10 May 2006 1 DESCRI PTION Liquid Di scharge Apparatus and Liquid Discharge
Met hod Technical Field The present invention relates to a ll0ddax2Miéschar ge
apparatus provided with plural 1liquid discharge units, and relates to a

i quid di scharge apparatus and a |iquid discharge nethod adapted so that
stripes apt to take place when a portiqp of image or the entirety thereof
is printed by one scanning operation is caused to becone difficult to be

conspi cuous to obtain picture qualj i | ess defect. The present
application clainms priority of Japgﬁégiaﬁngﬁt Application No. 2001-
359852, filed on Novenber 26, 2001, the entirely of which is incorporated
by reference herein. Backgrd&ﬁﬂldﬁ?lschﬁﬁ%é@mﬂa“?@&ias, | i qui d di scharge
appar atuses adapted for discharging ink droplet froman ink discharge unit
to carry out recording wth rlgp@dbistiargebMutilbdig 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 noving, in a direction

per pendi cul ar to paper feed direction, recording head in which ink

di schar ge it.s. agre.arranged at several millimeter wdth in paper feed
directi on@%lﬁlﬁfﬁg popul ari zed. Hereinafter, such recording head wll be

call ed serial head. 10-May 2006 2 . .
‘ The present invention relates to a liquid discharge apparatus provided with plural

liquid discharge units, and relates to a liquid discharge apparatus and a liquid discharge
method adapted so that stripes apt to take place when a portion of image or the entirety
thereof is printed by one scanning operation is caused to become difficult to be
conspicuous to obtain picture quality having less defect.

The present application claims priority of Japanese Patent Application No. 2001~
359852, filed on November 26, 2001, the entirety of which is incorporated by reference

herein.

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, €.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. | Hereinafter, such recording head

will be called serial head.




In ink jet printers of such serial head type, it is necessary to print one
i mge by several scanning operations. Asa result, it takes lihWwdéy 2006e f or
conpleting printing. Such printers have the problens that the nunber of
scanni ng operations of the head is many so that burden is applied to the
apparatus, and occurrence frequency of noise is increased, etc. In view of
the above, it is conceivable to use ink jet printer in which plural ink

di scharge units are arranged in a direction perpendicular to paper feed
~direction, e.g., ink jet printer of the type in which a |l arge nunber of

i nk discharge units are arranged wighin the range equi'valent to print
range in a direction perpendicular to the paper feed direction, or within

a range broaefd et PARt S sucARESaI R P! itidRARshYy AFrimapeimbgety i .e., one
scanni ng operation in head relative novenent direction. Hereinafter, head

of the t in. which.a | arge. nym f in kschar ge. uni r rranged in
a di ré&‘{%gﬁ%’é‘}‘ﬂ%ﬂ%ﬁ%ﬁ?’gr %sg resflﬁg;?%l(ﬁsgwu?%éﬁgk|rr08@'tp§%§lﬁlg%gh§n$'es§l§?di ng paper
is relatively noved in one direction with respect to the recordi ng head
wi || Ipeintess bae the peotemsl that phet punber o spraaing enesstiony of thepkeadyp@any n  whi ch
recording head is fixed and recordi ng paper is noved, and the type in which

r ecor &b gt pagden is pplied echensparaes) aod oguheact frsjuensiedt noldedsiseidased, pi ct ur e
quality required for the ink jet printer has been inproved year by year,
and r i zation of high resolution has been advanced. In accordance with
such "circunstances, size of ink droplet to be discharged al so has becone

ot it od anth ERHTGO0 AR JEP FoOUTATIOT IAcuse i PR O LB 3t on of i gh
accuracy is required also with respect to inpact position of ink droplet,
i . e., dischargt uoits o sitmigml ioh directsomperpauiculimgpa@r kiegd dboEB ¢.¢£., ink |
.' jet printer of the type in which a large number of iflk discharge units are arranged within
the range equivalent to print range in a direction perpendicular to the paper feed direction,
or within a range broader than that range to print image by one paper feed, i.c., one
scanning operation in head relative movement direction. Hereinafter, head of the type in
which a Jarge number of ink discharge units are arranged in a direction pefpendicular to
the paper feed direction, and recording paper is relatively moved in one direction with
respect to the recording head will be called line head. In the line head, there are the type
in which recording head is fixed and recording paper is moved, and the type iﬁ 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 of 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.e., formation position of dots on recording




paper. In the ink jet printer, there are instances where inpact position of
~ink droplet may deviate (be shifted) fromthe primary posilOiMay 2806

i nfluence such as accuracy of ink discharge unit and/or state of nozzle
surface constituting the ink discharge unit, etc. Wth respect to such
positional shift, there are sone positional shifts taking place at random
every tine, but positional shift resul t3 ng from accuracy of the ink

di scharge unit, etc. is _peculiar to respective discharge.units. :
Accor di ngl[’?l?efmhbﬁhei“ﬂ%@bpﬁl%te'bm%?%‘W“&ﬁgwgﬁcgﬁﬁ’ipﬁﬂ PB%EPFHW&&?P‘%‘B?YS- of

| ine head, tendency of positional shift peculiar to respective ink

di schar ge deviates(bt shiteid)tfeimebe piinouny phsitibn byt inflycndgesuchsas. ageyracy mitdnk eason,
particularly when inpact position is shifted to the ink discharge unit

arrangeme ' il §tk BESoARkG rRbAGR sBGRE tHYihBlisthargcinigrtcadVitls hown
in FI G 1@8\%%%%%&%@%@&%50& bed | ater. SI rlll t%e case V\/ne%i dot dianeter is

sufficiently snmall .as co r o resol ution,.s : bk L g cul t
'to be con§?§¥8ﬂéﬁ§“‘ﬂ’eﬁ%§&%¥§ﬁ§g{ph}eﬁ o S8fnev3ﬂ8{tgmgf%ﬁfrt1(§j{%ﬂsr&ﬁ§%§erﬁ rl%%é/\d/centl/er, in
the case of dot dianeter equivalent to pitch of Ei xel or ﬁli ht]y gr.eater
than t haevers digke, but peséttonal shiffi rosudiént: framarocwacy of thedhk dSFhafgF LRIt FilHhe and
the portions which are not the white stripe so that they becone

conspi cuopsculiat id febpettic@dBchdrpensnitar e al so instances where inks are pul | ed
agai nst each other so that shift of inpact position is further enlarged as

shown 1 FIG ABeotlling ,gh%hligﬁg% HERdOEAoh Al B hnihR 4RATER BG MnéiO of HiOPer Ly

of ink and paper-. r takes place even in the case of

the serial head wthqut hei Jimted to the line. head: I.n . hj ase, in
the seri abeadetgdengyt ppggﬁgilghtfmcﬁfl%f IBrSBrE© mﬁﬁ?ﬁ‘iﬂ%’e %’#‘:&rﬁ Flr‘i‘g’“%‘??‘ﬁt
direction sane line only by one ink discharge unit, paper_feed 1_% May 2006
4 from the first to the last. For this reason, particularly when impact position is shifted to

the ink discharge unit ;clrrangement direction, stripes take place along print direction as
shown in FIG. 17 which will be described later.
In the case where dot diameter is sufficiently small as compared to resolution, such
strip‘es are difficult to be conspicuous because the portion of white ground is many.
" However, in the case of dot diamet(;,r equivalent to pitch of pixel or slightly greater than
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 puiled 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




quantity is controlled to print the sanme line in the print direction by
using plural different ink discharge units, or to carry out) May2106by one
scanni ng operation thereafter to carry out scanning operations several
times in such a manner to fill space of print result to carry out print so
that such stripes are caused to be difficult to be conspicuous. In this

net hod, there were drawbacks that because the nunber of scanning

operations of head required for print 4s increased, it takes much tinmne,
burden is applied to the apparatus, occurrence frequency of noise is

further igngdtRpsesbniranel @it Ry sadie eNfl thdygiast diestioDBy GaAPhIueAdefiliryntsor t ed,
etc. In the case of the line head, the greatest nerit that print can be

made by ofedis@apninke, QR6lakl ot Ivmulbtsl R lschRidPeRitiordherBAfRE ko saeo@f t he

| nventi on Exanple enbodi ments of the present invention nmay provide a novel

l'iquid ‘é'éa%ﬁﬁl%rc@)%raﬁ@ﬂﬁe%ﬂﬁhﬁi@gmasueﬁ"é%anhbﬁﬁ'fﬂl 286 bepaR rERlthodarthbgh can
sol ve problens that conventional k jet printers as described above have.

