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-1- DESCRI PTI ON I NK JET PRI NTI NG DEVI CE AND | MAGE
FORM NG APPARATUS 5 TECHNI CAL FI ELD The present

i nvention generally relates to an ink jet printing
devi ce and an i mage form ng apparatus, applicable to,
for exanple, copiers, printers, facsimle, -

mul ti-function peripherals, etc., and nore
particularly to an i nkpEetrIA®rym nti ng device and an

i mage form ng apparatus configured to nove the head
unit in the main scanning direction nmultiple tines
repeatedly for the sane printing region in accordance
with the r s LS Ghar S

BACK e R e
device is used in the inage form ng apparatus, such
as copier, printer, facsimle, nmulti-function

eri pheral, etc. In this ink jet printing device, the
Eﬁgﬁﬁéﬁghniﬂgﬂhcludes a plurality of 20 recording heads
provided with a plurality of discharge nozzles
ar r angedl'iey nesesbisvanniog ekrectlilon reandesi tean upnk
with the inks of the different colors, and
jethpghrtensidayiard shiighn Ouadd t Somimt apgarstagy ragsl Didble
at high speed by discharging of ink drops fromthe
to, dE8Ehak AR OZ 283 0F , t Beihecos dimg Neade25xhert Punction
recordi ng sheet according to the i mage signal while

recordi cof di ng i nal "\
Per P r el b "G ' RECoTHET RanCWin *pr ent Pnit o The

prigggg&déégkce 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 accerdance

with the array interval of the discharge nczzles.

BACKGROUND ART

Conventionally, the ink jet printing device is used
in the image forming apparatus, such as copler, printer,
facsimile, multi-function peripheral, etc. In this ink jet
printing device, fhe head unit includes a piurality 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-
gquality 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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sheet with such ink jet printing device, it is known
that the dot density (resolution) is determ ned
according to the 5 physical array interval (pitch) of
t he di scharge nozzles. For exanple, as shown in FIG
12, assumng that the pitch of the discharge nozzles

I's, which are arranged at éaUaI intervals on each of
0 Q¥Q§§ : Y51 whic
Im“££§%§®%|§g%a iscﬁg}égmiﬁélpn Sa%?ﬁn% d%ﬁggﬁ¥%ﬁ$ t he

const TPl EPReSHGR Y 1hofaceetotis ke test g

pitch His equal to 1/150Q0 inches, the dot denS|t
sheﬁcarrl&#lnau% e 7t O I6F PHe SeUi SEhat get hdFA™Es tRgti §he
determ ned as being 150dpi. \Wen the head unit 1
dotpeieherify doboelptrion)i ng detelaingg aesofdinora R&E is
the sane as the resolution (150dpi) determ ned
phyagcendiaagatoihberea ajpiafch hefdtsehai gehawopy lrex Adlas .as
shown in FIG 13A and FIG 13B, the head unit 1 is

nmoved omby kRah Eerma& SEAMAGFAG! et | ofs andidd@hat the
di scharging of t ink is carried out sequentlally

ﬁtcrhorgft t&‘ﬁer 8¢ Qégéxye nﬁjazdz%e]sB’lazowlll%%h 1%6 Eﬂ‘cjjta]n ed.t tt l%ﬁual

recordl ng S eet S case

ap i n_order_of Ior
g e <BER o7 e T dﬁP% "Bedus a??f e 1 ®ha 1y
discharging is perfornmed while nDV|nghthe head unit |
whiGh (RSPREEWERHY Nl FETEEIMithG 2B8Kdi Pectiort ity (Bhe the
stacki ng order of the ink drops of the -3- different
cyaol @h)s whel npeefiixed)) and tthe peilhovngYresand agndtitute
becone uni form
the head unit 1, is set to H, and that the pitch H is egqual to

1/150 inches, the dot density according to the pitch of the
discharge nozzles la is 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. 132 and FIG. 13B, the head unit 1 is moved
only in the main scanning direction and the discharging of the
ink is carried out sequentially from the recording heads 1B,
1Cc, 1M, and 1Y, to the recording sheet P. In this case, the
ink dreops will overlap in order of B, C, M, and ¥, and the
color image will be printed.

In this case, if the ink discharging 1s performed

while moving the head unit 1 in the forward main scanning

. direction only, the stacking order o¢f the ink drops of the
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In contrast to the above case, if the discharging of
the ink is carried out while the head unit 1 is noved
in 5 the forward main scanning direction and then in
t he backward main scanning direction as shown in FlIG

14A and FIG 14B, the stacking order of the ink drops

for the backward scanning i's™ reversed to that for the

: I d I ng 1 Nagl; in e I.Ag,
o e M nest aapTors P R i 21
b but, in_the backward scanning, the ink drops overlap
SGH® 5Pd&P8f B, C M and Y. In this case, color
i nconsistency wl |l occur in the grintjn result, and
the qual FPySERE¥3RE 6 itHCedPPHEGE2 %1 | 1herhe discharging
deteriorated. Mreover, Japanese Published Patent
of Apl ilokt iencioried BDW3WDS4e860di Beadsuasitan sk peed in
printing device which carries out printing at a
tha esoltt-dona i ghernit ihan dikeckésol ad orherdetreriienedckward
according to the array interval of the discharge

maif0%2kes 1hg. dfse SN dan shbn 1A TE] G4Al3Bardch! &¢r, the
16, inthe 20 ink jet printing device disclosed in

st%ﬁygﬁﬁsggggyb$%sﬂﬁgjﬁﬁg%GEFSA@BEigﬁ%iﬂgbgﬁ?rdoéb%gﬁlﬁg’is

resolution printing 1s achiev int
foll aw, ng ner. Aft the recordi ng sheet P is
reydved ¢0 FHa pryi Gl THEATG T BT B of FIRd Y ellr Mg
sheet P where the printing is perforped by the
foLygirh- SEARRERY 25 %irecroRSnBVeRed 1t F gy &f deal) C-
of the head unit 1, in the -4- sub-scanning direction
anco,y bhibr  thetlpd tlebedardMsicehniisghatifie drde duicpshoverife in
di scharge nozzles la, the head unit 1 is
order of B, C, M, and Y. 1In this case, ceclor inconsistency
will occur in the printing result, and the gquality 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 resclution
determined acccrding to the array interval of the discharge
nozzles la.

As shown in FIG. 154, FIG. 15B and FIG. 16, in the
ink jet printing device disclesed 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 regicon of the recording

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

direction movement (the first scan) of the head unit 1, in the
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noved in the main scanning direction so that the ink
drops reach the non-printed region between the
di scharge nozzles la 5 in the sub-scanning direction
of the first scan. In the exanple of FIG 15A and FIG
16, the printing of the twg_colors of the cyan and
the magenta is illustrated for the sake of sinplified
sudlaanahigodi rSubsequerity Yort bReppi bth My 2 sitgaty iiedhalf
all over 10 the recording sheet P by noving the head

thdlfitech bR the §Ub-nSGRNARG 1dEr 6l | Ok SR ddhakithe head
unit 1 is located to the non-printed region

mo P LN YRS ph o t Q(,earﬁ{j%rﬁf 't Gt8ILANs AN,  MGRELHN Qrkﬁg

printing procedure. is case, the printing at f

resqlution of, 15 300dpi Lch is twce the resolution
el B BN -1 BT SRR BRGUPRY EHE SRKhhes Pozppes e
. the sub-scanning direction by 1/2 of the pitch H of
intHe GOcRERERIRG A YN Mbr 6B9ef1r$h Tider to

realize the printing at the higher resolutions which

are thrée theesxamplg ai dgs§,. 15A anghelGit hien tthe

resolution of 20 150dpi, it is necessary to nove the
pritedchquritt thei twd heo il cScanni ngadi aedttiton eyebk3d, is

1/4, ... of the pitch Hof the discharge nozzles |a.

1RV el rhp the &ase A RhbDt ENggatxd hehHigh .
resol uti on higher than the resolution which is

e o a3 PR 0 LRS00 e o
_ -5 : ( y, the ink

cndrops of cvan G reach the regording sheet) R whon the
scanning direction so that the head unit 1 is located to the
non-printed region continucus to the printing region, and
repeating the priﬁting preccedure.

In this case, the printing at the rescliution of
300dpi which is twice the resolution of 15Cdpi 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 rescluticns which are
three times, four times, ... higher than the resclution of
150dpi, it is necessary to move:the nead unit 1 in the sub-
scanning direction by 1/3, 1/4, ... of the pitch B of the
discharge nozzles la.

Moreover, in the case cf printing at the-high
rescolution higher than the resolution which is determined

according to the pitch of the discharge nozzles 1a in the
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time in the main scanning direction, the ink drops of
magenta M reach the target |ocations of the recording
sheet P between 5 cyan C and cyan C when the head unit
1 is scanned in the 2nd tinme in the main scanning
direction. Nanely, the ink drops of cyan C and
magenta M alternately reach the target | ocations on

ab&J@im%%EQB écolégeQ%e an@”grb% 'éfﬂ%&%&?!%é%%hp5ﬁ¥e”t

he nmutua i nconsi stency on a scanning |ine

bas th Q. re rdi shee fraom bei ng.

rec S e RPC B, ROy e WASR: HALFnk & ssc%aéwgﬁnéﬂﬂﬁoast
of anese Publlshed Pat ent Appl.ication

timss l@sé@gemﬁéﬁt F BT "9abdVECT §CTisebe tHE .%@Par Bpsmagenta
magenta Mare printed in the 2nd tinme to the target

M Ha@@@ttbﬁstbégﬂkéth¢a@n@ aAdthyare@rdagl Bhiegk drbpkween

of which are printed in the 1st tine by the head wunit
cyelh, Camddatten € heéaredbredhrgdsheet P is swwvedd ant hbe 2nd
sub- scanning direction greatly and the head unit 1 is

tir@viedthe hhen S@idhiscaaRi-egradbhectialy the ink drops of
non-printed region on the recording sheet P, the

cyédwﬁa%BdSﬁgylcaf ﬁﬁafﬁg%naﬂglgr98§c Ae é% g%% é¥§£§§gﬁ on

Mor e speci as shown’in FI 1/7A a

after the he (t 1 .Js,scanned t in
e g ort oo SarT rn% GVeats §n BReethE di SRavgnhgtbr
the ink is, conpleted, the head upit 1 is scanned in
mutiyyd SPAOF| HRCPREIHETSY AR A SEARMIHY ‘diebBPeA RdTRRe
“ink is discharged to the -6- recording sheet P. At

readyidg nui gheet he frpadeingnicagspictdiesi nk  drops of
magenta M (indicated by M in FIG 17B) which reached

