedi um
108 is kept flat in the printing portion, Mre specifically, the Iiquid
ejecting sides of the ink jet recording heads HL000 15 and H1001 nounted on
the carriage 102 project dowmmward fromthe carriage 102 so that the liquid
ejecting surfaces of the ink jet recording heads HL000 and H1001 are

posi tioned pasaklhekutest be paetiiar gktt bertreagedang medi yar108, which is

between two pairs of 20 conveyance rollers. The ink jet recording heads
H1000 and H108%coatenpodappedaanst he earprdgec2ORish that prheedicrection in
which the ejection orifices HL107 are aligned becones intersectional to the
primary scan dnrecation.25Nektt heheaporagend 02f Recoimk nget scamdeidyeej ecting
ink fromthese ejection orifices H1107. G ven above are the descriptions of
t he basic 26 astrackuries okcoldingkapebreénsridgecanddienkej wtithr &ber di ng
apparatus in accordance with the present invention. Next, the portions of
the ink jet caresetdgeingndatiiok,j @ehicbcohdiragtapparatis pmeaedsdr dance with
t he
invention, will be described in detail, while
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



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 Exanple] Figure 7(a) shows a conparative ink
jet recording head H1001 manufact ured mﬁtp the use of the sanme nethod as
that used for manufacturing the above deScri bed i nk jet cartridge H1001,
and Figure 7(b) 15 shows the arrangenent of the ejection orifices on the
recordi ng el enent substrate H1202 nounted in the ink jet cartridge H1001,

as it is seenc{rom thecHibRChHEORicENdbeat g2 Py3@n, ash@W3oBrksi n Figure 7(a).
The first and second sets 302 and 303 of ejection orifices, 20 third and

fourth sets 3p4rpad 305tRAteiest koReoibfbeesaplandoti é§8candgsixkh sets 306
and 307 of ejection orifices, are disposed in a straight line, in a nmanner

of sandwi chi ngrbpeeeorwesppndiragsi pk suppbyuapgning tB8BO8. This structura
arrangenent nmakes it possible to 25 supply three inks different in type,
t hrough the thegsurenknssppfythpebhkgsad88geobeafibngonkeer&achanél t he
ejection orifices making up the first, third, and 27 fifth ejection orifice
sets 302, s304thande3B86resmentoroédtbe thattrdstbezmalstsansdbténfior ejecting
ink droplets which are 5 pl in volune, and the
element 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 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 ﬁhe
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



measurenents of the ink passage |eading thereto and 5 the neasurenents of
the electro-thermal transducing elenent therefor, are adjusted accordingly,
whereas each of the ejection orifices naking up the second, fourth, and
sixth ejection orifice sets 303, 305, and 307 is fornmed so that its size is
suitable for 10 ejecting ink droplets mhiﬁﬂ are 2 pl in volunme, and the
nmeasurenents of the ink passages |eading thereto and the neasurenents of
the el ectro-thermal transducing el ement therefor, are adjusted accordingly.
Figure 9 shows the results of the recording 15 tests, which were carried out
to confirmtheecoeahgonslipmbebweesatiheypasstaoneng (0Ohnbbeagnj ecti on
orifice sets 302 - 307 for ejecting ink droplets, and the |evel of
nonuni f or m t yLoDEBOagpscdhitecb€dChyohh&nce) echrd th&ndrepketarnadd i n which
two anong yellow 20 (which hereinafter will be referred to sinply as Y),
cyan (hereinafihep, aCyregndonagbnbmather einagéteithMhei nke wérenused for
image formation, with the conbinations of the inks ejected fromthe
ej ection orifinggs pebcassfopl enstwibee (Bpetoshenl Iy0. aft produ2s e6lid i mage
was formed at a duty of 50% by scanning recording nmedium (PR-101: product
of Canon Inc. R}deheeSyphemheopr edietel ni ndtewi riget i pesultant nagrgenvahe 28
recordi ng nmedi um was read b% a scanner (CanoScan LIDE80O: product of Canon
Inc.), and theHalhasetduineghree grades in terms of the following
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 "O", 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 line 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



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 image 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 the solid imge in Figure 8(a),
were 10 evaluated as "0", and the inmages Thich suffered froma relatively
smal | amount of nonuniformity as does the solid imge in Figure 8(b) were
eval uated as "triangle". Lastly, the inmages, the nonuniformty of which
was clearly confrpnghle as is the nonuniformty 15 of the solid image in
Figure 8(c) were evaluated as "cross". The distance dl between the fourth

set 305 of ejection gnif reeniardweivet:hwseh 302 9klejoecting) warichi ces
(straight line which connects the center of 20 each of the ejection orifices
maki ng up thewéounihseh 139htnése) ewbbsonsedi ihceomandathencenter of the

corresponding ejection orifice of the sixth ejection orifice set 307, and
whi ch i s parabhel of othbeophenaiygksscanrtduadtyi no)nohsnéfjoahity whs di st ance
bet ween the 25 second and fourth ejection orifice sets 303 and 305, which
was 2. 371 smm dahdcthe, dastiahberd2whet weehudhdy secdnfifandnséexih ejection
orifice sets 303 and 306 was 29 4.742 nmm
terms of nonuniformity between the images formed by
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