Exanpl & GRROM RN éhahpaéﬂﬁee&%é@mbéalmitéeree%ysgmu% de a |iquid discharge

apparatu I qui d” di scharge net hod apt ed so that when a portion or
the entirety @f gq,k"BGR0HS A %‘?@' ékyt%ﬁs eoﬂl%r@&h 3 @fyséﬁh _plural
liquid discharge units, strip resul ting oms I'ft of Inpact p05| i on of

dropl et, oﬁ%rﬁtloﬁssoqu‘erag]r&g\gx%dtﬁ? th?%qg‘?nc‘i‘éeisfe(? GP'ficed ﬁmcﬂ%rxﬁ% 'BﬁRfeﬁ g

Accordin 0 a first as resent’ ‘1 nve ovl de d

l'i qui d p

liquid dlgosgln Bg&ﬁﬁi ‘5)0%?% %HC%dér ‘%g‘ HCS'Q%?S rogﬁlﬂm?er?n& %@‘# ?“S‘S:h%?agﬁ s?ﬁgr e head
control r con he liquid discharge head to discharge

dr opl et H?%lﬂ‘}‘ﬁ%g’ c?‘&ﬁlﬁgﬁdl tdggt unit onto recordi ng nedi um 10 May 2006

In the case of the line head, the greatest merit that print can be made by one

scanning operation would not be exhibited.

Disclosure of the Invention

Example embodiments of the present invention may provide a novel liquid
discharge apparatus and a novel liquid discharge method which can solve problems that
conventional ink jet printers as described above have.

Example embodiments of the present invention may provide a liquid discharge
apparatus and a liquid discharge method adapted so that when a portion or the entirety of
image is 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.

| According to a first aspect of the present invention, there is provided a liquid
discharge apparatus including a liquid discharge head having a liquid 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




5 surface, wherein the liquid discharge head includes plural ones of the
liquid discharge wunits in a direction perpendicul ar to noVémidamt 2@ a
recordi ng medi um where the recording nmediumis relatively noved with
respect to the liquid discharge head, and wherein the liquid discharge
head control neans serves to allow discharge timngs of droplet in
novenment direction of the recording nediumto be different every one pixel
in the novenent direction of the recoyding nedium According to a second
aspect of the present invention, there is provided a liquid discharge
appar at uguriffee| wilereh tHedijuid disskdrad deadRRARS PRialNdhek RY the lihaidi dsdhaspehar ge
unit for discharging droplet by plural colors, and including liquid

di schar ganfeag £ Rt pi&?@ﬁlﬁmﬂé}r tf eitveRlehi B9 4 B&okdifigliHedhmChBEgemaeads of

respective colors to discharge droplets of respective colors fromthe
liquid digehihgeddllinh Ss ElatiRBP Bdved SviltP rQbectOR! Be NRHAT AisPishredBeAd Mngur f ace

to thereby carry out color 1nmage formation, wherein the |1 quid di'scharge

heads of whesReald H@Ji&éﬁi%gg& Hehd! A6nt I YhSdns WeRRs A6 d’a{ilBﬁr &igaﬁ%@ i ajioe

units of respectiv 0 in a direction perpendi cul ar to noverren

di ti . : _ . . : _ vel
moved v (Tt By EF el lRil AT PRRLRog BEARAERTE BRTE LB b pEUTR 1T
di schar gﬂler}%’%ﬂ&ﬁ%ﬁ&{ﬁﬁ@%3?15%5?‘%{@3%ﬁ’%ﬁ“ﬁ'e colors serves to all ow

di scharge timngs o _ _ respective colors in the novement
Tespect i ve cof'gradbfapy SRR Tl BRsClibEER hReIERARRST "
oo, gk AR RS e G PR PR Rl

di sch i ided. i di I, . i.cul t

i oot ofprabecerd B e A bR it BE ARGk b SOTB ot s vl

moved W R s TP ESntrolitgthe i istharge RestR of Sepettive cofors 10/ dictharge 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 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.

According to a third aspect of the present invention, there is provided a liquid
discharge method in which plural liquid discharge units are provided in a direction
perpendicular to movement direction of a recording medium wherein 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 liquid




droplets fromthe liquid discharge units onto the recordi ng medi um surface,
the liquid 10 May 2006 6 discharge nethod conprising a contOrMay 280p of

all ow ng discharge timngs of the droplets in novenent direction of the
recording nediumto be different every one pixel in the novenent direction
of the recording nmedium According to a fourth aspect of the present
invention, there is provided a |liquid discharge nethod in which plural

| i quid discharge units are provided in6a direction perpendicular to
novenent direction of a recording nmedi um where the recording nedium is

rel ati veldischarge thethot lrompsipiagta doatral dtegiof £loisg Hisclgegdimthgs of tHeadrepiyts

di scharge droplets fromthe |liquid discharge units onto the recording

medi um s kakemehthdirez@om of ShdEcorlind BRdived o BO iffdretiti dverydb@PhRE] fIEtheOnE

pi xel by plural nunber of liquid discharge operations; and a control step
i n whi chpigveinbft diRéGon\bRherdcbRlil @Rdiain. per one pixel is constituted by the
nunber of dropl et discharge operations determ ned in advance, discharge
timngs of thacciliinpgab d folikthhsplcs QRO PreORR iRicnAHS MreGh pediddd 4 Ug@dt he
dropl et per one pixel are caused to be different every one pixel in
novenent dithegé in®thed i heidhephidi Rehidafiidifige AGRRI &b gﬁoﬁﬁeca i idf Uhedtidpect of
the present invention, there is provided a liquid i scharge nethod in

. which pl pemknditwlat td nibiveskar deectioh bfa edcordiigomidiash whera tigi ree@lingfinedium

per pendi cul ar to novenent direction of a recording nedi umwhere the
recor di ng wkgiveifn méwedreikintdsyet yo atiqaill disdhardectand b tHepebd disdleigd ddbisiear ge
head to thereby discharge droplet fromthe liquid discharge units onto the
r ecor di ngonettie liguiduifchage uhteohtt g tecidighacdem soehde thecmmpriskighgstep St ep
of constituting droplet per one pixel; and a control step in which in the
~case wheofcahstifutieg daplet paeon pirel bysplamh atmbertefdigaid dischargk apeeatiohs;\andf
droplet determ ned in advance, discharge timngs of the droplet per one
pi xel ar e coataslestiept i Wwkeich 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 Hquid discharge operations which constitute the droplet per one pixel are caused to

be different every one pixel in movement direction of the recording medium.