However, when the ink 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 71, and after the recofding 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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the target | ocations fromthe discharge nozzles |a of
the rear-end portion of the head unit 1 when the head
unit 1 is 5 scanned in the 2nd tinme is earlier than
~the inpact timng of the ink drops of cyan C
(indicated by C1 in FIG 17B) which reached the
- target locations fromthe dﬁEcharge nozzles la of the
rant - e rtion,of . the.head it : head :
recgahy e PO, e A Ry (R b 8T e ink
of the inpact sequence, of the 1nk p nt | oned
arobe BPPRSE 4 WASIEEARS: POl T dols ond BeghgeReached
the di scharge nozzles |la of the rear-end portion of
thqI¥§1565d19ﬁ¢¥lQ?%m§§OWhéhﬁi9&ﬁ%?i%9?uﬁ8ﬂ%%?sléaontEEe
front-end portion of the head unit 1 when the
reareeoridpngt streetf Rhcs heedednis 1rwhére igbhsednpinng 1 is
direction greatly and then the head unit 1 is noved
scadmetheénnohe praditteche €@l earahet heharecorediingasheetimPng of
and consequently the problemthat col or inconsistency
thd 8GR op§ OAS RiFUOUS QR BarEQCHy dindirshkeel, R78$ anhich
whol e MAF| arise. 20 DI SCLOSURE OF THE | NVENTI ON An
reégﬁe%pkhgftgﬁﬁéénfgﬁgyiohgv%ggﬁpghéSd%ﬁhﬂﬁ%?@ ©z8es 1a of
Improved rnk”jet printing device and 1 hage form ng
apparatus . in which the above-nentioned problens are.
SRR TR AT A Dt g R R
. to 25 provide an ink jet printing device which can
is meapert thetby-3E&ifMPence of col or inconsistency on
the recording nediumand attain high-quality printing
by mai nt &hei ngveheingpactthesengpentesefudrite iodk thet holt
being reversed in the case of
drops mentioned above arises at the transiticnal locatiocons

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 1s 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

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

DISCIOSURE GF 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.

Enother object of the present invention is to

provide an ink jet printing device which can prevent the
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printing at a high resolution higher than the
resolution 5 determ ned according to the array
interval of the discharge nozzles of the head unit.
Anot her object of the present invention is to provide
an image form ng apparatus which can prevent the
occurrence of col or inconsirétency on the recording

di t | t
océﬂ%f g%ﬁgggééﬁﬁg fﬂd& Eggggg n%%y%§g|¢%éé¥ﬁgaﬁ Pﬁgaym and
el n vers

at%%&s aﬁuﬁfﬂgmrpﬁ R PR SR St s S

according to the array interval of the discharge
seqisEre§Tof Ne N hedd-anitt Pei5aTRevabsve-Ifefticorede of
objects of the present invention are achieved by an
printdngettpeai higingraedivde oncbaphesi tgpn ahweatsedivtion
which a plurality of recording heads having di scharge
detitazzhes whitshdthhgahanrge amkagr Opseofal diff frerent scabogs
respectively are arranged in a main scanning 20

nodirectiropyn.and; 4 he,id scharge nozzl es of each of the
recording heads are arranged at equal intervals in a

sub- scangi ng. . di pye HEE r{to%f"“%% kgsé’%{ pﬁﬂgénct%%r ;Jso ghhe -
C I on a

mai n scanni ng unit novi
36%p%7the hea ﬂ unit in the scannin |recthon

P 4 pIPati Ny el GPP&FaEUFe‘E%Jr%h 28 et e

recordlng medi um noving unit noving the recording -8-
ocqrdian®ei ATt el QTbLNEATISRGNEYr BBt Fiofh; TeaRrH ndoRefphm and

unit ‘controlling the head unit, the head-unit noving
atuaﬁd,highdquhbityemnmdﬁmg;ngdmahmhmvmimgtnﬁd,im@hemein

the control unit is
sequence of the ink without being reversed in the case of
printing at a high resclution higher than the resolution
determined according to the array interval of the discharge
nozzles of the head unit.

The above-mentioned cbijects 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 & 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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configured to carry out printing procedures including
steps of 5 noving the recording nediumto the printing
region to perform the discharging of the ink drops,
and noving the recording nediumin the sub-scanning
direction by an interval represented by the formula
H k where His an array intgérval of the discharge
nozzLestin t Q_sub-scangLn% ﬁ#reptio and k is 1g.ﬁn :
medife 4By LAH GV SHE TS I e 5F M Phe Hiséh&giAg of T he
ink_ _drops to a non-printed region equivalent to thg
congrpay ingt Bi% deacH WKt hé i BRAAT'ge nav2iiey, uahg- and the
configured to repeat the printing procedures k tinmes
recaccondimgdion arvinke dottdenBeryin Wil addreaf et tnbve
the recording nmediumin the sub-scanning 15 direction
corSagulatl thecdread aini prisatiogapeccddmmextcinmonng steps of
printed region following the printing region and the
moWkigNthBOre 8 LEAMY MRS iake tpet her pethfi0ly theikeXto perform
non-printed region, wherein the control unit is
thecgiqfs'chEggn %t hale anieahoBRd 2RQMHd PPl @ecording
di scharge nozzles I1n an array direction after 20
rinting _of the printing.region and a f.rant-end
me B PBnCBE THE oG 'LoRdr g RoEoTBLY it He Ay
direction before printing of the non-printed region
reRyfernaFdeRE et Hetr™ileh Y &spBeTe 1 then ﬁfﬁ-aéfcéﬁg?ﬁ‘éal of
direction, and invalid nozzles that do not discharge
the lvg sichkrde opszates det dibwi fall—f eam ad iy radsilonappd2k is
ones of the overl appi ng di scharge nozzl es i ncl udi ng
an tihe ebeentbhe9e @nd, por bearfoandthhedtsdraendigpoift kba ink
the array direction of the discharge nozzles. By the

drove aoRBashtd one®frddien Bkuf eh1@4t Ntd Rthe array interval
H of the discharge nozzles, and configured to repeat the
printing procedures k times according té an ink dot density,
and thereafter move the recording medium in the sub—scanning
direction so that the head unit is iécated 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 nczzles in the array direction before printing of
the non-printed regilon overlap each other with respect to the
sub-scanning direction, and invalid neczzles that do not
discharge the ink drops are determined from among arbitrary

ones of the overlapping discharge nozzles including the front-
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device, in the case of printing at a high resolution
hi gher 5 than the resolution determ ned according to
the array interval of the discharge nozzles, when the
recording mediumis noved in the sub-scanning
direction greatly so that the head unit is located to
the non-printed region of the recordi ng nedi um and
p. .S g he i r.0 e -
B L o A r
rhedl; L qartran§£52%nal | ocati ons between the discharge
n%%%?es Gt THe“Pear - end portion of the head unit and
the di scharge nozzles of the front-end portion of the

head uni%Y '€ FPRYEoFaERCR: Wh O HE'S npdct *5ehEdnEE 9

of the ink drops of another color. 15 For this reason,
devhye coveriliy adse whobeinetod dithgt hiwdi geseadgtion higher

mai nt ai ni ng the inpact sequence of the ink wthout
thabeting rewensecn theecrmkng@taquramiiirng tdevheeaotayhinterval

present invention can prevent the occurrence of col or

of tREOASESHANEY z1kBe FEEOr NG JmAMganddathal & moved
hi gh-quality printing. 20 Moreover, the

in EHQV§Q6&%EAAH¥% B@%e&fioﬁréfgéﬁﬁk égaHH%% Qgerﬂgad_unit is

I nvention may be provided So the contro unit i1s
configured to determne_ as. bei the i nval.id nozzles
LocgPOH et Tn o5 PERG AN SEFAI UL Hods1es SCHESrER THO AL and
rear - end ortion in the array direction upon a fina

PerhByBtente G Yhe g5 Heal U t1h AP el R *8cahhi A
direction for printing in the -10- sanme printing
posgeientizd dite obathesdiseheg gof ndezliax Pocnsedt ihe
the front-end portion in the array direction upon a
trahbisionabVienerticok bhewdeadiiunidi danatrae 'marnlseanhi tige
direction for
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 whele 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 colcr 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 bheing the invalid nozzles
at least one of the discharge neozzles 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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printing in the non-printed region 5 By this
conposition, it is possible that the inpact sequence
of the ink drops at the transitional |ocations
bet ween the di scharge nozzles of the rear-end portion
of the head unit and the di scharge nozzles of the
front-end portion of theH&ad unit is in accordance
with.the i t S e t ' r
e e e o R
. printin device of the invention e provided so
i Bt R b O tBer Tk FBF FEHE TS Gn FHeD o Trret
novenment of the recording nmediumby the interval H Kk
moviepepheCsubbe it MG idi BcErBMak 137 3drgadégecthen for
control unit is configured to determ ne as being the
prinfmvabi dnnozelres-qtringéadt reaecwnf the di scharge nozzles
| ocated in the front-end portion in the array
di rect i opyupiE eattpcefi tivrenent s ofoddierlkeattatinthe impact
except for a final novenent, in the main scanning

. Seq%;?hf%%t beNcAOT i i IRt 20nk Ne 418 RONsRNT Nbed k 8gs on.

is conposition, it is possible that the inpact

oecRERHREE B gL ke dions ol LA LOADSLL gL ign o

_ I'scharge nozzles _
hesooBi ool (e TrONraRAnBert PP os T ARETRERE ATt ion
is in accordance with the inpact sequence of -11- the
of jthe Berefsubit arfotiferCERFBRNCROY BBV drne tif@act sequence of

above-nentioned ink jet printing device of the

thd Awéntirops naly detpreovicdédrso t hat, when the

Moreover, the above-menticned ink jet printing
device of the invention may be provided sc 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 contrel unit is confiqured 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 accoerdance with the impact sequence of
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nunber of the overl appi ng di scharge nozzles is

i ncreased, the 5 control unit is configured to
_increase the nunber of the invalid nozzles. By this

conposition, even when the nunber of the overl apping

di scharge nozzles is increased, it is possible that

the inpact sequence of thellnk drops at the

transitional 10 H%fatioTs bet ween t he di scharge
then 42 8598F vhe18d e fd Chorti on of the head unit and

t he di scharge nozzles of the front-end portion of the
head uni MOFSOYH addtr ¢hree WEPhI PR FhpdSt 8&¢lEnte
of the ink drops of another color. Moreover, the
devdlsey efnthei bmeehiolsjrecey b phevigepris dhati nvBaki BRe
are achi eved by an imge form ng apparatus in which
num@er R jcat préntamgrdevieehksgprovideds itshéncmkaped, the
printing device conprising: a head unit in which a
codtinakinty 16fcsecnndicag theads rbave neghdirsehargetneral es
whi ch di scharge ink drops of different colors

. [ are arranged in a 20 main scanni ng
ln%#ﬁ%% |gé?géhd t he di scharge nozzles of each of the

recording heads are arranged at egual intervals ig
. . . h

sub- sca%ﬁlEglﬁl?%QRQ%ﬁ¥5ﬁ%’cﬁVF§ %@?%é%ﬁ?éh aF%tg tﬁee

mai n scanning directiaon; a head-unit nnviqg unit |
OVETAADRG NOh 81 REBAT I TOG4tChe S HRFRCR%%Hmi g 1di PREFI-BRH®

along a printing region of a recording 25 nedium a
thateddrdiingagedsamvend g et inbviingp: it rtéeorgippgitigral

medi umin the sub-scanning direction; and a contro
1 odHt itonsC @Rt wekhi tige tdiesdi@adeunpt: z1&heohedd: umiatr-rDUI ng

unit, and the recording-nmediumnoving unit, wherein
potErP YK @k HBEE wSit 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.

