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WD 2005/ 047002 PCT/ JP2004/ 017223 -1 DESCRI PTION | NK

JET PRI NTI NG DEVI CE AND | MAGE FORM NG APPARATUS 5
wOoR@MU@HE FI ELD The present invention general PET/JP2004/017223

relates to an ink jet printing device and an image

form ng apparatus, applicable to, for exanple,

copiers, printers, facsimlel-multi-function

peri pherals, etc., and icularly to an ink jet

10 printing device and gﬁﬁﬁﬁ§%§&9§?ning appar at us

configured to nove the head unit in the main scanning

direction nultiple tines repeatedly for the sane

printing region in accordance wth the array interval

of the di Sé¥ad§d RBZUTENG DEVBACKEROUNBGERFORMING APPARATUS

Conventionally, the ink jet printing device is used

in the image form ng apparatus, such as copier,

printer, facsimle, multi-function peripheral, etc.
rhReuN oS, ifdeet  printing device, the head unit

includes a plurality of 20 recordi ng heads provided

with a plusgl gtrxés%td&ﬁegmeg??p 224 £35) 1 AMARGed 1B theink

sub-scanni ng direction, and ed up wWith the inks
.of the different colars, and high-densit nd _high-._..
LT RS nGarhi Seght ar i HsE o dpp1 scapie
di scharging . of ink drops fromthe _discharge n%gzles )
Tof ??Ea?%&ﬂﬁ%ﬁrn&oﬁéﬁﬁsZSPFBnFﬁEsreE%ﬁ%ﬁWﬁ}%ﬂu&ﬁ ti-function
according to the inmage signal while WO 2005/ 047002
PECIPIRXOGY, G223 and2maei RgrEheuhadlly Uk tan A-ithé Stai n
scanni ng direction.
printing device and an image forming apparatus configured to

move the head unit in the main scanning direction multiple
times repeatedly for the same printing region in accordance

with the array interval of the discharge nozzles.

BACKGROUND ART

Conventionally, the ink jet printing device is used
in the image forming apparatus, such as copier, printer,
facsimile, multi-function peripheral, etc. In this ink jet
printing device, the head unit includes a plurality of
recording heads provided with a plurality of discharge nozzles
arranged in the sub-scanning direction, and filled up with the
inks of the different colors, and high-density and high-
quality printing is carried out at high speed by discharging
of ink drops from the discharge nozzles of the recording head

to the recording sheet according to the image signal while
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On the ot her hand, when printing on the recording

sheet with such ink jet printing device, it is known
woOheds/outve2 dot density (resolution) is determ Rrew/JrP2004/017223

according to the 5 physical array interval (pitch) of

t he di scharge nozzl es. For exanple, as shown in FIG

12, assum ng that the pi tchr2of the discharge nozzl es

|ch ar e, arr.an t equal __interva each of
g fand QT G Fias 15 tRe SR o Y Y S
respectively dlscharge the inks of the black B), the
10 cyan (éP‘t@ﬁeoﬁﬁﬁénPéﬁ?hmw%ﬁﬁiRW&P F%? rgrgrding
constitute the head unit 1, is set to H and that the
skpele il suwdudink g et1 prEoting hdaviehe J'dibtifdéﬁs:iwry that the
according to the pitch of the discharge nozzles lais
dofetdsmdingd @sedadiutg obh30dpi dethenitd® hwask-dinig tb the
perfornms color printing at the 15 resolution that is

ph{e AR 8% R @A Ut(HRch L SOEPiNe ded@ididtethozzles.
according to the array of the discharge nozzles la as

shown in B G ﬁlzt%ﬁg%q. ELGindaB i ﬁé‘ealdz unids &Hmﬁ that the

noved onl y I mal n scanni ng ection an

ch h i nk i [ ]
oHieh a’a‘ngcl}e"g‘)&rs&h?égﬁgﬁaglzigga b s Pl S ""qegy fie 22!
recordi ng sheet P. In this case the i nk drops i
IRRITRE 190 Gy odf tBe ECCRFIRRA NeadhdlE helC cditbr and 1¥

image will be printed. In this case, if the ink
wigh e heggpanf iive ye dilgciadgewhin e el iovi ¢y thee hleegk u@)t, the

in the forward nmain scanning 25 direction only, the
cpdracii)ng raederageintiahgM) nkndr tips vélide W) 200H GbARA2 tute

PCT/ JP2004/ 017223 -3 different colors will be fixed,
tRathdNe pridti ng o eswl oWl land that the pitch H is equal to
1/150 inches, the dot density according to the pitch of the
discharge nozzles la i1s determined as being 150dpi.

When the head unit 1 performs color printing at the
resolution that is the same as the resolution (150dpi)
determined according to the array of the discharge nozzles la
as shown in FIG. 13A and FIG. 13B, the head unit 1 is moved
only in the main scanning direction and the discharging of the
ink is carried out seguentially from the recording heads 1B,
1C, 1M, and 1Y, to the recording sheet P. In this case, the
ink drops will overlap in order of B, C, M, and Y, and the
color image will be printed.

In this case, if the ink discharging is performed

while moving the head unit 1 in the forward main scanning

direction only, the stacking order of the ink drops of the
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become uniform In contrast to the above case, if the

di scharging of the ink is carried out while the head
wanodas/o7aos noved in 5 the forward mai n scanni RGT/JP2004/017223

direction and then in the backward mai n scanni ng

direction as shown in FIG 14A and FIG 14B, the

stacking order of the ink dréps for the backward

fﬂ!gﬂ%ia or%e%%ﬁiegﬁh %?gt éﬁﬁ tﬁ% W%JF%&GSH%t will

scannlng of ward scarmin

drops overlap in order of Y, M C, 10 and B, but, in
b?ﬂﬁﬁﬁéﬁﬁﬂ%Vﬂﬁscanning, the ink drops overlap in order

of B, C M and Y. In this case, color inconsistency

Wi || occulhi gonREapiti hPi hige razenNe caft tife tealditghatging

the printed image will be deteriorated. Mreover,
ofapaneisk RubldagiréddPatienwhApel tlcathent Nmit I5 is moved in

03- 056186 discloses an ink jet printing device which

tiE@rfo@drduta By isdbnAgngt darsespbutdan dghem than phb®ward
resolution determ ned according to the array interval

m@in e 1§ﬁﬁ%ﬁ&%ctﬁgﬁzggssh@wnA?n%ﬁﬂ?m 14 Bd 7E9A 14B, the
FIG 15B and FI G 16, t he 20 |nk jet printing

e dis n Ja anese bI| t ent
‘g% ]Tlcncgaﬂréj(r:l O%d(%l 0%8%8 ro?%e resoa}{“{aréin scanning is
rinti IS achleved in _the fO||OMAn manner. After
=B ad G G S HBR Pe FSPHRRA TS pr dPTIS in the

printing region of the recording sheet P where the
EQriaitd fgang ipern f sheednbydroles eV e Randl mydes of Y, M, C,
direction novenent (the first scan) of the head unit
ard Bnhite WO 2005084K0024 PETAPRODA/ Ok 22%K drbps overlap in
sub-scanning direction only for the pitch H2 which is
ofddf of B, C, M, and Y. In this case, color inconsistency
will occur in the printing result, and the quality of the
printed image will be deteriorated.

Moreover, Japanese Published Patent Application No.
03-056186 discloses an ink jet printing device which carries
out printing at a resolution higher than the resolution
determined according to the array interval of the discharge
nozzles la.

As shown in FIG. 15A, FIG. 15B and FIG. 16, in the
ink jet printing device disclosed in Japanese Published Patent
Application No. 03-056186, the high-resolution printing is
achieved in the following manner. After the recording sheet P
is moved to the previous printing region of the recording

sheet P where the printing is performed by the main-scanning-

direction movement (the first scan) of the head unit 1, in the



the pitch of the discharge nozzles la, the head unit 1
is noved in the main scanning direction so that the
wonbkostmops reach the non-printed regi on bet weedTirhmo4/017223
di scharge nozzles la 5 in the sub-scanning direction
of the first scan. In the exanple of FIG 15A and FI G
the printing of the two-¢elors of the cyan and
enta is illustrated for _the,
S@Epﬁgﬁ £168. S Srtetio iy Tote it RAERD FL2cHb Pact Ditals
all over 10 the recording sheet P by noving the head
thgi PiEchnof hehe ubls ddis mpadilescilbontss bAad wmbt hkbaks
unit 1 is located to the non-printed region
mourtli Auotke taihe @rimitggiregitden andthatptlei gk tdmwops
printing procedure. In this case, the printing at the
re@shl dheohoRfpdin BO0dRg WY e techwite Hheches@:UidHiMes la
of 150dpi is realized by noving the head unit 1 in

hh%héuQuECQQQhﬁEhé“df%gdﬂEBnp%flk%eoklrEQes@éﬁCh H of
the di scharge nozzles |la. Mreover, in order to

realize thf Itﬂrnl%g% %&eFEbghﬁgﬁygﬁ %%Onf§nh£§h

are three

res Iutlon of 20 150dpi , IS necessar to nove the .
PReRGIOH PT 1507 TR r%é’efn g CYPPetbfohlpy g ta 1s
1/4, ... of the pitch H of the discharge nozzles |a.

ipBessvatedi fo¥ Hdhe ek ofofprimplagias explanghion.

resol uti on higher than the resolution which is

det er m nedsul2fe@uadrldi ,ng-Heo prhietpnpchsofathieedi schalge over
nozzles la in the WD 2005/ 047002 PCT/JP2004/017223 -5
tabovecheat h@nseaa)e diyhendvikgdraps hehdcyant G reactnd haib-
scanning direction so that the head unit 1 is located to the
non—-printed region continuous to the printing region, and
repeating the printing procedure.

In this case, the printing at the resolution of
300dpi which is twice the resolution of 150dpi is realized by
moving the head unit 1 in the sub-scanning direction by 1/2 of
the pitch H of the discharge nozzles la. Moreover, in order
to realize the printing at the higher resolutions which are
three times, four times, ... higher than the resolution of
150dpi, it is necessary to move the head unit 1 in the sub-
scanning direction by 1/3, 1/4, ... of the pitch H of the
discharge nozzles la.

Moreover, in the case of printing at the high

resolution higher than the resolution which is determined

according to the pitch of the discharge nozzles la in the
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recordi ng sheet P.when the head unit 1 is scanned in

the 1st tinme in the main scanning direction, the ink
wdnropa4ni2 magenta M reach the target | ocati onBCoiP100€017223

recordi ng sheet P between 5 cyan C and cyan C when the

head unit 1 is scanned in the 2nd tinme in the main

scanni ng direction. Nanely, t3e ink drops of cyan C

and nmagent a alternately reach the target |ocations
a%nve?ﬁ%n leocrberM di'fid ’sﬁggt lék §ﬁapi3t°fsc aorgsé b1 £he
revent the nutual col or inconsistency on a scannin
TeENEORS DG EhdheRothecBrafngRshebt 1P FFMIBkilAy the 1st
conspi cuous. However, when the ink discharging nethod
tyre InpareswipulsiceshéngPdizatctAppl i tlag i brk Nizops of magenta
03-056186 nentioned above is used, the ink drops of
M meepeett abHé afaergerd Nbedtibnkhef 2nd téderding ehdestt getbetween
| ocati ons between cyan C and cyan C the 15 ink drops

cPdn Wi oty avaiPid hed itRet RBadStiniine by dhedhesadn Wid 2ng

1, and after the recording sheet P is noved in the

tﬁﬂg'i qgﬂ@%ﬁﬂnd%kgﬁhkﬁ gi&a LXoﬁnd NS aqjﬂyhgkldr%ps of
nr ng 0 the

noved in the main sca ITection

non-printed region on the _recordi heet P t@% "
e T ool BRESTAREALEpSoRIT I h5 g e odergddons on

More specifically, as showmm in FIG 17A and FIG 17B
thit tRFCHME Weadeat £/ 12Pd $EahheBOFHIRIR ThPRaumRYy fhe

the nmain scanning direction and the discharging of
mytigald molior ineeplséssdncyhenheadcamiindg }ine d@mwied onn the

the 3rd tinme in the 25 nmain scanning direction and the
réckedinglistehar @edrbm bbenWO-30851 O4ADH2

PCT/ JP2004/ 017223 -6 recording sheet P. At this tinme,

the i npactuchicteRrd RhehhEhénNknk discharging method of
Japanese Published Patent Application No. 03-056186 mentioned
above is used, the ink drops of magenta M are printed in the
2nd time to the target locations between cyan C and cyan C the
ink drops of which are printed in the 1st time by the head
unit 1, and after the recording sheet P is moved in the sub-
scanning direction greatly and the head unit 1 is moved in the
main scanning direction to the non-printed region on the
recording sheet P, the impact sequence of the ink drops will
be reversed.

More specifically, as shown in FIG. 17A and FIG.

17B, after the head unit 1 is scanned in the 2nd time in the
main scanning direction and the discharging of the ink is

completed, the head unit 1 is scanned in the 3rd time in the

main scanning direction and the ink is discharged to the
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drops of magenta M (indicated by M in FIG 17B) which
reached the target locations fromthe discharge
woaawliemoka of the rear-end portion of the headrupiob4/d17223
when the head unit 1 is 5 scanned in the 2nd tine is
earlier than the inpact timng of the ink drops of
cyan C (indicated by C1 in Hé6G 17B) which reached
t he | ocations fromthe dischar nozzles |a
r?%%r‘iilrrtfﬂtsréﬁﬁﬂl gor t fdn tHE St Fémﬁeaﬁh%njrn(%’ai e Orfoét@e ink
unit 1 is scanned in the 3rd tine, 10 The reversin
depprs Hef ivamaittes dyudncdcerethbyi Wk 1vrBHs. o) offegh reached
above arises at the transitional |ocations between
thdetaigehdrge tiera €somatbt tthecheage emolz plord ilon of the
the head unit 1 and the di scharge nozzles |la of the
réd Sndn@brPd i tofe hBagheagdtuni ¥hdn Waen Hdd unit 1 is
recordi ng sheet P is noved 15 in the sub-scanning

sgéﬂﬁéé'ﬂ? Q{eea}rld/gﬁr nd thep the-headsunite 1m§a§:ﬂm\:\i%gng of

he non-printe egion on the recording sheet P,

nd onsequently. t he roblen1 hat. col.or. q?&gs n
ec E@%§§ 36nsﬁ%c&6uscgé Pﬁe ?éc%r%?n%?s ]§ Which
whole will arise. 20 DISCLCEURE OF THE | NVENTI CN

n

repfed *er R PredareAPENT I oR Feot ST priRAde ifztes 1a of

inmproved ink jet printing device and i mage form ng
thpphreriusend rpattiich et @oh@aﬁeﬁménbdwlb%btweeﬁ@b unit 1
el i m nated. Anot her object of the present invention is
i$ oscangd an deharBrudnkimet. printing device which can
prevent the WO 2005/ 047002 PCT/JP2004/ 017223 -7

occurrencerty 8lcHsinBCeASkateNaya6d sEgudedrch Mhe ink
medi um and attain high-quality printing by

dP@ﬁQtﬁgﬁ%{ghéJ“%ﬂdyga%kises at the transitional locations
between the discharge nozzles la of the rear—end portion of
the head unit 1 and the discharge nozzles la of the front-end
portion of the head unit 1 when the recording sheet P is moved
in the sub-scanning direction greatly and then the head unit 1
is moved to the non-printed region on the recording sheet P,
and consequently the problem that color inconsistency becomes

conspicuous on the recording sheet P as a whole will arise.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide an
improved ink jet printing device and image forming apparatus
in which the above-mentioned problems are eliminated.