The results were: Wien the yellow ink, which 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

nonuni formty between the inages forned by the conbination of the yell ow

i nk and one of the other inks, and the images fornmed by the conbination of
the vyellow ink and the renaining inks. Ho ver, when the 10 conbi nation of
the cyan and magenta inks, which were lowin |lightness, was used, the
‘resultant images suffered fromclearly detectable nonuniformty. Further,

it becanme evidenthtbat thesl onger Lhstafbst 806Rs bebWeeNcERE-LWDeSEES Of
ejection orifices 15 used for inmage formation, the nore likely it was for

nonuni form i mpggsctothe taemBdatfrithechsl bovengiceeagRngrdpattss, when the
di stance between the two sets of ejection orifices used for inmage formation

is 20 long, {hecrakekhi ke pPkmdeQpkeksdwbpTht§ospeasipetaar yronk droplets
are ejected fromthe two sets of ejection orifices, are carried by the

unstabl e flowht gas sk@krpsr wheebioacursfibetemspang bet weenebhe ejection
orifices for ejecting ink droplets, and the recording 25 nmedi um
contributing morthaiftoioaltofoof aanannunfbommmagageo ba €ompadi son, when
the di stance between the two sets of ejection orifices used for imge
formati on 30 although the amount by which the satellite ink
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
present 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 is

identical in function to a component in another



is short, this short distance seens to be effective to reduce the ratio at
which the satellite ink droplets which formas primary ink droplets are
ejected from the two sets of ejection orifices, nmaking it thereby 5 nore
difficult for a nonuniformimge to be formed; although the amobunt by which
the satellite ink droplets formis virtug/ly the same as the anmount by
which the satellite ink droplets formwhen the distance is long. 10 It
shoul d be noted here that in the case of the ink conbination in which one
of the two inks is vyellowink, the yellowink, which is relatively high in

| i ght ness, segpertorba ehbeatinéattothendab tbRpoAGAYRI QLM by i nconspi cuous,
in spite of the fact that 15 the anount by which the satellite ink droplets

form remainsqykitHakey bhetsanmsawbetbeerentnal epebel.the inks of the ink
conbination is yellow. Further, the above descri bed phenonenon was nore
conspi cuous whenbbheémpnitnting duty was in the 20 range of 25 - 75% Next,
the nozzl e arrangenent of the ink jet recording head in one of the
preferred enbodi nent s irhehipr esdrdiimarent itdre, i gt s drased ngn hdael
know edge obtained through the above described tests, will be 25 described
in detail.5|fwasgeuehlednponedecitnpénsadf typhe pfefiakr ddophbddi nents of the
present invention is identical in function to a conponent in another
that is, ink droplets different in size, more
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



31 preferred enbodi nent, the two conponents will be designated by the sane
referential synbol. [Enbodinent 1] In this enbodi nent, the ink jet
recording head 5 was enabled to eject plural types of ink droplets, that
is, ink droplets different in size, nore specifically, ink droplets which
are 5 pl in volume, and ink droplets whigh are 2 pl in volunme, and was
structured so that the ejection orifice group for 10 ejecting cyan ink
droplets which were 2 pl in volune, and the ejection orifice group for

ej ection magenta ink droplets which are 2 pl in volume, are disposed as

close as possyRien iﬂk@é‘%é@é@éh%a@fbéh@afﬁé&”}5§ firyihg tgsts carried out
usi ng the above described 15 conparative ink jet recording head. It is

unnecessary &fahetbl bbeth@kogéﬁﬂh?t §f ebgeh edj E&£OMbANEr OF 08P . OfNes] £CLT ON
orifices are 5 pl in volune, and all the ink droplets ejected fromthe

ot her group ofhej eetkots OFi theegdiarerenpé inm voéubgpeadbf thatcbsonecessary
is 20 that they are roughly 5 pl and 2 pl in volune, respectively. As for
t he specific iekhedppdiedatyi agcht bé ehecyrouporofi egsctbohhe anount by
which ink is ejected, various known nethods are avail able. For exanple,
t he anmounts byowihfthesnkrom ehiécheilnkr dnopaehs 2bhegecbéren2opilfine can be
varied by varying the ejection orifice in the size of its opening; when the
openi ng volume, are ejected, upon how nonuniformity is visible
to the human eye, will be confirmed.
Figure 10(a) shows the positioning of the
recording element substrate H1101 of the above
10 described ink jet cartridge H1001 in this embodiment,
as the substrate H1101 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
distance between the second ejection orifice group 403
25 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.



of each ejection orifice is circular, the anount by 32 which ink is ejected
can be varied by varying the dianeter of the opening of each ejection
orifice. Next, 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 pl in volune, are ejected, upon how nonuniformty is
visible to the human eye, will be confirned. Figure 10(a) shows the
positioning of the recording elenment substrate H1101 of the above 10
described ink jet cartridge HL001 in this enbodinent, as the substrate