According to a fifth aspect of the present invention, there is provided 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 units onto the 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 the droplet per one pixel are caused to be
different every one pixel in the movement direction of the recording medium.

According to a sixth aspect of the present invention, there is provided 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




different every one pixel in the novenent direction of the recording

medi um According to a sixth aspect of the present inventid@Msh2(lé is
provided a liquid discharge nethod in which plural liquid discharge units
are provided in a direction perpendicular to novenent direction of a
recordi ng medi um where the recording nedium 10 May 2006 7 is relatively
noved with respect to a |iquid discharge head, and the |iquid discharge
units are included by plural colors tp thereby discharge droplets of
respective colors fromthe liquid discharge units of respective colors

ont o r ec ey A elFBAG D Wit fRp&t tPa ﬁ?ﬁlﬁ)ﬁl@ﬁﬁrge GRAMD fand MROIE i @ Ei¥BRdr & unitshe
nmet hod conprising a control step of allow ng di scharge timngs of droplets

of respegtd M@luﬁ&i By pldrfl Rforditd HRYGR! dildharleCRbEIBRGE rYpebtivea®is tovethecol Or s
every one pixel in novenent direction of the recording nedium In exanple

embodi mery gﬁrd 4icHaf}R ddiQUWtelee fRALABrsPRNE ralkdin@ Bebdiile subEst & cAhySehar ge

nmet hod addapted so that when printing is carried out by one scanni'ng

OPer at | O lor 31540 RimiFR e Rnbd Ry FANEPh CHRHS MG Pldhediiicifikon by a
iRt 5 Rl P i hbg reaCr

certain pattern, I scharge e.g., recording

printer mn%s ofﬁ%'iegé 'o?ﬁigé @ct%’ec@olérs”%”ﬁ'@&ffe}&tsiﬂ' cl':orﬁh&%*\@i't@?es{pleéﬂdégs Of

droplets S every one pixel 1n novenent direction of

oo 29"1%%9%) Gl Y X%?@?‘PM@ Jﬁﬁ‘?ﬁez’fgﬁ'?geﬁ?ﬂﬁ%‘lﬁ" There tha o ot
Girection ef‘a%‘Bgmd%ﬁ%&n%%'a??pﬁlst 6 OGS RR SRR Y il WIS
| oeor o AR R et 495 EL R ﬁﬁg%tg%ﬁﬁ'ng%ﬁa@% ol @Y 8?6 f%ﬁnmga Beftionn, be

be. per m SER (BT BIHO S FEEow B BRHreto0dy 1 foran dati: HBeEa "t nat

t
_even 'n dlhsgha(%ges ﬁead e.g., recording head of ink jet printer may be controlled in such a manner

to shift discharge timings of droplets, e.g., ink droplets every one pixel in movement
direction of recording medium relatively moved with respect to the liquid discharge head,
e.g., paper feed direction, and in the direction where the movement direction of the
recording medium is in correspondence with the print direction. Impact position of
droplet, e.g., ink droplet may be 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 may be connected so that there can result one large dot. As a result, stripes may
be permitted to become difficult 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 difficult
to be conspicuous is printed, there is hardly possibility that two dots may be 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 may be apt to be conspicuous, two

dots may be automatically connected so that there results large dot where stripe is not




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 diOMdag2006 when
thin dot pattern where stripe is difficult to be conspicuous is printed,
there is hardly possibility that two dots may be connected. Nanely,
printing can be carried out by primary dot diameter. On the contrary, in
the case of dot pattern like solid plane portion where stripe nmay be apt
to be conspicuous, two dots may be augomatically connected so that there
results large dot where stripe is not 10 May 2006 8 conspi cuous.
~ Accordi ngbﬂspi@bﬁé.pﬂ%ctﬁﬁmg?@ PEihed thed B0 RecerR dbfbioHlet difficle o be
conspi cuous. In the liquid discharge apparatus of the exanple enbodi nents
adapt ed ggndpiabuglot diameter within pixel can be changed by discharge of
different liquid quantities, or discharge different in nunber per one
pixel, |iquidpdiiRqhRtdaishRanet YRR TN &R ehBodifidhRl aBaftBdithat @orShi f

di scharge timngs every one pixel 1 n novenent direction of recording

medi UM QibhoterPlvithin HixECEH 88 ARheddby _?ﬁﬁstﬁlslgjg@r@{ (ﬁff]?%?rlﬁuﬁlt 'a%ﬁes’i‘ﬂigreapt to

be conspicuous by a certaln pattern. dots of two pixels may

connect eﬁ%séﬂargé‘ﬁfffe} ftiff nuibe ér%n%’i:%(él,t ic?.gd Q%tcharkg'ﬁéﬁjﬁlai?%é 'Eioh&#l FLripes

to be difticufFt to be conspicuous. “I'n case, in the case o ot

di anet er suml[eﬁ Snatlc hE Snilt ﬂis@ﬂatrﬁé){tfﬁrgﬁég kYer$Q %p{;iftglgr e@%@ﬁ@gﬂ"&k&%m dqe hit

with respect to one piX as 1 prior-art, I'ng 1't possible
(P 0 Rl RAE'4 7R SEIREOADY ISR E B S B s
oo U2k e AIRRL 5 B Bl B S LSRR, 2,
the EL?%E.?@% ST S @t SRl serip ks 1 BN GS B Ahs e Qs ARGnRO" L1 on
case, in the case of dot diameter where stripes are not primarily conspicuous, one dot may
be hit with respect to one pixel as in the prior art, thereby making it possible to prevent
~ deterioration of resolution.
In the case of color print, a way of shifting discharge timing may be also varied
by color. Thus, the position where two dots are connected so that there results large one
dot may be also shifted. By this method, it is possible to reduce occurrence of the
problem such that liquids, e.g., inks are concentrated on one portion, so liquids of
different colors, e.g., inks of different colors are stained with each other.
Still more further objects of the example embodiments and practical merits

. obtained by the example embodiments will become more apparent from the description of

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

Brief Description of the Drawings




different colors, e.g., inks of different colors are stained with each
other. Still nore further objects of the exanple enbodi nentl® Mad2{6act i cal
nerits obtained by the exanple enbodi nents will becone nore apparent from
t he description of the enbodi ments which will be given below wth
reference to the attached drawi ngs. Brigf Description of the Drawi ngs 10
May 2006 9 FIG 1 is a perspective view showng an ink jet printer to

which the presgqg 1 ﬁvﬁeﬁ%‘jgﬁ&ﬁi‘p"? g&glshggi ‘Ji“{(;g‘g jgip(grimae@qe wilih % bﬁ;sé;htsi de

view of the ink jet pri s a gramof electric circuit
unit constituting the ink jet printer. FIG 4 is a block diagram show ng
t he det ai IIB‘ée"é'SHg?' @?lﬁ‘&fiiué'r#gg’f“eﬁ'éé‘él' controller. FIG 5 is an expl oded

perspective view of head chip nodule provided at line head. FIG 6 is an

out I i ne pl ane WEwW2 shovidegiew of the idnjepygaigr.nanner, essential part of head
chip nodule provided at line head. FIG 7 is an expl oded perspective view

-~ showing, in anpggl 3iwsloalaﬂﬁ§fagm 86 &1eBiricircuR @it cohstitedd); thbiisk jeo gtihier.
provided at |ine head. FIG is a cross sectional view showi ng, in an

enl arged mannelycepRetibAt aRBli, ol wi\?\lggige Qi DA GraRLR bt etk Smbotipe head.