Another object of the present invention is to

provide an ink jet printing device which can prevent the
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sequence of the ink w thout being reversed in the case
of printing at a high resolution higher than the

woesildtdoon 5 determ ned according to the arrapCT/arP2004/017223

interval of the discharge nozzles of the head unit.
Anot her object of the present invention is to provide
an i mage form ng apparatus whiTth can prevent the

e of col.or. | nsi.s cy_on the recording ..

e i 1 R R R P Ym pPrh Py 0 Medium and
i ntaini.ng the jinpact  sequence, of the ink wthout
?h%q?le‘?}?e‘r@?g“i*ﬁ’ 488 BY TRrPheimiRat the nitgpct

resol ution higher than the resolution determ ned

SRR T rf 1 e Herkamddfoufst bpiay BEveheedi stHargease of

nozzl es of the head unit. 15 The above-nenti oned

Pobjetts af ¢ He.gir esentlutinzehigbar ateamctiie vissk diyatdon

ink jet printing device conprising: a head unit in

davbd ol reeplabalid i P or eser di-gy headsriavi og ©is i/ @@ rge

nozzl es whi ch di scharge ink drops of different colors

né£SRECtd walne i Akarged in a main scanning 20
direction, and the discharge nozzl es of each of the

recordi ngheads are.artan eg%at equal. intervals i.n
A . .
sub- scanni ngaﬁ%ﬁrr é% Com \CI)\%I c el%r%seer%%rftﬂ‘{ﬁﬂtdront o5t %8
mai n scanniH}r%%Igd i regtion; a head-unjt noving unit
PTGy dthe QP On 2PRETA HEF Vst Ehrifary RSVt dhe
along a printing region of a recording 25 nedium a
CFEFFM IRy e diknrmivicrRg st enap e mgthh ereepstidichqreddum and
2005/ 047002 PCT/ JP2004/ 017223 -8 nediumin the
a'stebirs deirgii-gpadiintec irdntiagdby watttainimy tthe impact
controlling the head unit, the head-unit noving unit,
s@fnferdd of the ink without being reversed in the case of
printing at a high resolution higher than the resolution
determined according to the array interval of the discharge
nozzles of the head unit.

The above-mentioned objects of the present
invention are achieved by an ink jet printing device
comprising: a head unit in which a plurality of recording
heads having discharge nozzles which discharge ink drops of
different colors respectively are arranged in a main scanning
direction, and the discharge nozzles of each of the recording
heads are arranged at equal intervals in a sub-scanning
direction which is perpendicular to the main scanning
direction; a head-unit moving unit moving the head unit in the

main scanning direction along a printing region of a recording

medium; a recording-medium moving unit moving the recording



recordi ng- medi um novi ng unit, wherein the control unit

is configured to carry out printing procedures
wonadswdiong st eps of 5 noving the recordi ng nedPamIPmo4/017223

the printing region to perform the discharging of the

ink drops, and noving the recording nediumin the

sub-scanni ng direction by an-8nterval represented by

o] Hk where His an array interval of _the,
T e fo ST A SRS ng th FeCPPoRoANERE
s 10 an i nteger above one, to performthe discharging
CORTERELIRR TiF 0pq i horthsr ineeeduRéi BAVEREI valentand the
to the array interval H of the discharge nozzles, and
recArfgigededbun gpeaing hitpr iwieiregnpitbeedanesok timhesis
according to an ink dot density, and thereafter nove
cbhéigeced dtogeamedy wat ke isopseanaupgs 15ndi 1&€Chd 0fteps of
so that the head unit is located to a next non-
5 mpringedhe egbdrd 0ld Gt he Qﬁbnbkﬂgtiﬁg'PQgﬁgg {ererform
printing procedures are performed for the néext

NxPEL| : j he n unpt is .
PSR e e YR HeRah B AhEO e e  Fecording
i,scharge .nozzles in _an arra i,rection after 20
LS o RS e s o BRADY TR or CeRiR
ortion of the discharge nozzles in the array
rgPFéﬁ??Bﬂjﬂ%ﬁd?Q?rﬁqqmﬂ¥@gﬂd$ whgEenBnipr apt 2Eraeginrerval of
overlap each other with respect to the sub-scanning
tHer éts¢argambizhes il ridez seb-shatnilog ndt rect sohame k is
the ink drops are determ ned fromanong arbitrary 25
10  aonéstefet heboxerdrappiteg pdirsohar gren@zZtBSr§Ned UsH Nehe ink
the front WO 2005/ 047002 PCT/JP2004/ 017223 -9 end

dpeps i 08 anthd-e R eldiiRAr EhARNvhDehPOL@TEY array interval
direction of the discharge nozzl es.
H of the discharge nozzles, and configured to repeat the
printing procedures k times according to an ink dot density,
and thereafter move the recording medium in the sub-scanning
15 direction so that the head unit is located to a next non-
printed region following the printing region and the printing
procedures are performed for the next non-printed region,
wherein the control unit is configured so that a rear-end
portion of the discharge nozzles in an array direction after
20 printing of the printing region and a front-end portion of the
discharge nozzles in the array direction before printing of
the non-printed region overlap each other with respect to the
sub-scanning direction, and invalid nozzles that do not

discharge the ink drops are determined from among arbitrary

25 omnes of the overlapping discharge nozzles including the front-
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By the above conposition of the ink jet printing
device, in the case of printing at a high resol ution
waigis@n7@®2t han t he resol uti on determ ned accor #CTngP1004/017223
the array interval of the discharge nozzles, when the
recording mediumis noved in the sub-scanning
direction greatly so that the9-head unit is located to
e printed.region of the recording nmedi um and ,
B PRl | G st R To Rk e GpE FHeTS S peqiion of
éo gossﬁble t hat the inpact sequence of the ink drops
thE HHEChETIRSIAFORE - | ocati ons between the di scharge
nozzles of the rear-end portion of the head unit and
t he di schaiyehroaors somppké tiponef ehlde pork i ot gfrirhsing
head unit is in accordance with the inpact sequence
defithe imktlr apsseofofampotimer ngobar a hbgkoresdiSti®asOiyher
by covering the whole recording nedium and

tHahntae Nkag 1he diRrEe rseadeNaec8kdt A tokend oMy interval
being reversed, the ink jet printing device of the

oPT BBENG 1 s bIWERY I QI) GaR ,p%\égntthghgaegf&'{ﬂﬁqtg?c%ﬁ%%cioé Yoved

I nconsi stency on the recor |ng medl um an

chigh-qual it rinting. 20 Moreov t he L
O Sl T s PP PR RS L iebP Pt e Bead unit s
i nvention may be prqvided so that the control unit_ is
1RBRFFYUrR I P &R Eda g SBEPRGOF hEh e nvR BH ¥y Atedklum and
at | east one of the discharge nozzles located in the
peeherendthg sHisderainghe faithgy idkr dceponthegon, &t iiwmal
nmovenent of the 25 head unit in the main scanning
pdss Hele orhdtorthpr ilmparg isegtibec¥0o200é 0400Props at the
PCT/ JP2004/ 017223 -10 sane printing region and one of
ti&es it el 48 J2022hes bkeGabfdthbNgi bend FQNtu B es of the

portion in the array direction upon a first
rear—end portion of the head unit and the discharge nozzles of
the front-end portion of the head unit is in accordance with
the impact sequence of the ink drops of another color.

For this reason, by covering the whole recording
medium and maintaining the impact sequence of the ink without
being reversed, the ink jet printing device of the present
invention can prevent the occurrence of color inconsistency on
the recording medium and attain high-quality printing.

Moreover, the above-mentioned ink jet printing
device of the invention may be provided so that the control
unit is configured to determine as being the invalid nozzles
at least one of the discharge noz%les located in the rear—end

portion in the array direction upon a final movement of the

head unit in the main scanning direction for printing in the
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novenent of.the head unit in the main scanning

direction for printing in the non-printed region. 5
weyodasizogonposition, it is possible that the PaOpae1004/017223

sequence of the ink drops at the transitiona

| ocations between the discharge nozzles of the

rear-end portion of the hea@lounit and the di scharge

nozzles of the front-end portio f the head unit is
SERC REGHHE & SHCR BRE PRBaET SERULHEEITTIa G qidocated
,drops of another color. Mreover, the above-nentioned
iR nkhe efropiranchgorddpncdnotheharravedt Fomt iy weon a first
provi ded so that, when the nunber k of repetitions of
menenemy epentheofhedde ungdoridi ige mein uscdynide dinterhdain for
H k in the sub-scanning direction is 15 increased, the

peDMti0d imithd seepiiigueadrtgigat ernm ne as being the
invalid nozzles at |east one of the discharge nozzles

| ocat ed i sy R sfsr @BLpERGLRBAL I 0P {8 A& A TAYhat the impact
direction upon each of novenents of the head unit,

f

s (?9&? efc% tifh filnrl]caldr \éeggnkhel Erégsei{@ér[]a]? Clgbncna{tr}t.%ns

drrection for printin I'n"t Aé non-pri nt ed tegi on.

By this conposition, it is possible that the inpact
DEHRRh D CIIREAHE BPGALCA! OF hERE r 57RT TS UhIOT Lion of the

| ocations between the discharge nozzles of the _
headruhe 336t tihen ddEchREgeheadz bast ohndhe herafl tsetial geortion

nozzl es of the front-end portion 25 of the head unit
of sthen femrsbrudeiric € swithh arherdapaet wielguene eimgfadAD sequence of

2005/ 047002 PCT/JP2004/ 017223 -11 the ink drops of
tlaoidierd ey Orof Makedwer collBe. above- mentioned ink jet

printing

Moreover, the above-mentioned ink jet printing
device of the invention may be provided so that, when the
number k of repetitions of the movement of the recording
medium by the interval H/k in the sub-scanning direction is
increased, the control unit is configured to determine as
being the invalid nozzles at least one of the discharge
nozzles located in the front-end portion in the array
direction upon each of movements of the head unit, except for
a final movement, in the main scanning direction for printing
in the non-printed region.
By this composition, it is possible that the impact

sequence of the ink drops at the transitional locations
between the discharge nozzles of the rear-end portion of the

head unit and the discharge nozzles of the front—end portion

of the head unit is in accordance with the impact sequence of
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device of the invention may be provided so that, when
the nunber of the overl appi ng di scharge nozzles IS

woners@azee, the 5 control unit is configured t®CcT/JP2004/017223

i ncrease the nunber of the invalid nozzles. By this
conposi tion, even when the nunber of the overl apping
di scharge nozzles is increasédl; it is possible that

%Q 1ﬁﬁn§§t seq%enc of theB|nk drops at the

Fansiti ona &tween the di scharge

nozzl es of the rear- end portion of the head unit, and

the di schdfJeeHErzl &&SoPPPHE MPRERPRBAT PoritlorP i g

head unit is in accordance with the inpact sequence
devi¢hect nihelrioperdficanoeliebecorovidatr sovenat t hehen the

above-nenti oned objects of the 15 present invention
narneenchf eviesl dyedndpinge di ethbrgeapparatsisis i noeaded, the

an ink jet printing device is provided, the ink jet

cOhtRsl ngn;dev_wa:&mg urgldN@o anBeadsénthe i Mudbd £hh@ the
plurality of recording heads having di scharge nozzl es

lM@éfﬂddﬁ§§ ink drops of different colors
respectlve are arranged in a 20 main scanning

di t 1z f h of t
ocordi o %Ye”%e AFETRPRARGEG  abT SR ARR L AT OF the

sub- scanning direction which is perpendicular to the
OWaf IR I TP TR PiGR1a hBadRtRPESADdyi Fly thiRossible
noving the head unit in the main scanning direction
thébngha prrant mpausgicen osf ther éobr diogs 25t neltk umarssitional
recor di ng- medi um novi ng unit noving the recording WO
126051 Oy 02wt HPR0@4s0hZ238 neoi2]l aedbfimhd tder—end
sub-scanni ng direction; and a control unit

p&PRLSOI b Nehd N dieashi¥nkhd the HeaenaRhd ABY G WH thne
and the

front-end portion of the head unit is in accordance with the

impact sequence of the ink drops of another color.