H1101 is. seephéramsthacdi peeveen thBdseabgd Byetheoar pewrimBekgrblpFi gures
2(a) and 3(a). Here, the ejection orifice groups H1108, each of ich 1is

made up of a pbarahttyiatht Bgcabova descitbedrdbpejiect ion4060bi aas H1107
will be referred to as the first ejection orifice group 402, the second
ej ection orifueehgtpuphd03irsheahhi sdcephdctijontbonf beefgroeuprodpfs, the
fourth ejection orifice group 404, the fifth ejection orifice group 407,
and the sixth4éReehdoA02Q ohefitberdgreup £66rtboanechgohr omitheel eft si de of
the drawi ng. The distances anong the ejection orifice groups are the sane
as those of tbeoabevéOdesodi B6d, eordpahat fuéthnknfesikébordengihead. That
is, the distance between the second ejection orifice group 403 25 and
fourth ejectionibirei gsogpsuf040ands496138ranpoghioned so that
they oppose 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 supply 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, each 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,



t he di stance between the fourth ejection orifice group 404 and sixth
ejection orifice group 406 is 2.371 mm 33 The distance between the second
ejection orifice group 403 and sixth ejection orifice group 406 is 4.509
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 parallel to each other. This
structural 1@nartaegpBeBLrBRkassi bfpersi blectoes-therkhniee inks different

in type to be supplied through the three ink supply openings H1102, one for
one; the two ejeatbaBingr ifle@engr ates fosi,t iaareddudthad 4 beyroppose, each
ot her across one of the ink supply openings H1102, are 15 supplied with the
i nk of the sawketeks; thrbugli the epkcsuppl gropeénengothicbbh shegndandw ch. In
other words, the first and second ejection orifice groups 402 and 403 are
the sane in theucthor anfl shethnkjehéyorj ect ficandethe4ORi rd0andahdurth
ejection orifice groups 405 20 and 404 are the sane in the color of the ink
they ejeci. Fdft her forhedf spt hhahdissxehzej éet soatebilei fer groups 407 and
406 are the same in the color of the ink the¥ ej ect. Mreover, each of the
ej ection orifedesténat haksi freplethi whichndrei £t Alejecvpdnme, and
the measurements of the ink passage leading 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



25 orifice groups 402, 405, and 407 is forned so that it can eject ink
droplets which are 5 pl in volune, and the neasurenents of the ink passage
| eadi ng thereto, 34 and the neasurenents of the el ectro-thermal transducing
el enment therefor, are adjusted accordingly, whereas, 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 neasurenents of the ink passage | eading
thereto and the neasurenents of the electro-thermal transducing el enent
therefor, aregadjpsted4aaaardosgl ¥nd tBeFugutendO(betsbewsthbe results of

the recording tests, simlar to the tests carried out using the above
descri bed conmparahtvendnkixeh efecetdnngrhéade ghowpschoBwandnmoog,yel | ow
(which hereinafter will be referred to sinply as Y), cyan 15 (hereinafter,
O, and magenwargéhehengatit €p, IML3bnks, weBé7used &od Puode foymation, and in
whi ch the conbinations of the inks ejected fromthe ejection orifices were
set as foll owsespscuiivelhe whidenketpony Figtnell®(bhe sawh hbauniformity as
that found in the 20 images in Figures 8(b) and 8(c) was not found in the
i mages formedbasih sheugsaref ofh&éhenknketetacertdgdgeH160¢hin the first
enbodi nent, even when inmages were forned using the.conbination of the
magent a and y&phg@iformity as that found in the images in 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 H1101 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



i nks; satisfactory inmages were fornmed. 25 Further,

t he second

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

between the fourth and sixth ejection orifice 35 groups 404 and 406, and

t he di stance between the

second and sixth ejection orifice groups 403 and
406, were changed to 1.135 mm 1.397 mm;and 2.532 nm respectively,

whi | e

keeping virtually the sane the 5 basic structure of the ink jet cartridge,

such nonuniformty as that found in the inmages in Figures
was not found in the inmages forned with
just as the nehdnskaenimygedsasothbeandornetiheycahe ebmpheatktke] eéhk 10

8(b) and 8(c)
the use of this ink jet cartridge

cartridge in this enbodi nent, even when the conbination of the magenta and
cyan i nks wasjasedetordinmapeatior matingntweatinksaemony ikhmgeslwewe for ned.

[ Enbodi nent 2] Figure 11(a) shows the positioning of the
orifice groupswbfichhkerecorditeg wliédeht rsdbstedt €oHslOplef ash&)ink j et

15 ejection

cartridge HL001 in the second enmbodinment, as the substrate HL101l is seen
from the direvenonhendiicatédrhyCl heaadr oagantks (harpiigafésr,2Ma) and 3(a).

20 This enbodinent is different in nozzle arrangenent fromthe first

enbodi ment5 i nipkar whEh £het AnkngosPrt RIR6Z2Fe frPResamlr énfl aced on the |eft

10

15

20

25

ejection orifice set as follows. The results are shown
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
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;
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
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.

