; WWKe3eood| 6NT DESCRI PTI ON Li quid D scharge Apparatus and Liquid

" Discharge Method Technical Field The present invention relates to a liquid
. di scharge apparatus provided with plural liquid discharge units, and
relates to a liquid discharge apparatus and a liquid discharge nethod
adapt ed 1ﬂwmmﬁmuﬁmmmges apt to take place when a portion of inmage or the
entirety rinted by one sc@anning operation is caused to becone
difficult to.hgosonspi cuous to obtain picture quality having | ess defect.

The present application clains ppRcgppTaONaPanese Patent Application No.
2001 359852, filed on Novenber ZQFSEd%%i tﬁi entirety of which is

i ncor d by reference herejin., Background Art In recent years, liquid
disch£W®@hﬁM“HMMMWses adaptdguiddpisghargr A ppagetus aRddr opl et from an i nk

di sch carry out recording with respect to recordi ng paper,

e.g., Ink*pag*printers haVQJQQﬂn)Q@pmggmwgﬁ@d In such ink jet printers, ink
jet printers of the type which discharge ink droplet while noving, in a

di rection perpendicular to paper feed direction, recording head in which

i nk discharge units are arranged at several mllineter wwdth in paper feed
direction are widely popul arized. Hereinafter, such recording head will be
cal | edTeehmicil Feldd. r 21Inink jet printers of such serial head type, it
is necessary to print one inage by several scanning operations. As a
result, it LSRG L Dl ek AN el gy i e the
or obl eirs ¢ hap Pies HORYERTEy HfcERTEl ikl Afrael PRORILLAIERIIRANC | Pt
burden_is, applied to the apparatus, and occurrence frequency.of noise is

i ncr eaigd dychargeunitss andelates tagdimnd dischargeqpparapunied o diquiddisgharge
printer in which plural ink discharge units are arranged in a direction

per pengiethddeddapeedoapiat §teipds dpt eotakeplace.wahen & Plrtj@t ofbimdpesr the chtieetyype in
whi ch a | arge nunber of ink discharge units are arranged within the range
equi valent .t o print, range in a.directi.on perpendj cul.ar to t per ..feed

ai'r ect WETEotof Bfibf, b8 P, ol (@R, T IR S Reahd, HHERREEE by “one
paper feed, i.e., one scanning operation in head relative novenent

di r ect ¢aspiddeneitmabtadn pidterzdjuality havingdessidefedti ch a | arge nunber of ink

di scharge units are arranged in a direction perpendicular to the paper feed
di rection, ”FH@'pfe%Gﬁtr;ﬂiﬁmaﬁ@uP@faim§Pﬁﬁhﬁl bf’ﬂg\én@&vﬁﬂeht”Aﬁﬂ?cﬂanqé.! A1 th
respect to the recording head wll be called line head. In the |ine head,

t here he, type_jn which recordi ng head s, fixed and recordi paper is
noved,géfﬁu‘it% ﬁéﬂ@’@rbg%mmr?ﬁ, f@&?‘eﬁ %alrsgvp Wf‘h““f‘?*‘é‘iﬂ’rﬁ%t‘?"géw‘gg’ﬁ%‘cﬁead i's
noved. Meanwhile, picture quality required for the ink jet printer has been
I mpr ovegleirear

Background Art

In recent years, liquid discharge apparatuses adapted for discharging ink droplet
from an ink discharge unit to carry out recording with respect to recording paper, e.g., ink
jet printers have been popularized. In such ink jet printers, ink jet printers of the type
which discharge ink droplet while moving, in a direction perpendicular to paper feed
direction, recording head in which ink discharge units are arranged at several millimeter
width in paper feed direction are widely popularized. Hereinatter, such recording head

will be called serial head.



year, and realization of high resolution has been advanced. In
ccordance with such circunstances, size of ink droplet to be discharged

+al so has becone small. In accordance with realization of high resolution of
imge to be printed and change into very small ink |iquid droplet,
realization of high accuracy is required also with respect to inpact
position of ink droplet, i.e., formathpon position of dots on recording T

3 paper. Inthe ink jet printer, there are instances where inpact position
of ink drop q j.at At t [ Dosit i

i nfluence shﬁhmggygggﬁ?gégsgpﬁfﬁgh Fggﬁ% %gphﬁggegﬁgyg§¥gpgﬁg§BQQ%%§¥Ie
surface constituting the ink discharge unit, etc. Wth respect to such

posi t i evgralseanning ppetasions.cAs s resufolt fakes muchdine far complpldngprpéngSuchndom
every tinme, but positional shift resulting fromaccuracy of the ink

di schapggtedhive BeGrobRniehit IR ndRbERSIPRahNE HePANAHAST hBiHead is many
Accordingly, when image is printed by one scanning operation by neans of
line head, tendency of positional shift peculi to respective ink

i SchasgdidenisinieRaThapmrims ond o BrEenes et B sP Rk S inefsed as on,
particularly when inpact position is shifted to the ink discharge unit
arrangeteent direction, stripes take place along print direction as shown in
FIG 17 which will be described later. In the case where dot dianeter is
sufficientl . ated to I l.Ut.i Qn,: .8t i [ ififieult to
be conspicughgﬁgéégggéﬁ?ﬁg’B&?f&gﬁ&g?&ﬁﬁﬁfﬁgdp%&%3”?&E%§ﬁ§¢ﬁﬂgﬂe§éf?ﬁin t he
case of dot dianeter equivalent to pitch of pixel or slightly greater than
that, diseharge unps gregpreangiediinadlitestion ppwepdicul e paperibed dirgetiorpe. ganiakt he
portions which are not the white stripe so that they becone conspicuous. In
this Cas@rinidtVteh@fypeah WhithalABE umMee 0 INNEScRirBe RHItS 8Ft ABAigedtwiedah
other so that shift of inpact position is further enlarged as shown in FIG
18 whigh will be described |ater independency upon, property, of .ink.and
paper . naes sy dRRaP . Firgesi ACERGL B BN eRRR e Babe 5P Bl
head wi thout being limted to the line head. In this case, in the serial
head, i whthiespaage thooaddrsthpn dbdterangeito point ipragathyngngpaper ttedecei, emesane
line only by one ink discharge unit, paper feed , 4 quantity is

cont ' obd:ididdioflrhilon 'FeadABR iV Aoy ddt QI BLAGH. Hbfeffifl M diThOBRiH" 2!
different i I scharge units, or to carry out print by one scanning
operation thereafter to carry out scanni ng operations several tin?s i n such
a mannghighy farge nypiber obinkslisehargeunits arearenged ipadiggetiop pspepdigulan ten
stripes are caused to be difficult to be conspicuous. In this nmethod, there
ver e difevwhpek tedaireteinung rtbadipaier o re sl fgoREimadneodise @fonhe bl
required for print is increased, it takes nuch tinme, burden is applied to

D SRR unG SRR RIS L HRE g} el ReASae Rl ood cte
in which recording head is fixed and recording paper is moved, and the type in which
recording paper is fixed and recording head is moved.

Meanwhile, picture quality required for the ink jet printer has been improved year
by year, and realization of high resolution has been advanced. In accordance with such
circumstances, size of ink droplet to be discharged also has become small.

In accordance with realization ot high resolution of image to be printed and change

into very small ink liquid droplet, realization of high accuracy is required also with

respect to impact position of ink droplet, i.c., formation position of dots on recording



yp the case of the Iine head, the greatest nmerit that print can be nmade by
" dne scanni ng operation would not be exhibited. Disclosure of the Invention
- An object of the present invention is to provide a novel |iquid discharge
apparatus and a novel liquid discharge nmethod which can sol ve probl ens that
conventional ink jet printers as described above have. Another object of
the present invention is to provide azliquid discharge apparatus and a

| i qui d di scharge nmethod adapted so that when a portion or the entirety of

i mge | ri i : i J QU Lschar ge
uni ¢9, AR DEUEnKocHRfmus BERE PR RAGHA PR mlSLeIbsRIdt et nl et g °"
permtted to becone difficult to be conspicuous. A |liquid discharge

appar afeidatecihsr shiftgd) drommdhe paigeaty pasitiait byninflyencs seeheds rgceracy qili iak

di scharge apparatus including a |iquid discharge head having a |iquid

di schag@ehst unit addfRistalé SERGZH fETAEe Q_Bhﬁ'itptiﬁ%@hé inf\digthaigahar, e. Wwal
control neans for controlling the |iquid discharge head to discharge

droplet fromthe liquid discharge unit onto.recording medi ymsyrface

wher ei FESPRE Pisyh dosttieBAbsE. et arhspma@esigionabsmifts duiae alaerdratdothi ¢ s i n
a direction perpendicular to novenent direction of a recordi ng medi um where
t he reewnrditime, tedipositional ghititremdtigg fmue dceartby oé sipeink dischalnge Linguétd. is

di scharge head, and the liquid discharge control neans serves to all ow

di scha I : et.in.povement direction of the recording nedi um
to be h?ﬁ?%ﬁ@%ﬂgﬁﬁgﬁyggﬁgﬁﬁigg ngﬁ t he novenent direction of the recording
medi um Anot her Liquid di scharge apparatus according to the present.

i nvention i Acaprddeglygwhen amage i prigfied byangescappaeanesatioieby araags (of dige d

di scharge heads each having a liquid discharge unit for discharging dropl et
by pl uhéld, @@id@f@%/ 0BPGsitiDRAILHID Pedul lt(dréiré@th&ﬁ@ﬁ dihdrgaitifsab mipaametor
controlling the Tiquid discharge heads of respective colors to discharge
dropl ets of respective caolors fromthe.liquid discharge units of..r ective
col or < TRt trer ER st Giog s R Pl i cuphrE R Bubtlobits Shisls 38
formati on, wherein the liquid discharge heads of respective colors include
pl ur al tHei ighidisahiasgehemig @rmangementf direesioac stripes ¢aktcoplacé alomgdineatirestion as

per pendi cul ar to novenent direction of a recording nedi umwhere the

recor dj i i Ji tt.h respect to the liquid discharge
heads,Hgﬁﬁﬂﬁﬂgng}gargﬁg?ggﬁg%éggﬁgggl%%%troI means of respective colors
serves to allow discharge timngs of droplets of respective colors in the
moverment di FHEECa Whereglot digmsite; i guthcisntin snapllas compagsdin reslutieodlince

Wi th respective colors every one pixel in the novenent direction of the

r ecor dithigpesadd difificAlt foobd doadpsanarsdieesrath ok pogndbNeviie ghandriesany.
invention is directed to a liquid 6 di scharge nethod in which plural

20 SR Bl S PRI el o
that, such stripes are divided into the portions of white stripe and the portions which are
not the white stripe so that they become conspicuous.

In this case, there are also instances where inks are pulled against each other so
that shift of impact position is further enlarged as shown in FIG. 18 which will be
described later independency upon property of ink and paper.