Moreover, the above-mentioned objects of the
present invention are achieved by an image forming apparatus
in which an ink jet printing device is provided, the ink jet
printing device comprising: a head unit in which a plurality
of recording heads having discharge nozzles which discharge
ink drops of different colors respectively are arranged in a
main scanning direction, and the discharge nozzles of each of
the recording heads are arranged at equal intervals in a sub-
scanning direction which is perpendicular to the main scanning
direction; a head-unit moving unit moving the head unit in the

main scanning direction along a printing region of a recording

medium; a recording-medium moving unit moving the recording
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recordi ng- medi um novi ng unit, wherein the control unit
is configured to carry out printing procedures
wonaisidiag steps of 5 noving the recordi ng nedpamuPmo4/017223
the printing region to perform the discharging of the
i nk drops, and noving the recording nediumin the
sub-scanni ng direction by anlEnterval represented by
rray interval of _t
glgﬂa? JCﬁ%zi‘llf% S??PQ%RQ'Q&EeggéﬁHVnanal?eE?PBﬁo%uﬁP¥F
is 10 an I nt eger above one perform the discharging
CERtERLL K t@?o&%@@cﬁ%%ihoﬁhﬁrPﬁ?@duPéﬁl@ﬁvéﬁﬁlv%&%ntand the
to the array interval H of the discharge nozzles, and
reenfilyugaded bum epesaing eitpr wheragnpkbeedontsok i itesis
according to an ink dot density, and thereafter nove
cbhéigeced dtageaety wnt prike isgbpgseastiings 1ondi i@lid Mieps of
so that the head unit is located to a next non-

mB¥hAGeth& egb O8r-d old MGt Re RRENLENELER |9@g9&q td%erform
printing procedures are perforned for the next

£Han Eé&ﬂéf&lﬂ& PnﬂnaWHﬁr%&% Eh afi n&ggh 8” ﬁe'?ecordlng
PPECRLEBLSE, g pafdheo L

configured so’that a rear-éen porfion O
di schar%e nozzles in an arrag8g|rec on after

mSPFH?uh bt AP PTG FégPEH8RAVY ?Poh?t%ﬁﬁﬁl
portion of the discharge nozzles in the array
rHPF@%?]PB%d bR oFlee phamtilng Hdk whRESnBnipr aht @B 2R ginferval of
overlap each other with respect to the sub-scanning
ther écstlomrganbimied i ndzzbeb-shannigngndiredisohamge k is
the ink drops are determ ned fromanong arbitrary 25

anngstefet heboverdmppitry pdirsolhar grenaz2trsri ey USH Nghe ink
the front WO 2005/ 047002 PCT/JP2004/017223 -13 end

dpPepki e8 @ngoﬂlﬁkiﬁﬁﬂd‘%Eél%%rEhﬁ@vhmeﬁﬁetérfﬁ¥ array interval
direction of ‘the discharge nozzl es.
H of the discharge nozzles, and configured to repeat the
printing procedures k times according to an ink dot density,
and thereafter méve the recording medium in the sub-scanning
direction so that the head unit is located to a next non-
printed region following the printing region and the printing
procedures are performed for the next non-printed region,
wherein the control unit is configured so that a rear-end
portion of the discharge nozzles in an array direction after
printing of the printing region and a front-end portion of the
discharge nozzles in the array direction before printing of
the non-printed region overlap each other with respect to the
sub-scanning direction, and invalid nozzles that do not

discharge the ink drops are determined from among arbitrary

ones of the overlapping discharge nozzles including the front-



By the above conposition of the inmage formng

apparatus of the present invention, by covering the
wohaols@4Boe ecor di ng medi um and mai nt ai ni ng the PaOPAR1004/017223

sequence of the ink w thout being reversed, and the

i mage form ng apparatus of the present invention can

prevent the occurrence of collg— inconsistency on the

I rding_nmedi.um and attai n hi gh-quali printing. 10,
S Shdiengn Born e Eedhi S o 3 e Bedipfareghion of
rovj.de_an ink jet printing device and i mage form ng

%ﬁp&?ﬁ?ﬁ?rﬂﬁi BRZESRS prevent the occurrence of col or
i nconsi stency on the recording nedium and attain
hi gh- qual i By theiakeve) ¢y intigoniodg thhe ingpacforming
sequence of the ink wi thout 15 being reversed, in the
apgseadhisppifnthagpbysédie rivghhtriesgl iyl epveliighethth@hole
the resolution determ ned according to the array

5 rddogtval AEqthe &hechal e N0z7 e BROEEtDESGRERELODF the
OF THE DRAWNGS 20 FIG 1 is a perspective view of the
q Js ri,Qting j [ fir r :
oo nenr B bR TR ERH ond Brg el BBk ES appgzatus of
t\ﬁiewgfse}[:1 e.head unit _in thefirtz)]t preferred £ col
EFobdrReAt. TDESEHEN 3% A BBk BeafrSHF 6F EReCt color
.control system of WO 2005/047002 PCT/JP2004/ 017223 _
lﬁf&?nﬁﬁétﬁﬁﬁyj' F Bhe nmiesRrHaE aediym pads pEspipr Biehreerlity
enbodinent. FIG 4 is a flowhart for explaining the
pFin#tindg method of the ink jet printing device in the
first preferred

10 According to the present invention, it is possible

to provide an ink jet printing device and image forming
apparatus which can prevent the occurrence of color
inconsistency on the recording medium, and attain high-quality
printing by maintaining the impact sequence of the ink without
15 being reversed, in the case of printing by the high resolution
higher than the resolution determined according to the array

interval of the discharge nozzles.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 is a perspective view of the ink jet
printing device in the first preferred embodiment of the
invention.

FIG. 2 is a perspective view of the head unit in
the first preferred embodiment.

25 FIG. 3 is a block diagram of the control system of



10

15

20

25

enbodinent. 5 FIG 5A and FIG 5B are diagrans for

explaining the printing procedure of the first
wonrefs@arme enbodi ment and the state of changeprof/Jpive4/017223

recordi ng sheet when the ink reaches the target in

the printing procedure. FIG 6 is a diagramfor

explaining the invalid 10 nrdZzlies in the first

ref.err enbodj nent, FIG 7A.and EI G, 7B are di.agrans,

P S PR HIE s dhadh damir PretriFen” SnStiinent.
preferred enbodi nent when printing at_another o
resol uti onfIE & ¥ ix B ANAGAMPsr c8RpraRAPFgtrPperrinting
invalid 15 nozzles of the ink jet printing device in

mefgodeednthpr thlerield peirbdiowistvice tthethavEhrsonpreferred
FIG 9A and FIG 9B are diagrans for explaining the
emppedlimdnhozzl es in the second preferred enbodi nent

when printing at another resolution. 20 FIG 10 is a

di agram f orrexpRidiNaridie sevakl diaBeask e8opl edPea ity the
jet printing device in the third preferred enbodi nent

pQEnEEﬁgiB¥88é&ﬁ¥b J%F%héjf§ d EE%Erlég %@ﬁ?%%ﬁgﬁéngnd the

for explaining the invalid nozzles in't

referred. enbodi t when 5 printing. at ot her
SPaSs] Fi SR 4D S008I0 407 FEF FBS66ATBTI N 11k Feaghes
12 is a diagram show ng the conposition of a
tBENVBREFENE HRAPUH LRI REOCEINTEnd FIG 13B are

di agrans for expl ai ning
FIG. 6 is a diagram for explaining the invalid

nozzles in the first preferred embodiment.

FIG. 7A and FIG. 7B are diagrams for explaining the
invalid nozzles in the first preferred embodiment when
printing at another resolution.

FIG. 8 i1s a diagram for explaining the invalid
nozzles of the ink jet printing device in the second preferred
embodiment of the invention.

FIG. 9A and FIG. 9B are diagrams for explaining the
invalid nozzles in the second preferred embodiment when
printing at another resolution.

FIG. 10 is a diagram for explaining the invalid
nozzles of the ink jet printing device in the third preferred
embodiment of the invention.

FIG. 11A and FIG. 11B are diagrams for explaining
the invalid nozzles in the third preferred embodiment when

printing at another resolution.
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the way of printing when the head unit is scanned only
inthe 5 forward nmain scanning direction, and the
wonrbistung2 st ate of the recordi ng sheet when t heCchngrpzo4/017223
unit is scanned only in the forward main scanning
direction. FIG 14A and FIG 14B are di agrans for
explaining the way of printHldg when the head unit is

scanned in e 10 forward and backward in_scanpjn

G T okt onaT Mt eFhat eIy Lige ot RECHETH: FHE CoRvesDHThet
recording sheet when the head unit is scanned in the
CPBVRAFYORAE Per®&vight mai n scanning directions
alternately. FIG 15A and FIG 15B are diagrans for

expl ai ni ngFIG5 13 stchttd Cof 198 arendibyrahsf fongexthenining
head unit by half the pitch of the discharge nozzl es,

tapdwhiieopr pAi hodh$ tvileh afhd head eeerdiBgseBRREAWIETE in the
the ink reached. FIG 16 is a diagram for expl aining

£bhRas8aNBl RYs cREPOEIW B L iihe heddcubl brafdibhhestate of the
recordi ng sheet when the 20 printing is perforned by

i I it Lf .th i f )
r§RbEhAg LREDSA e e oicle s BELERERIoADY 1n ne
for _explainin the printing state of. the recording
£QRUAE Ly ion SREFTH TP (1 SHORF uni t by hal T the pitch

of the discharge nozzles, and the 25 reversing of the

i npact seqiEfcel ¥F atre FlSk ilABt Reepfingrags W»r explaining
2005/ 047002 PCT/ JP2004/ 017223 -16 region A of the
thecvedi 0§ shertin@BESEIMIDE BFERICARRY| N& SCHNTEHEE in the

I NVENTI ON A description will now be given of the
fpeebedr @dd backward main scanning directions alternately, and

the‘printing state of the recording sheet when the head unit
is scanned in the forward and backward main scanning
directions alternately.

FIG. 15A and FIG. 15B are diagfams for explaining
the state of printing by shifting the head unit by half the
pitch of the discharge nozzles, and the printing state of the
recording sheet where the ink reached.

FIG. 16 is a diagram for explaining the scanning
procedure of the head unit and the recording sheet when the
printing is performed by shifting the head unit by half the
pitch of the discharge nozzles.

FIG. 17A and FIG. 17B are diagrams for explaining
the printing state of the recording sheet when shifting the
head unit by half the pitch of the discharge nozzles, and the

reversing of the impact sequence of the ink in the printing
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5 enbodi nents of the invention with reference to the
acconpanyi ng drawi ngs. Referring to FIG 1 through

wehwsiBo2t he ink jet printing device in the PCTAP2004/017223

preferred enbodi nent of the invention will be
explained. 10 FIG 1 and FIG 2 show the conposition
of the ink jet printing dewilée in the first preferred

of the vention. The ink jet printing
rsg%PEe£§i£th%lﬁfcﬂF %ﬂ%ﬁﬁ%ﬁ%ﬂln an i mage forning

apparatus, such as a copier, a printer, a facsimle,

a nulti-function peripheral, etc. Since 15 the inage
form ng apparatus is well known in the art, the
BEFEWIADE EORWARRY NG Wit J¥iRt iDWEDT IONe i mage f ormi ng
apparatus will be omtted. As shown in FIG 1, the ink
jet printingsegeibh wdonphbsebet bevBeads Uihdé drkferred
The head unit 12 includes the 20 plurality of

chB6QLdEAYs headEnd 3Byy k3G onl FMnand sE3XnWhi b have the

di scharge nozzl es 13a which discharge the ink drops of
bl gﬁ ( cyan (C), the magenta (M, and the

aEgﬁ?% ? 5%%%% |ver, and are arranged in the

mai n scan direction he recordi ng sheet
(recordingé Y Be AG hgwﬁhFﬁug He t?ﬁ? ink jet
di schar ge nozzles 13a of each of the recordlng
P3oHp5 04 78001 PETIY Piv0 £ig 2 PFeferreHeasod Bpeny 3¢ the
13M and 13Y are arranged at equal intervals in the
igupnscannvihyl die estiladnedahi ch is substantially

perpendi cular to the main scanning direction X. The
sequence 1@ hel dirgclracge 2nerzatveshd3aoBysbeion of the ink

jet printing device in the first preferred embodiment of the
invention. The ink jet printing device 11 of FIG. 1 is
provided in an image forming apparatus, such as a copier, a
printer, a facsimile, a multi-function peripheral, etc. Since
the image forming apparatus is well known in the art, the
drawings showing the composition of the image forming
apparatus will be omitted.

As shown in FIG. 1, the ink jet printing device 11
comprises the head unit 12. The head unit 12 includes the
plurality of recording heads 13B, 13C, 13M, and 13Y which have
the discharge nozzles 13a which discharge the ink drops of the
black (B), the cyan (C), the magenta (M), and the yellow (Y),
respectively, and are arranged in the main scanning direction
X of the recording sheet (recording medium) P. As shown in

FIG. 2, the discharge nozzles 13a of each of the recording
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5 arranged al ong the sub-scanning direction Y.
Alternatively, it may be arranged al ong the sl anted

wdi2ospiioon to the sub- scanning direction Y. TheThurzd4/017223

unit 12 is provided with an energy generating unit
for carrying out the discharging of the ink, 10 and
the energy generating unit may-be formed of any of the

Lezo ctrl at-or ch as the piezoelectrjc,
RSB HRE e AL S 67 CUPTPREPRY Fheoptbentervals
,cth%e of the liquid by the liquid filmboiling using
IPhE RedfR et A inY 91 n&sihiens Yorhiehe g neebs taebiakly he

exot herm c resistor, the shape-nenory 15 all oy
raepeadbeular |t ity med meicannphgsdichahiyendtie to

tenperature change, the electrostatic actuator

utilizing The seehegiceosifathe HO5CRar@é Cnod M dd€3a may be

present enbodi nent, the head wunit 12 is provided with

athenpeZORREWHLE AMI-URLAN 16T gt PectPbEZPe! eLifd Satively,
devi ce) used as the energy génerating unit, and 20 ﬁhe

; it | S-.d rated-i el pet_printin B
o el RS Pl Sy L G
car ja_qa%%iyand this carriage 14 is noved in the

he .
S%%F%ln%c inn rection al ong the shaft 15 by the

movi ng nechani sm 25 21. The noving nmechanism 21 is

equi pped wWitth haRel weddr 12t he Wyrebdsd oadpan energy

PCT/ JP2004/ 017223 -18 reduction gear, etc. Therefore,
gemerdekny unlit 11 samyyédgi autt bee ndi sclsagimaipf the ink,

direction by the carriage 14, and carries out the
ankl scirargiegyofgereraitikhgt ant hemagcos ditemsdest dhy I0F the

addition, the carriage 14 and the novi ng nechani sm 21
pi@zéé@éctric actuator, such as the pilezoelectric device, the
thermal actuator utilizing the phase change of the liquid by
the liquid film boiling using the heat-electricity conversion
elements, such as the exothermic resistor, the shape-memory
alloy actuator utilizing the metal phase change due to
temperature change, the electrostatic actuator utilizing the
electrostatic force, etc. 1In the present embodiment, the head
unit 12 is provided with the piezoelectric actuator (or the
piezoelectric device) used as the energy generating unit, and
the head unit 12 is incorporated in the ink jet printing
device 12.