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



side of the first nozzle line (leading end side of <carriage in terns 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 36 the sanme images as those formed by the conparative
ink jet recording head, using two inks aﬂpng the yellow (which hereinafter
Wil be referred to sinply as Y), cyan (hereinafter, C, and nmagenta
(hereinafter, M 5 inks, with the ink to be ejected fromeach ink ejection
orifice set as follows. The results are shown in Figure 11(b). As will be

evident from Fhgohe digb)rtiosychhaentsifeesbtying tBahotomAdei Ankhe i nmages
in Figures 8(b) and 8(c) was not found in the imges 10 formed wth the use
of the ink jetteseeardingeheadmbriedt he sheoogdpesbodi aepéctasni t twas not found

inthe images forned by the ink jet recording head in the first
enbodi nent, emenewhebtirgagea werenf dinedofisengctibe cohbinasti on of the
magenta and yell ow i nks; 15 satisfactory inages were fornmed. The effects of
t he present ineénseontocahebdingceonpbifshedrbygeit her tetmsheffithst or second
enbodi ment. However, regarding the structural arrangenent in which the
di stance betwdémethéohi ne whiz2d hbezzlesrwhgehiej mevegnuhiilgel | ow i nk
droplets, and the |I|ines of nozzles which eject snmaller ink droplets of
recording is actually made, 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 image suffering from the nonuniformity attributable
to the unstable 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 direction 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 the second embodiment.

The cyan and magenta inks are both extremely

low in lightness compared to yellow ink. However, when



other colors, shorter is nore desirable. Fromthis point of view, the first
enbodi nent nmay be said to be superior in structural arrangenent to this
enbodiment. 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 noved 37 in one directiop, that is, recording is not made
when its carriage is noved in the opposite direction, the nore upstreama
given line of ejection orifices (closer to |leading end of carriage) in
terns of the 5 direction in which the carriage is noved while recording is

actual |y nmadethéheyhgssnli Keb¥nth iskEoaret B6mpakedr 0pl ehshf bORRENE Qi ven
line of ejection orifices to be affected by the unstable flow of gas

(air). Therefone, ciyanotderisospignedy LbeetoinaligntoésiOthani orge suffering
fromthe nonuniformty attributable to the unstable flow of gas, which
occurs in themspanea berkweerhide evdn jiet tlecarabdengohedt surfsice having t he
ejection orifice of each of the nozzles for ejecting ink droplets, and the
recordi ng nedeubpdimens, desthed p&sihabnwhgnofisengcaiphuealifigeof inks
different in type, the line of ejection orifices which eject the ink which
i s thought5 t ogbeuphetbae thatcisnnbsk,| fketyise thendek Lheeabnini formity of
an inmage conspicuous, that 1is, the ink with the [owest |ightness, is
positioned 20lhBbtnapst r éantiactefdnByYofhehéigpkeanfoferandhedhActhen

orifice groups, the magenta ink is ejected by the

third and fourth ejection orifice groups, and the

vellow 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



carriage is noved while actually recording (leading end of carriage in
ternms of direction in which carriage is noved while actually recording).
Even from this standpoint, the first enbodi nent may be said to 25 be
superior to the second enbodi nent. The cyan and magenta inks are both
extrenely lowin |ightness conpared to yellow i nk. However, when 38 the
cyan and magenta inks are conpared to eacf’ other, the cyan ink is slightly
|l ower in lightness than the magenta ink. Thus, even in the case of the
first enbodinment, such a positioning of ejection orifice 5 groups that the

cyan ink, thafiig ctig iakilawest Pkganl 5995wea§ﬁki %%ﬁgh%g gié (Lhe first and

second ejection orifice groups, magenta 1nk is ejecte y the third

and fourth ej epti ¢nrari bhaesgreupsejardibhecryeh bewsiBkpks ¢gheghad by the
fifth and sixth ejection. 10 orificé groups is the gest positioning of the

ejection orifkoge @neupsirbEabediraRRrtn3kjkattBhsceMpedngRbupkheosj ection
orifices from which ink droplets which are 2 pl in volune are is ejected

are not di sposed ikn4a shaaicgbt fliifRe, aaadsthen efjkeetoaf orheidief ference in
the type of color ink supplied to the ejection orifice groups which eject

i nk dropl ets whicebsar®72apkd ic0eyobugepospetiohew tbethagnyhelobmbbyeof an
i mage appears to the human eye is

each other across the corresponding ink supply opening
608. This structural 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 the 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 thosé in the first and second

embodiments in that the ejection orifices of the

ejection orifice groups 603, 604, and 606 for ejecting



20 confirnmed. Figure 12(a) shows the ink jet cartridge HL1005 nmanufactured
using the same nmethod as that used for manufacturing the above descri bed
ink jet cartridge H1001, and Figure 12(b) shows the ejection orifice 25
arrangenment on the recording el enent substrate HL105 nounted in the ink jet
cartridge H1005, as the recording el enent, substrate H1105 is seen fromthe
39 direction indicated by an arrow mark in Figure 12(a). The first and
second ejection orifice groups 602 and 603, the third and fourth ejection
orifice groups 605 and 604, and the fifth and sixth ejection orifice 5
groups 607 andHE0Gmare PdAsik idvgd < tdad ddieyiicpeesel ieach ot her across