This problem similarly takes place even in the case of the serial head without being
limited to the line head. In this case, in the serial head, with respect to this problem,

without printing print direction same line only by one ink discharge unit, paper feed



igrelatively noved with respect to the a liquid discharge head to thereby
" discharge droplet fromthe liquid discharge unit onto recordi ng nedi um
.surface, the liquid discharge nethod conprising: a step of constituting
dropl et per one pixel by plural nunber of |iquid discharge operations; and
a control step of allow ng discharge timngs of plural liquid discharge
operations constituting |iquid per ong pixel to be different every one

pi xel in the novenent direction of the recording nedium Another liquid

di scha h r.di Lpvent i ' ' e l'i quid
i schoy il RGO bR A, IMERTRE pLE ERECRR ifu e BB | 9
direction perpendicular to novenent direction of a recording nmedi um where
the reindrdischgrgeeunitsaor & ¢asra@uihpsing bymnesConRring vpsisdion thereaftes QuaarydEchar ge
head to thereby discharge droplet fromthe liquid discharge unit onto

r ecor didgn(Rdipemtiotsisaoeral tifRs i fichd HASERE6 88 SPREOOprafTBdd]sion@ryaout ep of
constituting droplet per one pixel; and a control step in which in the case

where droplet per one pixel is constituted by |iqui.d quantity of droplet
det er nPﬂE'gSq ﬁtji'agb‘*/‘éﬂ‘r{lBP%?@C‘W&F%‘@Q%W%E@&#O éF(&Bﬁ%R’%“ one pixel are
caused to be different every one pixel in the novenent direction of the
recor di ng nhdithismméthdr thae Weguidhwhaskkahgie beedisedthacmombengf tscanmeg
present invention is directed to a liquid discharge nmethod in which plura
l'i qui d_di ' ' 0, @ qdber ian. endi A,
moverei A o P SuRed (B S tnorRa hBEls ACRERREBAKEN SippbRed
relatively noved with respect to a |liquid discharge head and the |iquid

di schatojide appamatuy eceyresnsgdiequgngy of apise oy brther indreasedpndudaa oy ddvigeopl et s
of respective colors fromthe |liquid discharge units of respective colors

onto rﬁ&g{thgnnaﬂh?nbgyﬂB@Qﬁwupa@arry out color image formation, the
| i qui d di scharge nethod conprising a control step of allow ng discharge

timngs of dragplets of respective colors to be different jn accordance wth
respective gasgvtgrglﬂengge B?‘iéjeﬁh? rgr‘f%‘éstrm%ﬁm PHITH SN {5?1 "?)"f‘fét one
recording nmedium Nanely, in the present invention, in the liquid discharge
appar aseaanangopdretion guiudd dbslehexlgbitedt hod adapted so that when printing is
carried out by one scanning operation, stripes are apt to be conspi cuous

along print direction by a certain pattern, liquid discharge head, e.g.,
recording head of ink ,jet printer is controlled in such a manner to shift
di scharge timngs of droplets, e.g., ink droplets every one pixel in

novenePisdipsuge of Hie vepdedr di ng nedi um rel atively noved with respect to the
| i quid di scharge head, e.g., paper feed direction, and in the direction

where the mawaigadt ofitiepiehait inberition ik acprodidga nedil liguiddischarge hpmpongence
with the print direction. In accordance with the present invention, inpact

o chaftb? pelFrRuR gi€adiee eyt SR AP b R RbUORInERY |

recordi ng paper. Thus, dots of two pixels are connected so that there can
resul t ponters ay descaibed apgvehpesul t, stripes are pernmitted to becone
difficult to be conspicuous. It is to be noted that even in the case of dot

Size where ahbiiRg obfecBE tHelprlSert PRRIGHTY S0 ProvidE lihai I dibStidrRe H]iapa_?hﬂl@.e it
is rare that dots are continuously hit in print direction when thin dot

pattern re.stripe is difficult to be conspicuous i ri.nted..there is
har ol yopbadiasi fioyRags mithed afiiued 8 1B mie: CoorRiRalthe B PhiES Sbe
carried out by primary dot dianeter. On the
printed by one scanning operation by using plural liquid discharge units, stripe resulting
from shift of impact position of droplet, etc. is permitted to become difficult to be
conspicuous.

A liquid discharge apparatus according to the present invention is directed to a

liquid discharge apparatus including aliquid discharge head having a liquid discharge unit



contrary, in the case of dot pattern like solid plane portion where stripe
"is apt to be 8 conspicuous, two dots are automatically connected so that
~there results large dot where stripe is not conspicuous. Accordingly,
stripes are permtted to become difficult to be conspicuous. In the liquid
di scharge apparatus adapted so that dot dianeter within pixel can be
changed by discharge of different |liqgid quantities, or discharge different
i n nunber per one pixel, liquid discharge head is controlled in such a
manner ¢ 4.0 Shif g di r -1 MY ANE LRI 1Y ¥ e :hon of
recor dyﬁgls'r?egaf%%?h%a,’ 9’3‘%%‘@5’?% g%%/%% oﬁr{f‘lgrﬁﬁgﬁgﬁﬁgﬁs 8?2@@9 hé(ﬂglgﬁl}sl?ri pes
are apt_ to be conspicuous by a certain pattern. Thus, dots of two pixels
are coniekarag hea torlischapgs dropled fnoms thediuid diseharge unitwaiergoptingmediyg
stripes to be difficult to be conspicuous. In this case, in the case of dot
di amet jrfadecihesdini the Jiui@ dithafel RAd In¢lcRBSMIAY MaRid dnRhdpte uBithid awi th
respect to one pixel as in the prior art, thereby nmaking it possible to
prevent. deterioration of resolutiogn..In.the case of.color print, a way of
ShiT11 gl G RAGRYE g RgvesResl disedinn o “ByScdiute Ml Sherd JBRY, On
where two dots are connected so that there results |arge one dot may be

al so stucbrdidg niBydiomiis refetindg moved withosgicbt ® the ligaitl discharguhead.cmdahet he
probl em such that liquids, e.g., inks are concentrated on one portion, so
i qui dg0f; di ; I j A ar i,ped

i th Oafid HhcHafl et e s o WIS dhichdbtc! iR o BRI, oReeel
practical nperits obtained by the present invention w |l beconme nore

appar eftregtianpt fle gecswding: medivg to he dibissentnevary qnsi Brcelitn ithe aneyepasntpel ow
with reference to the attached drawi ngs. Brief Description of the Draw ngs
9 FIG dﬂeétﬁ)rﬂ)me&pgqﬂmﬁem\éﬂﬁmshOWi ng an ink jet printer to which the
present invention is applied using line head. FIG 2 is a side view of the
ink jet printer. H G 3 is a block diagram o lectric.circuit. unit

const it uti nanpher Tiggiq discfds Sppiut AR Lo BedihiR ifvdibois ket ne
detailed configuration of head controller. FIG 5 is an expl oded

per spett d\iguid discbargeegrpacitup indddding bquidi diecharge heads enchdhavingGa léquid an
outline plane view showi ng, in an enlarged manner, essential part of head
chip o] Aa\"A Al ald I i n l . 1 Vi ew
choni e I L B e e v e
at line head. FIG 8 i s a crqss sectional view show ng, in an enlarged
manner eads SeMfQlamepns tofo‘FO‘Hgﬁﬁnéﬁh%ﬁlﬂﬂlfﬂ%cbﬁ“ﬁﬁﬁé s fFWFé"H%aY&.EOTﬁl B 9is
a cross sectional view showng line head. FIG 10 is a perspective view
showi ngisah@rizbdrofleB ol respk ctixasiddB tafm thaléqiig dikchdlgGunitd ot Respectivesslors
sectional view showi ng one structural exanple of |ine head.

onto recording medium surface to thereby carry out color image formation, wherein the
liquid discharge heads of respective colors include plural liquid discharge units of
respective colors in a direction perpendicular to movement direction of a recording
medium where the recording medium is relatively moved with respect to the liquid
discharge heads, and the liquid discharge head control means of respective colors serves
to allow discharge timings of droplets of respective colors in the movement direction of
the recording medium to be different in accordance with respective colors every one pixel
in the movement direction of the recording medium.

Aliquid discharge method according to the present invention is directed to a liquid



FIG 12 is a cross sectional view showi ng one structural exanple of |ine
"head. FIG 13 is a view for explaining PNM system FIG 14 is a

~ characteristic diagram showi ng the rel ati onship between the nunber of
droplets and dot dianeter. FIG 15 is a characteristic diagram show ng the
rel ati onshi p between the nunber of droplets and reelection density. FIG 16
is a view showing the result that solgd plane print is carried out by dot
of 10 PNM 1 by head as primarily designed. FIG 17 is a view for

expl ai gj C : LREE 1 : . 18 ' - explai ni ng
ol ar gUsoRyBEFHERSICR Bid Pl Ui st e BB & e B i g
i nk droplet discharge timng in the conventional PNM 1. FIG 20 is_ a view
showi npetpardigelystemoyrBeRbdigretionmtgge¢ardinganedinewhersibg reopding medgmog s
a view show ng ink droplet discharge timng in the conventional PNM 3. FIG
22 is @ Mlavahanboed with esspetteio thesE Myuate didchhip@ hdadt foetheprvediscRarat PNM
4. FIG 23 is a view showing ink droplet discharge timng in'the

conventi onal. PNM 5. Fl 4 1is vi ew showi ng .. nk dr.opl et .di scharge tim ng
oY hedtoh e Hiedioupfios e Bt obl S BRORE AR GhA B Be s AR Bk o2
timng in the conventional PNM7. FIG 26 is a view show ng ink dropl et

di schamgéhad cunmgyising tdste ofhemmstituimgy droplvt Ber dle@ix@byipurl nimbes bbhquid
occurrence of stripe in PNM 3 when inpact position is shifted fromthe

pri mar y; i L i : B j UL 11
and/ orb‘lsst9 g%ﬂé’gé)?) QF\zlg)z/oz Sédéﬁg;b%@ter,apg{égaﬁﬁ\q@\%agq?{%&lgr%epéwq%%gﬁgﬁgggﬁl(rjence
of stripe in PNM 4 when inpact position is shifted fromthe primary .

posi t | SWCRAILE PPETAIons constifuting dQuid pesyowss pixaktadbe diftargnt ensry oRgdIse! 18t at e
of nozzle surface, etc. FIG 29 is a view showi ng ink dropl et discharge

ti m ngihienmBMhentdirddtion dtand reforaimg mbdiugt, printer according to the present
invention. FIG 30 is a view showing ink droplet discharge timng in PNM 4

of Tine head ofn e Mfuld'istEirel WlethSd a8558nE B9nd SrekDf RVSREMN is'diERY' G-
a liquid discharge method in which plural liquid discharge units are provided in a
direction perpendicular to movement direction of a recording medium where the
recording medium is relatively moved with respect to a liquid discharge head to thereby
discharge droplet from the liquid discharge unit onto recording medium surface, the liquid
discharge method comprising: a step of constituting droplet per one pixel; and a control
step in which in the case where droplet per one pixel is constituted by liquid quantity of
droplet determined in advance, discharge timings of droplets per one pixel are caused to
be different every one pixel in the movement direction of the recording medium.

A further liquid discharge method according to the present invention is directed
to a liquid discharge method in which plural liquid discharge units are provided in a
direction perpendicular to movement direction of a recording medium where the

recording medium is relatively moved with respect to a liquid discharge head and the

liquid discharge units are included by plural colors to thereby discharge droplets of



FIG 31 is a view show ng the state where dots are connected by ink dropl et
" discharge timng in PNM3. FIG 32 is a view show ng the state where dots
-are connected by ink droplet discharge timng in PNM4. FIG 33 is a view
showi ng the state where dots are connected by ink droplet discharge timng
in PNM 3 so that longitudinal stripe beconmes difficult to be conspicuous.
FIG 34 is a view show ng the state where dots are connected by ink droplet
di scharge timng in PNM 4 so that |ongitudinal stripe becones difficult to

be consgpi . : LS 180 ¥d i i et i .SC Lmng in
PR 3 SPPRARS eolOF oty (hE iGuld BICRARY! s B rBPPARE cftoRg RRKORyohEED,
are used. FIG 36 is a view show ng ink droplet discharge timng in PNM 4
of MagEwdiimpsuricects catifiepdl calorkinpte dormatied, ghe dyaiHd adigchage ningthade
used. 12 FIG 37 is a view show ng ink droplet discharge timng in PNM 3

of Magesmhprisigd LY&itrdltd6r ARSEInhRShak¥OtilniRESoffropRESoPfespy@iveadifloagent a
are used. FIG 38 is a view showng ink droplet discharge timng in PNM 4

of Magenia and an in the case where two kinds of inks of an _and Magent a
are usBtpe tgeregt i acdyaliof il Csslk eraRep ane i Eelngi GRo&met hor
practical exanple of ink jet printer. Best Myde for Carrying Qut the

| nvent doectixpbbthatricomrdimd medoaunbe gi ven bel ow with reference to the
attached drawi ngs in connection with the enbodi nents of the present

i nvention. i 3 i i -] : 3 - 2 are an
ket pri NegIfOBAAL PRRent Sy RN ih P Al an e shd BRI S, 004
120 serving as a liquid discharge head. This ink jet printer 100 includes a
heat efisgbsreewpithnd aflantedso that wiien paintiagds cagied oyt by enepenang Qwaration,

di scharges droplet of ink which is liquid. The ink jet printer 100 _
conpri sepet hge ldptaohe@dohgfchicis aﬁnge?ﬁmdungcﬁaﬁqg/ af certalps tpatteb il liguiwd dt h
di nensi ons of paper P and having nodul ati on function of the so-called PNM
(Pul'se \Nupber .Nodul ati on) .system adapted for carryi out dul ati on of

i ot SPCINGE SRS 7 optrgmE b & e CPrihr ST EMB O R S udhhe0r ¢ e
sake of explanation, the nunmber of droplets hit with respect to one dot is
assuneshiftodiseh@&gat timirgsnalk dmpletse . ninke draplets ’hwery niaej pixeprin mevera@@ has
the configuration in which the line head 120, a paper supply unit 130, a
paper [igedidot inPmRaREA rd adi &I44 1He 15]uf & HisthdtRk hed PO

etc. a?e a}(r angrgé&\%l?%?ﬁ gﬁﬁgsl{l%el%ﬁg).@ llgpr'lgﬁt Cg.(S{I ngfdﬂo i|Ss aPlgr tlr}gd ’so as
to take rectangul ar  parall el epi ped shape, erejn a paper eject pocket 111
for papér PNCE E?‘g@i‘@éﬂ‘“&ta%é“ iy dupefdor yy %éh%mp\aem% irection’ of the

recording medium is in correspondence with the print direction. In accordance with the
present invention, impact position of droplet, e.g., ink droplet is changed to thereby have
ability to change position of dots formed by droplet on recording medium, e.g., recording
paper. Thus, dots of two pixels are connected so that there can result one large dot. As
a result, stripes are permitted to become ditficult to be conspicuous. It is to be noted that
even in the case of dot size where stripe is apt to be conspicuous by a certain pattern,
since it is rare that dots are continuously hit in print direction when thin dot pattern where
stripe is ditficult to be conspicuous is printed, there is hardly possibility that two dots are
connected. Namely, printing can be carried out by primary dot diameter. On the

contrary, in the case of dot pattern like solid plane portion where stripe is apt to be



exit/entrance 112 of the paper tray 150 is provided at the other end side.