Moreover, the head unit 12 is carried on the

carriage 14, and this carriage 14 is moved in the main

scanning direction along the shaft 15 by the moving mechanism

21. The moving mechanism 21 is equipped with the motor, the
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5 present enbodi nent constitute the head-unit noving

unit in the <clains. Mreover, the recording sheet P
wo0smaweyed in the sub-scanning direction Y BgTAUP®04/017223

conveyance nmechani sm 16, and this conveyance

mechani sm 16 constitutes the recordi ng-nmedium 10

nmoving unit in the clainms. Hi&-conveyance nechani sm 16

C Lses the notor , the gear 18 prqvided on the )
r&%ﬁggfonaﬁ?%rofeﬁqna;ﬁ%§ﬁe§9ﬁ 'aﬁaetﬁéagoH9é§aﬁ%els moved in
roller 20 to which the driving force of the nmotor 17

the PRAASHTIRRENG HHORAE ke DYy torshgageddwi apdt prrries
gear 18. 15 Moreover, the ink jet printing device 11

oug thendisthadying tde Wentimd [ter tB2 whichdtogt sbéstthe In
head unit 12, the noving nmechani sm 21 and the
addnveyancehaeeam S48 1161 ashd shewaokingl feecBandgd 20 dn the
controller 22 constitutes the control unit in the

pekabiB . enlhed GRAIHE Qld Rl 1221 CO0MRL 8884L0R1 0n&Fhg unit in the

(central processing unit), the RAM (random access
HEBMRLY), the ROM (read only menory), etc. In the ink
jet printing device 11 of the present enbodi nent, the
CPU of thﬁﬂcontroller perfornms the drjiving contro
of the ca

22 | .
TG AP RECTEIRTeFAREE RretharrRfrYg! in the
and perforns the control of the 25 discharging of the
SpRKkSERNRHRI HEHP TNIQR 12 Hvh thecopadAEanep tAegianism 16, and
2005/ 047002 PCT/ JP2004/ 017223 -19 the printing
thiogramveyarerl nachans sROM6 Monetienfteassbiai ngcohdtng-eedium
pitch (the array interval) of the discharge nozzles
md3ang nuiiie Subciscaiding . dimhectbafieYahse Séchdnthntie
controller 22 in the present
comprises the motor 17, the gear 18 provided on the output
axis of the motor 17, and the conveyance roller 20 to which
the driving force of the motor 17 is transmitted through the
gear 19 engaged with the gear 18.

Moreover, the ink jet printing device 11 is
controlled by the controller 22 which controls the head unit
12, the moving mechanism 21 and the conveyance mechanism 16 as
shown in FIG. 3, and this controller 22 constitutes the
control unit in the claims. The controller 22 comprises the
CPU (central processing unit), the RAM (random access memory),
the ROM (read only memory), etc. In the ink jet printing
device 11 of the present embodiment, the CPU of the controller
22 performs the driving control of the carriage 14 and the

conveyance mechanism 16 and performs the control of the

discharging of the ink of the head unit 12 in accordance with



5 enbodi ment perfornms the driving control of the

carriage 14 and the conveyance nechanism 16 and the
wonbkosgusobhar ge control of the head unit 12, s®CcTapi004/017223

the ink jet printing device 11 <carries out printing

at a high resolution higher than the resolution

determ ned according to the—-pPtch H of the 10

ischarge nozzles 13 Speci fi cal the controller 22

tgﬁ Phe" r%%e%togEﬁﬂx§%9ﬁ§% s t@ %¥8ured to carry out

printing procedures includin ste s of nmoving the

recor di ng %ﬂﬁﬁﬁvqfd(§3ﬁﬂ?ln§rﬁﬁﬁtn§ ?e@ttht6t¥ﬁH§¥ﬁ4ﬁ

the di scharging of the ink drops, 15 and noving the
ipgevvdl hgeshidet Heghadpe swizdeanhBagidi tket $wpsdamying

an interval represented by the fornula Hk where His
dihectasmay istsyrwvalo of, tHhe doachalgerndzziestiS8apidsent

the sub- scanning direction and k is an integer above

5 cRB8dihOnPesdOfdPnd NG digGRang! BEnelol heri fke deOPSi d Qe a14 and
non-printed region 20 equivalent to the array interval

h%oéoﬁy §§Qﬁ§§§nﬂgﬁgh%san£3% eaEHkC8f£&ﬁ££ é trol of
% Frig TG

repeat the printing procedures tines ~accor

dot t d ft
bEcar i i ohn o ' S cbleis a;r%tnggrﬁr?tﬂefe@t.%%weoll

that the head unit 12 is located to a next
CABRLPT | At PTG B3 PoiiAg FSSPRETHPR NRiFRe¥ cefiam the
and the printing procedures are performed WO
rogOby DUTD (P tRETYIIRRZD G4/0L 7228 to20héopitdie Hexf the
non-printed region. Mdreover, the controller 22 is
10 disohagys etbidezar3a. out printing so that a rear-end

portion of the discharge nozzles 13a in an array
di recti on gfd@arriRihntd Ngnaf cbhAeroller 22 in the present
embodiment is configured to carry out printing procedures
including steps of moving the recording sheet P to the
printing region to perform the discharging of the ink drops,
15 and moving the recording sheet P in the sub-scanning direction
Y by an interval represented by the formula H/k where H is the
array interval of the discharge nozzles 13a in the sub-
scanning direction and k is an integer above one, to perform
the discharging of the ink drops to a non-printed region
20 equivalent to the array interval H of the discharge nozzles
13a, and configured to repeat the printing procedures k times
according to the ink dot density, and thereafter move the
recording sheet P in the sub-scanning direction Y so that the

head unit 12 is located to a next non-printed region following

25 the printing region and the printing procedures are performed
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5 printing region and a front-end portion of the
di scharge nozzles 13a in the array direction before

wonroostumg2 of the non- printed region overlap each/Jpioneo17223

with respect to the sub- scanning direction Y, and the
invalid nozzles that do not discharge the ink drops
are determ ned from anong ardgad+ary 10 ones of the
over | appi ng di scharge nozzles 13a including the
fPFoﬁk?eﬁﬁxgoPPpﬁﬂr 1 HeeFedt- end portion in the
array direction of the discharge nozzles 13a. In

addi tion, Merseverd Bre morddaldg@r, 2i2n isheonpigyead to carry
enbodi ment, the array direction of the discharge 15
ondz plréstiB8g eb theh afrddre-armt gaditignheddshef dt hehhead
unit 12 is parallel to the sub-scanning direction Y
nd%zsBewn3knifl & drr@pdiitdatidn R ed-18RENGOLEI PR
of the discharge nozzles 13a in the array direction

d hnlt%gt edy98nt BEa Sk de-afc 1y %g}ﬁtq%%f the a%ggﬁg%gg

sheet conveyed i n the sub-scanning direction

and e.fLront-end portion of t.he di scharge.nozzles_13a
Bk 1 2r S B D e bR EnB PR ERg T S pbe mon-
top. of the, recordjng sheet P conveyed in the
Pg&gf%éaﬁﬁghand?v%%%%rﬁ%ﬁh IRbher Fidds CESBEFntRi Fhe pgub-
given of the printing rocedures perforned by the ink
sicenrpRPNEiL AGCHEVE CBr ing Hhe5 mredsennogabedi kAt ¢pthot
reference to FIG 4, FIG 5A, FIG 5B WO 2005/047002
dREEhaP2e04ho1¥72R dropX -a randicfle@mifedFdromhemsageadbitrary
conveni ence of description, in the exanples of FIG

0bAs GEGn8Boaadl fpfind . didcHasrRURPRESEEst hat, inwhediddherhe
head unit 12 is noved in the main scanning direction
front-end portion and the rear-end portion in the array
direction of the discharge nozzles 13a.

In addition, it should be noted that, in the
present embodiment, the array direction of the discharge
nozzles 13a of each of the recording heads of the head unit 12
is parallel to the sub-scanning direction Y as shown in FIG. 1
and FIG. 2, the rear-end portion of the discharge nozzles 1l3a
in the array direction is located on the side of the bottom of
the recording sheet P conveyed in the sub-scanning direction Y,
and the front—-end portion of the discharge nozzles 13a in the
array direction is located on the side of the top of the
recording sheet P conveyed in the sub-scanning direction Y.

Next, a description will be given of the printing

procedures performed by the ink jet printing device of the

present embodiment with reference to FIG. 4, FIG. 5A, FIG. 5B
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5 X, the discharging of the ink drops of cyan C and
magenta M of only the two colors is carried out in
wagzsBodamzon with the recordi ng heads 13C andpdB¥P2004/017223
Moreover, it is supposed that the printing is
performed by the ink jet printing device of the
present 10 enbodi nent at the2di-gh resolution which is
tgi?EGas6large as the resolution determ ned according
& 8 prtch H of the discharge nozzles 13a, and in
this case, _k is set to 2 which is the base of the
formul a H KOF eprestdis if twavierienesl of ofeserippiern)in the
and the head unit 12 is noved in the sub-scanning 15
ediempéEoAL YFB@E) yoR wi K f 1B talnel §dfe pri Ati hg segposed that,
Upon starting of the printing procedures in the
wheawthar heal &hx % idenguddtimnghdatmaiandckhfing direction
printing condition are set up (step Si). For exanple,
xt,Nenpr 4R ERYrgCORM £ 110k IiniSeiropl s¥Chybhat LA& magenta M of
printing is perforned at the 20 hi gh resol uti on which
St W,ce t .eSPl Ut i A1y .
o A s e o The B T Or T h o Do RSP BELAEEH gien the
13a. .Subseguent th er of the invalid nozzles
TEHHTIERE g%%gﬁti%# ﬂ%%éﬂgﬂ? of the recording sheet P
in the sub 25 scanning direction Y are conputed (step
S2). Aft erMPFEVeR hel WO EUEPOS P00 PLPETEYP2RDYR DIy 28
-22 scanning data for actually printing on the
peafordedgbyhele Ik dret ardattdag( dewpc83pf the present
Subsequently, the head unit 12 is noved in the main
esbadhinagt dit ethé dnigh arbdiie idnsehacyi ng ofitdeas nkat$e as
carried
the resolution determined according to the pitch H of the

discharge nozzles 13a, and in this case, k is set to 2 which
is the base of the formula H/k representing the interval (or
the pitch), and the head unit 12 is moved in the sub-scanning
direction Y only twice for the same printing region.

Upon starting of the printing procedures in the
flowchart of FIG. 4, the printing data and the printing
condition are set up (step Sl). For example, the printing
condition is set up such that the printing is performed at the
high resolution which is twice as large as the resolution
determined according to the pitch H of the discharge nozzles
13a.

Subsequently, the number of the invalid nozzles and
the amount of movement of the recording sheet P in the sub-

scanning direction Y are computed (step S2). After this, the



5 out to performthe printing, or the processing to

tenporarily stores the acquired scan data in the RAM
wo0pmfoemed (step S4). Subsequently, it is PCT/JP2004/017223

determ ned whether the printing for all the printing

regions of the recording sheet Pis 10 conplete, or

the tenporary storing of all28ke scan data in the RAM

is conplete (step S5).. If the result of the ,

SERPRITY i Fori OntA SO 195 PR PAFFPr it FUS, TERRFALPE sheet P
printing-g{ocedures are finished. If the result of

afReCHRR EPHi MuEFOSHL- step S5 is negative, then the

control is returned to the step S2 so that 15 the

steps S2- Silawemiusepdat,edhy peaflounit. 1A deserved iion the main
will be given of the actual printing operations

saannidyn@i tectien it ewhaihe afisEh&rgdnyd 6h tRée1@NCEs carried
to FIG 5A, FIG 5B and FIG 6. In the exanple of FIG

5 oad %d%gfﬁbrn?azhé he i 120 oS C /AR ggogésébﬁg heade didrarily
12 in to t

he mai n scanning direction he” sane
LAk i regi of ¢ r rdip.n h [ erfo
PR PR P P, S BRSNS SR o Gyl Bber
Sgginted to the recording sheet P. After this, the
cording sheet P is noved in the sub-scanning
direction Y by the 25 interval H12 by the conveyance =
mechani sm &S HETHG nditn 10O ebesrbagdoghether the printing
PCT/ JP2004/ 017223 -23 scanning of the head unit 12 in
foheabhi Phe qanim imighali reggitongn oX the theosdimg pshertt rigy is
region of the recording sheet Pis perforned in the
10 cengdlétdp, osSocHdadendirdhk setbepagobrnagentide Mcad €data in the

printed to the non-printed regi on between cyan C and
R&MADs complete (step S5). If the result of the determination
at step S5 is affirmative, then the printing procedures are
finished. TIf the result of the determination at step S5 is
negative, then the control is returned to the step S2 so that
15 the steps $2-S85 are repeatedly performed.
A description will be given of the actual printing
operations according to the flowchart of FIG. 4 with reference
to FIG. 5A, FIG. 5B and FIG. 6.
In the example of FIG. 5A and FIG. 5B, the main
20 scanning of the head unit 12 in the main scaﬁning direction X
to the same printing region of the recording sheet P is
performed in the 1st time, so that the ink drops of cyan C are
printed to the recording sheet P. After this, the recording

sheet P is moved in the sub-scanning direction Y by the

25 interval H/2 by the conveyance mechanism 16, and the main
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5 C. Subsequently, the recording sheet P is conveyed
in the sub-scanning direction Y by the conveyance
worelsaai®em 16, so that the head unit 12 is | oeargp2000017223
a next non-printed region of the recording sheet P.
10 The main scanning of the head unit 12 in the main
scanning direction X to the-npan-printed region of the
recording sheet Pis performed in the 3rd tipe so that
SCRBDERR CHrEpR Qﬁa%yﬁﬁiclérénpﬁbﬁt@élFoSFﬁﬁnlng direction X
non-printed region. After this, the recording sheet P
tios thevednse not het b -sorimm o thed reeerflongyshgethe is
interval H 2. Subsequently, the main scanning of the
pbeddruadt id2thé @ddetinen- po thad tagi onkofirbhe of magenta M
recording sheet Pis carried out in the 4th tinme, so
atrBabri Ated NKo drD S Gf-gmgeRia rMabe bBREWBER:Yant @eand cyan
non-printed regi on between cyan C and cyan C. 20 T
cabove procedures are repeated for all over the
recording sheet P. As shown in FIG 5A, when

f t.he 3rd [ ft
CCanni ng RIS+ (e BOSFLIBA GPeChe® rLarcBhiPY=d in

gortlon of the discharge nozzles 13a 25 of the
thecsHET amﬁ%ﬁgJQ&??Qﬁ%QﬂaYaPWa§h&|F@BV?E%DF%rm?ﬁ@aqéﬁm 16,

WO 2005/ 047002 PCT/ JP2004/ 017223 -24 mai n scanni ng
santhehethesheddmmit tIie ifs dwicadrd [por &i naxbf noheprinted

di scharge nozzles 13a of the recording head 13C in the
ragtay ofi tieettedbfding hehedrtd Prai n scanni ng overl ap

Wi th each other wth respect to the sub-scanning

directi on.The main scanning of the head unit 12 in the main
scanning direction X to the non-printed region of the
recording sheet P is performed in the 3rd time so that the ink
drops of cyan C are printed to the non-printed region. After
this, the recording sheet P is moved in the sub-scanning
direction Y by the interval H/2.