the correspondi ng ink supply opening 608. This structural arrangenent nakes
it possible fatraibgtt Hriee .i nksrdi Eberefitcehltypehtoebhecsuppl i ed t hrough the
three ink supply openings 608, one for one. 10 Mreover, each of the
ej ection orificedigfed lnef fdadt ,ejddtiirah cand ifdef tdr ejrectiecomioriideéde gr oups
602, 605, and 607 is formed so that its size is suitable for ejecting ink
dropl ets whi chirdree & plludal ol wfe,urainds, teeeshmeds wrermdnteomgfritdess | nk passage
| eadi ng thereto, 15 and the neasurenents of the el ectro-thermal transducing
el ement t héreffour arje ddjars tad Horsgr diangl yche viperre &) e addem ofritfHecas ect i on
orifices of the second, fourth, and sixth ejection orifice sets 603, 604,
and of each unit are disposed in a straight line which
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 is
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



606 is fornmed so that its size is suitable for 20 ejecting ink droplets
which are 2 pl in volune, and the neasurenents of the ink passage |eading
thereto and the neasurenents of the el ectro-thermal transduci ng el enent
therefor, are adjusted accordingly. However, the ink jet cartridge in this
enbodi ment is 25 different fromthose in the first and second embodinments
inthat the ejection orifices of the ejection orifice groups 603, 604, and
606 for ejecting 40 the smaller ink droplets are not disposed in a
straight line. Mre specifically, the ejection orifices of each ejection
orifice group fadshithvinggeks i ozt HY irchl fi iy aft Wy tforreach g whi ch
conprises 5 four ejection orifices, and the four ejection orifices of each
unit are di spasethighta Isirtel githelrieferehi ¢hishalrdsiagpmedaber disned sl i ght
angle relative to the ink supply opening 708, giving thereby an overall
i npressi on of stalgldniat isnaki nchat nitotredre svairtdsi i fefaictu 140 tof fidyem ej ecti on
orifice groups 603, 604, and 606 is mnade up of a plurality of ejection
orifice units f{lawleaschaflehiah ailpmeddtierad .nednnanber rifsour,) aof ingj ecti on
orifices are disposed in a straight line at a slight angle relative to ink
suppl y opefi ng)gt whi chr ddgarsidha hethe ronehel rdittect iembquéimeditel to the ink
supply opening. Driving the electro-thermal transducing
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 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



elements in a time sharing fashion in order to record an inmage prevents

el ectrical current frombeing 20. applied to all the el ectro-thernal
transducing elenments at the sanme tinme. Therefore, it offers such a benefit
that the peak current value can be reduced, or the |ike. However, in the
case of an ink jet cartridge, such as thg e inthe first and second

enbodi nents, in 25 which the ejection orifices of each ejection orifice
group are disposed in a straight line, driving the electro-thermnal
transduci ng elenents in a tine sharing 41 fashion nmakes it rather difficult

to forma |onghestreaitghit lime. e jeher@frordsi fifies gidugid)g vkt hod is

problematic in that it makes it difficult to form flaw ess tables or ruling
lines. In conmpainsoformidnk B el a@lddd dges staht sl hhe mpesdib i s

enbodi ment, shown in Figure 12(b), in which the ejection orifices of each
of the ejecti avo adtfdate. graepd obd3 st@@4ghandinéB6 (aueéingt 1dneposed in a
straight line, is thought to be effective to formflawess ruling |ines. 10
Through the abmoemistiiberhd hirde drvplsapplwhidperdmgs? 608, 1rc yaml unmk,

magenta ink, and yellow ink are supplied, and inmages were formed by

ej ecting c;‘ran wensk st detrs , imdgema dhike tdragpghdtres ssarit ydidsmw i nk  dropl et s,
which were 2 pl in volunme, fromthe second, 15 fourth, and sixth ejection
orifice groupsBezdesbly ‘e 608, Jerfeﬁfeltttlilxﬁ@%/ i fivst mages were

conpar ed
P 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 descriptiens 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



to determine the effect of the color conbination of the inks assigned to
each of the ejection orifice groups, upon the appearance of the
nonuniformty of 20 the images. The met hod used for recording was the sane
as that used in the first enbodinent. To describe the results, in the case
of the ink jet cartridge structured so that cyan ink droplets which were 2
pl in volune were ejected fromeither the 25 second ejection orifice group
603 or the fourth ejection orifice group 604, and the magenta ink droplets
which were 2 pl in volunme were ejected from42 the rest of the ejection
orifice groupsf the abernunehbbdihynet hbelbngges wasyviartuablkyebbpessi bl e

to detect. The long straight lines (ruling line) recorded by the ink

dropl ets whichivereh2 pkchnivallupgsbh wer ehsupeesenti intrenmsoaf strai ght ness
to those recorded by the ink jet cartridge in the first enbodinent. As

wi |l be evident from thhegyuateous @eschiopts ame aff tthe proefidiiredt iemzodifment s of
the present invention, 10 not only is the present invention is applicable
to an ink jetthecondi ngtheadoirdinbi bhatlheis] ebei pneoeidfinges are di sposed in
a straight line, but also, an ink jet recording head, such as the one in

t hi s enbodi negmbodamenfsischande Fépucei oa (by i Bhews &he dierdédninto a 15

plurality of units, each of which conprises a _ ,
orifice arrangement of the ink jet recording head in