Moreover, the above-mentioned cbjects 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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configured to carry out printing procedures including
steps of 5 noving the recording nediumto the printing
region to perform the discharging of the ink drops,
and noving the recording nediumin the sub-scanning
direction by an interval represented by the formula
H k where His an array intletval of the discharge
0zzl.es bn t ewsub-scannLn% giregtiqg and k i§ 10.an
meq it 48 thGoi P ot "HE h VS the #S chargi A of Vthie
ink drops_to a non-printed region, equivalent to the
conirio) it SPoaheed Tt ihd th SERATGRL BT 68 R, and the
configured to repeat the printing procedures k tines
reqrebimgi-mgdi smaney g dotitdemserpin Bkl edWersdfl ted thdde
the recording nmediumin the sub-scanning 15 direction
corsfiduiratd thecheag aun tprisitiogapedctduaenextcingling steps of
printed region following the printing region and the
moPIANHHRY rePhOg Bl s :ame thether pednf Ok theyineXtco perform
non-printed region, wherein the control unit is
onf i gur 0 : -end rti f :
SRS T Rl it G L T T A
rinting.of the printing,.region and a frant-end
ne BT Gh WF CHE STPELHE g FosarBeCT it e AR Ry
direction before printing of the non-printed region
reRRRIIHF e BYh TBE hEY T toh e pEEret B the" sa&bt-aé’céﬁ?ﬁeﬁfjal of
direction, and invalid nozzles that do not discharge
the¢ i dailengicopszates det e @e@—rsp@nﬂ'am@im%jt%@yldz% is
ones of the overl appi ng di scharge nozzl es i ncl udi ng
ant hecddgeantabeld- opad pordddivrandhthdiseas sgindy pdr thihen ink
the array direction of the discharge nozzles. By the

dr&&@Wﬁ)%P@R@ﬁb&ﬁ@ﬂe@fréﬁﬂbﬂ nREe vhQEAL NGy the array interval
H of the discharge nczzles, and configured to repeat the
printing ﬁrocedurss 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 leocated te a next non-
printed region following the printing region and the printing
procedures are performed for the next non-printed region,
wheréin 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-
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whol e 5 recording nmedi um and mai ntai ni ng the inpact
sequence of the ink w thout being reversed, and the .
i mage form ng apparatus of the present invention can
prevent the occurrence of color inconsistency on the
recordi ng medi um and attaid3m gh-quality printing. 10
According to .the pres ' [ on, it i SSik :
endo B0 SuT S el RS EAL BOYER O b FRABE RS o
apgaratus mhiggﬁgan prevent the occurrence of col or
the) R 5RRPEIRNA DTS he recordi ng medium and attain
hi gh-qual ity printing by maintaining the inpact
sequenceByftiheliayie werReat t 18" bt g s evegsedO™hng he
case of printing by the high resolution higher than
appbiretnesof uthopmstertningdnateor dingdaverting dheayhole
i nterval of the discharge nozzles. BRI EF DESCRI PTI ON
recordThly RRANNGERhaFhGaihihg ehpemgpent iseeuehew of tie
ink jet printing device in the first preferred
inxeWRedbeNte O thee dRVENELANENE! Giack I iPEr SPESEAMEs of
view of the head unit in the first” preferréd
theewg Qé”E”En é%%fq(ac % b? @egéofﬁecgégﬂfygﬂg% é@ecolor
contro syéYen1o “f2- PERES nk jet printing device 1n
., the first preferred enbodinent, FIG 4 is.a flowchart,
incegEl gkl aY itthd: %ée&‘%xﬁﬂ‘ﬁgmeﬁgrb%c?&dofatttﬁéni %ch]"‘e‘ﬁuahty
printing device in the first preferred enbodinment.
printing.

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
being reversed, in the case of printing by the high resolution
higher than the resclution determined according to the array

interval of the discharge nczzles.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 3 is a block diagram of the contrcl system of
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5 FIG 5A and FIG 5B are diagrans for explaining the
printing procedure of the first preferred enbodi nent
and the state of change of the recordi ng sheet when
the ink reaches the target in the printing procedure.
FIG 6 is a diagramfor explaining the invalid 10
nozzles in the first prefet¥®d enbodiment. FIG 7A and
Fl. B.are. di or: e aicn| j | L

he i B R R e o B o vt e orfodiment .
printing apot her resolution. FIG .8.is a diagram..
Por "expl GGt nh thed i MU 16 TR52 T RL b PR R g Lro
printing device in the second preferred enbodinment of

me el Pévgﬁ?iéﬁk FePYATHRG PrEicosiar e e dgrsin®rederred
explaining the invalid nozzles in the second

emhmogfreinited enmbodi ment when printing at another
resolution. 20 FIG 10 is a diagramfor explaining the
invalid raGzzbrsawd Rl igEK gjret dpegpbnagfcew:qe dimihke the
third preferred enbodinent of the invention. FIG 11A

pridfd nlgl GroddBuaE eo i@ aMkhoprexplabai Afbodheedthval dhe
nozzles in the third preferred enbodi nrent when 25

st ei %%' %ﬁaﬂge_ag'?tﬂﬁé fe%%@dﬂh{gogheéﬂs'hgﬁ C‘%helzlr!ks @laches

|agrams W ng the conposi ion o ‘g _conventl ona
thTErath A8 CPRe WS BF BPCRErRgoanen the head unit i
scanned only in the o , )

FIG. & is a diagram for explaining the i1nvalid
nozzles in the first preferred embodiment.

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

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

FIG. 92 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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5 forward mai n scanning direction, and the printing
state of the recordi ng sheet when the head unit is
scanned only in the forward main scanning direction.
FIG 14A and FIG 14B are diagrans for explaining the
way of printing when the head unit is scanned in the
10 forward and backward nailR~scanni ng directions

al t er nat : he.printi 1 f [
Sheet rorti K2 Risad Ginpeah AbarhBl 3 cbiBopEFast o @
and, backwar d in.scanning directions alternately.
CODEF@fl?%ﬁifhﬁf4§aﬁlt15B are diagrans for explaining 15
the state of printing by shifting the head unit by
hal f theFI%it%ﬂ*é@dt%éGdi%%%d%@%‘ﬁﬁ%ﬁﬁé@,fﬁﬁdeﬁﬁ%alnlng
printing state of the recording sheet where the ink
ther saghell. pRIG in6 whenatié algeadn okt éxplsapninad ohky in the
scanning procedure of the head unit and the recording

forgheat myhensddimmin20dprenting, iandeatfcopmdtbygshitfte ngt the
the head unit by half the pitch of the discharge

recBaZhgSshddiGunkiAtaRdnEL & udifB & e dindgnanBi{ofn the
explaining the printing state of the recordi ng sheet

for 080 Iﬁgirﬁté&gu‘{ig% @gg&@i by half the pitch of the

I scharge nozz e 25 reversing of the inpact
sequence the ink iLh_th rinting -16- region of .
The T ecof i ngl naBe. ERRSTIROE Gk HOARR RE: PP FREhing
| NVENTL.ON A description will now be given of the

theppayePt i 15 gbodrRenbs Be2d HE ithvénticaR Gt hn the

reference to the
forward and backward main scanning directicns 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 diagrams 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 shest 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



acconpanyi ng drawi ngs. Referring to FIG 1 through
FIG 7B, the ink jet printing device in the first
preferred enbodi nent of the invention will be
explained. 10 FIG 1 and FIG 2 show the conposition
of the ink jet printing device in the first preferred
enbodi ment of the inventi@® ™ The ink jet printing
red%%%iﬁe %1tﬁg E%é%rd&nhsshgégyided in an image form ng
apparatus, such as a’copier, a printer, a facsimle,
a multi-function peripheral, etc. Since 15 the inmage
form ng apparatus is well known in the art, the
drawi ngs showi hg the conposition of the imge form ng
BESIpHRPE: HQRWEARRGAGRUT 45 ABVENBIN in FIG 1, the ink
jet printing device 11 conprises the head unit 12.
The headaudesciiptiingl wdéd nhe 20 @l vemlad yhef preferred
recordi ng heads 13B, 13C, 13M and 13Y which have the
embdicselhargeonozizd esvb3a ivhi ehtHi seharged e ithk drops of
the black (B), the cyan (C), the magenta (M, and the

acoHRl-0Wi6Y) grakBfpectively, and are arranged in the
mai n Scanning dirtection X of the recordi ng sheet

(recor di ﬁgfg?gjrrg@t@n/és %hgﬁ@g%&zﬁ&' Gp Zrth'éh‘i?]%_ jet

di schar ge nozz 13a of ea t he recor'ding -

heads 13B, 13C, 13M_.and 13Y_are arranged at equ
Dr AR, BRELOF nih He i SCaRRF REFarS CER R e A E e g
~ substanti al I%/ per pendi cul ar to the main scanning
ingintden vl PoHedsled@éfce of the di scharge nozzles 13a

may be 5 arranged al ong the sub-scanning direction Y.
Al t er nat iFVél.yl and FIG. 2 show the composition 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 i2. The head unit 12 includes the
plurality of reccrding heads 13B, 13C, 13M, and 13Y which have
the discharge nozzles 13a which discharge the ink drops of the
black (B), the cyvan {(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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it may be arranged along the slanted direction to the
sub- scanning direction Y. The head 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

pi ezoel ectric actuator, sudii-as the piezoelectric

evice, t her mal uator_utilizjng the_ph

heagRande of ‘thel Tadrd o7 PR T1GUATt FimeBar Ei ot TaT g
~ the heat-electricity conversion _ elenents, such as the
in &6t REPnfearEdS Grecthenshapet Mot ¥ UPES 24 Fagly

actuator utilizing the netal phase change due to
perpenperal ar ete Hdrg@ainhecaneepy odtzrG e cacuat or

utilizing the electrostatic force, etc. In the

present ghboskamenice tdie theadisometgd hdzz lpsoviBdedawi bd

the piezoelectric actuator (or the piezoelectric

arﬁ%\éie@e)ﬂ_léﬁ%dt@é dlre enengygoenesatidig wni hitandalOvéhe,
head unit 12 is incorporated in the ink jet printing

i ' | &1 et iSHCR0r L8E oMb
Ji‘§%§l%ga%gfggggq2¥ﬁgﬁ%kggiggggFggégg%%hlig noved inuthe
mai,n canngqgggﬁrection al ong the shaft 15 by the

SCAH g “rethah 25 21. The noving nmechanism 21 is

equi pped wth the nptor, the -18- reduction gear, etc.