" The line head 120 conprises head portions for four colors of CWK (Cyan,

- Magenta, Yellow, Black), and is disposed at the upper end portion of the
paper eject pocket 111 side within the casing 110 so that the ink discharge
unit which discharges ink droplet is directed to the |ower side. As
described later, this line head 120 ig caused to be of the configuration in
whi ch ink discharge neans in a formelongated in width direction of paper P
f or med \ i I : (A i J ' are
ar angal Pl G REF Y B BBy CghR 1 8 L OB 1 RRE s,
as shown in FIG 2, a paper supply guide 131, paper supply raollers 132,

133, aStPRpds netispnspicstusy Acprdingly, sjidpesage peypithtoggcogiy difticulttp bang i s
di sposed at the | ower end portion of the paper eject pocket 11l side within
the cagdnypickbis. The paper supply guide 131 is fornmed so as to take t7at

pl ate shape, and is disposed at the | ower portion of the line head 120 in

the state where . a det ermi ned spacj ng i s proyi.ded. The .respective, paper
Supply rol | Bree 18w iaehilaRRiiaF Bt B0k Rinel il B i aBe s
contact with each other, and are di sposed at both sides of the paper feed
gui de dihged bg.dis¢haegd obdiftexént/1epuid gnaditics2osididehapd difierepimerunehpaqier pocket
111 side. The paper supply nmotor 134 is disposed at the | ower portion of

the p - GHide, i r L oSupply
ror 1 or a3 el O CRuks hea Lol R IR A G b Ot R s ARG
paper feed unit |40 conprises, as shown jn FIG 2, a paper_ feed roller 141,
14 a peisay opgPixede srovement difgctipryebieconhing grdiym, ¢jEs peb dirgetiqmanlkyyady
exit/entrance 112 side with respect to the paper supply unit 130. The paper
feed r@btl damédt witeré ofrffRd as@a@stotie dadlspicauls bant deddaly pateern: CBhus Ndbtis ol
shape, and is disposed in the state close to the paper supply roller 132 of

the tr exit/entranc 12 .si.de. The paper, fee tor 142 is. di sposed above
the pat PRl PRRRAGA TS iy iforg FETURARE daref eI By PR BRE0 57

t hrough the gear 143. The paper tray 150 is fornmed so as to take box shape
such thadifficult 4 bpapespiciouwst  Indhig.cagy istheecasant Hot disowterodbgere gtripesargi | ed
manner, wherein a paper support 152 held by a spring 151 is provided at one
end su : f The [ } Wi a
manner oy itk RPngALAGE, PHE OE R iR SRl (e Pl 35 IR PR e e o
the tray exit/entrance 112. The electric.cirgcuit unit 160 is a portion for
drivin efﬁwp@eﬁ%t posils dnpEeventh detesiogatifiuabssaWbior: t he paper tray 150. In
such a configuration, its operation exanple will be explained. User draws

t he paper thmagheld@e of eoldr peint ) aywagxitt sheftingatischatde titming eegnimoalad easied
predet erm ned nunber of papers P into the paper tray 150 to thrust it

t her ei hgs . 2 [ A . ' f . r P by
cti orbbfolofc thustREPRaRGR SHPERLD apihrt ShFRTAANS FAFURGE besils Brg§BREY, O
print start signal is given, the paper feed roller 141 is rotated by drive
of t hed@fappay Bealsondritied. 1By this fraeodn ipdpssible 1o sedukeogeupence payhaso to
the paper feed roller 132. Subsequently, the respective paper feed rollers
132, 1@%%@ suehathad ligMiddl ke, afkstdie RARehtrhRAJoAIIR! pdidibn, A8 RIS WL, the
paper feed roller

different colors, e.g., inks of ditferent colors are stained with each other.
Still more turther objects of the present invention and practical merits obtained by

the present invention will become more apparent from the description of the embodiments

which will be given below with reference to the attached drawings.

Briet Description of the Drawings



132 sends out the paper P which has been sent out to the paper feed guide

"~ 131. Thus, the line head 120 becones operative at a predeternmined tining in
-accordance with data to be 15 printed to discharge droplet of ink from
the ink discharge unit to inmpact it onto the paper P to record character
and/ or imge consisting of dots, etc. The paper feed roller 133 gjects,
fromthe paper eject pocket 111, the paper P which has been sent out. Then,
the internal configuration of the electric circuit unit 160 and the bl ock
configurati of I WaTeR X i usi ng
Fa 3 The R adt P PERPEENY SlevP bRk s RETCt Hiler 16 PHRNGHCGHe oAt
processi ng section, |61, a head controller 162, a head position/paper feed
cont r olVeRtian 3 applipdusinglisehedshi rol | er 164. The printer side data

processi ng section 161 receives, e.g., print data DPR whi ch has been caused
to undergo BBRGA2 iy @BRIkiew @The RROjét pﬁndﬁyi ce to take out, fromthis print
data DpR, information necessary for print, and to devel op conpressed i nage
data to res e,such, i e data.into. respecti.ve d .of .CMYK.. Further, CWK
fospective. Fire? i PliTaie®a & QRS oL Fub BB HE R 1o PRRT e or der
of the line head 120 to generate recording data (head drive data DHD). The
head cont r oFI@r4 i62blwkalizgmn suovidigrtbe datadet contigtradioni ofkhedd aphtdller.

di scharge operation of the |ine head 120. Here, this ink droplet discharge
operation w rd I : I, ﬁﬁg{) i i

provi ded f\rl\gm}'tgr)lg “g'réuxﬁ%d%édﬁ&ggéﬁ :ﬁgtegvié%@f;hséé‘?%ﬁ%ﬁ{?td ;ho lg{f!,wtaﬁghﬁgg
controller |62 generates head drive information at respective discharge
timngs on FHe GEsILolingipdtKayigw SOMIRG iy calarggdmanper essgital Rartedt a,

ki nd of colors (CMyK) and position of pixels to drive respective ink

di schahggl ¢hiptdoddld préWided asliadfiead.di scharge tinmng table of recording data
where shift of dot inpact position becones stripe so that there results
conspi cuous E@t7di,ametﬁr)diﬂs set i].o t hat ischyahge l,167ti m ngs are s,lii fted
every one plx@l ’ BYATPipiodes Rt Ay e SAe PRV HEHyenIaTEsd D0 Ths Sl
direction. This head controller 162 conprises, as showmn in FIG 4, a main
cont r opars of headh chipimodulgireeidedfat hine hepd.ocessor, etc. and serving to
control the entirety of the head controller 162, a ROM 182 in which inage

formation prAYr@m PasKe s&?i&xﬁ?vfe(%ﬂ%v&iﬂgmtdn%lﬁ%w%rﬁﬁ?,oésgémﬁd ?Qrttdfe
present invention that the main control “section I81 executes is stored, a

wor k nmory .183 nprised, of RA tc. and used for predeterm ned
operafﬁﬁﬁég}élﬁd? uciFé’ﬁﬁ’)Yﬂﬁ'é‘l’Qt ling g/i’%‘forage, etc. by the main control section
181, a discharge timng table 184, a DA converter 185 for converting drive

data that tRBGMRiiNa cank sedtiaad viewn sHdLingxieouhesl. | mage formati on program
stored in the ROM and further generates with reference to the discharge

timng tabl 84 i ' | A [ lifies
anal 0g. out prlCof? Ik PefERR SRy B0 daRheFRRHEhEDchiRe M 160 AT,
controller 163 controls position of the Iine head 120 o

FIG. 11 is a cross sectional view showing one structural example of line head.

FIG. 12 is a cross sectional view showing one structural example of line head.

FIG. 13 is a view for explaining PNM system.

FIG. 14 is a characteristic diagram showing the relationship between the number

of droplets and dot diameter.
FIG. 15 is a characteristic diagram showing the relationship between the number

of droplets and reflection density.

FIG. 16 is a view showing the result that solid plane print is carried out by dot of



and/ or paper feed of recording paper P. The systemcontroller 164 controls
" the printer side data processing section 161, the head controller 162 and
- the head position/paper feed controller 163. Then, explanation will be
given by using FIGS. 5 to 9 in connection with the detail of the |ine head
120. The line head 120 conprises a head chip nodul e 20l1a and a junction
base (board) 201b which are caused tggbe of the structure shown in FIG 9.
In this case, explanation will be first given below in connection with the

head cpj gnd(‘:w @%ﬁq | fid y, FIG 5 is an expl oded perspective view
of thepNg/{a h#%\ no Irgégg,lgé.ﬁ@%#? The head chip nodul e 201a conprises, as
shown in FIGS. 5 and 6, a nozzle fornmation nmenber 202 fornmed so as to take
subst ant i al FIOf1ats pyisvetassapbinmecccegrses oLstEPei nk di scharge surface. At
the nozzle formati on nmenber 202, a | arge nunber of ink discharge nozzles
203 are forpRGS. Bexemdl 18B g eidsyNiTeplaihing knldigrhaitas dpe bgssudfaee
respectively forned in alignnent at positions where head chips which wll
be descri bed J.af(er are arranged. These nozzle formation nenbers 202 are

f or med“MHC8 4k shape by various el ectrocasting technol ogies with, e.g.,

ni ckel or material including nickel being as material so that thickness is
equal to abblf. 1%ism view howiny i dwopl «t rdisahfirgetémimasipgbe icopvéntiondl BYMr ge
nozzl es 203 are caused to be, e.g., about 20 ~,m The nozzle formation
menber {202 where the ink discharge nozzles 203 are formed in this way are
stuck }'attached) to a head frame 204. The head franme 204 is adapted so
that, e.g., three pier nenbers 204b are_ bridged at g&h{al i nt ervag B‘ ween
short si desFH#. Hhisguyiew shosvng sk draphetischugge imang wdhg sguvemrtiamhpiMang
the outer frame 204a and the pier nenbers 204b are integrally formed.

Nanel y2. at the head franme 204, four rectangul ar spaces 205 where the outer
frame 204a is separated by the pier nenbers 204b are constituted in

parall el . .~ N the case .where the head chip modul Ola | or the
e head 1oi0h Bra UEwCMES RS RO B A& Raes P s SRReriFordE PR o
paper P with respect to the paper P, length of this space 205 is caused to
be sub3tantially equal to length of one line printed at the sanme tinme. For
exanple, in the case where the head chip nodule 20l1a is used for the line
head 120 whigh) s2{qdd %“%Hmmgm BEbpl & R Wmitd BOtht @BneintRAREPNRIOf A4
size, length of this space 205 Is caused to %e l ength corresponding to

| ateral w dth of paper of A4 size, i.e., about 18 21 cm This head frane
204 na9~be by, e.g., silicon nitride, or may be forned by ceram c nateri al
such as alumina, nmullite, alum nitride or silicon carbon, etc. In

addi tion, tREGh2RH f vieweshoddngink e pidtshisdhargedmye gl thssoma¢ianal PAiMh as
quartz (SiO~), etc. or netallic material such as invarsteel, etc. It is to
be notgd that the invarsteel is alloy invented by Guillanume (France) in
1896.

FIG. 24 is a view showing ink droplet discharge timing in the conventional PNM

6.

FIG. 25 is a view showing ink droplet discharge timing in the conventional PNM
7.

FIG. 26 is a view showing ink droplet discharge timing in the conventional PNM
8.