Subsequently, the main scanning of the head unit 12
to the non-printed region of the recording sheet P is carried
out in the 4th time, so that the ink drops of magenta M are
printed to the non-printed region between cyan C and cyan C.
The above procedures are repeated for all over the recording
sheet P.

As shown in FIG. 5A, when performing the 3rd main
scanning after the 2nd main scanning is completed, the

position of the rear-end portion of the discharge nozzles 13a

of the recording head 13C in the array direction for the 1lst
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5 Moreover, when perform ng the 4th main scanning,
the position of the rear-end portion of the discharge
waaawslazo2 13a of the recordi ng head 13C i n t hePartpzo04/017223
direction for the 2nd main scanning and the position
of the front-end portion of the discharge nozzles 13a
of the recording head 13C i r2tdhe 10 array direction
for the 4th main scanning overlap with each _other,
TGLPhSFEEReRT 2t R iofg ther EPPdnen@r PPRFLOn of the
time, the controller 22 determ nes, as being the
diigghbirdenpezt ss whia P iddcheotregiorshiaggbeeelpkint Hee array
di scharge nozzle 13a (the filled-in portion) at the
dieariténd ISrpohtitud afairhesdaeedmdi ogelnéagd &3dhi aatheother
array direction for the 2nd main scanning, the
wditsChaspecRoEg| end IudiheddiledriirdctRent i on) at the
front-end portion of the recording head 13C in the
array diregtj r ' c [ t :
di schar ge %%é%?%gﬁggh%%hgk i IegPﬁh%ggr??%n Qg? ? o g
ear-end. 20 portion of the recarding head . 13Min the
b8 RS s a8 P B Eeah 1F T iy ain g s CSRBIRTPR Bozzles
FIG 6. Nanely, the invalid nozzles determned by the
1éénefolher roocsdinthikead feGri@ tthe grselatgecnbzopefor the
13a of the array direction rear-end portion for the
2hidnak irabaasednni ard 281eviicet tivnperff heedrpnttaedsppetion of
printing region, and the W 2005/ 047002
tBETHIR208440 17223 es 2R it hdegecnozdi aglBaadf 180ein the
array direction front-end portion for the first main
a$EARNHAGWRL 6 F&r patd OfiTBGhdih tR@NAGRY BYEPL8E with each
region. These invalid nozzles are selected from anong

o&ﬁ%xo%ﬁ%awéﬁé’c@i SENAHO&REA) 8% 1 73R d RELLELAY the
I schar ge

At this time, the controller 22 determines, as
being the invalid nozzles which do not discharge the ink, the
discharge nozzle 13a (the filled-in portion) at the rear-end
portion of the recording head 13M in the array direction for
the 2nd main scanning, the discharge nozzle 13a (the filled-in
portion) at the front-end portion of the recording head 13C in
the array direction for the 3rd main scanning, and the
discharge nozzle 13a (the filled-in portion) at the rear-end
portion of the recording head 13M in the array direction for
4th main scanning, as shown in FIG. 6.

Namely, the invalid nozzles determined by the
controller 22 at this time are the discharge nozzle 13a of the
array direction rear—end portion for the final main scanning

which is performed in the same printing region, and the
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5 nozzles 13a of the array direction front-end portion

and the array direction rear-end portion.
weansaquent | y, the ink drops can reach the targer/Jr2004/017223

| ocati ons on the recording sheet P in order of cyan C

and nmagenta Min the state where magenta M overl aps

on cyan C. 10 Thus, it is pessi-ble for the present

enbodi ment to_prevent the occurrence of calor )
difeBasPst BAEFLont Ihe T ddtr GinFgys Re&echiqrgtrartappd portion

hi gh-quality printing at the high resolution w thout
fpevehsi Ajrshempaztaryequendd obf isheergkrrmpaGln7phe non-

shows the case in which two di scharge 15 nozzl es at
ptrthetedareghdn porThere dfnvdid dinechdege anezzkbbsct8d firom among

the array direction and two di scharge nozzles at the
theoBYereffp PRt d Pfcirdd e g -8 Ehange Hﬁélhain%3ﬂhéndi£@harge

array direction, which overlap with each other with

t e = [ iLection, _ape '

R R e e A o A T e TS

case i.,n mh%ch three di scharge nozzles at the rear-end
abGrTi BATEFERR BT OCH D Hozo ks 13a in the array

direction and three di scharge nozzles at the

front-end POREFHHEHIH M hdhG Se¥falgoriossrescash thettrroet

array direction, which overlap with each other with
lpespecnst ont hee 26ecendigunrmiiasf & dacoirder afecyan C and

determ ned as being the invalid W 2005/ 047002
mBGEhIR2M04A 017228t a t 2 6vheney Haeentlan M beecaaps of Ey&Rn C.

7A and FIG 7B, the invalid nozzles determ ned by the

TRt I okl er ][ggséil_@lé hest WhO o AdYRR cHicoehALEe BOZEFESent the
13a (the filled-in portions) at the rear-end

occurrence of color inconsistency on the recording sheet P and
attain high—gquality printing at the high resolution without
reversing the impact sequence of the ink.

FIG. 7A shows the case in which two discharge
nozzles at the rear—-end portion of the discharge nozzles 13a
in the array direction and two discharge nozzles at the front-
end portion of the discharge nozéles 13a in the array
direction, which overlap with each other with respect to the
sub—écanning direction, are determined as being the invalid
nozzles. FIG. 7B shows the case in which three discharge
nozzles at the rear-end portion of the discharge nozzles 13a
in the array direction and three discharge nozzles at the
front-end portion of the discharge nozzles 13a in the array
direction, which overlap with each other with respect to the

sub-scanning direction, are determined as being the invalid
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5 portion of the recording head 13Min the array
direction for the 2nd main scanning, the two or three
wdizeisivar)ge nozzles 13a (the filled-in porti onBETap0bdrel7223
front-end portion of the recording head 13C in the
array direction for the 3rd main scanning, and the
two or three discharge nozzke$-13a (the 10 filled-in
ortions) at the rear-end portion of the recording
nﬁ%ﬁ 93Min the array direction for the 4th main
scanni ng. _ Nanmely, when the nunber of the overl apping
di schar ge HoZZ1e<£a58s Rér EZSed/At ABACHAEr of B ertlp jnyalid
provided to increase the nunber of the invalid
nppzi¢esdeletorimatdy HeAlcontrohlehe2pr asenthe two or three
enbodi nent, the ink drops can reach the target
diechit@asnofzide IRcorttiengFisheat iR poreides) £f eyv@nrLar-end
and magenta Min the state where nmagenta M overl aps

pOPL E¥ANG £. tHd USacdAdiing PRSI B fAr thBeaPreseM rection for
enbodi nent to prevent the occurrence of color

| nc [ C i recor.di ngq. 2 efy. tta
e el IR e R ghn P Ech e B St 2o
ever sj the inpact sequence of the ink. Next, Fl
S T 17 POy e Hiragraib-FBi BIBFLoT o e
invalid nozzles of the ink jet printing device in the
TORAC BRI e eHfbddt det asrravhdiraceheRofor THee | fiid jmain
25 printing device of the present enmbodinment is
S chiap biod erdrxkdtlion YO 2005h048002sPIALdP20041 D45 208 (12ie
that the high resolution of the printing perforned by

fiheedrkn pettipridt iatg thevirearastdt PerposhtdONShOfrddta-ding
invalid nozzles determned by the ink jet printing

ndgyi £y dif fefe f0m he rebiti8h PHEf ehEegd-enbodh B nning.
The conposition of the ink jet

Namely, when the number of the overlapping
discharge nozzles is increased, the controller 22 is provided
to increase the number of the invalid nozzles determined.

Also, in the present embodiment, the ink drops can
reach the target locations on the recording sheet P in order
of cyan C and magenta M in the state where magenta M overlaps
on cyan C. Thus, it 1s possible for the present embodiment to
prevent the occurrence of color inconsistency on the recording
sheet P and attain high-quality printing at the high
resolution without reversing the impact sequence of the ink.

Next, FIG. 8, FIG. 9A and FIG. 9B are diagrams for
explaining the invalid nozzles of the ink jet printing device

in the 2nd preferred embodiment of the invention. The ink jet

printing device of the present embodiment is characterized in



5 printing device 11 of the present enbodinent is
essentially the sane as that of the first preferred
wenhsdurment, and a description thereof will beCcT/JP2004/017223
omtted. Simlar to the first preferred enbodi nent, it
IS supposed that, in the present enbodi nent, when the
head unit 10 12 is noved i R2t7Rhe mai n scanni ng
tgiregkio . X, the dischargin of the ink drops of cyan
i@ Ral LAt ERPRTIGHIY The WP TioIorg PEE¢arRPedbBEne ink
in association with the recording heads 13C and 13M
Jeér PERBt SRR edey i eo i Brre eastl tdeser Pft itbR. Invbiedveezzles
it is also supposed that the printing is 15 perforned
deyetrhénedkby etherimkt i et devinde nof delvécpr d$€fer from the
enbodi nent at the high resolution which is 3 tines as
fliakgepasfethed r @asbaihai: deterdridiagoaceanbdi B tRet gk jet
pitch Hof the discharge nozzles 13a, and in this
. . : . h b
S Rt P T B lo e RS Fany S B
he_head_unjt_12 is .moved i.n_the sub-.scanni.n
R BT oR DAy 5 e Ty FrE oEang. RPHRT G F egfah. 2
In the exanple of FIG_ 8, the main scanning of the
drESF BRI P 190 PFeehe vl P CHtitRG -di rection X to the
sane printing region of the recording sheet Pis
per f or med $iHntler 25 Idie thimst poefharethembodinenps ©f is
cyan C are printed to the WO 2005/ 047002
sBEPL3P200HA DL 7223the 28re=adr dimbgpdimeet: , Pwhaht €hethésd unit
the recording sheet Pis noved in the sub-scanning
10 1di EeChboad Yikythdend it efoadinidgS3 dizeedtiBg xMtRe discharging
scanning of the head unit 12 to the sane printing
o5gh@NinRl abhS; 'ELALANE HiEPhaBehtaPR bOr BREy! BnlNwo

na tinme, so
colors is carried out in association with the recording heads
13C and 13M, for the sake of convenience of description.
Moreover, it is also supposed that the printing is
15 performed by the ink jet printing device of the present
embodiment at the high resolution which is 3 times as large as
the resolution determined according to the pitch H of the
discharge nozzles 13a, and in this case, k is set to 3 which
is the base of the formula H/k representing the interval (or
20 the pitch), and the head unit 12 is moved in the sub-scanning
direction Y only 3 times for the same printing region.
In the example of FIG. 8, the main scanning of the
head unit 12 in the main scanning direction X to the same
printing region of the recording sheet P is performed in the

25 1st time, so that the ink drops of cyan C are printed to the
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5 the ink drops of magenta Mare printed to the
non-printed region between cyan C and cyan C. After

wOhbs/04tdoe recordi ng sheet P is noved in the PCT/JP2004/017223

sub-scanning direction Y by the interval H 3, and the

main scanning of the head unit 12 to the sane

printing region of 10 the reas-ding sheet P is

Iperfor.ned inthe 3rd tinme, so that the ink drops of,
EFRT9ERgr 8hEeEnk ed 2t hettHoh- prisntte@orednansheetwBehs moved
magenta M and magenta M Subsequently, the recording

igh Pupbsseanyieyedlirectimn sUbys daeniingedveéctl/dn ynd the
by the conveyance nechanism 16, 15 so that the head

madint st2nnsnyocat €lte tloead nexitt Non-yor ithicedamegpethindingytheegion
recordi ng sheet P. After this, the main scanning of

dfhehkeadcdpiind Zshédi thel dreddy- el NG ¢heeohioRiKet Oso that
the non-printed region of the recording sheet Pis

f: j 4 ' , he,iLn L
B nta B o AT ea T T e PBoard g ohasr nop BArperd
Qgﬂf%h Eg% éggordhqq%sq%§t %j noved in the sub-

sé%nning drrectYon %y tfHe ™t nterval H 3, and the main
scanning of the head unit 12 in the main scanning _
direction 3te% thes ndiprisraEdinggesfess Pt hg moved in the
recording sheet Pis 25 performed in the 5th tinme, so
stipats ceRBLNakddropsion yeih Weriabtaovad08/047604 the main

PCT/ JP2004/ 017223 -29 printed to the non-printed
scegindngbefwekea hegdntral tM dhdo magerbacMprSuhsequeagiyn of
the recording sheet P is noved in the sub-scanning

tdier eebbefiNgbyhéde p L@ rd¥ndd aRd thBe3MBI Bime, so that
the ink drops of cyan C are printed to the non-printed region
between magenta M and magenta M.

Subsequently, the recording sheet P is conveyed in
the sub-scanning direction Y by the conveyance mechanism 16,
so that the head unit 12 is located to a next non—-printed
region of the recording sheet P.