Ther ef or 8het hgahadift tudit 1E2PFEVHESEd T FhEVREPH

scanning direction by the carriage 14, and carries |
gerautatting dinstheyi gy wtingheuinkhe cditdhaedegdPigtBReehk.

"P. In addition, the carriage 14 and the noving

andreghkaring iy lgéme tae rly presentyebbothment odomstyi bat ehe

the head-unit nmoving unit in the
piezoelectric actuator, such as the piezoelectric device, the
thermal actuator utilizing the phase change of the liguid by
the liguid 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 ecquipped with the motor, the
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clainms. Moreover, the recording sheet P is conveyed in
the sub-scanning direction Y by the conveyance
mechani sm 16, and this conveyance nechani sm 16
constitutes the recordi ng-nmedium 10 noving unit in
the clains. The conveyance nmechani sm 16 conprises the
motor 17, the gear 18 provilded on the output axis of
the notor 17, and e _caqonveyance .rol | er .20.t0.whi ch :
recbRELER Gy 19ce ORCTREOREL oS P48 CPaReRL L Edrered in
t hrough the, gear 19 engaged with the gear 18. 15 |
thevBréByvefantHed i HIKGEH Opr PHt Fhg GRvAiGge1 1 drgand carries
controlled by the controller 22 which controls the
cuthéhad dnsthail@ing ke e Agkneehibld stArdang sheet P.  In
conveyance nmechanism 16 as shown in FIG 3, and this
adda@nbhgl tee 22rcionst iMMutes the mocanty aledainti sion2i.hén the
clainms. The controller 22 conprises the 20 CPU
predseent ERLoRIAGES StdHb tURkE, thBen&M(T:andemiagcesst in the
menory), the ROMread only nmenory), etc. In the ink
cléi L (YY)~ J printing device 11 of the present
enbodi nent, the CPU of the controller 22 perforns the
driving control of .the carriage 14 and the _conveyanc
nechanisHPi%O%%ﬂ’ﬁgF?éﬁﬁgrgﬁggc%%??%ﬂggf;fﬁ@vfgeg HEhe
di scharging of the ink of the head unit 12 in
subgGEaraane e hF ¢t L0-Y (e LRI RPTHY Proyman SOdrFBd tPn and
the ROM Moreover, assuming that the pitch (the array
thiimtenvakpnoé méehatisohdifgeonsziteses 348 reaopeding-medium
sub-scanning direction'Yis set to H the controller
moddd Mt Reipresentlbirenbodheentnpeydorarsnddiandsinil Ag
control of the carriage 14 and

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 et 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
contreol unit in the claims. The controller 22 comprises the
CPU (central processing unit}, the RAM (random access memory),
the RCM (read only memory), etc. In the ink jet printing
device 11 of the present embodiment, the CPU of the contrcller
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
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t he conveyance nechani sm 16 and the ink discharge
control of the head unit 12, so that the ink jet
printing device 11 carries out printing at a high
resol ution higher than the resolution determ ned
according to the pitch H of the 10 di scharge nozzl es
13a Specifically the contlcl l er 22 in the present
R ment £§ conf% d to gargy, out printing
pP5&8 uresPThct udi téps f WoVing the recording
sheet P to the prlntln i on to erformthe
d|schargMﬂﬁe%ﬁe¥¢uﬁﬁqﬂ@lgﬁoﬁ at1B5hg et Wovi Hdia Reray
recording sheet P in the sub-scanning direction Y by
intgaviaht e@gathqe eprEs@igednpyzihe or mi £ lukheranping
the array interval of the discharge nozzles 13a in
direheisubyY ssami ng di,r ébti conandlker s2anin nthegetreabove
one, to perform the discharging of the ink drops to a
emod@AmBht Nbedr s 8 ahe2@reqihyabent réd dhe 1y Ay riByer val and
H of the discharge nozzles 13a, and configured to

thel %Bﬁ%\kf&ﬂ L P NG PHRCEHAUr £5c K; Lk %c}?a?{%;%r dbRgrt® of

he in enS|ty, and thereafter nove

recor,di ng, sheet P.in th sub scannin dlrec ion_Y.so
the ﬁgﬁdtﬁegthggd it e FBkaten Yo 4 ek evioe 17

non-prlnted region follow ng 25 the printing region
cargdgst QU ppT HEF My ﬁ’rto@eaﬂtﬂgsr%?%l‘ﬁ%%‘?%r}}ﬁé-ﬁlerzéhafloi;h? he
next non-printed region. Mreover, the controller 22

resiodugdahi gatednied &aoprddog b@i‘ﬁm e 5@ tthatf ghe

rear-end portion of the discharge nozzles 13a in an
disahmagedhoeeieonafter printing of the 5 printing

region and a front-end portion of the discharge

Specifically, the controller 22 in the present

embodiment is configured to carry out printing preocedures
including steps of meving the recording sheet P to the
printing region to perform the discharging of the ink drops,
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 nczzles 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
equivalent to the array intervallH of the discharge nczzles
13a, and configured to repeat the printing procedures k times
according to the ink dot density, and thereafter move the
reccrding sheet P in the sub-scanning direction ¥ so that the

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

the printing region and the printing procedures are performed
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nozzles 13a in the array direction before printing of
the non- printed region overlap each other with
respect to the sub- scanning direction Y, and the
invalid nozzles that do not discharge the ink drops
are determ ned fromanong arbitrary 10 ones of the
over | appi ng di scharge nozziZd¥s 13a i ncl udi ng the

£ fant-eng ﬁorjién%ta%? the. rear-end portion in the
OTaf PRy AT et i 6t fie%aPSehar ge nozzles 13a. In

addition, it should be noted that, jn the  k present

enbodineﬂ??e?ﬂ%maﬁ¥5yC&PF§8?F%H %% {%éxﬁﬁgéﬁ5P89t?5carry

nozzl es 13a of each of the recordi ng heads of the head
outupiri ni2ngi so padradl lelreps—ehe Babt s@artl fg i éehrageyY

as shown in FIG 1 and FIG 2, the rear-end portion
nozefleghe3di suhar gemgzzliesctilan aft¢heminrtayradiofethieon

is located on the side of the bottomof the recording

prishesl E’e?@@ﬂ%&ﬁﬂ 4 Friche -sub- seapnbm e dittectiierh¥rg20
and the front-end portion of the discharge nozzles 13a

nozdA kN 3288 f ayn i 118Gk @HrE@tHgﬁa%gfbfglgﬂﬁiﬁﬂdaeo@ftEEenon—
top of the recording sheet P conveyed in the
-scanning direction, Y, . Lt Ne

pIiE§P8j§8918? ?Yﬁf%ﬁﬁlﬁﬁcng proce%}’rlelgé 2%%%%%%5%%y@%hé
s BT AT 160 8 e ot

FIG 6. For the sake of convenience of description, in
disdrargexahpl €8k ofrgsGarsAderpgringsd afbiF|agorng, sirpitgary

supposed that, when the head unit 12 is noved in the
ondmiof sbanovaglalibgiecs iddmcharge nozzles 13a including the
front-end portion and the rear—end portion in the array
direction of the discharge nozzles 13a.

In additicn, it should be noted that, in the
present embodiment, the array direction of the discharge
nozzles 13a of each of the reccrding 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 13a
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 directicn 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
association with the recording heads | 3C and 13M
Moreover, it is supposed that the printing is
performed by the ink jet printing device of the
present 10 enbodi ment at tteihigh resolution which is
i | arge as the resolution determ ned according
anégﬁﬁﬁe%%itch H of the discharge nozzles 13a, and in
this case, k. is set to_ 2 which is the base af the,
formula HAE F8pr @%E%t?%fW@WﬁP@PVSE TorCr e Pirt dffy Fhe
and the head unit 12 is noved in the sub-scanning 15
exafiples iodn F¥Gonb, t Mee Fornth&I6ank: ptt nts myhregicsh that,
Upon starting of the printing procedures in the
whéh omchdrefadoinEt G 2 4i s tolwerepr iint thg data sgehrting direction
printing condition are set up (step Sl). For exanple,
%, thee R gaHang ingoadi $honi ks dsebsuprsughn thaind higenta M of
printing is perforned at the 20 hi gh resol uti on which

only 4V G&ASHBEEE: 8Sc4:h8 JL8RkUthoRss98i & e th the

according to the pitch H of the di scharge nozzles

13a,. Subseque y unber of the invalid nozzles
re ?ﬁplw%gmﬁﬁ%uEﬁbo?n%gggﬂent of the recording sheet P
in the sub 25 scanning direction Y are c%gyuted (step
f

S2). Aft &PTERIVET - the T2ERROH hg2latB® flor Hliwary

printing on the recording sheet P are created (step
pe 8By TnlBseaeNt R, 1¢h@ e nnPEviee: of foverarerTic

mai N scanning direction X and the discharging of the
embakimentcartr ickd high resolution which is twice as large as
the resolution determined according to the pitch E 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 51). For example, the printing
condition is set uprsuch that the printing is performed at the
high resolution which is twice as large as the resclution
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
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5 out to performthe printing, or the processing to
tenporarily stores the acquired scan data in the RAM
is perforned (step $S4). Subsequently, it is

determ ned whether the printing for all the printing
regions of the recording Sgﬁft Pis 10 conplete, or
the tenporary storing of al1 the scan data in the RAM

scan®iGOMRLeL erd SteR 2y blihbeng esylithOfrddR®ding sheet P
determination at step S5 is affirmative, then'the

arepg&gg%ng ﬁ$@§$q¥%es are finished. If the result of
etermnatio

t hé ‘at step S5 is negative, then the
control is . returned tqQ, the step S that 15 the .
Steps. S25SEE S FTSua o JoREr PoF et & JESEA phi bhe main
w || be given of the actual printing operations ,
scagpédpdihgetblahe AreWweher f18FhErGnd of thher dnr éfcearried
to FIG 5A, FIG 5B and FIG 6. In the exanple of FIG
outbAcapgrEbGn 8B; mietiaion c20tkeapwierpofna e hembdopairily
12 in the main scanning direction X to the sane
stidsntthagate@l ond ofcanheaateconding wheets RBdrForpedf o ted
in the 1st tine, so that the ink drops of cyan C are
gq)printed to the recording sheet P. After this, the
recording sheet P is noved in the sub-scanning

meChant SHUTE TART o oy S95e ECARNIhY OF 1 NECnBaa™ "

nmechani s scanni ng of 't he

uniit 12 in the main scanning direction X to the sane
fom Al the' PELR GG e Fobb Bihg St b2l of Fomed

in the 2nd tine, so that the ink drops of nmagenta M
comrletgr i AEelhe oL eMONTEN- BEPHLEE PEgibh et iseR eyha & the

and cyan
RAM is complete (step 85). If the result of the determination

at step S5 is affirmative, then the printing procedures are
finished. If the result of the determination at step S5 :is
negative, then the control is returned to the step 52 so that
the steps S52-55 are repeatedly performed.