FIG. 27 is a view showing occurrence of stripe in PNM 3 when impact position

is shifted from the primary position by influence such as accuracy of ink discharge unit



The head frame 204 has thickness of , e.g., about 5 nm and has rigidity

" sufficient to support the nozzle formation nmenber 202. The head frane 204

- and the nozzle formation nmenber 202 are stuck by, e.g., heat hardening type
sheet - shaped adhesive agent. At the nozzle formation nmenber 202, a | arge
nunber of head chips 206 are disposed. As shown in FIG 7, at the head chip
206, plural heat resistors 208 are forimed on the principal surface of a
substrate (base) 207 fornmed by, e.g., silicon by various thin film

f or mat i Qb 8GRSO R ASsurfiieSefteat resistor 208 is adapted so that, e.g.,
one side is caused to %ave fegul ar rectangul ar shape of about 18 pm On the
substrate 207 barrier Jayer 210 which _constjtut the wall portion of an
i nk pressurEIQp§$ isczaffiew%\mgeqcczor@n% of SHRtaIINDE 4 M S uRRAS BOSERE t he
heat resistor 208 is formed. The barrier layer 210 is fornmed by, e.g., dry
filmrgsikiftedévonnchd pibnhpssigon by ipfleariktyich apdcehigratpotrak disclidrge naiul t  of
the fact that such material is lamnated on the entire surface of the
substranﬁ 2q7tan€ unpece s%réEportions are then renoved by photolitho
procesgp Phi'e'H ?ﬁ%ﬁ F%@%ﬁ’ 0 is caused to have thickness of about 12 ~
m and wi dth of each ink pressure application chanmber 209 is caused to be
about 25 ~ HKIG. 296 Heicw sluvengtinle doydet diberasge fiming sdPYM 3 ofding keagdota
according to this exanple is used in the state nounted on the |ine head
havi ”%ﬁ?n?l@e‘t'?hﬂ'ibr%cccgﬂﬁ ko W31 FiBsdift il chtid@per of A4 size in |ongitudinal

di rection whi I's carrying direction of paper P is assuned, the nunber of

i nk di schar nozzl es, 203 forned at the nozzle faqrmat]j nenper 202 every
regi ons of %ﬁ@piéfs ¥iexpshaingdnk groplpedinehiaes HaHaL Y 4&%&6@%@ e
about 500. When the nunber of head chips 206 di sposed at the nozzle

f or mat tieninkgetsrint20 2courtingnotthe peesaneimsensogaused to be, e.g., 16, the
nunber of i1nk di scharge nozzles 203 corresponding to one head chip 206 is
about 310. i 54t.0 be. t h r I es i Of. L nd/ or
7o thereol 1Qr 8111t Sifhfixtndoing ARcTWHPELIGs 4ERBRRL LT ROl gD
conveni ence of explanation in FIGS. 5 and 6. At the head chip nodul e 201a,
f1 ow pdisshpigatvgingiin BINM 3t t ached at respective spaces 205 forned at the
head frame 204 with respect to the nozzle formation nmenber 202 where the
head chips BQG. 3D6sdi $RGS SHowir@Uthel It WAER BHERLRS BARAES YT K dRP1dtN
correspondence with respective colors of inks. The flow path plate 212 is
formed by material .hayi sufficient rigidity and i nk resistance
characgﬁFh@EFéVnWWE“ﬁﬁggfﬁath plate 212 is adapted so that a chamber
portion 213 fitted within the space 205 of the head frame 204 and a fl ange
portion 214FI@r 8dsat vieme skowlingotiei snteohete dots aetvennpaed ibynink1@ropheta
projected manner are integrally fornmed. The cross section along A-A |ine

in Fl Gy 8piSeS i . <dh it e RALeheW lirsibgl f 4r Hher
explafﬁgghagfoa/ ygugﬁgg |és?‘6ﬁﬁﬂaaggﬁ@ﬁ@afﬁgﬁ%e por?Fon g?%ﬁis formed so
as to have shape greater than plane shape of the

conspicuous.

FIG. 34 is a view showing the state where dots are connected by ink droplet
discharge timing in PNM 4 so that longitudinal stripe becomes difficult to be
conspicuous,

FIG. 35 is a view showing ink droplet discharge timing in PNM 3 of Magenta in
the case where two kinds of inks of Cyan and Magenta are used.

FIG. 36 is a view showing ink droplet discharge timing in PNM 4 of Magenta in

the case where two kinds of inks of Cyan and Magenta are used.



20 space 205 of the head frame 204. The chanber portion 213 includes a

" space 215 shown in FIG 6 opened to the end surface of the side opposite to
the side where the flange portion 214 is formed. At the wall portion which
limts both sides of this space 215, there are formed cut recessed portions
216 shown in FIGS. 6 and 8 for the purpose of positioning the head chip 206
in a manner to communicate with the spaces 215. At the flange portion 214,

i nk supply tubes 217 are projected fromthe surface of the side opposite to
t he surface . » PRI 134 : i |y
Ubes 217 corpin a g G T Pl AR LB diichd g R NN TRy 40
connected (bonded) to the head frame 204 in the state where the chanber
port i ofry2h 3 the gase wdhere Hve kyplscd inksobyppnand Mageniaate vsd. and the f1ange
portion 214 is caused to be in contact with the pier nenber 204b of the

head frame B[3.38Ra JieadhowinsinkQfopies AReREkgatiniing in @NNel dfviapénteandenber
202 are positioned within the cut recessed portion 216 forned at the

chanber, portjon 213 of the flpow path te 2 and are banded to the
chanbe Yg%m h‘&ncaﬁ'ié‘fheﬁ %0 kb'f‘%s‘?atdniﬁ)ggtg@ﬁrapéi\ﬂ?feﬂg%f}rq%Sé:%charrber portion
213 of the flow path plate 212 and the nozzle formati on nenber 202 is

f ormed. Thi BIGI ¥siscinspxéreal appeansed pespectivavicwatier fuirthier prestieat eqamaple onl y

t hrough the ink supply tube 217 and the ink discharge nozzle 203. At this
cl osed : ink flow path 218 is formed between rows of the head

chi ps %‘3@@‘3@” %‘tr‘]g%& in a zigzag manner while adjacent ones overlap with each
other, and there results the state where respective ink pressure
application chanbers 209 shown in FIGS. 6 to 8 are caused to comruni cate by
this ink flow path 218. The ink supply tubes 217 provided at the flow path

pl at e Bl Mode tes@eavyingeOyt theddvestimected to ink tanks (not shown) in which
inks of colors different fromeach other are stored. Thus, inks are filled

within the gespective .ink flow paths 218. .the in ssu | i.gation
chanber  2ootXapngY RalldSe B ERBR oSS Riieliee (B LER B S RBRS T ov e
in carrying out print with respect to paper, current pulse is delivered to
t he heeanneetiprvath thes:mleodioteats dlythe present! itveahone ddis embodiment igskoyaee

FIG 3) for a short tine period of, e.g., about 1 3 mcro seconds, and this

heat rgsFRESI1 20821 SFIGP| Ohyd DAL AH inkjetSprintBK 100 WHHPHN £Hqaiedigangpat ed at
the portion in contact wwth this heat resistor 208. By swelling and

contraction of the ink aiJ 2 bbl es, inlﬁ dlrflo‘ﬁ).l ts a eb‘gi scharged fromthe
Cnk i SoNTYS uimis linopead 1A senvings adinut dischareS beuly AT the i nk
pressure application chanber 209 from which ink droplets have been

di schar ged, Thiskiskgeteprintbt @00 dmpel bdisoa gbatt diemenmkwhichvwwilhbb d2d@ibedratermmnner
as stated above, print with respect to paper is carried out. is to be

It
not ed ' =t [ : i i.chs dis es ink
From « heT B Ebn SENFs oBPdr ik Shick T AL ERE MIndINR) BRERA0ETS o
represented by piezo elenent may be used to discharge ink fromthe ink
di schaegappssstthe hine hgad h20 baviagwprarding range of substangially avidHh dimengtang ofa | i ne
head 120' which will be explained bel ow may be used. This exanple will be
expl ai pgskrwet ind eLA/NGRoER afibFStunction of the so-called PNM (Pulse Number

Modulation) system adapted for carrying out modulation of diameter and density of dot

by the number of droplets of ink. Here, for the sake of explanation, the number of

droplets hit with respect to one dot is assumed to be 8 at the maximum per one color.

The ink jet printer 100 has the configuration in which the line head 120, a paper
supply unit 130, a paper feed unit 140, a paper tray 150 and an electric circuit unit 160,

etc. are arranged within a casing 110.



10 to 12. FIG 10 shows the perspective cross sectional structure of the

| ine head 120', FIG 11 shows cross sectional structure when the |ine head
+ 120" in FIG 10 is viewed fromthe direction indicated by arrow Z in FIG
10, and FIG 12 shows cross sectional structure when the line head 120" in
FIG 10 is viewed fromthe direction indicated by arrow Win 22 FIG 10.
As shown in these figures, the line hgad 120' is caused to be of the
configuration conprising a thin nozzle plate 121, a flow path plate 122

| am nat ed o . : [ [ : i .ed on
the 11 ow parts SRAAEHEY S REAL SALI IR Sclinglhflt pARIRIGfed SHink PHIRIFC, e,
by adhesi ve agent (not shown). At the vibration plate 123 side of the flow
path p} epengipct pegked ddd turpapshd By proyideskat gre yndovide quripge apddetrppcessed
portions and the vibration plate 123, plural ink chanbers 124 and a common

{1 ow paifiedEiQOMILON MG iy 1O REpRVidUI ANATLRRS: MISIQROITFRE lki #dad The
communi cating portion of comruni cation between the common flow path 125 and

the re ctive ink chanmbers. 124 is. cau narrow patlh,, and,there is
ool oy B Ehrtbsrscsad PRBLS tnafoun2ldiR Sheaak (Fuith MetkatE Y wBhduh o bar <
the direction of the respective ink chanbers 124 fromhere. On the

vi br atamhisplisp@sed 28 themppéraenel ypodivave thhepapes pect puekdtnkl Icidetvatisn ki,

pi ezo-el ectric el enents 126 conprised of, e.g., piezo elenment, etc. are

respect.i ' : [ ' e pl enit s, .
electr%§§§£¥H%%¥gﬁéﬁnlnggggﬁgg %gbﬁygpghﬁgﬁpﬁggggﬁ%ﬂgﬁﬂlsp?@%&&%gytg%plying
drive signal fromthe head controller 162 to these el ectrodes, the

r especlowes shlee 2ds deseeibed dater, dhisding head 1204s caysed to he ofithg gonfigurptian én 123 s
bent in the direction indicated by arrow E in FIG 12 so that capacity of

t he i nihidhaifkedistRBdrge Sméairiaas adn( Sm%gh&d)in%idtﬁ diRetieasEPapeoptioaatd) .
The portion of the side opposite to the side conmunicating with the common
flow path 125 q% the,res ectbﬁﬁginﬁ qhanbgrs.li? has the,strqciurj;that t he
f1 ow pafhY FREIYF SBIs @‘“bfe SRR Rt LT TR G&SF 128k BRPRCh N €997 i s
provided at the flow path plate 122 of the term nating portion thereof.
Thi s fdissetivatdf papkeP127 comunicates with 23 very small nozzles 128
formed at the nozzle plate 121 of the | owernost |ayer, and ink droplets are
di schar ged | I t Lne: iR Fl G
10 prural NhePMRdSIBpRoE T30 Chhnrtlen; AHaMENTERS, SoohyT SPEHGEbR
directjon X perpendicul ar_to paper feed directign Y of recordi ng paper P.
The coi]%lgmmp?rowp,s ﬁﬁ@%l%%rﬁ%ﬁna@ap‘assuw ShmOHW @Qr wklwel%égwgé@wgm 3) .
Inks are supplied fromthis ink cartridge 120a to the respective ink
chanbet37, 138, vnha i késposedrantie/lowvepainkd pottion \Mithe papesejeueppbykafl lilndde can be
carried out by nmaking use of, e.g., the capillary tube phenonenon, a

pr edet i I lLcatl i ) QVi i nk

Car tri o 5 EERELLT, AR bR A E e e Bha Otk et BBt Car ry

out such supply. | ) ‘ . )
shape, and 1s disposed at the lower portion of the line head 120 in the state where a

predetermined spacing is provided. The respective paper supply rollers 132, 133 are
constituted by a pair of rollers which are in contact with each other, and are disposed at
both sides of the paper feed guide 131, i.e., the tray exit/entrance 112 side and the paper
eject pocket 111 side. The paper supply motor 134 is disposed at the lower portion of the
paper supply guide 131, and is connected to the respective paper supply rollers 132, 133
through the pulleys 135, 136 and the belts 137, 138.