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



predet erm ned nunber of ejection orifices aligned at a predeterm ned angl e,
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

di sposed in the zig-zag pattern in order to raise the ejection orifice
density. [M scell aneous Enbodi nents] G ven above are the descriptions of
the preferred enbodi nents of the present “‘invention. 25 However, these
enbodi ments are not intended to limt the scope of the present invention.
In other words, the present invention includes various nodifications 43 of

the above enbqdjdTents-@%11QNGm@s] e RLk Bl eaablat WHdrdia t eghni cal gi st
of the present invention. Figure 13(a) shows one of the nodifications of

the ink jet recprdiva headsrdimdihe. ppeeedhageca eybedirarahsiaand Figure 13(b)
shows the ejection orifice arrangenment of the ink jet recording head in

Figure 13(a), sasussen fosam thwsul radd omdddicst ed-dyFodn iafk GMppERK in
Figure 13(a). The ink jet recording head in Figure 13(a) is 10 provided
W th two nore sgjeacitriqy) ottifdlcea gy appsaldlearct theppgInkirjetinkecor di ng head in
the first enbodinment. The additional two ejection orifice groups are
di sposed nbst dipstaream (lreadipyy ende ofon rkhg.et  recording head) in terns of
the direction in which the
In the case of this modification, the
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,



15 carriage is noved 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 volune, and the neasurenents of the ink 20 passage | eadi ng
thereto, and the measurements of the elegfiro-thermal transducing el enent
therefor, are adjusted accordingly, wheréas, each of the ejection orifices
of the second, fourth, sixth, and eighth ejection orifice sets 701, 7083,
704, and 706 is formed 25 so that its size is suitable for ejecting ink

droplets whichsd,ede, Tl wik, 7aBe¢ bLhe Feasurenerippdly the ink passage
| eading thereto and the neasurenents of 44 +the electro-thermal transducing

el ement t her efopleniaige, adjidst edcaceqatilrglor. sbepilgnaiednke referenti al
synbol s 708a, 708b, 708c, and 708d are four ink supply openings, which are
capabl e of suphlfffiengntnks: 5y, f @erentfom ongpe, one for one. In the case of
this nodification, the formation of inages suffering fromthe nonuniformty
attributable to secondakso cohorifs)cazam die Prievemadt hyat dusi gieag t he i nk
jet recording head so that the black 10 ink is ejected fromthe first and
second ej ett i drormatiifarce fgrioyess tshd feydmd ik ors tdjee croadnfifomitiie third and
fourth ejection orifice groups, and the magenta ink is ejected fromthe
fifth and six@ttejidattiadie to secondary color(s) can be prevented by

designing the ink jet recording head so that the black
ink is ejected from the first, second, ninth, and
tenth ejection orifice groups, the cyan ink 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



orifice groups, and the yellowink is ejected fromthe 15 seventh and eighth
ejection orifice groups. Figure 13(b) shows another of the nodifications
of the precedi ng enbodi nents. The ink jet recording head in Figure 13(b) is
provided with tw nore ejection orifice groups than the ink jet 20
recording head in Figure 13(a). The additignal 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
vol une and the tenth ejection orifice group 25 710, each ejection orifice of
whi ch is givesddwddea cslicae( S tiablies fdysiajeertineg: ithe raxplteichinty ch are 2
pl in volune. Designated by referential synbols 708a, 45 708b, 708c, 708d,
and 708e are fdfvecHenke supplon pehiags,indd dioaree) ecapaly eyedflsyppl yi ng i nks
different in type, one for one. Also in the case of this nodification, the

5 formati on omagrwmges sufd eryary frrlom itshenatorauliidmrdy tand dthter i but abl e to
secondary color(s) can be prevented by designing the ink jet recordi ng head
so that the blaatskitianel ¢iactad driodmahhefausts) sSecorad,edtiimch,thend tenth
ejection orifice groups, the cyan ink is ejected 10 fromthe third and
fourth ejeétidmks idtiher gritvupstharneliave maganta i mad SyEredinded £ rom t he

fifth and sixth ejection orifice groups, and the yellowink is ejected
are placed on the outward side of the ink jet

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 ehd of
carriage) in terms of the direction in which the