FIG 9 is a cross se_catlona I'ew sho I ne
perspective view show ng anot her practjcal_ exanple of

| i ne head. _FlI 11
is a cross sectHlGmas aprEplodeftrirsngcineviewafdeat eip EB?QHlﬁIPéO‘Hfle(fgﬂ'é’e heachy.
FIG 12 is a cross sectional view showi ng one structural exanple of |ine
head. FIG 13FIG. @iswnewtlirerplamepliewshogim@i systleged manner, essential part of

head chip module provided at line head.

FIG. 7 is an exploded perspective view showing, in an enlarged manner, essential
part of head chip module provided at line head.

FIG. 8 is a cross sectional view showing, in an enlarged manner, essential part of
head chip module provided at line head.

FIG. 9 is a cross sectional view showing line head.

FIG. 10 is a perspective view showing another practical example of line head.

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

FIG. 12 is a cross sectional view showing one §tructural 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




FIG 14 is a characteristic diagram showing the relationship between the
nunber of droplets and dot dianmeter. FIG 15 is a charact dOiMay 200di agr am

. showing the relationship between the nunber of droplets and reflection
density. FIG 16 is a view showing the result that solid plane print is
carried out by dot of 10 May 2006 10 PNM 1 by head as primarily designed.
FIG 17 is a view for explaining occurrence of stripe. FIGS. 18A and 18B
are views for explaining enlargenent of stripe by surface tension of ink.
FIG 19 is a view showing ink droplet discharge timng in the conventional
PNM 1. FIG 20 is a view showing iRk droplet discharge timng in the
conventional PNM 2. FIG 21 is a view showi ng ink droplet discharge timng

in thenggn éagqggﬁﬁyM£¢&ﬁu&a is a view show ng ink droplet discharge

timng 1n the conventio M 4. FIG 23 is a view showi ng ink dropl et

di scharge im in.the conventional PNM .5.. FIG 24 is a view show ng ink
dr opl ot i Elfhads 2 G g RRIGTHRE CEHFEHET SESIPBM 6. FIG 25 1's a view

showi ng ink droplet discharge timng in the conventional PNMFIG 26 is a
vi ew showi RSB Adamsh 188 athi wishvarfge explaining ¢nlanghmeniook stnipe by aurfRdgv

tension of ink.

FIG. 19 is a view showing ink droplet discharge timing in the conventional PNM

1.
| FIG. 201is a view showing ink droplet discharge timing in the conventional PNM
2.
FIG. 21 is a view showing ink droplet discharge timing in the conventional PNM
- 3.
FIG. 22 is a view showing ink droplet discharge timing in the conventional PNM
. ,
FIG. 23 is a view showing ink droplet discharge timing in the conventional PNM
5.
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
-
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




8. FIG 27 is a view show ng occurrence of stripe in PNM 3 when i npact
position is shifted fromthe primary position by influencd0Mph208
accuracy of ink discharge unit 10 May 2006 11 and/or state of nozzle
surface, etc. FIG 28 is a view showng occurrence of stripe in PNM 4 when
i npact position is shifted fromthe primary position by influence such as
accuracy of ink di scharge unit and/or ]§Tate of nozzle surface, etc. FIG

29 is a view,sh ropl e dlschargetlmnglnPNMSOfIineheadof
an ink jet "gquﬁfai‘%"g‘& re ﬁ%g‘f’ §"the present invention. FIG 30 is a vi ew
showi ng ink droplet discharge timng in PNM 4 of line head of the ink je
printer accor difilg. 2distheiepyrdowing ooryarnseonf stipain MM%“&WH"@W%‘WBWIHQ the

state where dots are connected by ink droplet discharge timng in PNM 3.

FI G 32 i s shifteéfoaheipiandrh positiah by Wfrepcelpich anecaannetink disehangaknitr opl et
di scharge timng in PNM4. FIG 33 is a view showi ng the state where dots

are connecl, ﬂ)rgﬁté %&&g@uﬁi&c@, {scharge timng in PNM 3 so that

| ongi t udi na tripe becones | cult to be conspicuous. FIG 34 is a view

show g the st gig \liGeraey slviag if b @opi anebirar et T 60 FECREPE ous,
FIG 35 is a view show ng ink droplet discharge timng in PNM 3 of Mgenta
in. an ink jet printer according to the present invention.

FIG. 30 is a view showing ink droplet discharge timing in PNM 4 of line head of
the ink jet printer according to the present invention.

FIG. 31 is a view showing the state where dots are connected by ink droplet
discharge timing in PNM 3.

FIG. 32 is a view showing the state where dots are connected by ink droplet

- -discharge timing in PNM 4.

FIG. 33 is a view showing the state where dots are connected by ink droplet

~ discharge timing in PNM 3 so that longitudinal stripe becomes difficult to be
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 iwo kinds of inks of Cyan and Mageﬁta 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.




the case where two kinds of inks of Cyan and Magenta are used. FIG 36 is a
view show ng i nk droplet discharge timng in PNM 4 of MugentlaMan2(dthe case
where two kinds of inks of Cyan and Magenta are used. 10 May 2006 12 FIG
37:is a view showing ink droplet discharge timng in PNM 3 of Magenta and
Cyan in the case where two kinds of inks of Cyan and Magenta are used. FIG
38 is a view showi ng ink droplet discharge timng in PNM 4 of Magenta and
Cyan in the case where two kinds of inks of Cyan and Magenta are used. FIG
39 is an external appearance perspective view of a further practi cal
exanple of ink jet printer. Best de for Carrying Qut the Invention

Expl anation will now be given beloww th reference to the attached draw ngs

in connectd ith: el ] j ' Thi;S

embodi mont 1S Spsayiey SRR HREhR: el E ARG IRIMAR S, e
100 which .i leg quﬁgli d di scharge apg&r atus using a line head 120 serving as
a | i qbr¥dndh acesg@hprsde kadsof igks pety#r ind Magamp aredisedides a heat el enent
which will be described |ater as a drive element which discharges dropl et
of ink whi &HGi38 ik agidvdsholieg inkdipplet dischatger tididg in ENMDH iof Magtina ahilne head
120 having recording range of substantially w dth di mensions of paper P

and NQyafidn RASEHOR hi1GhaT ifks S CyARNh G LEY! e Nurber

t
Modul at'i on) system adapted for carrying out ul ati on of dianeter and

density of thq Dy the nunber of droplets of i re, for the sake of

~ expl anat i oﬁﬂ?'tzl?els ﬁ'&ﬁ’%&?’aﬁ@f’eﬁ%ﬁw 1 er?‘iaf’e wef”rf’f?ag%ﬁggﬁpf?@%@mam‘ei s assuned
to be 8 at  the maxi mum per one color. The ink jet printer 100 has the

conf i §hidiptapinter- whi ch the |ine head 120, a paper :

Best Mode for Carrying Out the invention
Explanation will now be given below with reference to the attached drawings in
connection with the embodiments of the present invention. This embodiment is shown
in FIGS. 1 and 2. FIGS. 1 and 2 are an ink jet printer 100 which is a liquid discharge
-apparatus using a line head 120 serving as a liquid discharge head.
This ink jet printer 100 includes a heat element which will be described later as
a drive element which discharges droplet of ink which is liquid. The ink jet printer 100
comprises the line head 120 having recording range of substaﬁtially width dimensions of
paper P and having modulation function 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.