A description will be given of the actual printing
operations according to the flowchart of FIG. 4 with reference
te FIG. 5A, FIG. ’5]3 and FIG. 6.

In the example of FIG. 5A and FIG. BE, the main
scanning of the head unit 12 inrthe main scanning directicn X
to the same printing region of the recording sheet P 1is
performed in the 1st time, so that the ink dreops 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

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
mechani sm 16, so that the head unit 12 is located to
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 tﬁéfﬁbn-printed regi on of the
sca2GhAbROLRRORL P Uit Panf OhITBHe [l drl & ik bR $0cL1GH x
the irnk drops of cyan C are printed to the
non-printed. reqgion.  After IS, _ the recording.sheet P
to 1% BohE Ph EhE S e e R T e T Byt P
interval H 2. Subsequently, the main scannin%éof t he

perfergegnit 19 1 (HéSnoROpFlat eths dgifonitopst RE magenta M
recording sheet Pis carried out in the 4th tinme, so
aret painthe Fakthey opgroir imdgentacwarketysimcydnt 6 #he cyan
non-printed regi on between cyan C and cyan C. 20 The
C. above procedures are repeated for all over the
recording sheet P. As shown in FIG 5A when

per f or m pgbtbguEiEl PRithe seapniingy afiast ttha s2edntBi8d in
scanning is conpleted, the position of the rear-end

thep%E%LQEaﬁﬁiﬁgQdfgégﬂyyhg% B9Z€h§5céﬁ¥%%%%§%fP%?ﬁ?ﬁism 16,

recording head 13C in the array dire e lst

- 24- i.n_scanni. d the si,ition of the front-gen

20 SE SR oP SR S doREe S kS Bad oo e PECRF i ng
head 13C in the array. direction for the 3rd main

reqd e A NGPEVERFAF WIS IFP6€8En ot her  with respect to the

sub-scanni ng direction.
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 nen-printed region. _After
this, the recording sheet P is moved in the sub-scanning
directicn Y by the interval H/2.

Subseguently, 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 Znd 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 1st
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5 Moreover, when perform ng the 4th main scanning,
the position of the rear-end portion of the discharge
nozzles 13a of the recording head 13C 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-¥-the 10 array direction
for the, 4th i,n _scanning overl.a it h
ey BREPELH T S Raby SR ain T i Lo Paft i of the
time, the contraller 22 determ nes, as ing the
disphgade ez A es WhicdhTHE RBEOTT SEhdrge tlkr)?g ilﬁkf:ﬂ‘? herray
di scharge nozzle 13a (the filled-in portion) at the
dirpesioengon Stiporitcomash sReNpERDreaN iyl diead Lh3REFR PHReT
array direction for the 2nd main scanning, the
wittli sebacge nwzzie sliBasthheifyl dededimiorporti on) at the
front-end portion of the recording head 13C in the
array di pgstdesr f Ghanh@e3rdrm@hg Seanimgaiandchhging,
di scharge nozzle 13a (the filled-in portion) at the
therﬁggigggn 3P A tian_af st Be-f e6or gt ngyhead h3Mybnntiheres
array direction for 4th main scanning, as shown in
FI . Nanely, the in id npzzl es determ b
13585 FOFI Broo R M PRt e Br 66 HO G SehA G0 (RBoaPE the
13a of the _array direction rear-end portion for the
2ndf pgin ﬁﬁiﬂﬁn%rﬁﬂ%dﬁhﬁspﬁﬁ%h@s%eﬂ?%r Ggreheothir of
printing region, and the -25- discharge nozzl e 13a of
thet Hésghpage dreeetdod Jor oAt tBAdrperEdorn Hasd tLRE fiprthe
mai n scanning which is perforned in the non- printed
arraggiderecTheserdonvald dthorzlisssasen sed ectead ofr etaneagh
t he overl appi ng di scharge nozzles 13a including the

ot HiirSGhaRg@espect to the sub-scanning direction.

At this time, the contreller 22 determines, as
being the invalid nozzles which do not discharge the inﬁ, the
discharge nozzle 13a (the filled-in porticn) 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 mein 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 porticn 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.
Consequently, the ink drops can reach the target
| 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-Bossible for the present
enbodi nent _fo ev the_ _occurrence of_ _caol or .
43 SEHGOHET ST DA £iie “PECOFHT ha Biidar B ard -apRa Rortion
hi gh-quality printing at the hjgh resolutiqon w thout
fory égér ;%Fﬁ@tt%lf} fyact 1 88qikhca Joi?g R q9ed %PG%?AHOH”
shows the case in which two di scharge 15 nozzl es at
prititedr eagiend pOratcondnohlidendiskdrarafe weadacésd13H0m| meng
the array direction and two di scharge nozzles at the
thef bRBrizppthpoiisaierae hbezileschda genalozings thdadi achiege
array direction, which overlap with each other with
noA-88Reekat orthes Mgﬁ caRBLRYcH f et -Ahd e rdehenntinele
as being the invalid 20 nozzles. FIG 7B shows the
case,.i Lch [ e nozzles at the rear-end
A5 r?ﬁéﬁcgﬁb§h%é%{ggﬁgFggE§%§2|es 13a in the array
direction and three discharge _.nozzles at the
front-en&oﬁﬁ???%ﬁf%ﬁ'ﬁﬁg &chﬁg?%% %%}£F§§§i§§eiﬁafﬁgt
array direction, which overlap with each other wt
loqeddeest Opot iR er 9 IipIs SBRAFNG o r¥t§ont &ven C an
determ ned as being the invalid -26- nozzles. In the
magages MofinFLiG: Fremmdheke naBentheM | eReyiaPs oz £Zlves C-
determ ned by the controller 22 are the two or three
Thul ,sahargepbezzibes fda thisherkskhedemmodgiorditons) pat:vthe the
rear-end

occurrence of color inconsistency on the recording sheet P and
attain high-quality printing at the high resoclution without
reversing the impact seguence cf 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 nozzles 13a in the array
direction, which overlap with each other with respect to the
sub-scanning 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



10

15

20

25

5 portion of the recording head 13Min the array
direction for the 2nd main scanning, the two or three
di scharge nozzles 13a (the filled-in portions) at the
front-end portion of the recording head 13C in the
array direction for the 3r nain scanni ng, and the
two or three discharge noz. Pes 13a (the 10 filled-in
nozBOELi ons) at the rear-end portion of the recording

head 13Min the array direction for the 4th main

o TR R U 08 O

dlscharge nozzles 1s increase e contréller

ovi i ncrease the nu the
nozi33) Q€ ot R TG o es TGOS 14T (e AfotBAt WO oF chree
enbodi nent,_ the ink drops_can reach the target
dischaass orRZ BT Hear é&B?dﬁhbl%e@% Phtiogsdept bhe cyrarend
and magenta Min the state where nmagenta M overl aps
porgpopyah e M rding sepdssill n fdre threapr éseattion for
enbodi nent to prevent the occurrence of color
thel BaANSH 54 esreanramct, heheeeos dbnoth2(3: shieehalPgandoatiad M 3a
hi gh-quality printing at the high resolution wthout

(theeYer stagi 4 heodutRach seaveacer&it 1R BkcioNext. 1l G
8, FIG 9A and FIG 9B are dlagrans for explaining

recggalgg dﬁég\aﬂ 1%%263' e$h ngf %H_ﬂs gﬁéﬁ Jo it eged%r%a]ir{ng

refeerr e 1 nvention
et 25 tin deV|c of the resent enbodi pent is
scabaplor B scE S 55 Cofe CretiGh PESONati bRt of tihe
printing perforned the ink jet printing device and

£1liRE-HBsPPT oFRNf aithéﬁﬁni@?%fde%z&qféslond@ﬁfeiih? neecyding

the ink jet printing device differ fromthe first
heagr éB¥r redtenodiavent reTheor ohposiitd drithofmatihestakn jreg .

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.

Alsc, in the present embodiment, the ink drops can
reach the target locaticns on the recording sheet P in order
of cyan C and magenta M in the state where magenta M coverlaps
on cyan C. Thus, it is possible for the present embodiment to
prevent thé occurrénce 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. %A 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
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5 printing device 11 of the present enbodinent is
essentially the sane as that of the first preferred
enbodi nent, and. a description thereof will be
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 i4Ythe main scanning

thag ft%tmg reg%\]}fu?icﬁqc%%r%@g eﬂnw& o;;e&ﬂa%% g, %8Nink

enta only t s is carr
in oci ation with the reco d|n 13C.and 13
< ameﬂﬁéngaféswe ity dieRge %Oa%s%f iy o3 eg%?ﬁes
i s al so supposed that the printing is erforned

deqﬁfmﬂ%§dlﬁﬁ Fee Pk nisth@rdeviee BFVtHe %ﬁ@ﬁﬁﬁn rom the
enbodi nent at the high resolution which is 3 tines as

fidsdr geedsrredecresdingriton déeermtped btworafi fdget ankhaget
pitch Hof the discharge nozzles 13a, and in this

prigasie,g Keivicselltof Iwhiptlesens tileobhsentofid keskotiul ay
H k representing the interval (or 20 the pitch), and

thd herlead WAkt 42 i1se moved bRekrhers8beBs@iiidi®, and a
direction Y only 3 tines for the sane pr|nt|ng regi on.

de%#k‘%&ﬁcEXQggkgon {}fabe bm&%@eﬂaln scanning of the

uni t mal n scanning direction X to the

t th di h
per  or e T f Aot 95 8 i PrEbot H g?fﬁféeﬁﬁﬁft?n&amﬁ& b
cyan C are printed to the -28- recordlng sheet
supifased tthes, tRethedoiiong sHeefipent, rWR&ﬂitﬁQ1hﬁﬁ€ unit

sub-scanning direction Y by the interval H 3, and the
12rﬁﬂrmqm&dndhnghefmah@:ﬁéﬁ@i@gidilectbomﬁé-§QWEC§ﬁhhakﬁgng
region of the recording sheet Pis perforned in the
of 2ntk tie drepst batcyan 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 3 times as large as
the resolution determined according to the pitch H of the
discharge nozzlies 13a, and in this case, k is set to 3 which
is the base of the formuia H/k representing the interval {or
the pitch), and the head unit 12 is moved 1n the sub—scanning
direction ¥ 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

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
this, the recording sheet Pis noved in the
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 #&ording sheet Pis
erfornmed in the d ti sp, that the. ink drops_of .
re AR RP e D e &0 LeShofbriHiodd WisgioO e beL Jeaipved
. magenta M and nagenta M Subsquentjy, t he recording
in ¢hEefup-FeapiEEd G iOPhE YR difistyadi Fécri eRdyehe
by the conveyance nechani sm 16, 15 so that the head
maigniscal2ing ¢ocHtedaed anrpgxiZnon-Pra e pegnbANef re@Een
recordi ng sheet P. After this, the main scanning of
of tthe headrdimdg diket P tibeppaiorsednni ndgicdiZnelction, Xséothat
the non-printed region of the recording sheet Pis
thePanfkoBmBgsi OF theyHdd M BRe §0:dhad 120 tiRe nibdkpdi A& of
magent a are printed to the recording sheet P. After

reditinS et et e didng, h§§%ﬁPcis moved in the sub-

scanning direction Y e interval H3, and the main

scanni ng the head . unit 12 .in the i.h .scanni_ng.
G roct i oRThet T Entie S et fe bl D 7% AEYeR%in £ne
recording sheet Pis 25 perforned in the 5th tinme, so

sub-RERNRRBY| AR OpE of DYy AReC AFer valo H/ ki APEdthe PRAED
non-printed regi on between magenta M and nmagenta M
sca@ubogqaénthy hedrk yrddoddi g Sheetan® ¥ impvad ragipe of
sub-scanning direction Y by the interval H 3, and the
thamaieaording 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.