20 carriage 1is 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),



fromthe seventh and eighth ejection orifice groups. Wien using only a
single recording head to 15 eject inks other than yellow, cyan, and magenta
inks, in addition to the yellow, cyan, and nagenta inks, it 1is 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
pl aced next to each other, and the other l'ines of ejection orifices are

pl aced outward of the ink jet recording head relative to the |ines of
nozzles for ejecting the smaller droplets of cyan and nagenta i nks.
Further, in the cas@iofatitg idK jeatl dwgCerdiary a2fl hgath iim ki gydmdiv i cation
of one of the preferred enbodinents, in which, in principle, the additional
i nk such as bliagk iiskiigherotiruseidyHtare sor edtarmngyrideen 4hd secandarks)col or (s),
it is desired that the positioning of the ejection orifice lines for

ej ecting yel |l dm ottegemasdsand ey ardss iisvveoit iadt ersedyp@nidadlee  addi ti onal
ejection orifice group(s) for ejecting the 5 inks other than the yell ow,
magent a, and oyem ittksse larks pliddet et tie anitomarak ssiweedf arie dnek j et
recording head, relative to the ejection orifice groups for ejecting the

yel | ow, magentc, tdrad igyen lismkesibstantikerly frigheathel rstldradpgoiass tHa@n it i s
preferable to 10 place the ejection orifice group(s) for ejecting the ink
whi ch is | owesths rPiligghttess, on the nost upstream

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 for
supplying the ejection orifice groups 402 and 403 with

ink, and an ink storage chamber C for supplying the



side (leading end of carriage) in ternms of the direction in which the
carriage is noved while actually recording, as it was in the case of the
ink 15 jet recording head in the second enbodinent, it is preferable that
the ejection orifice groups for ejecting black ink, that is, the ink which
is lowest in lightness, is placed nost upgtream (|l eading end of carriage)
internms of the direction in which the 20 carriage is noved while actually
recording, as shown in Figure 13(a). As for the conbination of the inks
used by the ink jet recording head in accordance with the present

i nvention, notejmmdbtiaraynifisee tdreowentidatanoh 4665 .25 yel | ow, nagenta, and
cyan inks, but also, the conbination of yellow red, and nagenta i nks
(yellow ink is higherNént}iygathegsinhahs rin] entedagene athieaks)k 47  or

conbi nation of yellow, green, and cyan inks (yellow ink is higher in

| i ght ness t harptgreaege aHbrd3gtn A ni&ep 940 bt-hefhapedsterhecrasenk LRvention
is applicable when three inks different in color are used, and one 5 of the
i nks i s substadntisttisd highereithey gl tHaragshehompar Bv®r K gure 14 is
a flowhart depicting the nmethod for refilling a typical ink jet cartridge
in accordance' St Jpr SEhtMagRAETR gk W tidassed 105 e an ink jet

cartridge such as the ink jet
remaining ink storage chamber (Step S400). Steps

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, ahd 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



cartridge H1001 in which two ejection orifice groups, ‘that is, groups 403
and 404, for ejecting smaller |iquid droplets, are di sposed 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 fromthe ejectiongrifice 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

di sposed across an additional ink supply opening, as shown in Figures

10(a) and 10( b)mpisvanepss esh (Sieps &P0)of Hhs oKl dwing C@rd fhslge HI001 is
provided with an ink storage chanber A for supplying t%e ejection orifice
groups 25 406 and 407 with ink, an ink storage chanber B for supplying the
ejection orifice groups 402 and 403 with ink, and an ink storage chanber C
for supplying the 48 ejection orifice groups 404 and 405. Next, yellow ink
is injected into the ink storage chanber A (Step S200) . Thereafter, cyan
ink is injected into either the ink storage chanmber B or C5 (Step S300),
and magenta ink is injected into the remaining ink storage chanber (Step
5400). Steps S200 - S400 do not need to be carried out in the

abovenenti oned order; the order in which they are carried out is optional.
As for the method 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 generati ng

met hod. By injecting ink as described above, it is possible to obtain an
ink jet cartridge which ejects 15 yellowink fromthe ejection orifice
groups 406 and 407, cyan ink fromthe ejegbion 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. Wien using a used ink
jet 20 cartridge, it is desired that each ink storage chanber is filled

w th the saneymkr ass tdheiMdo wig:h which it was previously filled. Wiile the
i nvention has been described wth reference to the structures disclosed
herein, it is 25 not ponhikngeétt aetdheddebahkadsebmbaritsingand this
application is intended to cover such nodifications or changes as nay cone
wi thin the purposes oththe 48tsi aprovenkatsroaysheascopé ehithe fol | ow ng
claims. 50 WHAT IS CLAIMED IS: 1. An ink jet recording head conpri sing:
three sets of avogzisen rayls e madz whiaotrayc oprdlsesicd Uderger fozzlte arr ay
which includes a first 5 ejection outlet group and a small nozzle array

whi ch i nchudes) esdiicbrs entnlcee tejosturoransutd emagrlonyz zda drsread Iwhich