supply unit 130, a paper feed unit 140, a paper tray 150 and an el ectric
circuit unit 160, etc. are arranged within a casing 110. 10 Ney2@606 13
The casing 110 is forned so as to take rectangul ar parall el epi ped shape,
wherein a paper eject pocket 111 for paper P is provided at one end side
surface and a tray exit/entrance 112 qé the paper tray 150 is provided at
the other end side. The line head 120 Conprises head portions for four

col ors of CMYK an. enta, Yellow, Bl ack and i.s,di.s upper
end portion of %a%%i/f@ éﬁr}tgwe%%oc%etf’ “ikffeét?%%‘l%ﬂaﬁail ekitpﬁ%e%oszla%’%%heﬁﬁ SO
that the ink discharge unit which discharges ink droplet is directed to the
| ower si det PaRsr giest ppeketl Llatter papariR is presided a4 onp g sidensiyéaretddifelidf t he
configuration in which ink discharge neans in a formelongated in width

di recti on esft/epapede A2 dirthefapeg @y 150espeeided at drl olid entiaide. iThe tiedehdr ge
means in this case are arranged 1n feed direction of paper P. The paper

supply unif 0Ll ; | p uj 131,
paper supp 29%?%;)?15@}2{%%93!1?3%&29 %gbﬁ"é‘sr}sEﬁ?&@@?@?m’%ﬁ,ﬁ&bw{%‘ggﬁk,’ 136

and belts 37,. 138, and is disposed at..the | ower en rtiopn of t paper
o oot pocieat 1 dippaseial Ui yimeh cohgoie; dighd Reper prvst Bakel 120 shh, Pinde £35° <
formed so as to take flat plate shape, and is disposed at the |ower

portion ofcasihg 110 srethatthe inkdischarghanis wdich disdhnarges inkdwplat & divevéad topbei ng i s
provi ded. The respective paper supply rollers 132, 133 are constituted by

a pair of 16wddsedes Ad@brilddateR, tERMnAGkadM 2(is @acdkd @b bebf thardnfigeatbsfrosed at
both sides of the paper feed guide 131, i.e., the tray exit/entrance 112

) 5 200 P ORHs B hRBEC ey RO RPA PRl

e
connected to the respective paper supply rollers 132, 133 .
: every respect?vepcolors, fogr ri-)nk disc aprgg means ?n this case are arranged in feed

direction of paper P.

The paper supply unit 130 comprises, as shown in FIG. 2, a paper supply guide
- 131, paper supply rollers 132, 133, a paper supply motor 134, pulleys 135, 136 and belts
137, 138, and is disposed at the lower end portion of the paper eject pocket 111 side
within the casing 110. The paper supply guide 131 is formed so as to take flat plate
- shape, and is 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 bulleys 135, 136 and the belts 137, 138.

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




t hrough the pulleys 135, 136 and the belts 137, 138. The paper feed unit
140 conprises, as shown in FIG 2, a paper feed roller 141,101apng3062006 14
a paper feed notor 142, and a gear 143, and is disposed at the tray
exit/entrance 112 side wth respect to the paper supply unit 130. The
paper feed roller 141 is formed so as to take substantially

sem -cylindrical shape, and is disposed in the state close to the paper
supply roller 132 of the tray exit/entrance 112 side. The paper feed notor
142 is disposed above the paper feed roller 141, and is connected to the
paper feed roller 141 through the jgear 143. The paper tray 150 is forned
so as to take box shape such that plural papers P of, e.g. A4 size can be

accomqﬂgélegéea ﬂmi’orﬂhb%d%@?i43,"¥ﬂ8ﬁ§?i§g@se§?ﬂ?ﬁ g%g@?ﬁfehtr}[i% ekt by a

spring 151 is provided at one end surface ottom surface. The paper

tray 15 is disposed in a nman extending fromt | gwer portion of the
paper "‘f'g‘eﬁsﬂ‘?ﬁgfo %&@ap‘fro%k}gp{y ‘EIHEﬁQ'aﬁ%R?Refrg?ﬁd:rgﬂ]%ﬂﬁlllﬁ%‘”ﬁ’f‘ép ¥aderic
circuit unit 160 is a portion for driving respective conponents, and is
di sposak¢ sabgiontiallyesepisalindnicsy shge, andisglispesed inaghé sigte eloseon, thé papeoper at i on
exanple will be explained. User draws the paper tray 150 fromthe tray

exit/ arsiier 1320f the BESEOINBEAiRe 312 Pide TBASdpeNREd MoIRE1426d diBsReds P into
t he pgllgiep;[ tray 150 to tjkalrust it therei nto.@%?ﬁs, t he paper E‘ﬁdgport 152

raise [ 11, [ Lon of th [i 151 .to press it
ot o raeanEeb Bl i1 PAES oG ib Bl OE rdRE1 PGt e paper
feed roller 141 is rotated by drive of the paper feed notor 142 to feed
one pé‘fi’ér”ﬁ-fromthe paper tray 150 to the paper feed roller 132.
Subsequently, the respective paper feed rollers 132, 133 are rotated by
drive of tTke pgpetray &8@lisfotroed 3. to Askecboxahupe such leat phpalrpabesd 6ol | er

e.g. Ad size can be accommodated in a piled manner, wherein a paper support 152 held

- by aspring 151 is provided at one end surface of the bottom surface. The paper tray 150
is disposed in a manner extending from the lower portion of the paper feed unit 140
toward the tray exit/entrance 112. The electric circuit unit 160 is a portion for driving
respective components, and is disposed above the paper tray 150.

In such a configuration, its operation example will be explained.

User draws the paper tray 150 from the tray exif/entrance 112 to accommodate a
brede_termined number of papers P into the paper tray 150 to tlhrust it thereinto. Thus, the
paper support 152 raises one end portion of paper P by action of the spring 151 to press
it onto the paper feed roller 141. When print stast 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 rolier 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




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 predet dOmimed0d6 ning in
accordance with data to be 10 May 2006 15 printed to discharge droplet of
ink fromthe ink discharge unit to inpact it onto the paper P to record
character and/or inmage consisting of dojgs, etc. The paper feed roller 133
ejects, fromthe paper eject pocket 111, the paper P which has been sent
out. Then, i j ' f: 416 ifph&Y dnidHetpap&0 and
Ohe bl ack Pty f“&ﬁd%@. en(ﬁgélut%lem%gﬂrol p“gr‘%‘fﬁ'%%*?‘{f SAil 6 phAH ductiTicipad

expl ai ned using FIG 3. The electric.circuit unit.,160 copphi SES

printer siﬁgpffﬁ’ FhagR eSO SIMABC PSS S Ogléﬂ@aﬁtcc erl%?ip%f%gé;&eraﬁﬁead
posi tion/ paper feed controller 163, and a systemcontroller 164. The
printer sigectsdtean pheoppsseing roeketi 19d, thelpapecBiwhieh has bgen sgntiodt: dat a DPR
whi ch has been caused to undergo data transfer from conputer device to

take out, frommthahs e infdmalddhfgiiZBRon i0TftAE BN AN ciredeaniarpOfamd the bhdck and
to devel op conpressed inage data to restore such inmage data into

respect i V'ecogﬁ yaBha (6\%/%'% e:ff#éll?l%%lmgeréﬁtg\?ﬁg@é %/)ﬁ)ém'fé& i)}" Héélﬁ fggdpta are

caused to undergo seque gin I've or I ne ad 120 to
‘generate recording data (head.drive data DHD). T_Be head control l.er %ﬁrz
recei ves recor dit§GlHGCY Ui 09 compEisgt ppIikter side dHa pFReesIRBTtiPR | t he
| ine head 120. Here, this ink droplet discharge operation will be briefly
expl ai ned.a Ahdrontngier 162, 1 badpdsitigniaper fieed pomidllde 163, modhatspstemrdoptrellersi de
data processing section 161, the head controller 162 generates head drive
informatiggqat respective. discharge timngs on the basis of discharge
timng table fromthat recording data, kind of colors (CWK) and position

of pixels to du \é%rirn?esf%le etciaYaeprierl%sfjnigss%Qgérg‘f6f'Pe!cteﬁ/bs,leng.,t Bﬁﬁt data D, which
has been caused to undergo data transfer from computer device o take out, from this print
data Dy, information necessary for print, and to develop compressed image data to
restore such image data into respective data of (£MYK. Further, CM YK respective multi-
“value data are caused to undergo sequencing in drive order of the line head 120 to
generate recording data (head drive data D).