After this, the main scanning of the head unit 12
in the main scanning direction X to the non-printed region of
the recording sheet P is performed in the 4th time, so that
the ink drops of magenta M are printed to the recording sheet
P. After this, the recording sheet P is moved in the sub-
scanning direction Y by the interval H/3, and the main
scanning of the head unit 12 in the main scanning direction X

to the non-printed region of the recording sheet P is

performed in the 5th time, so that the ink drops of cyan C are
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5 scanning of the head unit 12 in the main scanning
direction X to the non-printed region of the

woecesrdiang sheet P is perforned in the 6th ti FeT/JBmM04/017223

that the ink drops of magenta M are printed to the
non-printed regi on between cyan C and cyan C. The

above procedures are repeatecofor all over the 10

recording sheet P. As shown in FIG 8, when performng
PERBLEEhtRRERe R Fod tragdone beitierai Hageakni Bgard
conpleted, the position of the rear-end portion of
megengpsdhar ge nozzles 13a of the recording head 13C

in the array direction for the 1st 15 main scanni ng

and t he posubhsamueaftltyhe theortecendipgr sheat o idemoved in the
di scharge nozzles 13a of the recording head 13Min the
s@pbFa¥anfi hgCHi AftfQn e At JTBINR$GAANHNY, O¥RE! 8P main
with each other wth respect to the sub-scanning

LEectioneY, ; .pe r gLe ' :

AR noD W TR Sy 0¥ e el 3l Pgpeion
t he di scharge nozzles 13 the recording he 13M
ST aP B R L TN GF (6 TORGTHARA SRanh: hgtand

the position of the front-end portion of the
PEF§ERAPYel ROy Bt Ja ™5t 1t thedotdrngnkedBonscof Mmagrnta M
array direction for the 5th nmain scanning overlap with
asachr2sted her wie maregpdattedo rejéosubeswaami gigan C and cyan
direction Y. WO 2005/ 047002 PCT/JP2004/017223 -30

cMor by esbowhepr pexdurgd g o hepethednifbrseannbhngr tide
position of the rear-end portion of the discharge

rBedzhesy dideeofpthe recording head 13C in the array
direction for the 3rd main scanning and the position

of the eriQ'§HH&ﬂ“¥Hiﬁ%@.o%, when performing the 4th main

scanning after the 3rd main scanning is completed, the
position of the rear-end portion of the discharge nozzles 13a
of the recording head 13C in the array direction for the 1lst
main scanning and the position of the front-end portion of the
discharge nozzles 13a of the recording head 13M in the array
direction for the 4th main scanning overlap with each other
with respect to the sub-scanning direction Y.

Moreover, when performing the 5th main scanning,
the position of the rear—end portion of the discharge nozzles
13a of the recording head 13M in the array direction for the
2nd main scanning and the position of the front-end portion of
the discharge nozzles 13a of the recording head 13C in the
array direction for the 5th main scanning overiap with each

other with respect to the sub-scanning direction Y.
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5 the discharge nozzles 13a of the recording head 13M
inthe array direction for the 6th main scanning
woversioapomn t h each other with respect to the PCT/JP2004/017223
sub-scanning direction Y. At this tinme, the controller
22 determnes, as being the invalid nozzles, the
di scharge nozzle 13a (the 1G3fo-H |l ed-in portion) at the
array direction rear-end portion of _the recordin i
head 13C f%?r?%%e%chWﬁﬂl?%ﬁﬁ%ﬂ%lﬁg,tPﬁthHiQ%ﬁ%rﬁgannlng'
nozzle 13a (the filled-in portion) at the arra
tiier PEBILBACHTr Ot Lddr porténsh rofrtiea odchei dgs%aagqsnwzzles
for the 4th main scanning, the discharge nozzle 13a
18eheff thkedetordbngpatd¢ddm3@tin heamragyddieettbon for the
front-end portion of the recording head 13C for the
32HhmEBhNs86§AANhE Jan@Nthd s idiiseharg@neozzbatldad(bbLtion of
filled-in portion) at the array direction rear-end
HRQr H&QBhQE%%hlﬁ%EtEﬁé’é di 919 J?a%eﬁwcfo%ihgehggﬁhlgﬁ' Pn the

scanni ng. IS manner, e nunber "k

repeti,tions.of the  .nov nt .of the recording sheet. P

S Rey cHLESCRASH THE THG Tl MRS REATRI0s ORB0RaD: A Fheeach
sub-scanning direction by the interval ,  H 3. Nanely,
oftherr WGP urPeRe6F F%éuﬁ%i%HQWﬁfﬁE@ﬂPGkﬁéaeﬁ§lPHeY-ink

jet printing device of the present enbodi nent is

i ncreased 25 thisectingrsheTvontyedlled Adzgptermines, as
determined by the ink jet WO 2005/ 047002
bRChHIPRE04A04Y223nozRle, ititd n stdnirge abzthe pBeséhihe
enbodi nent when the resolution is increased three

fiilmes-anepbhei Ghscharge nozzewikdatabnt Rearabh@yportion of
direction front-end portion of the overl appi ng

t‘ﬂie_sQQ@BQQinﬁgﬁééc@Slé@afd@%er eneAtedhy sHAXEInLN LhE

maln scanni

discharge nozzle 13a (the filled-in portion) at the array
direction front-end portion of the recording head 13M for the
4th main scanning, the discharge nozzle 13a (the filled-in
portion) at the array direction front-end portion of the
recording head 13C for the 5th main scanning, and the
discharge nozzle 13a (the filled-in portion) at the array
direction rear—-end portion of the recording head 13M for the
6th main scanning.

In this manner, the number k of repetitions of the
movement of the recording sheet P increases when the recording
sheet P is moved in the sub-scanning direction by the interwval
H/3. DNamely, the resolution of the printing performed by the
ink jet printing device of the present embodiment is increased

three times. The invalid nozzles determined by the ink jet
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5 direction X for the non-printed regi on except for
the final nain scanning. These invalid nozzles are
weeb@ouem2f rom anong the overl appi ng di schar gecnarab€617223
13a including the discharge nozzles 13a of the array
direction front-end portion and the array direction
rear-end portion. 10 Consequéidtly, the ink drops can
reach the target_ | ocations on the,recordjng sheet P ,
PGP Br SBY LERaE (Lo TS RRgen CACRP AR D he "aP Rt Mol uton
magenta M overlaps on cyan C. Thus, it is possible
ifoiNERBAPPEsERTCRMBURhEme thepfdveRrroRenazeles ehde at the
of color inconsistency on the recording sheet P and
atBayt darachigh- freti-tegndponttiiog eff the birghlapsithatdisrharge
wi thout reversing the inpact sequence of the ink.
nbbt ey el 3a Fiken Sleisronii ivheoasie inntwai ghihhs€enning
di scharge nozzles at the rear-end portion of the

adi-aepabgex POZZLRS AR k@ LEAYndbkBELEORANGhe final
three di scharge nozzles 20 at thé front-end portion of

tE ' e zzl es. in_the r ' Lon
MRS D W Ee ol e ooy BEgele Eotedpron among
sub-scanning direction Y, are detgrntneg as beiqg t he
thRVEY PH! AR @ I R TR NORGE St a2 c ABETPALI EhE ridrrharge
di scharge nozzles at the rear-end portion of the

ngEgénar g%a 26t ngre | egrap3glinectienafraptoaprécpPephiamndnd the
five discharge nozzl es WO 2005/ 047002

aPCAY J@2064L DA 223 r-881 gtortthenf.r ont - end portion of the

di scharge nozzles 13a in the array direction, which
overlap wtdneagheroiiner thict Ankeapept £8n t&&ch the target

sub-scanning direction Y, are determ ned as being the
1bB¥E b5 N9ZZL8S - recording sheet P in order of cyan C and
magenta M in the state where magenta M overlaps on cyan C.
Thus, it is possible for the present embodiment to prevent the
occurrence of color inconsistency on the recording sheet P and
attain high—quality printing at the high resolution without
reversing the impact sequence of the ink.

Moreover, FIG. 9A shows the case in which three
discharge nozzles at the rear-end portion of the discharge
nozzles 13a in the array direction and three discharge nozzles
at the front—end portion of the discharge nozzles 13a in the
array direction, which overlap with each other with respect to
the sub-scanning direction Y, are determined as being the
invalid nozzles. FIG. 9B shows the case in which five

discharge nozzles at the rear-end portion of the discharge

nozzles 13a in the array direction and five discharge nozzles
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5 Specifically, in the cases of FIG 9A and FIG 9B

the invalid nozzles determ ned by the controller 22
wanestaeo2zone or two di scharge nozzl es 13a (theCcT/JrP2004/017223

filled-in portions) at the array direction read-end

portion of the recording head 13M for the 2nd main

scanning, the three or five-gi2zscharge nozzles 10 13a

the filled-in_portions) at the array directijon

&PCehgonborRE PPBFIAhe T &6t GiigRREGE 23ezieF tfe in the
3rd main scanning, the three or five discharge
aFg2y| dsreghion hevliich eaivgm ampotithogarhapthps wiFayrespect to
direction front-end portion of the recording head 13M
ther stibesdéthnhidg ndscamniong,Y t heret vetermihedeadbbeing the
di scharge nozzles 13a (the filled-in portions) at the
iakkayd dbeectson front-end portion of the recording
head 13C for the 5th nmain scanning, the one or two

di schar ge ééiffcalf@y,(gfhethfe! 'c'a%@-Fi BePRES! 088) 2 #HE. 9B,

array direction rear-end portion of the recording

ead_13C.f.or the 5th main scanning, and.the.20 ree
B rTE ke Ee S Y, Rl PRRLESTERor e oy the

at the array direction rear-end portion of the .
OF€c BFdi-Hg Aesghasas WQ%Z¥Qﬁa%§ﬂ1(ﬁEPnf§&éﬁﬁTh§.portlons) at
Consequently, the ink drops can reach the target
thecatirelisdbnechion ecerdiieny sivadtior Pl Ghdereeprdyng pad 13M
and 25 magenta Min the state where nmagenta M
forerthapgndmmey@ans €&anWWh00FHD4nee2 BCTLEIRP20045004288 nozzles
-33 Thus, it is possible for the present enbodinent to

1IBEEVERE ENelc@ctnlpoNero) Gl @he RERRS 8t eBEYiOR +8&r-end
recordi ng sheet P and attain high-quality printing at

égﬁ%&g%gEf;?ﬁ?Lﬁé%éﬁFfﬁéjﬁﬁgd.l@%y%%§iQﬂetggdiﬁgﬁﬁtscanning,
the three or five discharge nozzles 13a (the filled-in
portions) at the array direction front-end portion of the
recording head 13M for the 4th main scanning, the two or three
discharge‘nozzles 13a (the filled-in portions) at the array
direction front-end portion of the recording head 13C for the
5th main scanning, the one or two discharge nozzles 13a (the
filled-in portions) at the array direction rear-—-end portion of
the recording head 13C for the 5th main scanning, and the
three or five discharge nozzles 13a (the filled-in portion) at
the array direction rear-—end portion of the recording head 13M
for the 6th main scanning.

Consequently, the ink drops can reach the target

locations on the recording sheet P in order of cyan C and

magenta M in the state where magenta M overlaps on cyan C.
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5 Next, FIG 10 and FIG 11 are diagranms for

explaining the invalid nozzles of the ink jet printing
wdevispe7ooen the third preferred enbodi ment of PO®JIP2004/017223

invention. The ink jet printing device of the present

enbodi nent is characterized in that the high

resolution of the printing pésftornmed by the 10 ink j et

rinting, device and fhe 05|t|ons of the,invalj
Tﬁ‘d?zl é‘g TR RS tﬁtP S RESFERTpFTRe H&e%v?%epre"ent the
differ from the first preferred enbodi nent. The
066Hﬁ6%?@$0%ﬁcﬁOkQﬁa%qg@n%%§¢eﬁﬁwnppnﬁh%e¥$%%¥qﬂﬁ%fSh@ﬁi P and
present enbodinment is essentially the same as that of
atheihi hsghpneflerne premiddionent théshaghd mesleberiq@t iwnthout
thereof will be omtted. Simlar to the first

rpteteingdriesbiogidmntseduenice oguppesedkt hat, in the
present enbodi ment, when the head unit 12 is noved in

the main seanni Rgdi neChANFXs . the QféC&EH§HéME i, the
i nk drops of cyan C and magenta M of only the two 20

eggé%% (% i‘f’;l'?% w g ?%%log#fali:h é%{‘fé;j:e{ ngrlntlng device

convenj enc scrjptio Nbre
8 DHOS B Tt i Tl ARG LT et or e By FEP i Ty ink
printing device of the present enbodinent at the high
JeEspr iRt vl ElrY o4 thenpgeasnitapgeo@iment ihecharacterized
resol ution determ ned according to the pitch H of the
1WMO:ROD5LI0 1002 PEHQRP2G04/ 07288 pr3dtihgaber fermed by the
nozzles 13a, and in this case, k is set to 4 which is
ihkejbasgroitile dearimd and kheepbesendbhfgot hehd Nieramid
(or the pitch), and the head unit 12 is noved in the

n8YR1 8§ 2 it i @K1 e Yn@Nh¥+4ptki ABSnd Olied 16 S ®'Fer from
printing region.

the first preferred embodiment. The composition of the ink
jet printing device 11 of the present embodiment is
essentially the same as that of the first preferred embodiment,
and a description thereof will be omitted.

Similar to the first preferred embodiment, it is
supposed that, in the present embodiment, when the head unit
12 is moved in the main scanning direction X, the discharging
of the ink drops of cyan C and magenta M of only the two
colors is carried out in association with the recording heads
13C and 13M, for the sake of convenience of description.