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
10 ejection outlet group includes an ejection outlet,
having an ejection outlet diameter larger 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, thersmall 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



nozzl e 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 dianmeter |arger than said ejection outlet in said first
ejection outlet group, for ejecting ink, swherein yellow, magenta and cyan
inks are 15 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 recording material which is noving in a sub-scan direction,
wherei n i n nozrz lar raysacoist s tajed Hyye Woow 2nladj acent ones of said three
nozzle array sets, the |l|arge 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 séts A} ekt i1de E9anrfdaky hfedopREPrEmBIot Os&ild ifwd

adj acent nozzle array sets eject the nagenta ink; a nozzle array set not
constituting SHIRFRWO MEARIEZH 2 Hopet ST SRSt @i edas it i nk. 2.
An ink jet recording head according to Claiml, wherein said nozzle arrays

&
sets each i5nclﬂ%¥§§13érpl?‘?fk“5gsdb%@‘iﬁ%‘be‘}ﬁ%gl,a% y%%??lt%ea’f%ﬁﬁgea%ztﬂ% array
and the smal|_hozzle arjav,, for SHpP¥ig (0,10 (0%, ne

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 black ink.

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



ejected thereby. 3. An ink jet recording head according to Claim?2, 10

wherein i nk supply openings of said three nozzle array

sets are forned on a

comon substrate. 4. An ink jet recording head according to Claiml1,
wherein the nozzle arrays constituting said three 15 nozzle array sets are
arranged in the order of the Ilarge nozzlg,array, the snmall nozzle array,
the small nozzle array, the |arge nozzle array, the small nozzle array and
the large nozzle array as seen froma | eading side of scanning in the main
scanning 20 direction. 5. An ink jet recording head according to C aim 1,
further conpriwiawein ek Nonrdre Era@y ,nad Aposead-ayeutatedepoivisdad t hree
nozzle array sets, for ejecting 25 black ink. 6. An ink jet recording head
according to CGrad mriiefosavheriad nthnge ofozaich drtracks nozzl e arrays are
provided and interpose said three nozzle arrays. 7. An ink jet cartridge
conprising: three %et frofintozZAte cantayisigsactenglr iwhingt 5 conprises a | arge
nozzle array which includes a first ejection outlet group and a snall
nozzl e array which iferagesesai afsaednadecpsctivencaahl ef yhaodgp, said snall

nozzl e array being adjacent to said |arge nozzle array,

wherein said first

ej ection ot | etORPIOLFES e | LRTeEe drezzle array which includes a first

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

10 ejection outlet for ejecting ink, and said second

ejection outlet group includes an ejection outlet,

having an ejection outlet diameter larger 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 accommodating 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



10 ejection outlet for ejecting ink, and said second ejection outlet group
i ncludes an ejection outlet, having an ejection outlet dianeter |arger than
said ejection outlet in said first ejection outlet group, for ejecting

i nk, 15 wherein yellow, magenta and cyan inks are ejected to effect
recording by said nozzle array sets whensaid ink jet recording head is
noved in a main scan direction at a position opposing a recording materi al
which is noving in a sub-scan direction; 20 an i nk accomrpdati ng portion for
accommodating the ink to be supplied to said ink jet recordi ng head.
wherein in nozzdtes eejays tonstydut zdk bythevodgacem ohesaid s@dd t hree
nozzle array sets, the |l|arge nozzle array, the small nozzle array, the

smal | 25 nozzad acerly, nehel¢ aryeanoyete ejeclys arlee anagenfed imkt he order
named, in the main scanning direction, and wherein one of said two adjacent
nozzl e array 5%zzk sakfaytsehenelyaponakt tuhEnot frekd ofee ofd 5a¢ et wo

adj acent nozzle array sets ejects the magenta ink; a nozzle array set not
constituting sRR#ZIABERAcERES PADYGTe B HHYYW sEtk- ejects yellowink. 5 8. A
method for injecting ink into an ink jet cartridge including an ink jet
recording Read for ejecting ink and an ink acconmodating portion for

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,

20 having an ejection outlet diameter larger 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



accomodating ink to be supplied to the recordi ng head, 10 said net hod
conprising: a step of preparing the ink jet cartridge including three sets
of nozzle arrays each of which conprises a |large nozzle array which
includes a first ejection outlet group and a small nozzle array which 15
includes said second ejection outlet group, said small nozzle array being
adj acent to said |arge nozzle array, wherein said first ejection outl et
group includes an ejection outlet for ejecting ink, and said second
ej ection outlet group includes an ejection outlet, 20 having an ejection
outl et di anmet erdjlaafeger dnlan oc¥aist idejteticleomnoautlleeta riraysalett <, i rt3fe ej ecti on
outlet group, for ejecting ink, wherein yellow nagenta and cyan inks are
ej ected to ef flactge ecaradieng rryysaitthenerzllé narwrzdy setrewhemesandlilnk | et
recording head is noved 25 in a main scan direction at a position opposing a
recordi ng mat erdzedl enziradayi,s thevilrg gen n@zsulle- scary dircectriramgeashemei n in
nozzl e arrays constituted by two
the order named, in the main scanning direction, and
5 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;
10 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
15 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.
20
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.

25