The head controller 162 receives recording data to control ink droplet discharge
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 drivé respective ink discharge units. In this
instance, discharge tiining table of recording data where shift of dot impact position

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




i nstance, discharge timng table of recording data where shift of dot

i npact position becones stripe so that there results conspi0ddey20ifot
dianeter is set so that discharge 10 May 2006 16 timngs are shifted every
one pixel of print direction serving as head relative novenent direction.
This head controller 162 conprises, as shown in FIG 4, a main control
section 181 conprised of mcroprocessor, etc. and serving to control the
entirety of the head controller 162, a ROM 182 in which inage formation
program based on the inmage formation nethod according to the present
invention that the main control secgg on 181 executes is stored, a work
menory 183 conprised of RAM etc. and used for predeterm ned operations
and/ 0ﬁiﬂiﬂ@@e_@hﬁte@%@rﬁéﬁﬁﬁ@o@?&w diR¥ctlddGeFRAARAY TQhtivEMmbY QRent 181, 2

di scharge timng table 184, a D/A converter 185 for converting d}lve dat a
t hat tﬂggwﬁpin control section 181 executes image formation program stored
in the dnd further generates with reference to the discharge timng
table 184 into anal og signal, and an anplifier 186 which anplifies anal og
out put of thEs lgad C@agr(;umt CPgPIisThs shawn poElG.i 4 a/maipsontreks¢céomt r ol | er
163 controls position of the Iine head 120 and/or paper feed of recording
paper 1B1 chmprisyd b miaopiocedsbe retd&éldcmfzih? lt6 chitfol phé BitaEtySHMe dRkd
processi ng section 161, the head controller 162 and the head

posi t Lotk feal SROKP8S 2h WificH Gitnad MthatBt B AHANW PRl dl 189ugbyen bY

usi ng FI GS. to 9 In connection w i ne ad 120. The
|l ine head,120 cg(g(ﬁri ses a head chi P_m)dul e ZOéa and a |jr_(}'mct i.on_base (board)
201b OF MR, QTGRS IethgPredrat srventen that s gian canteplgecton 18] ¢ hi s case,

expl anation
executes is stored, a work memory 183 comprised of RAM, etc. and used for

predetermined operations and/or temporary data storage, etc. by the main control section
181, a discharge timing table 184, a D/A converter 185 for converting drive data that the
main control section 181 executes image formation program stored in the ROM and
further generates with reference to the discharge timing table 184 into analog sigrial, and
an amplifier 186 Which amplifies analog output of the D/A converter 185.
| The head position/paper feed controller 163 controls position of the line head 120
and/or paper feed of recording paper P.
The system controller 164 controls the printer side déta 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.




will be first given below in connection with the head chip nodul e 201a.
Additionally, FIG 5 is an exploded perspective view of thH Mead0@hi p
nodul e 20l1a. ,10 May 2006 17 The head chip nodul e 201a conprises, as shown
in FIGS. 5 and 6, a nozzle formation nmenber 202 forned so as to take
substantially flat plate shape which chstr tutes | nk di scharge surface. At
the nozzle formation nenber 202, a | arge nunber i nk di scharge nozzl es
203 are forned. . d u

respectively f(;Ir‘h%eeﬁc;é?1 ha‘f]%q{ﬁe ?Oﬂ‘t Eg@ém%s’o‘wgh (uer?grpﬁ % %%63 \e/‘\l/rsﬁo%l%wi |
be descriped |ater are arranged. These nozzl e formation rrenbers 202 are
formed in @H@@twn Saher b%PQ\/B?fWGsS‘eIaééPr'@l‘?%ﬂbﬂ@‘tta@é’hﬂ%tl Bljfc shaget wg

ni ckel or material including nickel being as nmaterial so that thi ckness is
equal to abasttuts ink disétirge sudfaase e tie ofzzleHermatesmpaanbac2(2n k latgs oirmbage

nozzl es 203 are caused to be, e.g., about 20 m The nozzle formation

menber 202,fR s chiige ln%zleg 2093 Doc1)edZ RopRPRuirbas AIAIBSE difink hiidenugy are

stuck (attached) to a ead rane . The head frarre 204 is adapte
that, e.g three ers .20 b are brrd Jnt etvveen
Short i ozt & ripBENVERY Ritked dnel el ity whbie i el e BE’ and

the outer frane 204a and the pier nenbers 204b are inte raIIy forrred
Nanel y, - atdestriberdater 1e amangol, These nozade fanytipameshece0205 famesdinshestout er
frame 204a is separated by the pier nenbers 204b are constituted in

paral | el . shiggeshy viafiotid e @ Aastitipeéchnoldpteshdtitle g Nhivkelng ulater2d ichidingidelet] f or
the line head 120 whi ch sinultaneously pri nts one |ine in wdth direction

of paper %emﬁHg guf?éxﬁ’aq% t{ieﬁ thi é%@@fé%@l ?&ﬁﬁ 05 @i Uﬁospdrﬁg wg&% biSthe CaUsed

to be substa y equa ine printe sanme tine.

F I V\:h h I f h
| |O:1e ﬁé:g?asgsctw% 1&1 dlSC asr%e nogzrigs 5,8?? areecazlt(ljise(f| topberrg(z,u about &8 g%ozzerz the

formation member 202 where the ink discharge nozzles 203 are formed in this way are
stuck (attached) to a head frame 204.