Moreover, it is also supposed that the printing is
performed by the ink jet printing device of the present
embodiment at the high resolution which is 4 times as large as

the resolution determined according to the pitch H of the
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5 1n the exanple of FIG 10, the main scanning of the

head unit 12 in the main scanning direction X to the
weans/04penti ng regi on of the recordi ng sheet PCTAP2004/017223

performed in the 1st time, so that the ink drops of

cyan C are printed to the recording sheet P. After

this, the recording sheet P-3g-noved 10 in the

sub: scanni n irection Y by the interval H 4, and the |,
PR EERn AP A 67 L IRk Mt Paevn SanBehr tr nghic
region. of the recording sheet P is perforned in the
isnghei Reseseft Hae feHu /& gepreFentdBat Rhf 4pkerval (or
printed to the non-printed regi on between cyan C and
tbpapi€chls Ahdethe Miesd turd tr éQoridi mgvsheeh Phesswbvedanning
in the sub-scanning direction Y by the interval H 4,

damdcthennai onlgcanting aford heheagheUpiri nt2nfortheosane
printing region of the recording sheet P is perforned

in the 3rdrdi e St od hed.nkodr eps RLiRYERaME of the
printed to the non-printed region 20 between magenta M

n this h rdin heet [
n30 PROE M e e il BERET T, Ref8 whe e
H.4, .and the maip scanning of the head ynit 12 to the
PEIREPPI REPAGR r i Oif dfeq %“@c&?l&e gPsﬁéePeﬁf?ﬁmeé in the
performed in the 4th tine, so that the ink drops of
lekg&APa - Mar Bhpt i Fied ds drershetneiapr Fnegd PEgRbPA to the
bet ween cyan C and cyan C. WD 2005/ 047002
rPCPLIPRO04Nh6aT 2R3 ARFSulisequent] yecblidingcshdéehgP is moved
sheet P is conveyed in the sub-scanning direction Y

ihy thBesopAyeyaniey Neichaitiisn ¥6by $0et hatethiel head, ushd the

12 is located to a next non-printed region of the
mb€605dLNEi 88t $he head unit 12 to the same printing region
of the recording sheet P is performed in the 2nd time, so that
the ink arops of magenta M are printed to the non-printed
region between cyan C and cyan C.

After this, the recording sheet P is moved in the
sub-scanning direction Y by the interval H/4, and the main
scanning of the head unit 12 to the same printing region of
the recording sheet P is performed in the 3rd time, so that
the ink drops of cyan C are printed to the non-printed region
between magenta M and magenta M. After this, the recording
sheet P is moved in the sub-scanning direction Y by the
interval H/4, and the main scanning of the head unit 12 to the
same printing region of the recording sheet P is performed in

the 4th time, so that the ink drops of magenta M are printed

to the non-printed region between cyan C and cyan C.
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5 After this, the main scanning of the head unit 12
in the main scanning direction X to the non-printed
woegisma7ot the recordi ng sheet P is perfornedpCnipPive4/017223
5th tinme, so that the ink drops of cyan C are printed
to the recording sheet P. After this, the recording
sheet P is nmoved in the sub-gganning 10 direction Y by
the interval H4, and the main scannlng of the head )
unit 12 |n5@1h%e%*a$mt3§bamen§eﬁplrééﬂgoﬁ KetoPthe FfRreved in
printed region of the recording sheet P is perforned
the thb-séehningedisectivat %t by ithle doopsyshicaagephanism 16,
are printed to the non-printed regi on between cyan C
san@hayath€&. hdsd Subsequenitd odahed esordnagtshertpPinised
noved in the sub-scanning direction Y by the interval

r@@ﬂonaBQ the PBEO-aSEaUHLG ¢f the head unit 12 in the
mai n scanning direction X to the non-printed region

Of t he recﬁfglngtﬁﬂge%:e ﬁ%lnp% g%qggare Egg ﬁégﬁ unit 12

tinme, sot rops of cy printe

to the non-printed r on ,bet n enta M an

ageRt B APERRITR S G o cordh G S REBTPBLT “FoEEon of
in the sub-scanning direction Y by the interval H 4,
thedTERETAHAPE SBRRRNT nip dfetlifemesadTuihe §5ht 51ppe sanghat

printing region of 25 the recording sheet Pis

ther fioknmddopa thecBih @ iame psdnttest twOt2e05£047002g sheet P.
PCT/ JP2004/ 017223 -36 the ink drops of nagenta M are

agrient edit0 the Retopdimy ethedte@ diz hetweetincyha SulbhAscanning
cyan C. The above procedures are repeated for al

d9¥%EtEBﬁ Qeﬁgr9h891 alPH/AS ShWRHeNmELS sd@nnH§Nof the
performng the 5th main
head unit 12 in the main scanning direction X to the non-
printed region of the recording sheet P is performed in the
6th time, so that the ink drops of magenta M are printed to
the non-printed region between cyan C and cyan C.

Subsequently, the recording sheet P is moved in the
sub—-scanning direction Y by the interval H/4, and the main
scanning of the head unit 12 in the main scanning direction X
to the non-printed region of the recording sheet P is
performed in the 7th time, so that the ink drops of cyan C are
printed to the non-printed region between magenta M and
magenta M.

After this, the recording sheet P is moved in the
sub-scanning direction Y by the interval H/4, and the main

scanning of the head unit 12 to the same printing region of

the recording sheet P is performed in the 8th time, so that



5 scanning after the 4th main scanning is conpl eted,

the position of the rear-end portion of the discharge
waaawsleroi3da of the recording head 13C i n t hePartpzo04/017223

direction for the 1st main scanning and the position

of the front-end portion of the discharge nozzles 13a

of the recording head 13C i r3tthe array 10 direction

for .the 5th main scanning overlap with each other |

et AFedpeRE ¢ ?%e%%-@%iﬂjfgl FetPi GReyron-printed

Mor eover, when performng the 6th main scanning, the
regiPRi BAtEEer heyaedf -l Pt iCon dhet REoUEspRaFgaures are

nozzles 13a of the recording head 13Min the array
reépeetedofiofoall hevdd 2rel mmiardcanishegtaBd t he

position of the front-end portion of the discharge

nozzl es 13as0fihde 1ecorgli n® heaednldbriFbrinify 8h&ayth main

direction for the 6th nmain scanning overlap with each

5 SRhRSE W LRLELSPRE 4R ddiEh SR GRRN:A0 Hhpeethan %f}é%

Moreovér, when performng the 7th nmain scanning,

t he, position, of the rear-end portd of,.th i.sch
he3sras CrabngreteE PRl haa eco h FRgbe fgy fen 13
direction for the 3rd main scanning and the go%ition
z

ot thReTPFBRELBACPIT t1Un Bt & drScRAr§EthE22FeE tag 1st

of the recording head 13Cin the array direction for

meia PERNAANE @@gn‘ﬁh@@@sﬁéﬂc&pqﬁ itheedepnisepdheprig¢h of the
respect to the sub-scanning direction Y. WO

d26abA@42002z PLES JP20 04 O 23 cor8linbheadei 3Cwhenthe array
performng the 8th main scanning, the position of the

10 digactebd perttna ®fh theidi seharige rezzliep wida ehchhether
recording head 13Min the array direction for the 4th

WIBhN -36ABRAL NG, apde t HgL-POSIdA 0y of: Ahe sHhoRt - end
portion o

Moreover, when performing the 6th main scanning,
the position of the rear-end portion of the discharge nozzles
13a of the recording head 13M in the array direction for the

15 2nd main scanning and the position of the front-end portion of
the discharge nozzles 13a of the recording head 13M in the
array direction for the 6th main scanning overlap with each
other with respect to the sub-scanning direction Y.

Moreover, when performing the 7th main scanning,

20 the position of the rear-end portion of the discharge nozzles
13a of the recording head 13C in the array direction for the
3rd main scanning and the position oﬁ the front-end portion of
the discharge nozzles 13a of the recording head 13C in the

array direction for the 7th main scanning overlap with each

25 other with respect to the sub-scanning direction Y.



10

15

20

25

5 the discharge nozzles 13a of the recording head 13M

inthe array direction for the 8th main scanning
wovessiiaponi th each other with respect to the PCT/JP2004/017223

sub-scanning direction Y. At this tinme, the controller

22 determnes, as being the invalid nozzles, the

di scharge nozzle 13a (the 16-Fi4led-in portion) at the

array diregtion rear-end portion of .th ecordin .

head 13M 1 BPTEREH NS PEATTRY, e ot Sendr jeanning,

nozzle 13a (the filled-in portign) at the arra

S EOFLGAORT Bt t}éﬁdr%%?ﬁ?%g R Odc d6i %Sﬁ}éaa%mozzles
for the 5th main scanning, the discharge nozzle 13a

1Geheff itheederardsngoneadn)3Matin Héreamrapydidieeritdnn for the
front-end portion of the recording head 13Mfor the

46thh madinn seeanbhggand hehdi sediarige afozrlee f¥3atithd portion of
filled-in portion) at the array direction front-end

PR digenakgbhgoL gees di 59 heathd 3edtiie nébh ABNin the
scanni ng, and the di scharge nozzle 13a (the filled-in

eln . [ {i r- t 0
TRy BebeariohnEas AN O AL Rrab S0E xRk, boRp Lacn
t.his manper, the nunber k qf repetitiaons of .the
rEERE Pof SPRECE obbr tng” SHewrT® Y FE2E6< 1iHel -t he
recording _sheet P is noved in the _sub-scanning,

di rection By thes i hitme vathosoytsoligrepy, defernines, as
resolution of the printing performed by the WO

L2005/ 047002vRTTE JP0D0UE 91 7223 diskdangle nerzpei ABangthe

devi ce of the present enbodinent is increased four
ftiilres-ithportveh) datoizé esciiat erimeaned ohy rehe-eAk pettion of
printing device of the present enbodi nent when the

tHRSeblbk@ingl BehdCI ASLE fioil 4inMeRidr eckhaidpschaege
nozzl es 13a at the
discharge nozzle 13a (the filled-in portion) at the array
direction front—end portion of the recording head 13C for the
5th main scanning, the discharge nozzle 13a (the filled-in
portion) at the array direction front-end portion of the
recording head 13M for the 6th main scanning, the discharge
nozzle 13a (the filled-in portion) at the array direction
front-end portion of the recording head 13C for the 7th main
scanning, and the discharge nozzle 13a (the filled-in portion)
at the array direction rear-end portion of the recording head
13M for the 8th main scanning.

In this manner, the number k of repetitions of the
movement of the recording sheet P increases when the recording

sheet P is moved in the sub-scanning direction by the interval

H/4. Namely, the resolution of the printing performed by the



5 array direction front-end portion of the overl apping

di scharge nozzles 13a when repeatedly noved in the
worbes/gomnni ng direction X for the non-pri nt edCTEP10041017223

except for the final rmain scanning. These invalid

nozzl es are selected fromanong the overlapping

di scharge nozzles 13a incl udixgg the di scharge 10

.nozzles 13a . of the array direction front-end rt{ion

LBk SEfePTERFAYS T ELTT GHE et AP ey FTBROINERE 15 increased
Consequently, the ink drops can reach the target
fougc&iMehs oRRE henYakbdt dioap tfesleteridngdddy shecjah et
and nagenta Min the state where magenta M overl aps
perintyag Gevise Thfisthe toiesseos sintbloglifrentt Weepr ébentesolution
enbodi nent to prevent the occurrence of color

ilsnaenrsieateacyoon tited ey dinyg GheelarBeandzzatkailbBa at the
hi gh-quality printing at the high resol ution wthout

5 ah@¥§r shRrdcthEni FRACL-SEY HaNk o MOLBRYEE: 4
aFIG‘? 11A ghomg t he case ﬁﬁﬂﬁﬁfgﬂcgggke 28edisgﬁarged180harge

les r -end.,portion, of the discharge._ .
nIO2ELES 135 WhiEn [FAIe AN RAd A Bo T8 LS8 8E88ning,
nozzles at _the front-end portion of the dischar

e
IGLLEEe™13atPh Hhe P TREATHISRASDBAT RHCERTOVEF gbe final
wi th each other with respect to the sub-scanning
I@LPeEFRBRTNY - ar BNoRT e deld] ax a5diasg are seerhed| fyom among
nozzles. FIG 11B shows the case in which seven WO
t2@0 5647001 RCTA JRICOA D 1#223 es- IBadiinchadgegnoiel @sscharge
at the rear-end portion of the discharge nozzles 13a

10 nbRzilbe aBsayfdilieciiady afid-eVvieh dirsehacgs POZELES add the
the front-end portion of the discharge nozzles 13a in

atr_Q*%g 8k ba¥t dbh e£4d Qlon M S sQper | ap wi th each ot her
w respect to ‘
Consequently, the ink drops can reach the target
locations on the recording sheet P in order of cyan C and
magenta M in the state where magenta M overlaps on cyan C.

15 Thus, it is possible for the present embodiment to prevent the
occurrence of color inconsistency on the recording sheet P and
attain high-quality printing at the high resolution without
reversing the impact sequence of the ink.