The paper feed unit 140 comprises, as shown in FIG. 2, a paper feed roller 141,



Im the ink ,jet printer 100 of the configuration as previously described,

" the feature of the present invention will be further intelligibly

expl ai ned. Here, explanation will be given in connection with the case
where inks of Magenta (M, Yellow (Y) and Black (K) are not used, and only
Cyan (C) ink is used. 1 dot of Cyan is variable fromO to 8 droplets as the
nunber of droplets by the PNM systemias descri bed above. Thus, as shown in
FIG 13, it is possible to nodul ate size and density (reflection density)
of dot t 4705 n @k I i i i xel .
Change§g%yeéct)§%dﬁlg%gr29 3\? (?ﬁ%rgégg%)?é\tyﬂ?gbg Qﬁsgég %flmtﬁgy Eﬁﬁnlggﬁhg é)}zlir)zc:%ldgts IS
shown in FIG 14. Wien the nunber of droplets is caused to be |, dot

di anet WHhgeqwsbto thewpaper supply-umt 30, d8e paperfepd rollgmbhl isHermedsans &
droplets is increased in a manner of 2, 3, 4, 5, 6, 7 and 8 droplets, dot

di anetgke kebahsealBesiniveynfdrRasskhpe aid RARESscdlind4Re st clode tdthe paper 78 and
82 Vim Further, change of reflection 24 density with respect to the

of " or oppaterrg 7 el fegniiuthirance atPaids Ine Ganeiep T B by 1A SRR non

t he nunber of droplets is changed into 1, ret~ection density becones equal
t 0 abojHoWR-tBSpapiittdibrolleahdn, imEisrunbaitedfo e papet feed sollacrdahasdighrtha
manner of 2, g, 4, 5, 6, 7 and 8 droplets, reelection density is also
gently inqrgased in a manner of 0.95, 1.08, 1.17, 1.20, 1.25, 1.28 and

1. 30. g%”tﬁ "case where dot of such Cyan is printed by density of 600 dpi,
if accuracy of the ink discharge unit and/or the state of the nozzle
surface whi The papardrst 13Wisrtorped 5o a$ ta take bok shapchmhgbatplural papersdeet,
ideally primarily designed, when solid plane print is carried out by dot in
whi ch ¢ g.eAﬂ‘émeéanq;e SERRBbatkd in § plted nbarher RN Rin Niﬁﬁ@r @mgﬂqﬁz idgal

head, dBts are to be unifornly hit onto print paper as sho in FIG 16.
Nanely, there is no possibility that inmpact positiop of _dot is shi d. In
pract i %2 SPHRE égéﬂ%l"!%r‘fk‘f%lri’é é’§°\ﬁﬁé§%ﬂf‘%n&i tﬁﬁge{mﬁb%iqucsn Tﬂ‘ﬁj’aﬂﬁﬁir@f igéjbe
shifted) fromprimary position by influence such as accuracy of the ink

di schaisglispuset! iandhmnnéhextshding fodmnihzZberes pottaee ofithe paper feedsitnit 140t part
of the ink discharge unit, etc. Sone positional shifts take place at random
every di . [ w RSt Ry 3 A | gt from
ccur YR HAG IR G A, 112, i} G8RTC FRALANP0 S0U bl BRI Rng L

di scharge units. Wen printing is carried out by using the sanme nozzle,

t endentsypedtivereampsints, gndlis disppsedeghoyedhe papsttthay b2@i nning to the | ast.

For this reason, particularly when inpact position is shifted in the ink

di schar ge Upj §uchrsd engpiRMiodliifseierion aRapRAI be SGdlhined. Whi te ground
where width (01) has been broadened as conpared to other gaps 3005 - 300e

in longitudinal .direction as s in FIG 17 (0, > ~'), take place. as
tripe. bR ans TBL eaPeaEna b froat et Yt Qeprfoect B Sahar v
conpared to resolution, i.e., in such cases that the nunber of droplets by
PNM i spredetemansinurhlecrpdiphpens Fointahictpaper wapndiSO & thewst it thexshintet lihpe, the
difficult to be conspicuous. However, in the case of dot

paper support 152 raises one end portion of paper P by action of the spring 151 to press

it onto the paper teed roller 141. When print start signal is given, the paper feed roller

141 is rotated by drive of the paper feed motor 142 to feed one paper P from the paper

tray 150 to the paper feed roller 132. Subsequently, the respective paper feed rollers 132,

133 are rotated by drive of the paper feed motor 134. As a result, the paper feed roller

132 sends out the paper P which has been sent out to the paper feed guide 131. Thus, the

line head 120 becomes operative at a predetermined timing in accordance with data to be



dianmeter equivalent to pitch of pixel or slightly greater than that, i.e.,
" in such cases that the nunber of droplets by PNMis 3 or 4, such stripe is
divided into the portion of white stripe and the portion which is not the
white stripe. As a result, such stripe beconmes conspicuous. In this case,
there are also instances where inks are pulled agai nst each other, as shown
in FIGS. 18 A and 18B, in dependency ppon the property of ink and paper so
that shift of inpact position is further enlarged. This is expansion of
stripeytiak . f.aea £ QR Of: | e A r

i et BITEGTHR e aFac Do bR f i ERES sk Wt D Fmpacti R Pbsr oy
is 7 ~ 8, even if inpact positionis shifted a little, dots sufficiently
over | ap Wi erordaehrastpeand/aE dmage rgnyisting of goty e¢onddedraper fgad roflgr 3é3
conspi cuous. In view of the above, in the ink jet printer 100 of this
enbodi gRots, fidin th%d]ﬁ@@}e@:Oﬁbé]CHt'lqll, fieZpapar PeaRicH Hay ®eeh g8l odtor al | owi ng
stripe taking place difficult to be conspicuous is generated on the basis

of dischargg.tinjng. table fromrecording data, kind of. or S and
post 15 o of ThPeleiniEa et R oit i SR g nit dRohRs e bidek
dropl et discharge timng of the ink discharge unit of the |ine head 120
every omeigimtbniof thdpemphions] phrtienttheneot Whllibe caplaitwa by neingdd. B20, i npact
position of dot is changed to connect dots of two pixels so that there can
resul tone HEQRdiRL cireyif uff 18020RIMLLOUDNARE URTBrd SRAG e BRI TGE

i npact position of dot to connect dots of two pixels'so t at “there résults
one large dot will be explained below. In the case where there is no

i nf | uepdgad Gemrolderglal, pdeyd pretion/papst Eeedcopolet Ledand aessystem conggoller
previ ously described at the ink discharge unit of the line head 120 which
carriegsoput PNM drive and there is no shift at the inpact position of dot,
even if discharge timngs every pixels are caused to be the sane fromthe

state whereqth K droplets by .PNM s 1 .(PNML) t € at e ere
the nunber S RrOTaTde fanilPrSink S edahEardn PRpbRaTom nisl
stripe as previously described does not take place. Wen the inpact

posi t i bas bkewn caueed (0 umndehgd dagajrafstfordromecomputer devposiottaksowy fronf thissprod such
as accuracy of the ink discharge unit and/or state of the nozzle surface,

etc. a rgvi - i t i S in
2 s B9 DY R RACT ey PR U e umRIRSFiARC I T

the nunber of droplefs of 3 or 4 by PN\ s,. the r'.n of white ground
resul t ESIQesteh Bgfgq 4?‘%%% IPeEthe ‘ﬁ'&b%)&“&ﬁt ﬁé"ilgﬁk %&@FQSH?@FV%‘BW{'O
whi ch the present invention is applied, ink droplet discharge tim ngs of

t he i nkaldestharnge cansdd of uhdargbi Rquawddg I2 Qirareeosier fdfetie dirar ieane2itsel in
print direction as shown in FIGS. 29 and 30. FIG 29 is an ink droplet

di schag&%é{emeg&d?ﬁ%ﬁggr(!)l%]ﬂg%hq{,eHgﬁa]?u er of droplets of 3 by PNM (PNM 3),

and FlI is an | drs “timng at the time of the nunber of
droplets of 4 by PNM (PNM 4). In the case of PNM 3 of FIG 29, e.ﬁg.,
di schar ge t iThe Agad sopoderdl @regeivies secaiding dntaite epatrgleinktdroplet disgBage odd
one pixel, and that discharge timng is caused to
operation of the line head 120. Here, this ink droplet discharge operation will be briefly
explained. When input of recording data is provided from the printer side data processing
section 161, the head controller 162 generates head drive information at respective
discharge timings on the basis of discharge timing table from that recording data, kind of
colors (CMYK) and position of pixels to drive respective ink discharge units. In this

instance, discharge timing table of recording data where shift of dot impact position

becomes stripe so that there results conspicuous dot diameter is set so that discharge



be- first half 3 discharge at the tinme of even one pixel. Thus, at odd pi xel
“and even pixel, dots overlap with each other. In the case of PNM 4 shown in
FIG 30, e.g, discharge 27 timng is caused to be last half 4 discharge
at the time of odd one pixel, and that discharge timng is caused to be
first half 4 discharge at the tinme of even one pixel. Thus, dots of odd

pi xel s and even pixels are connected gp that |arge dots are respectively
formed as shown in FIG 31 at PNM 3 and as shown in FIG 32 at PNM4. As a

resul t,. ' j LGS . t ]

posi ti 81%1‘?}&???1’%%h?tgﬁis?ﬁ\?eﬁg?gﬁ%@ﬁ?#ﬁé\éﬁ#@ég@%@?ﬂb %Bl?%“gﬁg}:%ﬁ@enr}{)l ona t

hitti ng_ met hod, since portions overlapping with left and right dots

suf fi clBeelqn.exi st, there is no possibility that dots are separated from
each other as shown in FIGS. 33 and 34 so that there can result the state
wher e stri pghpereEsodidlfer d6Ricontprit@s CONSHIveH AHFIG TheNmaid Botasisscehien e two
ki nds of inks of Cyan and Magenta w 1 be explained. Also in this case, by
t he ab -described nethod, there can,result the state where stripe hecomes
i 11§ oSFE cPBgised G aBRETTGe P lo el SRBANG S SoF YerE eSS beFRadrea
the sane manner with respect to both Cyan and Magenta, |arge dots take

pl ace edntrdierskiy pROM 682 idsvinicheisndge, farhmatipagmogidm tbasedamn thekimagee

stai ned each other or overflow on print papaer becones high. In view of the

above, ¢| j [T f. g , I, j aused

to be fdg?rfaéﬂ%ﬁ@}:@%g%&?ggﬁﬁag goemae{wb{%g%&t'flrreﬁtg?@gﬁgl@n@dﬁgﬁt@%ﬁgh ggzsed to
be first half 3 discharge at the tinme of even one pixel as shown in FIG

31, anexqaykesdithtereddias frak gamemary ndBbrcomspyésedaof ste-t sndhaisedr BY hal f

3 discharge at the tine of odd one pixel and is caused to be latter half 3

di schapggletlrmliied bpdrBtiGhs MO HPoPAryIatARoRiFeVetc] BY fle@naidontroksédxion! et

di scharge timngs are further shifted with respect to Cyan and Magent a.

28 I nk. droplet dischar tin,ng Af an at time of. PNM 4 i aused to
o | at 18] FFpna7ieg POBRERyuC Thath B b VaRrotl ok ooy Rline My P GRS o e
first half 4 discharge at the tinme of even one pixel as shown in FIG 32,
and i nkagn @ontol dectoimil §b execntesy inhgddiormmition progaaunedoted inethei ROM hadf 4

di scharge at the tinme of odd one pixel, and is caused to be latter half 4
di schag. y i 3 kel o] i vl r.agl et

di scha?lggw?itz’r%hgglgsa\?gh? %tre ﬁﬁg? tgﬂfef(yggﬁvr\f’?ﬁnﬁe }l)&gcl:éi P%{in@gﬁ@lgm[%ﬁagéﬁg a.
Thus, since_the %osi tion where | arge dot takes )Ol ace as in _the case of FIG
37 ( PNWR amphidier gB6 whigh apipites agalogeutpphat beD/gk somieatsrli®on respect to
Magenta and Cyan, the possibility that inks are stained with each other or

over fl ow caThbéchdposi€dn/papet ell @oh@oNet BB ddntilols podifion eBedinetleadd20r in
whi ch even if stripe can be obseved, it is difficult to be recognized as

pri nt 5‘%“i’aé&%egi’fgegblﬂ:r%ggﬁl@%{ g' print processing at discharge timng as

in the prro Ft e d. In addition, while the Iline head of

the type for_ changing dot dianeter by PNMis ) i
The system controller 164 controls the printer side data processing section 161,

the head controller 162 and the head position/paper feed controller 163.