The head frame 204 is adapted so that, e.g., three pier members 204b are bridged
at equal interval between short sides of an outer frame 204a caused to have rectangular
shape, and the outer frame 2043 and the pier members 204b are integrally formed.
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 medule 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

l‘example, in the case where rhe 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




which carries out printing in carrying direction of paper P of A4 size,
length of this space 205 is caused to be |ength correspondiOlgay 2006at er a

- width of paper of A4 size, i.e., about 10 May 2006 18 21 cm This head
frame 204 nmay be by, e.g., silicon nitride, or may be fornmed by ceramc
material such as alumna, nullite, alum nitride or silicon carbon, etc. In
addition, the head frame 204 may be also formed by gl ass material such as
quartz (SiQ ), etc. or netallic material such as invarsteel, etc. It is to
be noted that the invarsteel is alloy invented by Guillanunme (France) in
1896. The head frame 204 has thickngss of, e.g., about 5 nm and has
rigidity sufficient to support the nozzle formation nenber 202. The head
frame 404,and the nozzle formation nenber 202 are stuck by, e.g., heat
hardeni'ng type sheet-shaped adhesive agent. At the nozzle formation nmenber

202, a lar nunb?r of _head chi ps 206 are. disposed. As shown in FIG 7, at
t he head cﬁﬁ'ﬂf hrgd tragie J04maydebyy e & siligpn nitgde, o aay dedeaneddy GERENIGT | nCi paI

surface of a substrate (base) 207 forned by, e.g., silicon by various thin
fil m froatemsli suoh he elundhaghelite, Ihinsi digale oredicohaaritdeics [addgditien, the t hat ,
e.g., one side is caused to have regul ar rectangul ar shape of about 18 m

N t hg,eddl tfﬁih{eaﬁm %&g  bePalB@ FSrnfld Ll.yagfa&s rwsﬁ& 5 9&5&2 FS@S), tehe Wa' !

portion of an ressure appl 1'cat1 on arrber m‘nate at the
surface ere r.esi st . barrier 210 is
f or medid wéngef,lgl B ifaedtlsticndbinp P BRES Hrrle A EHADANEY, “and ©s
formed as the result of the fact that such material is lamnated on the
ent i r éenwptaddueGuillanwae {ilpaed)an 8297 and unnecessary portions are then
removed by

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

to support the nozzle formation member 202. The head frame 204 and the nozzle
formation member 202 are stuck by, e.g., heat hardening type sheet-shaped adhesive
agent.
At the nozzle formation member 202, a large number of head chips 206 are
-disposed. As shown in FIG. 7, at the head chip 206, plural heat resistors 208 are formed
on the principal surface of a substrate (base) 207 formed by, e.g., silicon by various thin
film formation technologies. This heat resistor 208 is adapted so that, e.g., one side is
caused 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.




photolitho process. This barrier layer 210 is caused to have thickness of
about 12 m and width of each ink pressure application cHériey2®®O i s
caused to be about 25 m 10 May 2006 19 Here, when the case where the
head chi p nodul e 201la according to this exanple is used in the state
-nmounted on the line head having resol utjgon of 600dpi which prints paper of
A4 size in longitudinal direction which'is carrying direction of paper Pis

assured,  the nERELah Ok IENAHIDRRBRD S0 Bty h s BRETE

f ormati on every regions o ive spaces

frame 204 is caused to be about.  500. \Wien the nunher ad C 206
di sposed 4t Uieddnibe stpte meynied pashe Fashead brynggespiuion Hgég di’l' (‘-,"’ei'écqﬁ Igmg%lused

to be, e.g., 16, the nunber of ink discharge nozzles 203 corresponding to
one head phpqr @0B4i sizabwlingdidinal diregionowhshnitcedyingadirechien o paperr P ¢
respective portions and/or size thereof are indicated in an exaggerated or

om tted magneled Qe ﬁﬁﬁﬁ%b?%ﬂ@dﬁﬁhﬁ%@'r@ﬁﬂ%& Q03 i B o the AReldforMatibme head
chip module 2014, flow path plates 212 are attached at respective spaces

renber 20 Ui 0> EREVHEHANCH BepSrb® apEShel ot s R Bty @v‘&f‘%%%“ it es

212 are provided in correspondence with respective colors i nks, The
f1 ow pat hbplabew 302 YWhepdhersumbyr abbead diipnaWs digpaser ff &heetaﬁZZM 19rmtiqp and

ink resistance characteristic. The flow path plate 212 is adapted so that

a chanber njeatbler @02 v2illdn fthéseageasiis bauset he bspage 180the afunibiee of édddibcharnge 204
and a flange portion 214 formed at one end portion of this chanber portion
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number of respective portions and/or size thereof are indicated in an exaggerated or-
omitted manner for convenience of explanation in FIGS. 5 and 6.

At the head chip module 201a, flow path plates 212 are attached at respective

- spaces 205 formed at the head frame 204 with respect to the nozzle formation member
. 202 where the head chips 206 are disposed.

Four flow path plates 212 are provided in correspondence with respective colors
of inks. The flow path plate 212 is formed by material having sufficient rigidity and ink
resistance characteristic. The flow 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




The head chip nodul e 201a will be further explained below by using FIGS. 6
and 8. The flange portion 214 is formed so as to have shagé Mayez0ér t han
pl ane shape of the 10 May 2006 20 space 205 of the head frane 204. The
chanber portion 213 includes a space 215 showmm 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 Iinmts both sides of this space 215,
there are formed cut recessed portions 216 shown in FIGS. 6 and 8 for the
pur pose of positioning the head chip 206 in a manner to communi cate with
the spaces 215. At the flange portjpon 214, ink supply tubes 217 are
projected fromthe surface of the side opposite to the surface where the

chanb i [ n : ' I ni cate
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head f.r 04 in the state, whe t he chanber portion 213 is fitted into
space“?ggo OP?I'?%HQGFE" FP‘iﬁ\é‘faf@ZP{ 8 Si¥feoPResHA 4 hsaiids whemithetlangs jsed to be
in contact wwth the pier nenber 204b of the head frame 204. The head chi ps
206 dipspwwetl4as forined ndizthk eall porticn whichiinbtsbothGRlea pbthpospiaté 2Hethersni t hi n t he
cut recessed portion 216 fornmed at the chanmber portion 213 of the flow path
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surrounded by the chanber portion 213 of the flow path plate 212 and the

nozzl e _f.or mat i,0 er 2 1s formed. This, clased space,.is sed to
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i nk di scharge nozzle 203. At this closed space, the ink flow path 218 is
f or medlangs pRiéian (s s sunply e Zdfi g¢ proigcigd e dae swiace,plwgsidtnner
whi | e adj acent ones overlap with each other, and there results the state
wher eopmsite &b klwesurfack whefisthu ichadped p@dibh N3 ¢hewtbeted. 20Rss htkupply FIGS. 6 to
8 are caused to communi cate
tubes 217 communicate with the spaces 215.
The flow path plate 212 is connected (bonded) to the head frame 204 in the state
where the chamber portion 213 is fitted into space 205 of the head frame 204 and the
flange portion 214 is caused to be in contact with the pier member 204b of the head frame
204. The head chips 206 disposed at the nozzle formation member 202 are positioned
within the cut recessed portion 216 formed at the chamber portion 213 of the flow path
‘plate 212, and are bonded to the chamber portion 213. Thus, closed space surrounded by
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




by this ink flow path 218. The ink supply tubes 217 provided at the flow
path plate 212 are respectively 10 May 2006 21 connected ti® Mak2d0nks (not
shown) in which inks of colors different fromeach other are stored. Thus,
inks are filled within the respective ink flow paths 218 and the ink -
pressure application chanber 209. At the head chip nodul e 201a constituted
as described above, in carrying out print wth respect to paper, current

S 1§ o LBAYRIEE iR AIRE (R Bhoi 5 HiBn RS oPEUIBH! ftelat EATHBY G 4 Nead

controller 162 (see or short tinme perio

m cro seconds nd this t, resistor 208 is rapidl ated. .Thus, ink air
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208. By swelling and contraction of the ink air bubbles, ink droplets are

di schar gedpplietontebainbkr 20%5charge nozzle 203, and are attached to the
paper. At the ink pressure application chanber 209 from which ink droplets

have been di schgfiaféad chipSndtiufe 01k lceaktititel B @t8Absd o8 kin EAreying Paf1ing18. | n
a manner as stated above, print with respect to paper is carried out. It is

to be not t ile heat element.is. u as,, dni | i
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pi ezo-el ectric el enment represented b i.ezo el ement nmay be used_ to

di schar ge cPHRand drom head epatrgllercif (see iSr-13) dox a shork e paded of &8 2bout 1

pi ezo-electric elenent is used, a line head 120" which will be explained
bel ow nay ~Bemicseskcontls, and dasdat rasistdr 208 ieraplidly hededvi Thus, bfkenendbdldsard| CS.
10 to 12. FIG 10 shows the perspective cross sectional structure of the
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contraction of the ink air.hubbles, ink droplets are discharged from the ink discharge
nozzle 203, and are attached to the paper. At the ink pressure application chamber 209
from which ink droplets have been discharged, inks are filled up through the ink flow
path 218. In a manner as stated above, print with respect to paper is carried out.