Moreover, FIG. 11A shows the case in which four

20 discharge nozzles at the rear-end portion of the discharge
nozzles 13a in the array direction and four discharge nozzles
at the front-end portion of the discharge nozzles 13a in the
array direction, which overlap with each other with respect to

the sub-scanning direction Y, are determined as being the

25 invalid nozzles. FIG. 11B shows the case in which seven
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5 the sub-scanning direction Y, are determ ned as
being the invalid nozzles. Specifically, in the cases

wofR0dE@70011A and FIG 11B, the invalid nozzl eBCT/JP2004/017223
determined by the controller 22 are the one or two
di scharge nozzles 13a (the filled-in portions) at 10
the array direction read-end3gertion of the recording
head 13M for the 2nd main scanni ng,,theé or four

dif RAFY QA St 88 repe—enf| ReE FPp A i Gifs ) iacharee
array direction rear-end portion of the recording

noweked 3IGH dm tihe 3rdayadnrecthanngnd 3¢ olirs Grrey @pzzles
di scharge nozzles 13a (the filled-in 15 portions) at

at heharfmnhdiger tdoatt ibeabfentdepai s tloargd ndwzlaeddadiimg the
head 13M for the 4th main scanning, the four or seven

afiSeharge-nezzl ehiltBacthheapi ik ed- tacPRostians)iat ddiect to
array direction front-end portion of the recording

3 r MR B s nj [

o e e g AR O e R R A R

. the acgjra zf01I]ierection front-end portion of the

1D¥bt irh%Z St 13M for the 6th main scanning, the one
or two di scharge nozzles 13a (the filled-in portions
at the arfReFidicestVonifebPeerSPores dntdf tiHe and FIG. 11B,
recording head 13Mfor the 6th main scanning, the two

thhe ihvakbldistirdege 25enoirkdsby3ahet pentiellric 42 are the
portions) at the array directi on WO 2005/ 047002

oPET I PR M DIRAYe ndQzllesnti3endther fibhedfin hportions) at
recordi ng head 13C for the 7th main scanning, the two

+RE LPHEy diSehiarign nezalepdldartibg 6! Led-idcording head 13M
portions) at the array direction rear-end portion of

f%%:t?%ﬁ%%%ﬁﬁﬁﬁlQ&%&n&%g,fQEetQ§o7Bp f@ﬁP &fé%ﬁﬁf&b ﬁHE&les
13a (the filled-in portions) at the array direction rear—end
portion of the recording head 13C for the 3rd main scanning,
the four or seven discharge nozzles 13a (the filled-in
portions) at the array direction rear-end portion of the
recording head 13M for the 4th main scanning, the four or
seven discharge nozzles 13a (the filled-in portions) at the
array direction front-end portion of the recording head 13C
for the 5th main scanning, the three or five discharge nozzles
13a (the filled-in portions) at the array direction front-end
portion of the recording head 13M for the 6th main scanning,
the one or two discharge nozzles 13a (the filled-in portions)
at the array direction rear—-end portion of the recording head
13M for the 6th main scaﬁning, the two or three discharge

nozzles 13a (the filled-in portions) at the array direction
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5 seven discharge nozzles 13a (the filled-in portion)
at the array direction rear-end portion of the
woecesrdiang head 13M for the 8th mai n scanni NngPCT/JP2004/017223
Consequently, the ink drops can reach the target
| ocations on the recording sheet P in order of cyan C
and 10 magenta Min the statge-where nagenta M
overlaps on cyan C. Thus, it is possible for the
Erprieitd dryoeiaremt o epregentingeledd clit e er cdttpmain
i nconsi stency on the recording sheet P and attain
shhghlemal thy tprd md dfguat dikehhirgh resslesibir wihroutilled-in
reversing the inpact sequence of the ink. 15 As
poaestondedt tidefreedgaragtiaacoedrngnd opdheiomkof jtete
printing device and i mage form ng apparatus of the

rPEESEMg ﬂéﬁ/&mtjcorfozt hecl MRACKha$RAYEAER1AS, tAiRd I4He iffour or
mai nt ai ned without being reversed in the case of

h.
eﬁtéso utléé“%éﬁéﬂ%s ﬁ% Eoﬁl?gé& 1ﬁsp éﬁgﬂ)tignkhe

ere ermne accorading to the array

i nter of t he di sch e nozzle nd_ it is ssi bl
2P AT AR EE =BT SBoP b EP nESHET S s 134 For
the recording sheet P, and attain high- quality
thei HER et IIRIHINh resol ution without reversing the
i npact sequence of the ink. The inmage form ng
appar at us GansEsugmtdly .t freei akkj dropsi gan ngeafdyidee gfarget
the present invention is WO 2005/ 047002
1 PETE 0RO 0 O 23 cordllinpr eviededPasnt beder i oif | aygpdeViael
wherein the head unit is noved in the main scanning

mibESed i@ dud Rl dd merfeorhabaﬁtéaneov@ﬂﬁé NSh r&EHIPIT .
ih accordance with the array interval of the

?ﬁé"hﬂ gfs NOZZl 851 d M58 pEALAPPLALSAiREADTES Sorevent the

acs

occurrence of color inconsistency on the recording sheet P and
attain high—quality printing at the high resolution without
reversing the impact sequence of the ink.

As described in the foregoing, according to the ink
jet printing device and image forming apparatus of the present
invention, the impact sequence of the ink is maintained
without being reversed in the case of printing by the high
resolution which is higher than the resolution determined
according to the array interval of the discharge nozzles, and
it is possible to prevent the occurrence of color
inconsistency on the recording sheet P, and attain high-
quality printing at the high resolution without reversing the
impact sequence of the ink. The image forming apparatus in

which the ink jet printing device of the present invention is
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5 multi-function peripherals, etc. The present

invention is not limted to the above- descri bed
wentddment s and vari ati ons and nodi ficati ons mray/Jpmo4/017223

made wi thout departing fromthe scope of the

invention. 10 15 20 25 WD 2005/047002

PCT/ JP2004/ 017223 -42 CLAIMB1I-1. An ink jet printing

device _conprising: a head uynit jn which a plurality of
PEREHIRN R NPT AT (§VACScHAFRI hoY 2T dicqhi whit is moved

di scharge ink drops of different colors respectively

iar tharmabyadminawirestaen fyltdptectines ow thr same

di scharge nozzl es of each of the recording heads are
painahgedreadic@gual dadcedeaks whth shb-scamni hgterval of the

direction which is perpendicular to the main scanning
di9cHiFESti o1 s hieadrdeThll #BYI BEpUBLE , NBYimgetde fARadinmile,

unit in the nmain scanning direction along a printing

i O di di a recordi ng- medi um

mﬁggénguﬁgﬁ%bﬁ \nrﬁ#%%%glggcggg}ng 15 mediumin the

sub- scanni direction, _and.a contro nit_controllin

the head (HI% PATRE Hoal StHii-c ™ nbvi RAC uhT T CEhdT Hgie =bove-

recordi ng- medi um novi ng_ unit,  wherein the control
dgaF¥iped C%H?C?%WI‘%IH:% @n&apﬁsyléggons and modifications may be

made without departing from the scope of the invention.
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printing procedures including steps of noving the

recording 20 nediumto the printing region to perform
woOherstuzobar gi ng of the ink drops, and novi ngrPCgP2004/017223

recording nmediumin the sub- scanning direction by an

interval represented by the formula HKk where His an

array interval of the discha#ge nozzles in the

sub-scanning direction and k_i.s an integer above one,

to 25 performthe dlschargpﬁé Y¥f the ink drops to a

non-printed WO 2005/ 047002 PCT/ JP2004/ 017223 -43

regi on equivalent to the array interval H of the

di scharge nozzles, and configured to repeat the

printing ptocedurtds jet tormesiagcdeding tompnis$inkg dot

density, and thereafter nove the recording nediumin

t he sub- scamdiy @HirteGti @hisd thptutheiby headreadbidiy heads

| ocated to a next non-printed region followi ng the

h@%hﬂ&'&gséﬁgfg@ A e Bt IS cREPERAYRRSIRESs of
performed for the next non-printed fegion, wherein

k88500 0by 40l L Lo ey o0 59, L0AkcA 11 €858 ccanning

|ono n eS|na

|rect|on af rinting of the printin egion an
HrEREIOBNdED r*f*?‘grfjjo?cﬁ edu“?&ﬁ&reée% gFéngnt%erecordlng

array direction before printing of the non-printed
heggpoareverrapedci: anel IRtervAéSpéat 2t ubhecanning
sub-scanni ng direction, and invalid nozzles that do
dQGECﬁienhuhgehthﬁjpemp&hdﬂmylametdetbenmaéd g Sathin omy
anong arbitrary ones of the overl appi ng di scharge
dnezgzkesn;including the front-end portion and the
rear-end portion in the array direction of the

di scharge QQE@A&ﬁhnf% mERR Nl kink 8t mBYLALT Ple H8¥AGCunit in the
accordi ng toclaim1l

main scanning direction along a printing region of a recording
medium;

a recording-medium moving unit moving the recording
medium in the sub-scanning direction; and

a control unit controlling the head unit, the head-
unit moving unit, and the recording-medium moving unit,

wherein the control unit is configured to carry out
printing procedures including steps of moving the recording
medium to the printing region to perform the discharging of
the ink drops, and moving the recording medium in the sub-
scanning direction by an interval represented by the formula
H/k where H is an array interval of the discharge nozzles in
the sub-scanning direction and k is an integer above one, to

perform the discharging of the ink drops to a non-printed
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20 wherein the control unit is configured to determ ne

as being the invalid nozzles at |east one of the
wdizeisivar)ge nozzles |ocated in the rear-end poPCTAP2004017223

the array direction upon a final novenent of the head

unit in the main scanning direction for printing in

the sane printing region and4se of the 25 discharge

nozzles located in the front-en ortion in.the WO
rf@d@%&%éﬁa%%‘rh o*gtlﬁ 723 1N, rglyoéi F@St fofcharge

upon a first novenment of the head unit in the main
noZ&ESng 28y eeRf b FRAE B i FRRGTRF ithe RE1RSADEr PRPEgdures k

region. 3. The ink jet printing device according to
téimgismezcordfirget o, amhiark tdet manrdrtvk efdr éperpaifbas wbve the

t he novenent of the recording nediumby the interva

rd/do ridi nghfe@liim SEANTH A s uith S 0y Idd reatieased, thhAe the

control unit is configured to determ ne as being the
HeRvRhind tN937h 68, 8Eq | €854 ANe: Hord he-indaChapg8nne3Zl 83ing

| ocated in the front-end portion in the 10 array

i.rectian_up h v uni L,
B B ea EER o T B chdBebERE L performea
irection for printing in the non-printed region. 4.

Fhie P AREE BPR IR F T AR Hrcor di hg 1o claim 5 15

wher ei n, when the nunber of the overl apping discharge

nozzl es i%¥heheirashrl caedomtidl 1gnreREsoesadi gar et a

to increase the nunber of the invalid nozzles. 5. An
regagenfloparhjocapphridteisiischerigsh nazzilek fst an28rray

printing device is provided, the ink jet printing

ddevicee oncafper spagntindiestl HHe tpodimtihigChegiphusali &yfront—

of recordi ng heads

end portion of the discharge nozzles in the array direction

before printing of the non-printed region overlap each other
with respect to the sub-scanning direction, and invalid
nozzles that do not discharge the ink drops are determined
from among arbitrary ones of the overlapping discharge nozzles
including the front-end portion and the rear-end portion in

the array direction of the discharge nozzles.

2. The ink jet printing device according to claim 1
wherein the control unit is configured to determine as being
the invalid nozzles at least one of the discharge nozzles
located in the rear-end portion in the array direction upon a
final movement of the head unit in the main scanning direction
for printing in the same printing region and one of the

discharge nozzles located in the front-end portion in the
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havi ng di scharge nozzl es which di scharge ink drops of

different colors respectively are arranged in a main
weceedwmmy2 25 direction, and the di scharge nozzpes/apio04/017223

each of the recording WO 2005/ 047002 PCT/ JP2004/ 017223

-45 heads are arranged at equal intervals in a

sub-scanning direction whiela4i-s perpendicular to the

mai n scanning direction; a head-unit nmoving unit .
ARBHY g FREThBRIURAR 12 i il 4t moy gk §éaﬁhﬁngea¢r%ﬁow the

along a printing region of a recording nedium a
mpdeof dRRYL RS dilire PV Faminr imydhggirhéheegondppgnted region.

medi umin the sub-scanning direction; and a contro

unit controlling the head unit, the head- 10 unit

nmoving unit, and the recordi ng- nedi um novi ng unit,

wherein the, comd rialx Urid PJrSn¢enbl autedet ScE€eFdin®Uo claim 2

printing procedures including steps of noving the

rdin : n.to r
R e ScharD ne of e R arbaRitIRh O et P ehe pghShent. of
ecording. medium.in.the suh 15 scannping.direction b .

o PR P RP TS TRl ety e ainr By KRG arE- fiamping

an array interval of_the discharge nozzles in_ the
dafBSEEahnt AgtHFFRtSDn Witd geniteocan Upateddr cCapbieu b, to

to performthe discharging of the ink drops to a
datarpinat @8 beirg omeduivedliennozeleheatr tagstnoeevaf tHhe

of the discharge 20 nozzles, and configured to repeat
diihehpryat hogz psockethates] kn ttheesraateeddngotbian imkthe

dot density, and thereafter nove the recording nmedi um

arRalyN@i 886t S6RNRINY HAedd avetchRat oFN€he head unit,
except for a final movement, in the main scanning direction

for printing in the non-printed region.

4. The ink jet printing device according to claim 1
wherein, when the number of the overlapping discharge nozzles
is increased, the control unit is configured to increase the

number of the invalid nozzles.

5. An image forming apparatus in which an ink jet
printing device is provided, the ink jet printing device
comprising:

a head unit in which a plurality of recording heads
having discharge nozzles which discharge ink drops of
different colors respectively are arranged in a main scanning

direction, and the discharge nozzles of each of the recording



head unit is located to a next non-printed region
followng the printing region and the printing
wonosaduoes are perfornmed 25 for the next non- pCTaPmd4/017223
regi on, WO 2005/ 047002 PCT/JP2004/ 017223 -46 wherein
the control unit is configured so that a rear-end
portion of the discharge nozazlses in an array
direction after printing _of the printing region and a
DPRGHt @r%narﬁwe?@r%fewé dindGraPgE rBz7I 8YDTACRMRING
array direction 5 before printing of the non-printed
dﬁé@?%hoﬁvﬁhi@p advemnemticuliarh toedpecmatp spanning
sub-scanning direction, and invalid nozzles that do
dnotctischarge the ink drops are determ ned from anong
arbitrary ones of the overlapping di scharge nozzl es

i ncl udi ng § heg=dd-antenhRet iu@.ritaﬁ’@vliﬂg £Barn€ad unit in the
e

portion in 10 the array direction of t di schar ge

5 mA9AZLESnnide dPredBion along a printing region of a recording

medium;

a recording-medium moving unit moving the recording

medium in the sub-scanning direction; and
a control unit controlling the head unit, the head-

10  unit moving unit, and the recording-medium moving unit,

wherein the control unit is configured to carry out

printing procedures including steps of moving the recording
medium to the printing region to perform the discharging of
the ink drops, and moving the recording medium in the sub-
15 scanning direction by an interval represented by the formula
H/k where H is an array interval of the discharge nozzles in
the sub-scanning direction and k is an integer above one, to
perform the discharging of the ink drops to a non—-printed
region equivalent to the array interval H of the discharge

20 nozzles, and configured to repeat the printing procedures k

times according to an ink dot density, and thereafter move the

recording medium in the sub-scanning direction so that the
head unit is located to a next non-printed region following
the printing region and the printing procedures are performed

25 for the next non-printed region,
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wherein the control unit is configured so that a
rear—end portion of the discharge nozzles in an array
direction after printing of the printing region and a front-
end portion of the discharge nozzles in the array direction
before printing of the non-printed region overlap each other
with respect to the sub-scanning direction, and invalid
nozzles that do not discharge the ink drops are determined
from among arbitrary ones of the overlapping discharge nozzles
including the front-end portion and the rear-end portion in

the array direction of the discharge nozzles.