Then, explanation will be givenby using FIGS. 5 to 9 in connection with the detail
of the line head 120.

The line head 120 comprises a head chip module 201a and a junction base (board)
201b which are caused to be of the structure shown in FIG. 9. In this case, explanation
will be first given below in connection with the head chip module 201a. Additionally,

FIG. 5 is an exploded perspective view of the head chip module 201a.



mentioned in this enbodi ment, |ine head of the type capable of discharging
“different ink liquid quantities may be used. As expl ained above, in
-accordance with the ink jet printer 100 of this enbodi nent, discharge
timngs of ink droplet are shifted every one pixel in print direction in
carrying out 1 path print to thereby change inpact position of dot to
connect dots of two pixels so that there results one dot to have ability to
convert dot pattern where stripe at dot dianeter in which stripe is apt to
be conspicu i -t C p.ﬁﬂ@M& i in o] i Lin whi ch
stripe is d??gﬂgépﬁﬂégIﬁgmggéggﬁéﬁo : Etg%gg?ﬁgﬁﬁﬁﬁy%ﬁbgﬁﬂ¥$§F%??%%g to
becone diffjcult to be conspicuous. 29 In this instance, in the case
wher e fmptigs: nparhasr 209dersed tso pe tpstalipf substantially flat phvie shape ukhich
printed, it is rare that dots are continuously hit in the print direction.

Accor digetitutes K 8isORArgt ¥uHake Al aRkend2f fortidatsedber 20N AGsiRGhunhts, it
is possible to carry out print by primary dot dianeter. On the other hand,

in the case of dot patter i ke, sol i, d pl an ortion where stripe {s apt to
be conhitBBEh SR IREREISS Aeats foamsti ChvER dbeeReringer abink HEchirgou 1 s
| arge dot where stripe is not conspicuous. Accordingly, it permts stripe

t 0 becaonzzlel fikirespectivel yifermed apilggnment at poditioss wher, heiatl chipsfvelsichdvitlibat dot s
are connected so that there results |arge dot, whereby feeling of

granul ?Eécﬁ’fﬁehqaﬂfepﬁfeeﬁ? reﬁ@“ﬁ%@hoz{l@%ﬁﬁﬁtf i Pehiters 362 afd tdrileld iﬂ%he attern
where teeling of granu lon Is partircularly anxious, 1t I1s rare that dots
are continuously hit. Accordingly, dot is caused to have primary size. As a
r esul t Shapedwe arioun glestrosashingiteghnologics withi g, mrckglr(gmﬁtavalgndmémmﬁléés ed
nore than necessity. In accordance with the ink jet printer 100 of this
enbodi BEiR, asiMatehial S@Hfat Ghickidsiifkqhfttopibodt €5 Wi 2QuR. UDMmeets 6ff teet er s,
di scharge timngs of ink droplet are shifted every one pixel in the print

direction only.in.the case qgf di anet er ere stri is apt.to b

conspt EaBEENin b dyES Afrdes P .ats BRCAlodR bt ot RS L ERmath: B528eor ¢ o
pi xel s so that there results one | arge dot where stripe is not conspicuous.
Accor diorgiagion membeni202 vdteré the ink dischonge doAlec203 atedfobmed omslpis suyuae and
sufficiently large dots or sufficiently small dots in which stripe is

di fficylt g&nﬁ‘ﬁeﬂ ﬂﬁﬁ’h@é&?ﬁ%nﬁ&@@it onto pri mary position, thereby making
it possi b‘( to sugpress degradation of resolution by shift of inpact
position as_m ni as sible. 30 I n accordance w.th ink |et
printer 10018¢ h@fﬁ ga@h"oﬁ@f Fedaptegsy tgﬁt’ §fﬁ~,ftﬁrwlpmmb%é$fh @ﬁkﬁr@e&?Hanged
by color at the tine of color print, thereby nmaking it possible to shift

t he posi ¢équanimbane btweandhriadideLOnnecited fiamd 23a ¢dusedtd Bowd icstampaldrar ge
dot. Accordingly, it is possible to reduce occurrence of the problemthat

<t ai nothile: oL T GteP KR 2048 EHE BEE oRM RS APAR R AR o UE .

as descri bed above is applied,
Namely, at the head frame 204, four rectangular spaces 205 where the outer frame 204a

is separated by the pier members 204b are constituted in parallel. Here, in the case where
the head chip module 201a is used for the line head 120 which simultaneously prints one
line in width direction of paper P with respect to the paper P, length of this space 205 is
caused to be substantially equal to length of one line printed at the same time. For
example, in the case where the head chip module 201a is used for the line head 120
which carries out printing in carrying direction of paper P of A4 size, length of this space

205 is caused to be length corresponding to lateral width of paper of A4 size, i.e., about



even if print is carried out by 1 pass, stripe beconmes difficult to be

" conspi cuous. Accordingly, it becones unnecessary to print a portion or the
-entirety of image by several scanning operations. Thus, it is possible to
carry out print by one scanning operation. As a result, print speed can be
i ncreased, and burden on the apparatus can be |ightened. Occurrence of

noi se can be suppressed, and sort of gata for driving the head becones
sinple. Further, print at only one scanning operation by the |ine head can
be al sgicgyried out. Wile explanation has been given in this enbodi nent by
taki ng the practical exanple where the present invention is applied to |line
head which carries out print by one scanning operation by |line head,, the
present i nvanis ltﬁadéb&m%g%mv bedyat Lo Stleﬁoalmltrr&, pemayhedoancd By sgragicnt er
head which carries out reciprocating novenent in the main scanning

di r ect yfaferial Buch b ilurBinaD iR alufRi £iONHBE bE SiSicoATaffaetd. NInFldditid®, ther i nt
heads 171K, 17l1a 171M 171Y which respectively discharge inks of Black (K)

Cyan ( en nd,Yel.low (Y), a carriage unit 17 t.ed, so t hat
Che. o it Ao 2 dy B9%us% borféc o} S SR AR Ul e, 02 BRBNE G

heads 171 K, 171 ~, 171M 171Y in the main scanning 31 direction,

f 1 exi biretgdlic matdribbsuwchs asl ivandtedh etiel Itvisrtodhei netedithatatls ihwarstirel v$ aboy he
print heads 171K, 17l1la 171a,, 171Y, guide rails 175 for guiding the

carria I it : Ofiqogpk tanks 177 for supplying ink to
respecgﬁsgwgrq}ﬁ@%ﬂégﬁgu?g%ﬁg lﬁnllggggijppl y pipes 176. The group of ink tanks
177 supply inks of Black (K), ,(,}(/an (©), Magenta (M, Yellow (Y) to.
respective pheheadame 2A0dhesgnckmrssiobkegumboyt pipasandrzs ngidity puibicienads
171K, 171a 171M 171Y are print heads of the ink jet type using, e.g.,

pi ezo g) eaErt @he hogzleefor@ha0R thembB 20RUr The ihekd drafbd0geanthithes nazAe
provi ded for the purpose of carrying out high speed print simlarly to the

l'i ne hgad 120. These int heads 171K, 171 - 171 71Y carry Qut.

or ocesLimtioa-minBRT aPe bt sUERGR dnnedCBudenll B MESNFREI AR e e oo
in sub-scanning direction at plural ink discharge units on the basis of
drive sggnal s supplied fromthe head controller through the flexible

printed boards 174 to selectively discharge inks of Black (K), Cyan (O,
Magenta (M Agifle Wz&?&”f&rﬂatf&&ﬂehﬂ%?%\%ﬁ;ﬁle]éﬂ?%é’ n@ntep !bf%%@%ﬁ%@ 20Bidre onto

recording paper P to carry out print. xpl anati on has been given as

descri hed above in con ion with seyer enbodj nents, th resent
i nvent B@How s shawg p{;ﬁfcﬁ.g? f‘h@edk?éeié%&ég&,i%'é@%%daﬁlﬁ@m §Q§O prgtformed ous
nodi fications can be nade. For exanple, while explanation has been given in

t he abow ¢hdeseciphledirxamplagubytritakbag) COE fermaddbg, ennesidicohdypreidanthin
invention is applied to the liquid discharge apparatus and the |iquid

i nvent d to t appar. e liqud
the. pr DRDATER S KBRS, TR RHR AR i e AR L R bl TR

whi ch generate energy for discharge of droplets without being limted
t her et gaused to have regular rectangular shape of about 18 pm.

On the substrate 207, a barrier layer 210 which constitutes the wall portion of an
ink pressure application chamber 209 is laminated at the surface where the heat resistor
208 is formed. The barrier layer 210 is formed by, e.g., dry film resist having light
hardening property, and is formed as the result of the fact that such material is laminated
on the entire surface of the substrate 207 and unnecessary portions are then removed by
photolitho process. This barrier layer 210 is caused to have thickness of about 12 pm,

and width of each ink pressure application chamber 209 is caused to be about 25 pm.



32 Further, while explanation has been given in the above-descri bed

" explanation by taking the exanple where the present invention is applied to
the printer, it is a matter of course that the present invention can be

al so applied to i mage form ng apparatus such as FAX, copy nachine, etc. and
image formng nethod. In addition, the present invention is not limted to
i mage form ng apparatus, etc. as descy bed above, and can be applied to
various |iquid discharge apparatuses. For exanple, the present invention
can be al so i r { rfi, S ' A i ned
sol ution foP@§£PQ§?Vﬁ§C |dgﬁgﬁgﬁé&égﬁgﬁg)@ﬂgagéggﬁf%gﬁﬁﬁgggbeen)égg@?ibed
in accordance with certain preferred enbodi nents thereof illustrated in the
acconpiriised gn dhagiekgmogateddas trg Hae head hpwinggeyduten of OPPHRnwhichdquints | | it
shoul d be understood by those ordinally skilled in the art that the

i nvent paeri ¢t AQ silzk Thtl8Agit@dihMedREERH WRAEPS is Bakry@r died&iooaf bhpért Pass.

al ternative constructions or equival ents can be 1npl enented w thout

departing fromthe scope and spirit of the sent i ntion as set. forth
and detPHENbgNS RUmIEataas LRERTES THAlS: P aloRb AL AN Mogge TRamafigh; d

di scharge apparatus and the |iquid discharge nethod according to the

pr esenteinbee 202 @ve peragidnssifr iepgsctive sphéar 2Q00htedicadtfoarthe 204 fi§ causet too be
conspi cuous even when a portion or the entirety of imge is printed by one
scanni r gta o L gui ¥ r Lncluding a
i qui P f‘g‘gﬁa?%de' Mhep ﬁ%%\@bgﬁ P?&‘ﬁ?ﬁé %gﬁ’gc%)aég %‘Eﬁﬁgﬁeﬁ?ﬁf@?‘?ﬁ?@%h‘%‘é?ﬁ%’*
droplets, _and |iquid di scharge head control neans for controlling the

li qui dmgmben 20Fewithini these grepsnacgused opbote g5 df theenymber of mwﬁ%mﬁe uni t
onto recordi ng nmedi um surface, wherein the |iquid discharge head incl udes
pl ur al neagss 203 &meég_oﬁuh@ i &@hl@ézﬂechi?m)é i$ BbSutB It IO ReAdeddhayha@r to
nmovenent of a recordi ng nmedi um where the recording nediumis relatively
moved with respect to the.liquid discharge.head; . .and wherein the |iquid

i schabtRORESRPEDketty phgions BifoL s JRERPE RS MUREP Rt Rt ared B
droplet in novenent direction of the recording nediumto be different every
one pi solittédmhaeniow epavenidncect ¢xgpriamftionnie Fl&SoSdmg6.nedi um 2. The liquid
di scharge apparatus as set forth in claim1l, wherein the liquid discharge

head contr ol B&lud? %E{gogﬁdg*@ %@lac, QI ?g&lﬁglﬁ& b2 GRFlAdHEUCA FE QR e PET

one pixel by plura iquidd rge operations, and controls the

nunber of liquid discharge ogperatigns to thereby control dot dianeter by
the dr¥pces 2§% ol i thiihcad Trappe 20 quithirgpsetiarthe napgartarmation megtberor t h

inclaiml, wherein the liquid discharge head control means carries out a

contr op03ohage the l@dsshipsu2@s skealibmiseger one pi xel by plural nunber of
| i qui d di scharge operations, and controls the nunber of |iquid discharge

oper ati ons e nt.r t . di t.er . " oR). 8t e..pl.xel,
and to ser VES?%HQYR'II;O%I @Faéécsn rzggr%tﬁrgn{’ﬁjgg l@fcoﬁéhe&&%ﬁgé‘?a{]ﬁlqrﬁl @JC& sccﬁgél)ée
operations which constitute the droplet per one pixel to be different every
one pi kinksnThe flevepathdilate 2l2dn fermediley material having sutficient rigidity and ink

resistance characteristic. The tlow path plate 212 is adapted so that a chamber portion

213 fitted within the space 205 of the head frame 204 and a flange portion 214 formed

at one end portion of this chamber portion 213 in a projected manner are integrally

formed.