Subsequently, the recording sheet P is conveyed in
the sub-scanning directicn 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 ¢f magenta M are p;inted 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
recording sheet Pis perfornmed in the 6th time, so
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 repeaﬂeﬁ-for all over the 10
recardi ng, sheet P. shown a, en_p rfornrng
o iRy ER Faf oL RG APPAPP  REF e RATF SeafnrRg
conpleted, the position of the rear-end portion of
Hﬁgﬁﬁéadﬁscharge nozzles 13a of the recording head 13C
in the array direction for the I st 15 main scanni ng
and the Posseqeentofy t def renpréihdg pehedilor? ofs mhwed in the
di scharge nozzles 13a of the recording head 13Min the
subdsaynifdyretiéon drory thye ththinaenvs i NGgrov ehkapain
with each other wth respect to the sub-scanning

scadiniggt bencNe MMEQUBR, 19heR PRETAL M Nedhe ot BifBERion X
scanning, 20 the position of the rear-end portion of

to itt%% goﬁc 9595%;9%2%41%% %3@h8f rgegn rgrgré& head 13M

e array ion for the in scannlng and

t siition o ront d rtio
pexeSERE: b B3P TR oPor ROSF GRBT oy AT PSCTPACRHA
array d|rect|on for the 5th main scanning overlap wth
aree gERnP5dot Aekhev 1 HEdpESE FBIL PR RebIaamyaRgC and cyan
direction Y. -30- Mreover, when performng the 6th
C. ndihe sbamni hgPCeder qFoSirE] mpefateﬁef@eaarlelen:dfqg?orctlieon of
t he di scharge nozzles 13a of the recordi ng head 13C
reddtdihg aneay Hirection for the 3rd mamin scanning and
the position of the front-end portion of

As shewn in FIG. &, when performing the 4th main

scanning after the 3rd main scanning is completed, the
position of the rear-end portion of the discharge nezzles 13a
of the recording head 13C in the array direction for the 1lst
main scanning and the position c¢f 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 directiocn for the
2nd main scanning and the pesition c¢f the front-end portion of
the discharge nozzles 13a of the recording head 13C in the
array direction for the 5th main scanning overlap 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
overlap with each other with respect to the
sub-scanning direction Y. At this tinme, the controller
22 determnes, as being the invalid nozzles, the
di scharge nozzle 13a (the-Epfilled-in portion) at the
array direction rear-end portion of the recording
head 13CYPEPOYHE IMETMEISH LOERNAT NS t e f‘%ﬂ%bﬁ&ﬁ@émgf
nozzle 13a (the filled-in portion) at the array
thediposdtiion 6f oblte erdhpenti parotor het rideordiswjparegdneares
for the 4th main scanning, the discharge nozzle 13a
134 tdfe thiel Fedei®idd Heed i160) iat théeamraaydidiegdbnofior the
front-end portion of the recording head 13C for the
3rc§§ﬁlﬂabﬁa§ﬁ§ﬁ§”aﬂ% 1ard phhet jghseharge f@ﬁﬁ:l-%rﬂﬁ@oﬂrth@n of
or

led-in p ion) at the array direction rear-end

theDQﬁ%'c?lﬂrSE %Q?nie%ﬁ%%' ng tﬂﬁédt %g&% ﬂ‘{ad T%@q TR Phe

scanni ng:” 2 I'S manner,

re et|t| ns o% th@1 enent of the recording. s ge h
ATHAYC FEASES  RRehCt hd'S 00 8P SSAER P TEISVed R FRE
sub scanning direction by the interval H 3. Nanely,
otheHe WiESOFAEPBAT ofC tHE FHPNEFRRDHRY f SHHEd- 13 the i nk

jet printing device of the present enbodi nent is

i ncr easedt2shi friegeng,i e cPhérphvali & rxdmsines, as

determ ned by the ink jet -31- printing device of the
beipfesert iarhddd nesd z when theedl esbhugé oo z413= ilrker gaked

three tines are the discharge nozzles 13a at the

fllafercﬁxindbbgﬁib@ﬂ 4¥ ol end aPOKt LeBL 0bn thes0ueid #BRERBN of

di scharge nozzles 13a when repeatedly noved in the
thényééo§%§ﬂglﬂgad 13C for the 3rd main scanning, the
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 porticn 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 interval
H/3. Namely, the rescluticn 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 nmain scanning. These invalid nozzles are
sel ected fromanong the overl appi ng di scharge nozzl es
13a including the discharge nozzles 13a of the array
direction front-end portion and the array direction
rear-end portion. 10 Consedgdently, the ink drops can

ach t,he.tar get ions S P._.
prlﬁ% ng% gcggﬂjéagﬁggege e ﬁfe @ éggﬁgﬁegmﬁglutlon
mag enta overla S on

an C.
is g TERaChr BRETR th?odb?(g'\’/%hqe B T e Rt ethe

of col or [nconS|sten on the recording sheet P and 15
aryt gilgertghn qbeertenst PREthgna®t t Hee i vespdngt fdacharge

wi thout reversing the inpact sequence of the ink.
noMireeou8r, wheh ropesilly theedase the widich sdaneeng

di scharge nozzles at the rear-end portion of the
diH@Ghar ge fonogad esonlda intetihecaf sayetig@ctioon taedfinal

three discharge nozzles 20 at the front-end portion of

malrhesc%h%ﬁﬁar gerROZL| €F:038 hBzbhes aFE aye didieet 'fQBm among
whi ch overlap with each other with respect to

theS“one]Sr ””' ” AS};_%%% éxé ALE ¢ %e{ﬁéﬂ%ﬁ v’ﬁ?‘ ﬁ@;&ﬂgrge
I nva | és. S OoWws e case I
di_sch ozzl es at %gg rear-epnd portion of th
noTf &hdrge %s NozaTey P33°Fh PR SPray- MECEI6R aRd che
five discharge nozzles 1 -32- at the front-end
aryyof digRcsfonheedf seHamgeEta62zl es 13a in the array
di rection, which overlap with each other with respect
to the §1@bssqaﬂnth;g, ditredhikonr¥psacen detarintied tagget
bei ng t he
locations con the 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-guality printing at the high resolution without
reversing the impact seguence of the ink.

Morzover, FIG. 94 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 neczzles 13a in the
array direction, which overlap with each other with respect to
the sub-scanning directicn 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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invalid nozzles. 5 Specifically, in the cases of FI G

9A and FIG 9B, the invalid nozzles determ ned by the
controller 22 are the one or two discharge nozzles
13a (the filled-in portions) at the array direction
read-end portion of the recording head 13M for the
2nd mai n scanning, the thre&-or five discharge nozzles

10 13a (the filled-in portions) at the arra Lrectian
at fbgr FERUE ot (R 0P © et]t:l%cgjr%‘iﬂi‘%r%a{’@zf’ol@%f gﬁath% the
3rd main scanning, the three or five discharge
arnayz gii ssctBan ( tHELGH ovedlrR WhHbBRt ¢S )CtAet Hathr Fagprect to
direction front-end portion of the recording head 13M
thef eubtheadt hnogudiresddanni g, arhed¢wormmimachese besng the
di scharge nozzles 13a (the filled-in portions) at the
invanhiaynodtrestion front-end portion of the recording
head 13C for the 5th nain scanning, the one or two
di schar gg,p07#| @s1 1432 st hge EhLLedsE NeROr tdrons) atGt hes,
array direction rear-end portion of the recording
head 13C for_1he 5t L.n,sganpy t e
et b e et ira et B2 bR e At B P oy
at the arr direction rear-end portjop .of the,
ong é>c,roFHPn§lﬁ A OB HOHESt R 6t hSrat i L ﬁﬁf—”%ms) at
Consequently, the ink drops can reach the target
the gearvoAsTeAttde Taacbraidngoshéer ¥ | Hhor@sorgingyhpad 13M
and 25 magenta Min the state where magenta M
foroweel aps naicyarer@ing33th®hobrestor st possiiblcbairge hhezles
present enbodi nent to prevent the occurrence of col or
134 NGORSiFSt €A8Y: Ppdhe dne¢ordi BBeSheety Riiardt iakt akAr-end
hi gh-quality printing at the high resolution w thout

portion of the recording head 13C for the 3rd main scanning,
the three or five discharge nozzles 13a (the filled-in

portions) at the array direction front-end poertion of the

recording head 13M for the 4th main scanning, the two or three

discharge nozzles 13a (the filled-in porticns) at the array
direction frent-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 ? in order of cyan C and

magenta M in the state where magenta M overlaps on cyan C.
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”féversihg'fhe I mpact sequenéé of the ink. 5 Next, FI G

10 and FIG 11 are diagrans for explaining the

invalid nozzles of the ink jet printing device in the

third preferred enbodi nent of the invention. The ink

jet printing device of the present enbodinent is

characterized in that the3sgh resolution of the

printing perfornmed by the 10 ink éet rinting device
Thugnd 1fhes pBes oM 76 the PRYAFTU medtqePePRFKER" the

by the ink jet printing device differ from the first
ccopretereedt epbbeli menonsTHECBEHPOR| i rasiordhedi gheefef and

printing device 11 of the present enbodinent is
atte@Ssentghkbyalhey sanmtdagt hat thé theh fiastiyiriehewr gdout

enbodi nent, 15 and a description thereof wll be

rev¥PstihgdenS Mhpake tedsecti pstrpeefexred enbodi nent, it
is supposed that, in the present enbodi nent, when the

head uni hex%z f‘fGnDlV(??adtdE rrfe MR D8 canny Aghdifhect i on

X, the di'scharging "o e ink drops of ctyan C and

ent a of .only. the t 20.cplors i s. carri.ed.out .in.
exJe0gara PO WER Khe Pecaraho Neamst dokig 15 opdics
~ the sake of convenience of description. Myreover, it
in jhealtdd reuBpBERE $hAMOOREMEPE nPT Ny sLPEF T difed BiFet HiBk
ink jet printing device of the present enbodinent at
jett perimitghor devioe | oh tisi ereissnl enpedingnl drgehagachsrized
the resolution determ ned according to the pitch H of
in thet 34 dighhasgeluozzl e tBa, pamdtimg tdvrLooase, bk the
set to 4 which 1is the base of the formula Hk

in¥ SRIESSALERG T Alvi dd entaleObost BeoRt teh)shanadvihed

head unit 127is noved in the sub-scanning
nozzles determined by the ink jet printing device differ from
the first preferred embodiment. The composition of the ink
jet printing device'll of the present embcdiment is
essentially the same as that of the first preferred embodiment,
and a description thereof will be cmitted.