The cross section along A-A’ line in FIG. 6 is shown in FIG. 8.

The head chip module 201a will be further explained below by using FIGS. 6 and

8. The flange portion 214 is formed so as to have shape greater than plane shape of the



recordi ng nmedi um 34 4. The liquid discharge apparatus as set forth in
“claiml, wherein the |iquid discharge head control neans carries out a
control so as to constitute droplet per one pixel by plural nunber of

| i qui d di scharge operations, and controls the nunber of l|iquid discharge
operations to thereby control dot dianeter by the droplet per one pixel,
whereby in the case where the dropl etpper one pixel is constituted by the
nunber of liquid discharge operations determ ned in advance, discharge
timng I 15.C - af 4 YV [ he
drople?mgééﬁgﬁqugﬁgkig?gﬁégﬁée t%ﬁﬁgﬁggpﬁgﬁiggy§§§?¥%gﬁgﬁg?2%?Hﬁéyﬁ
novenment direction of the recording nedium 5. The |iquid discharge
appar atluElGs6 spenedfe the end puifascsof theepiderpRmsitp e swe wheredhs éﬁl&gse
operations determ ned in advance is the nunber of l|iquid discharge

oper at heAmnvielic tedmdd. Afthé BRAGIrRER Whicliits bbeh ﬁdéﬁlﬁﬁhis@ﬁﬁg%,lﬂi@f@' is
conspi cuous. 6. The liquid discharge apparatus as set forth in claim1,

wherein the |iquid discharge. he optrol. ontrols |jquid quantity of
i opt ebrep B we SR TS rE1C Shil i BER: SriRdR et bindse

t hereby control dot dianmeter by the droplet per one pixel. 7. The liquid

di schapgsdtiapingrtht hsadshipe?06 iora mannerctoadamyunidaér with thbiepadequild. ditsthkar ge
head control neans controls liquid quantity of droplet per one pixel, and
contro [ qui t ity re cant .ol dot . di apgt.er by
t he dr%%?%ét ggg?mg%Zﬂblhi(kefl?gpvl\%zrﬁlé?d)s;/9??1%{r%g)%{aeg%dmﬁéwg{khge&%?%p{ﬁeﬁ e(|?)1£éli‘;a'éone

pi xel is constituted by Iliquid chuanti ty of droplet determ ned in advance,

di schapBRositentorigs syrface where theeghamperdiutien 218 1pextendeds divese ik urie pi xel
in novenent direction of the recording nmedium 8. The liquid discharge

appar atubes 23 7¢8mrhenichte Withtikd §pates @isrein 1iquid quantity of 35 the
droplet determned in advance is liquid quantity where shift of inpact

posi tion of .4 he droplet one pixel (i.s C i guqus.. 9. AL qui,d discharge
Poparatus | AhF qiy SRR S Ealbsiden MotRaE Ry SR grame ol Ml ThRET e
unit for discharging droplet by plural colors, and including liquid

di schamherdhtmdchmartiar glortiem2d 3fio fittedrintwspaaeg2(Shet thedheiad fdime R gmdithads of
respective colors to discharge droplets of respective colors fromthe

li qui dﬂ%@&ﬁ@gﬁﬁﬂ M9k éalf%fed rt(?ﬁ@ﬁ?&%n\f@ct%!ﬂ?fh% rﬂ\j\ﬂlrﬂeﬁqﬁﬁp%(ﬁeﬂt{k%g?ﬁ&g{ﬂg§ﬁ%f ace

to there ry out color 1nage formation, ereint char ge
heads Qf respective colors, include plural ones of the |iguid discharge
inits oy Jilséwﬂv‘glr@omglsweé afithe &p7 ﬁfsenﬁ&mwm%rﬁ) 36 PoRtipned
direction of a recording nediumwhere the recording nediumis relatively

moved within fles@fatcdseed pertlonci df dhidhaniye clanabkr mirtloim2dBeitnhé few pahi d
di scharge head control neans of respective colors serves to allow discharge

timng r ' : i R}, O [ ~ the
recor Py AbhindaPebBRAhAAFERARH I DAASh A15 B ENRPE S HGEMRBPABY cuer
one pixel in

P the chamber portion 213 of the flow path plate 212 and the nozzle formation member 202

is formed. This closed space is caused to communicate with the external only through
the ink supply tube 217 and the ink discharge nozzle 203. At this closed space, the ink
flow path 218 is formed between rows of the head chips 206 arranged in a zigzag manner
while adjacent ones overlap with each other, and there results the state where respective
ink pressure application chambers 209 shown in FIGS. 6 to 8 are caused to communicate
by this ink flow path 218.

The ink supply tubes 217 provided at the flow path plate 212 are respectively



t he novenent direction of the recording nedium 10. The liquid discharge

" apparatus as set forth in any one of clains 1 to 9, wherein the liquid

- di scharge head conprises the plural liquid discharge units in a direction
per pendi cul ar to novenent direction of the recording nediumand in a nmanner
extendi ng over width nore than wi dth where image can be forned. 11. A
i quid di scharge nmethod in which plurmgl liquid discharge units are provided
in a direction perpendicular to nmovenent direction of a recording nmedi um

wher e ' ' ' ek N i ff i gui d

di schaé(ggle%g:ggbqhg%n[ﬁg%ﬂ(g]{gg]yﬁ)g*] g‘f:'hg%%ks r o‘S’ gyg“??%ﬁn{s?ﬁg{ T%Cglu(lﬁgu I gc har ge
units onto the recording medi umsurface, the Iiquid discharge nethod

conpr i $pryl. al Twsninks prestided within thewksrg chive il Qw pathsi Zi§andithe Hik presIret s in
novenent direction of the recording mediumto be different every one pixel
in theam;@ﬂgﬁkhghﬂ)@pgbqn of the recording nmedium 12. A liquid discharge
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ink from the ink discharge portion in the line head 120, piezo-electric element represented
by piezo element may be used to discharge ink from the ink discharge portion.

In the case where piezo-electric element is used, a line head 120" which will be
explained below may be used. This example will be explained with reference to FIGS.
10to 12.

FIG. 10 shows the perspective cross sectional structure of the line head 120, FIG.
11 shows cross sectional structure when the line head 120" in FIG. 10 is viewed from the
direction indicated by arrow Z in FIG. 10, and FIG. 12 shows cross sectional structure

when the line head 120'in FIG. 10 is viewed trom the direction indicated by arrow W in
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10, plural nozzles 128 are formed in line at equal interval along the direction X
perpendicular to paper feed direction Y of recording paper P.
The common tlow path 125 communicates with ink cartridge 120a (see FIG. 3).
Inks are supplied from this ink cartridge 120a to the respective ink chambers 124 via the
common flow path 125. While this supply of inks can be carried out by making use of,
e.g., the capillary tube phenomenon, a predetermined pressure application mechanism
may be provided at the ink cartridge 120a in addition to the above to apply pressure to
thereby carry out such supply.
In the ink jet printer 100 of the configuration as previously described, the feature
of the present invention will be further intelligibly explained.
Here, explanation will be given in connection with the case where inks of Magenta
(M), Yellow (Y) and Black (K) are not used, and only Cyan (C) ink is used.
1 dot of Cyan is variable from O to 8 droplets as the number of droplets by the
PNM system as described above. Thus, as shown in FIG. 13, it is possible to modulate
size and density (reflection density) of dots by the number of droplets which are hit with
respect to one pixel. Change of dot diameter with respect to change of the number of
droplets is shown in FIG. 14. When the number of droplets is caused to be 1, dot
diameter becomes equal to 40 pm or less. Further, when the number of droplets is

increased in a manner of 2, 3, 4, 5, 6, 7 and 8 droplets, dot diameter is also gently

increased in a manner of 49, 58, 62, 68, 73, 78 and 82 pm. Further, change of reflection
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when the number of droplets is () is 0.07 which'is reflection den51ty of print paper. When

the number of droplets is changed into 1, retlection density becomes equal to about 0.85.
Further, when the number of droplets is increased in a manner of 2, 3,4, 5, 6, 7 and 8
droplets, reflection density is also gently increased in a manner of 0.95, 1.08, 1.17, 1.20,
1.25, 1.28 and 1.30.

In the case where dot of such Cyan is printed by density of 600 dpi, if accuracy
of the ink discharge unit and/or the state of the nozzle surface which is constituent part
of the ink discharge unit are ones ideally primarily designed, when solid plane print is
carried out by dot in which the number of droplets is, e.g., 1 by PNM by means of such
ideal head, dots are to be uniformly hit onto print paper as shown in FIG. 16. Namely,
there is no possibility that impact position of dot is shifted.

In practice, there are instances where the impact position may deviate (be shitted)
from primary position by influence such as accuracy of the ink discharge unit and/or the
state of nozzle surface which is constituent part of the ink discharge unit, etc. Some
positional shifts take place at random every discharge operation. In this case, positional
shift resulting from accuracy of the ink discharge unit, etc. is peculiar to respective ink
discharge units. When printing is carried out by using the same nozzle, tendency of that
positional shift exists from the beginning to the last. For this reason, particularly when
impact position is shifted in the ink discharge unit arrangement direction, gaps 301, ~
301, by white ground where width (A|) has been broadened as compared to other gaps

300, ~ 300, in longitudinal direction as shown in FIG. 17 (A, > A,) take place as stripe.
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the number of droplets by PNM is 3 or 4, such stripe is divided into the portion of white
stripe and the portion which is not the white stripe. As a result, such stripe becomes
conspicuous.

In this case, there are also instances where inks are pulled against each other, as
shown in FIGS. 18 A and 18B, in dependency upon the property of ink and paper so that
shift of impact position is further enlarged. This is expansion of stripe taking place by
surtace tension of ink.

In the case where dot diameter is larger, i.e., in such cases that the number of
droplets by PNM is 7 ~8, even it impact position is shifted a little, dots sutficiently
overlap with each other. Accordingly, stripe becomes ditficult to be conspicuous.

In view of the above, in the ink jet printer 100 of this embodiment, at the head
controller 162, a head drive signal for allowing stripe taking place difficult to be
conspicuous is generated on the basis of discharge timing table from recording data, kind
of colors (CMYK) and position of pixel.

This head drive signal is a signal for shifting ink droplet discharge timing of the
ink discharge unit of the line head 120 every one pixel in the print direction. Thus, at the
line head 120, impact position of dot is changed to connect dots of two pixels so that

there can result one large dot.
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In the case where there is no influence such as accuracy and/or state of nozzle
surface, etc. as previously described at the ink discharge unit of the line head 120 which
carries out PNM drive and there is no shift at the impact position of dot, even if discharge
timings every pixels are caused to be the same from the state where the number of
droplets by PNM is 1 (PNM1) to the state where the number of droplets by PNM is 8
(PNM 8) as shown in FIGS. 19 to 26, stripe as previously described does not take place.

When the impact position deviates (is shifted) from the primary position by
influence such as accuracy of the ink discharge unit and/or state of the nozzle surface, etc.
as previously described, there results conspicuousness as shown in FIGS. 27 and 28 at the
time of a certain dot diameter, e.g., at the time of the number of droplets of 3 or 4 by
PNM. Thus, the portion of white ground results in stripe.

In view of the above, in the ink jet printer 100 to which the present invention is
applied, ink droplet discharge timings of the ink discharge unit of the line head 120 are
shifted every one pixel in print direction as shown in FIGS. 29 and 30. FIG. 29 is an ink
droplet discharge timing at the time of the number of droplets of 3by PNM (PNM 3), and
FIG. 30 is an ink droplet discharge timing at the time of the number of droplets of 4 by
PNM (PNM 4). In the case of PNM 3 of FIG. 29, e.g., discharge timing is caused to be
last half 3 discharge at the time of odd one pixel, and that discharge timing is caused to
be first half 3 discharge at the time of even one pixel. Thus, at odd pixel and even pixel,

dots overlap with each other. In the case of PNM 4 shown in FIG. 30, e.g, discharge
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As aresult, even in the case as shown in FIGS. 27 and 28 such that impact position
of ink is shifted and stripe takes place with a conventional hitting method, since portions
overlapping with left and right dots sufficiently exist, there is no possibility that dots are
separated from each other as shown in FIGS. 33 and 34 so that there can result the state
where stripe becomes difficult to be conspicuous.

Then, the case where two kinds of inks of Cyan and Magenta will be explained.
Also in this case, by the above-described method, there can result the state where stripe
becomes difficult to be conspicuous. However, when discharge timings are shifted in the
same manner with respect to both Cyan and Magenta, large dots take place at the same
position. As a result, the possibility that inks are stained each other or overflow on print
papaer becomes high.

In view of the above, ink droplet discharge timing of Cyan at the time of PNM 3
is caused to be latter half 3 discharge at the time of odd one pixel and is caused to be first
halt 3 discharge at the time of even one pixel as shown in FIG. 31, and ink droplet
discharge timing of Magenta is caused to be first half 3 discharge at the time of odd one
pixel and is caused to be latter half 3 discharge at the time of even one pixel as shown in
FIG. 35. Ink droplet discharge timings are further shifted with respect to Cyan and

Magenta.
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the time of even one pixel as shown in FIG. 32, and ink droplet discharge timing of
Magenta is caused to be first halt 4 discharge at the time of odd one pixel, and is caused
to be latter half 4 discharge at the time of even one pixel as shown in FIG. 36. Ink droplet
discharge timings are further shifted with respect to Cyan and Magenta.

Thus, since the position where large dot takes place as in the case of FIG. 37
(PNM 3) and FIG. 38 (PNM 4) are alternately produced with respect to Magenta and
Cyan, the possibility that inks are stained with each other or overflow can be lowered.

It is to be noted that, with respect to color in which even if stripe can be obseved,
it is difficult to be recognized as print result such as Yellow, etc., print processing at
discharge timing as in the prior art may be implemented.

In addition, while the line head of the type for changing dot diameter by PNM is
mentioned in this embodiment, line head of the type capable of discharging different ink
liquid quantities may be used.

As explained above, in accordance with the ink jet printer 100 of this embodiment,
discharge timings of ink droplet are shifted every one pixel in print direction in carrying
out 1 path print to thereby change impact position of dot to connect dots of two pixels so
that there results one dot to have ability to convert dot pattern where stripe at dot diameter
in which stripe is apt to be conspicuous is apt to be conspicuous into print at dot diameter
in which stripe is difficult to be conspicuous. Accordingly, it permits stripe to become

difficult to be conspicuous.
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On the other hand, in the case of dot pattern like solid plane portion where stripe

is apt to be conspicuous, two dots are automatically connected so that there results large
dot where stripe is not conspicuous. Accordingly, it permits stripe to become difficult to
be conspicuous.

In this case, it is feared that dots are connected so that there results large dot,
whereby feeling of granulation is increased somewhat. However, in the case of thin dot
pattern where feeling of granulation is particularly anxious, it is rare that dots are
continuously hit. Accordingly, dot is caused to have primary size. As a result, there is
no possibility that feeling of granulation is increased more than necessity.

In accordance with the ink jet printer 100 of this embodiment, in the case of the
ink jet printer having plural dot diameters, discharge timings of ink droplet are shifted
every one pixel in the print direction only in the case of dot diameter where stripe is apt
to be conspicuous to thereby change impact position of dot to connect dots of two pixels
so that there results one large dot where stripe is not conspicuous. Accordingly, it permits
stripe to become difficult to be conspicuous, and sufficiently large dots or sufficiently
small dots in which stripe is difficult to be conspicuous are hit onto primary position,
thereby making it possible to suppress degradation of resolution by shift of impact

position as minimum as possible.
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Accordingly, it is possible to reduce occurrence of the problem that inks of different
colors are concentrated on one portion so that inks are stained or overflow.

In the ink jet printer to which the present invention as described above is applied,
even if print is carried out by 1 pass, stripe becomes difficult to be conspicuous.
Accordingly, it becomes unnecessary to print a portion or the entirety of image by several
scanning operations. Thus, it is possible to carry out print by one scanning operation.

As a result, print speed can be increased, and burden on the apparatus can be
lightened. Occurrence of noise can be suppressed, and sort of data for driving the head
becomes simple. Further, print at only one scanning operation by the line head can be
also carried out.

While explanation has been given in this embodiment by taking the practical
example where the present invention is applied to line head which carries out print by one
scanning operation by line head, the present invention can be applied also to an ink jet
printer using printer head which carries out reciprocating movement in the main scanning
direction.

This ink jet printer 170 comprises, as shown in FIG. 39, print heads 171, 171,
171y, 171, which respectively discharge inks of Black (K), Cyan (C), Magenta (M) and
Yellow (Y), a carriage unit 173 adapted so that the print heads 171, 171, 171, 171,

are attached to move these print heads 171, 171, 171, 171y in the main scanning
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group of ink tanks 177 for supplying ink to respective print heads through ink supply
pipes 176.

The group of ink tanks 177 supply inks of Black (K), Cyan (C), Magenta (M),
Yellow (YY) to respective print heads through the ink supply pipes 176.

The print heads 171, 171, 171y, 171, are print heads of the ink jet type using,
e.g., piezo element or thermal element, and plural ink discharge units are provided for the
purpose of carrying out high speed print similarly to the line head 120. These print heads
171, 171 , 171, 171 carry out processing based on print method with respect to dots
continuously printed in sub-scanning direction at plural ink discharge units on the basis
of drive signals supplied from the head controller through the tlexible printed boards 174
to selectively discharge inks of Black (K), Cyan (C), Magenta (M) and Yellow (Y) from
respective plural ink discharge units onto recording paper P to carry out print.

While explanation has been given as described above in connection with several
embodiments, the present invention is not limited to the above-described embodiments,
but various moditications can be made.

For example, while explanation has been given in the above-described example
by taking the example where the present invention is applied to the liquid discharge
apparatus and the liquid discharge method using the thermal system or the piezo-electric
element, the present invention can be applied to any energy generating elements which

generate energy for discharge of droplets without being limited thereto.
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is not limited to image forming apparatus, etc. as described above, and can be applied to
various liquid discharge apparatuses. For example, the present invention can be also
applied to an apparatus adapted for discharging DNA contained solution for detecting
bio-sample.

While the invention has been described in accordance with certain preferred
embodiments thereof illustrated in the accompanying drawings and described inthe above
description in detail, it should be understood by those ordinally skilled in the art that the
invention is not limited to the embodiments, but various modifications, alternative
constructions or equivalents can be implemented without departing from the scope and

spirit of the present invention as set forth and defined by the appended claims.

Industrial Applicability
The liquid discharge apparatus and the liquid discharge method according to the
present invention permit stripes peculiar to nozzle to be difficult to be conspicuous even

when a portion or the entirety of image is printed by one scanning operation.
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discharge unit for discharging droplets, and liquid discharge head control means for
controlling the liquid discharge head to discharge droplet from the liquid discharge unit
onto recording medium surface, wherein the liquid discharge head includes plural ones
of the liquid discharge units in a direction perpendicular to movement of a recording
medium where the recording medium is relatively moved with respect to the liquid
discharge head; and
wherein the liquid discharge head control means serves to allow discharge timings
of the droplet in movement direction of the recording medium to be different every one
pixel in the movement direction of the recording medium.
2. The liquid discharge apparatus as set forth in claim 1, wherein the liquid discharge
head control means carries out a control so as to constitute droplet per one pixel by plural
number of liquid discharge operations, and controls the number of liquid discharge
operations to thereby control dot diameter by the droplet per one pixel.
3. The liquid discharge apparatus as set forth in claim 1, wherein the liquid discharge
head control means carries out a control so as to constitute droplet per one pixel by plural
number of liquid discharge operations, and controls the number of liquid discharge
operations to thereby control dot diameter by the droplet per one pixel, and to serve to
allow discharge timings of the plural liquid discharge operations which constitute the

droplet per one pixel to be different every one pixel in movement direction of the

recording medium.
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operations to thereby control dot diameter by the droplet per one pixel, whereby in the
case where the droplet per one pixel is constituted by the number of liquid discharge
operations determined in advance, discharge timings of the plural droplet discharge
operations which constitute the droplet per one pixel are caused to be different every one
pixel in movement direction of the recording medium.

5. The liquid discharge apparatus as set forth in claim 4, wherein the number of ink
discharge operations determined in advance is the number of liquid discharge operations
where shift of impact position of the droplet per one pixel is conspicuous.
6. The liquid discharge apparatus as set forth in claim 1, wherein the liquid discharge
head control means controls liquid quantity of droplet per one pixel, and controls liquid
quantity of the droplet to thereby control dot diameter by the droplet per one pixel.
7. The liquid discharge apparatus as set forth in claim 1,

wherein the liquid discharge head control means controls liquid quantity of droplet
per one pixel, and controls liquid quantity of the droplet to thereby control dot diameter
by the droplet per one pixel, whereby in the case where the droplet per one pixel is
constituted by liquid quantity of droplet determined in advance, discharge timings of the
droplet are caused to be ditterent every one pixel in movement direction of the recording

medium.

8. The liquid discharge apparatus as set forth in claim 7, wherein liquid quantity of
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droplet per one pixel is conspicuous.
9. A liquid discharge apparatus including liquid discharge heads each having
a liquid discharge unit for discharging droplet by plural colors, and including liquid
discharge head control means for controlling the liquid discharge heads of respective
colors to discharge droplets of respective colors from the liquid discharge units of
respective colors onto recording medium surface to thereby carry out color image
formation, wherein the liquid discharge heads of respective colors include plural ones of
the liquid discharge units of respective colors in a direction perpendicular to movement
direction of a recording medium where the recording medium is relatively moved with
respect to the liquid discharge head; and

wherein the liquid discharge head control means of respective colors serves to

allow discharge timings of the droplets of respective colors in movement direction of the
recording medium to be different in accordance with respective colors every one pixel in
the movement direction of the recording medium.
10.  The liquid discharge apparatus as set forth in any one of claims 1 to 9, wherein the
liquid discharge head comprises the plural liquid discharge units in a direction
perpendicular to movement direction of the recording medium and in a manner extending
over width more than width where image can be formed.
11.  Aliquid discharge method in which plural liquid discharge units are
provided in a direction perpendicular to movement direction of a recording medium

where the recording medium is relatively moved with respect to a liquid discharge head
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the liquid discharge method comprising a control step of allowing discharge
timings of the droplets in movement direction of the recording medium to be ditferent
every one pixel in the movement direction of the recording medium.
12.  Aliquid discharge method in which plural liquid discharge units are provided in
a direction perpendicular to movement direction of a recording medium where the
recording medium is relatively moved with respect to a liquid discharge head to thereby
discharge droplets from the liquid discharge units onto the recording medium surface, the
comprising:

a step of constituting droplet per one pixel by plural number of liquid discharge
operations; and

a control step in which in the case where the droplet per one pixel is constituted
by the number of droplet discharge operations determined in advance, discharge timings
of the plural liquid discharge operations which constitute the droplet per one pixel are
caused to be different every one pixel in movement direction of the recording medium.
13.  The liquid discharge method as set forth in claim 12, wherein the number of liquid
discharge operations determined in advance is the number of liquid discharge operations
where shift of impact position of the droplet per one pixel is conspicuous.
14.  Aliquid discharge method in which plural liquid discharge units are provided in
a direction perpendicular to movement direction of a recording medium where the

recording medium is relatively moved with respect to a liquid discharge head to thereby
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a step of constituting droplet per one pixel; and

a control step in which in the case where the droplet per one pixel is constituted
by liquid quantity of droplet determined in advance, discharge timings of the droplet per
one pixel are caused to be different every one pixel in movement direction of the
recording medium.

15.  The liquid discharge method as set forth in claim 14, wherein the liquid quantity
of droplet determined in advance is liquid quantity in which shift of impact position of
the droplet per one pixel is conspicuous.

16.  Aliquid discharge method in which plural liquid discharge units are provided in
a direction perpendicular to movement direction of a recording medium where the
recording medium is relatively moved with respect to a liquid discharge head, and the
liquid discharge units are included by plural colors to thereby discharge droplets of
respective colors from the liquid discharge units of respective colors onto the recording
medium surface to carry out color image tormation, the method comprising:

a control step of allowing discharge timings of the droplets of respective colors to
be different in accordance with respective colors every one pixel in movement direction
of the recording medium.

17.  The liquid discharge method as set forth in any one of claims 11 to 16, wherein
the plural liquid discharge units are provided in a direction perpendicular to movement

direction of the recording medium and in a manner extending over width more than width
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