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 convenlence 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 resclution determined according to the pitch H of the
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direction Y only 4 tinmes for the same printing region.
51n the exanple of FIG 10, the main scanning of the
head unit 12 in the nmain scanning direction X to the
same printing region of the recording sheet Pis
performed in the 1st time, so that the ink drops of
cyan C are printed to the-3uecording sheet P. After
~this, the recording sheet P is noved 10 in the o
diseyprgeandt e dildeet B8R ¥biriheCiervdls BRE, tand YimECD
mai n scanni ng of the head-unit 12 to the sanme printing
is tegi baseodf tHe rfegondienl/sheeprdsdrs ipay frwemedtenvehel(or
2nd time, so that the ink drops of nagenta M are
thePpliBERH, tOnd hehenGR=@r LNt ed12 r egimm dibtinve @heC gan- Ccamti ng
cyan C. 15 After this, the recording sheet P is noved
dirkBrtBE vSMRrscanig dhreshl Ofank gyritdtem tefvah. H 4,
and the main scanning of the head unit 12 to the sane
printing-regi f he r rdi ng P fqr
" the PR DHTa e e PERE 1 OR HEgkeity ST RRLAE 0 e
printed.to,t non-.pri nted, region 20 be en genta M
heall P hhgbh S M PAREER PP Re BTG Ton5BE PR
noved in the sub-scanning direction Y by the interval
PrlHF4Pgaﬁﬁg%%@‘H%ﬁﬁm%éﬁﬁﬁFagn%fs@%@iHéd§ AFEorpefoln Here
sane printing region of the recording sheet Pis
lstperfer ned tmt tihe 4ok trops b ¢hat G led phidbegstofthe
magenta Mare printed 25 to the non-printed region
rechetwagnseyan & angdteyanhCs, - 88 Suhsefiuenthyett heis moved
recordi ng sheet P is conveyed in the sub-scanning

in %@eg&iaogcafn&ynézfaﬁ&e@y%aﬁcsy nechani P8, n/80 hhatihe
the head unit 12 is located to a next non-prinfed

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

of the recording sheet P is performed in the 2nd time, so that

the ink drops of magenta M are printed to the nén—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 regicn of the recording sheet P is performed in

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

to the non-printed region between cvan C and cyan C.
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region of the recording sheet P. 5 After this, the

mai n scanning of the head unit 12 in the main

scanning direction X to the non-printed region of the
recording sheet Pis perfornmed in the 5th tine, so

that the ink drops of cyan C are printed to the
recordi ng sheet P. After this, the recording sheet P
is noved in the sub-scanning 10 direction Y by the

i nt er val skbdeqania 1khe thri pescathhqgsiofeit Ife isheadvaget in
12 in the main scanning direction X to the' non-

thep hBngaﬁﬁﬁﬂénﬁfHEdkﬁ%nrch?dtﬂg shealyfhdes reenkal BRd16,
so that the ink drops of nmagenta M

print d n e C
o iﬁatcéén e %&e%iléqﬁén? R R Pt oG Enbat s
noved in the cﬁ-sca direction Y by the i nterval
regyPR OfndE heS Tl ngé@ “of the head unit 12 in the
mai n scanni ng direction X to the non-printed region
of the r8&brHiHy Shéde paig Sﬁeeflblflgre i heart %mt 12
time, so that the ink drops of cyan C are 20 printed
1ntumetme1noa€§mm1quﬁun§$tonnbétﬁeeﬁh¢m@ﬁﬂnﬁiﬂvt§ﬁdreglon of
magenta M After this, the recording sheet P is noved
thd Rrelbedisybsiseanre ng qbielfréctcfneﬁ ¥nbyhé hech ntieryalsoHtkat
and the main scanning of the head unit 12 to the sane

iRt LRErEegl 0By A 2% kherhaeendipgrsbeaicrdiniy sheet P.
tm%é? orned|r1tﬁ% 8th tlﬂgr so that -36- the |nﬁ.drops

ardd '{%gesnt a8, M %g@mg{ r&[ %%8%% Ehfsnﬂgv@cﬁ' i 80c TLY-anning

meen’cyan e above procedures are

dlgéﬂ%%%kE% Lor géllé%g¥§;5h%/ﬁecorglQﬁes£§in sc¢anning of the

head unit 12 in the main scanning directiocn X to the non-
printed region of the recorcding 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 1s 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 regiocn 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
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As shown in FIG 10, when performng the 5th main 5
scanning after the 4th main scanning is conpleted, the
position of the rear-end portion of the discharge
nozzles 13a of the recording head 13C in the array
direction for the 1st main scanning and the position
of the front-end portion efdethe discharge nozzles 13a

of, the recording head 13C in the array_ 10 direction
thet gkt RECBE hogrdvarg%zi’n N ﬁéeo%%flﬂéif? wit HhEalfitoPhapted
with respect to the sub-scanning direction Y.
regipre 8¢breeRheYRIp&r FoEnTignt he 61 MGV Ss PARREAYLSS t HeS
position of the rear-end portion of the discharge
repraezeldesor13al ofvatheheecerdrdgnestteel3M-i n t he array
direction for the 15 2nd main scanni ng and the
posi ti onaef shéen fiomEIGendopowhénnn@f fotmtiegdithehatgemain
nozzl es 13a of the recording head 13Min the array

scalini 66t beRetornd ha 16tR iR sGNNI NY QMRY1laRM ERe€ach
other with respect to the sub-scCanning direction Y.

po%ﬁg$%%V%%’tMQeP? -%Eﬁfg%??%%geogt eyQEﬂ¥%%%§%iHQZﬁng 13a

<
€ position o er portion o di scharge

nozzl es 3a of t recording head 13C in the ar
ot AFecEroR T oY 19 d et HoSEhrAY iy i ke ShosFRtolet
of the front-end portion of the discharge nozzles 13a
maigf scRENLBEORHR Mg chdwgitseni alt Hee farqrdy cgicr eertbanfof the
the 7th main scanning overlap with each 25 other with
digatspeget nbozlihe Bib-scahri mgoedideny iloredy. 13C31n the array
Mor eover, when performng the 8th main scanning, the
diResiilbnofcef thbestleatziendcpant hnoedr 1die wditschatgeother
nozzles 13a of the recording head 13Min the array

witd reeler forttdeub-scanning direction Y.

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
2nd main scanning and the position of the frent-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,
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 of 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

other with respect to the sub~scanning direction Y.
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4th main scannlng and t he p03|t|on of the front end
portion of 5 the discharge nozzles 13a of the
recording head 13Min the array direction for the 8th
mai n scanning overlap with each other with respect to
the sub-scanning direction Y. At this tinme, the
controller 22 deternines,_% _ being the.invalid

nozzl es, the discharge nozzle 13a (the 10 filled-in
por ti on) Matedher amhay, gerectnbng ridas -8nd rnpdnt Eoanoing,
the recording head 13Mfor the 4th main scanning, the

the F%%Q@Egﬁ nezzle Jl3a-ehhepbitisd-on Por tdieshadtetAezzles

direction front- end portion of the recording

13a2% gl 3C for % Iﬁ%é& E@Mn @ﬁ@'£§h3§'&%f@c§&9ﬁf9§r the

portion) at the array
dlrectlon front d portlo of t
‘“j¥6?1Ph§CBPﬂlﬁ%J?pgé%ﬁhpﬁﬁlg%ﬂ% 9 s%harj%“1n8%§ gggggwAOf
(the filled-in i;gtlon) at _the array directi

thef cgmchendepbp 7 tee 3 B Fé@oF%ﬁ:‘HﬁdHe%d“%lgB‘r ippghe

7th main scanning, and the discharge nozzle 13a (the
arday ldadeicnipor foorhe2@Gtat mehe acrRylei rectiler Féah- eadh
portion of the recording head 13Mfor the 8th main
ot EEGARNItRY rekpethi So N@INeb-shenninbedi kedfiarepet i tions
of the novenent of the recording sheet P increases

when the recqrdi Pone Shert RBrksomredr? ngdthemines, as
sub- scanni ng diréction by the interval 25 H 4. Nanely,

the ﬁrh:%so' ut. ) 91 of _1he. pr y%t 'dEQCHSEES;é"H@QZM 1the (+R8-

pri |ng eV|de o e present enbodlnent IS
|ncreased four ti val i d.nozzl es d(% t 89 of
fibledHd vk tien! pri i ﬁgw@é(w C&GF PR P esaht POT U
enbodi nrent when the resol ution , ,
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, 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 i3a (the filled~in portion) at the array direction
front-end porticn of the recording head 13C for the 7th main
scanning, and the discharge nczzle 13a (the filled-in portion)
at the array direction rear-end portien of the recording head
13M for the 8th main scanning.

In this manner, the number k of repetitions cf 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
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IS increased four times are the discharge nozzles 13a
at the 5 array direction front-end portion of the
over |l appi ng di scharge nozzles 13a when repeatedly
moved in the main scanning direction X for the
non-printed region except for the final main
scanni ng. These invalid nozzles are selected from
anong the overlapping di scharge nozzl es 13a incl uding
inkt hetdpsthatge dinez pf eshé3areferttherdrodayedicr £6t inoreased
front-end portion and the array direction rear-end
fouROkthen. Cornseguentily notheck nletEapsieamy eaehihheiet
target |ocations on the recording sheet P in order of

prﬁﬂ%ﬁﬂ Cd@@ﬁceqﬁ@Qﬁk@pygbﬂngh@m§$é§ﬁ%ﬂ¥“§ﬂ%n”%ﬁ%”k@sB@ution

overFaps on cyan 15 Thus, it is possible for th

esent Q. Rreyent.t occurrence f
s ﬁR&EﬁgF%?ng gﬁﬂFﬁb rgcgralﬁbsg ieet. P &R E? §9 He
gh quallty rinting at the high resolutlon Wi t
aff@é’v@%?ﬁél’?]ﬁeg %588651"1‘8’% oF o TR aﬁsﬁeava%scharge
FIG 11A shows the case in which four 20 discharge
nozrdes| ésaavhehergusmteddd Bovedonn ofha eigi separged
nozzles 13a in the array direction and four discharge
dimezzbasx adrtitie frconpréndeportgbon ofxddpe dioschhegéinal
nozzles 13a in the array direction, which overlap

ma i %Eaﬁﬁ@ﬂgOthfﬂeéMtﬂhv&@&ﬁeﬁbzkpestiﬁéfﬁéle%ﬁé@ﬂfﬂgm among
direction Y, are determ ned as being the 25 invalid

thé“&%él§§ggfﬁ§; 3 efﬁ&@“ﬁo&ggega§§a'fh&ﬂﬂd?ﬁgs%%%ndl§gharge

di sc s at” the rear-end portion™o

o Sen LdRsehar b6 Tozol 84" 5t PReL o SHiT Eng 5 L%?PﬁS%ﬂ%fthe
the di scharge nozzles 13a.in the
array direction rear-end portion.

Consequently, the ink drops can reach the target
locations on the gecording sheet P in crder 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 ilmpact seguence of the ink.

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

invalid nozzles. FIG. 11B shows the case in which seven
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array direction, which overlap with each other wth
respect to 5 the sub-scanning direction Y, are
deternmined as being the invalid nozzles.
Specifically, in the cases of FIG 11A and FIG 11B
the invalid nozzles determned by the controller 22
are the one or two discharge. nozzles 13a (the
filled-in portions) at 10 the array direction read-end
disgbproennetziee ateddrdinggrnead 28M 1¢prof Hdre2dd sphipnge
scanning, the two or four discharge nozzles 13a (the
nezizilkeked3enipothe ansjaaiditreetdpnayndi seodn ah sckargendozzles
portion of the recording head 13C for the 3rd nain
at $6@nABEL-chBeed BUloP b Sevendilssshakgend0z2zl9343an the
(the filled-in 15 portions) at the array direction

arr%?ﬁ@i?@gtﬁgﬁﬁiéﬁhéﬁ d%@%;abe%9£ﬂiggcﬁ éE3MiE%rrEB§ect to

mai n scanni ng, the four or seven discharge
nozzles 13a (the fil.l ed<jin_portipns).at.the, arra
e B B R aR POt et 551t oR et PP Rert i ding RedatisC
. for the 5th main scanning, the three or five discharge
invad s BEZ86°93a (the filled-in portions) at the array
direction front-end portion of the recordi ng head 13M
for theSeeRifbEalBcandl fgie adsesomd dHGtwe1lli seAaFge- 11B,
nozzles 13a (the filled-in portions) at the array .
thediiheel i dnnoeateendbipantined bl the cecordilwy eadrel8hvk
for the 6th main scanning, the two or three discharge

one22rNe%al 8ssdBardd s fAldsedskn (pREt FONBYd-atn thetabhay at
direction -40- front-end portion of the recordi ng head

13C. for 4t i ;.. [ t
*j*h%§5ﬁ2r8%9§8§% eg&%%%e??ﬁgekﬁg?%dgfn{M%d§%¥%%§%gaPe?ﬁel3M

foza%%%y2gar%ggﬁogbéﬁgyﬁﬁgn%h%o%%Bogro%oﬁgmhischarge nozzles

13a (the filled-in portions) at the array direction rear-end
portion of the recording head 13C for the 3rd ﬁain scanning,
the four or seven discharge nczzles 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 cor 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 scanning, the two or three discharge

nozzles 13a (the filled-in portions) at the array direction
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recordi ng head 13C for the 7th main scanning, and the
four or 5 seven discharge nozzles 13a (the filled-in
portion) at the array direction rear-end portion of
the recording head 13Mfor the 8th main scanning.
Consequently, the ink drops can reach the target
| ocations on the recordi ng4sheet P in order of cyan C
and 10 magenta Min the state where magenta M .
fropyepn@pRoBR @y &f theThaserfing shepsdsil £ othendth main
present enbodi nent to prevent the occurrence of color
scanncogsi shencyo e theerr écerdinge sheetlas difd (Gheafalied-in
hi gh-quality printing at the high resolution wthout
port@¥aEsi Ay tie drmacidisequenceredrtdred iptketibh AS the
described in the foregoing, according to the ink jet
reBrbRhhNg-geVi fe @nd chamgenf oL id ng-appalat usioknhkheour or
present invention, the inpact sequence of the ink is

i nt ai i t LN v i
e BB e b e sy PO et T e A
the resolution determ ned.20 according to .the arra
e BB OPT (H N RPE S AB2 51 oo i 1 MEgde Bt Tor
to prevent the occurrence of color inconsistency on
thet B&hr BE6RdFFRIBHERt P, and attain high- quality
printing at the high resolution w thout reversing the
i npact séqueagesdflyt héhienknkTHeopsagen frorarimghe target
apparatus in 25 which the ink jet printing device of
1lodahecpsesanthé nweniriding shedt- Pptoveds: ast ty@enpri aBhing
devi ce wherein the head unit is noved in the main

na@S@ANMNn di Lo Cdid AN MklbPl8gbhBSuT O A NG S cyan C.
printing region in accordanCe with the array interval

Thu%t E@eis 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 rescolution 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 resclution 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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di scharge nozzles is useful for copiers, printers,
facsimle, 5 multi-function peripherals, etc. The
present invention is not limted to the above-
descri bed enbodi nents and variati ons and nodifications
may be made wi thout departing fromthe scope of the
invention. 10 15 20 2542 - CLAIMS 1. An ink jet
printing device conprising: a head unit in which a ,
propiigedl Bytibe pedridiongenéagsvhavehy thp Gt yeikozg| BIved
whi ch di scharge ink drops of different colors
in réspeetinvetynmiry afirsogedni nuatpla Sogewmifny the same
direction, and the discharge nozzles of each of the
priRGegdiragibeats M@ rakehargedtht tleguatrd ntiertealvaii pfathe
sub-scanni ng direction which is perpendicular to the
di S gRCaRRLNgs i e Anirod REAdaBa] tpMMWAG URkbsimile,
moving the head unit in the main scanning direction
muf%Ei%uE%%%EQin@rlp‘%fﬁﬁs atecordi ng- medi um novi ng unit
noving the rgcor I ng fedi Gmin the sub- scanni ng
direction; and a control unit_.contyol]i e head
i+t nehRoRHESRTY HBRtg R Robi phed o R above-
recordi ng- medi um noving unit, wherein the control unit
deqay ibedf eBaPSHIER- T Ay VUt api PRt Ayl Mbdddigtdens may be
i ncl udi ng steps of noving the recording nediumto a
mader iwitthogt departing from the scope of the invention.



fégion"fb péfforn1thé'dischafging of the ink drops to
the printing region, and noving the recording nmedi um
in the sub-scanning direction by an interval
represented by the fornula k where His an array
interval of the discharge nozzles in the sub-scanning
direction and k is an integer above one, to perform
the di scharging of the ink drops to a non-printed
region equivalent to theLaIMg interval H of the
di scharge nozzles, and configured to repeat the
printing ptogedinkejet brintimsdeeecdni}gidiagan i nk dot
density, wherein the control unit is congigured SO
that a reapiRad umPid wAicRh FOLIySCNAIH8d Q2T Haling
an array direction parallel to thé main 43 “scanning
diﬂdhrae%é hepz1k txﬂﬁ_cﬁfdi@éﬂe&ge %Mﬁp%f Qi ffB&nt GIAR and a
front-end portion of the discharge nozzles in the
doB oy BRCIrQRe DR 006 B Ot i n '
res’ri{agci oﬁp%verl a{p %ac gt er gvgatnﬁg}%gbrgggsg’ogft?%gﬁé HES%%arge
~ ' [ i.0n, [ hat
noS¥RsHANKUE 1l feB61diRT n AR aaﬂ@a&lan\égggagggagflonﬁnégﬁr%gén a

I scharge t rops are

s AR RGP St {8 Y R M 6 B FL AR SRR

di%ogition in the array direction of the discharge
§22Pes. 2. The ink jet printing device according to
claiml wherei LEe control. unit is c n%i%ured 0
gy ¢

choose as B&FH MESARE Ut BeViRg e njtdgdfregpain

of .the discharge nozz|.es |ocated in the rear-end
scagHpB shrqchianel afecqidigsBediugh when the head unit is

noved in the main scanning direction finally for

printing of 'e¢RIdMREMedyny Bgivone 4aH BABINE theecording

di.scharge nozzles located in the front-end portion in
madigmaity By sHbrgeanngng Wikestione andad unit is rnoved in

the main scanning direction initially for the

non- pri nt ed cpatpobmniBcomthel lingkthiedteagr umit, thy lieendi-weit

according to claim2 wherein, when the nunber k of
mowpetuntii, and the reherdingenediunomdieg ueégr di ng

wherein the control unit is configured to carry out printing

procedures including steps of moving the recording medium to a printing
region to perform the discharging of the ink drops to the printing region,
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 region
equivalent to the array interval H of the discharge nozzles, and configured
to repeat the printing procedures k times according to an ink dot density,

wherein the control unit is configured so that a rear-end

portion of the discharge nozzles in an array direction parallel to the main



medi um by the interval Hk in the sub-scanning
direction is increased, the control unit is
configured to choose as being the deactivated nozzles
at |east one of the discharge nozzles |ocated in the
front-end portion in the arfay direction each tine
the head unit is noved in the main scanning direction
for the non-printed regi on except when the head unit

scasnimgvdidedtion tfter printingcanttiengrifiingetiiomn dndalfkyntond
the non-printed region. 4. The ink jet printing device
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finally for printing of the printing region and one of the discharge nozzles
located in the front-end portion in the array direction when the head unit is
moved in the main scanning direction initially for the non-printed region.

3. The ink jet printing device according to claim 2 wherein,
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 choose as being the deactivated nozzles at
least one of the discharge nozzles located in the front-end portion in the
array direction each time the head unit is moved in the main scanning
direction for the non-printed region except when the head unit is moved in
the main scanning direction finally for 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 deactivated



procedures including steps of noving the recording
mediumto a printing region to performthe
di scharging of the ink drops to the printing region,
and novi ng the recording nedgi,umin the sub-scanni ng
direction by an interval represented by the formula
H k where His an array interval of the discharge
nozzles in the sub-scanning direction and k is an
nozmledsger above one, to performthe discharging of the
ink drops to a non-printed region equivalent to the
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a head-unit moving unit moving the head unit in the main
scanning direction on 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 a printing
region to perform the discharging of the ink drops to the printing region,
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 region
equivalent to the array interval H of the discharge nozzles, and configured

to repeat the printing procedures k times according to an ink dot density,

wherein the control unit is configured so that a rear-end
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portion of the discharge nozzles in an array direction parallel to the main
scanning 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 deactivated nozzles that do not discharge the ink drops are
chosen 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.