It is to be noted that while heat element is used as drive element which discharges
ink from the ink discharge portion in the line head 120, piezo-electric element represenied
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 lwill 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 from the direction indicated by arrow W in




direction indicated by arrow Z in FIG 10, and FIG 12 shows cross
sectional structure when the line head 120" in FIG 10 is MiMae20dor om t he
direction indicated by arrow Wn 10 May 2006 22 FIG 10. As shown in these
figures, the line head 120' is caused to be of the configuration
conprising a thin nozzle plate 121, a flow path plate 122 | am nated on the
nozzle plate 121, and a vibration plate 123 | am nated on the fl ow path
plate 122. These respective plates are stuck with each other by adhesive
agent (not shown). At the vibration plate 123 side of the flow path plate
122, recessed portions are selectijgely formed. By these recessed portions
and the vibration plate 123, plural 1nk chanbers 124 and a common fl ow

path 135 ‘E@.W&Ho%ﬁ{iin@ﬂes\féﬁf%ghrésh%ﬁné Rk CPRY Bhied eocf?ﬁa%dn;f LiEfion TE

communi cati ng portion of Communi cafion between the connon fFow path 125

and the respective in ha rs_124 i aused tq be narrow path, and there
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toward the direction of the respective ink chanbers 124 fromhere. On the
vi br atlPZdnapsl avbratizg platre@3deminatechdmothe fldve pathgpate ti22e Theke olspediises 124,

pi ezo-el ectric el enents 126 conprised of, e.g., piezo elenent, etc. are
r espeldtstedry sfuck eth Q&hbﬂ&r'b?%ﬂﬁé‘stiiré@%e% Fi&s% (ric el enments 126,
el ectrodes (not shown) are respectively [am nated and di sposed. By appl yi ng

drive sign fr-0m.: ntroller 162 to. t e el egtrodes, the
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is bent in e(tlry]h direction indicated by arrow E in FIG 12 so that capacity
of t h&IFHRY gﬁﬁﬂ@f! Buythese regessed periqnsaet thelyibmtiongplate d23 spluth! ink
(contracted). The portion of the side opposite to the side comunicating
wi th thenleasi@haid ovommah floh2mtiall 25 bamhraRathj withitidse allaiiagiberslagd has the
structure that the flow path width _
constituted. The communicating portion of communication between the common flow
path 125 and the respective ink chambers 124 is caused to be narrow path, and there is
employed a structure such that the flow path width becomes broader toward the direction
of the respective ink chambers 124 from here. On the vibration plate 123 immediately
above the respective ink chambers 124, piezo-electric elements 126 comprised of, e.g.,
~ piezo element, etc. are respectively fixed. On the respective piezo-electric elements 126,
electrodes (not shown) are respectively laminated and disposed. By applying drive signal
from the head controller 162 to these electrodes, the respective piezo-electric elements,
in its turn, the vibration plate 123 is bent in the direction indicated by arrow E in FIG. 12
so that capacity of the ink chamber 124 is increased (swelled) or is decreased
(contracted).
The portion of the side opposite to the side communicating with the common flow
path 125 at the respective ink chambers 124 has the structure that the flow path width

gradually becomes narrow, wherein a flow path hole 127 is provided at the flow path

plate 122 of the terminating poztion thereof. This flow path hole 127 communicates with




gradual |y becones narrow, wherein a flow path hole 127 is provided at the
flow path plate 122 of the term nating portion thereof. THOM& 2Z006pat h

hol e 127 conmuni cates with 10 May 2006 23 very small nozzles 128 fornmed at
the nozzle plate 121 of the |owernost |ayer, and ink droplets are

di scharged fromthese nozzles 128. At the line head 120, as shown in FIG
10, plural nozzles 128 are forrred in lifle at equal interval al ong the

direction endi, ¢ [, fe P.
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Inks are supplied fromthis |nk cartrldge 120a to the respectlve |lpb
chanbers ¥roplgtsarg dischaggndifenm thesngatips 128 Atthe lige peads1 2 g rhovet i Flfds can
be carried out by naking use of, e.g., the capillary tube phenonenon, a

pr edet er milGeplptkeasme amalaia:ﬁmmd ‘rmﬁharlaitSerQuarramebal plomgi theddiagctipheX i nk
cartridge 120a in addition to the above to apply pressure to thereby carry

out such | configuration as
: ?egﬁgacﬁr%m of Rleddechbd ¥ roddindlpablicp.

previ ousl he feature he pr Invention will be further

intelligibly explained | anatian will b ve ign with
the case V\/nere ﬁﬁ%‘“ﬁ\”“lgg’e %theé?l\?fm%frlfx&w Y“r‘;' éﬁ%@f‘%&ﬁ?kﬁ“ﬁﬁﬁh ' used,
and only Cyan (C) ink is used 1 dot of Cyan is variable fromOQO to 8

dropl et s dskstanesupphibé froof thisriok Fartidgsyl 20ado thmmwygwewk@hambgrér%w theove.

Thus, as shown in FIG 13, it is possible to nobdulate size and density
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respect to one pi xe Change of dot diameter with respect to change of the
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the nunbe;nay bedprrgwdgé at tlhe 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 0 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
droi)lets 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




increased in a manner of 2, 3, 4, 5 6, 7 and 8 droplets, dot dianeter is
also gently increased in a manner of 49, 58, 62, 68, 73, 18 Mnd2®2 m
Further, change of reflection 10 May 2006 24 density with respect to the
-nunber of droplets is shown in FIG 15. Reflection density when the nunber
of droplets is O is 0.07 which is reflection density of print paper. Wen
the nunber of droplets is changed into 1, reflection density becones equal
to about 0.85. Further, when the nunber 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,
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head, dots are to be uniformly hit onto print paper as shovvn in FIG 16.
Namel the nunhisar of dplets schaigedlintbyl, tetilettiompensity pbesimésmqualftodbouti®s8shi fted. | n
practice, there are instances where the inpact position may deviate (be

shi ft gdithed WARLRRE Hﬁ:'ixlrﬁerp&sdrb{)l@f& lpmdréhfsédlﬁﬂ& fhadHENofeB PACHIAGYanafg the i nk
di schar ge un|t and/ or the ate of nozzle surface which 'is constituent
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from accuracy of the ink discharge unit, etc. is peculiar to respective ink
di schA§eldRiand 1.3fen printing is carried out by using the same nozzle,
tendency of that positional shift exists fromthe beginning to the |ast.

For this reaserasepahdredot af suchwian is prigad by ml@ﬁslty oncOGdpgihiffacestaty the ink
~di scharge unit arrangenent direction, gaps 301,

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 shifted)
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 fo 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.




301e by white ground where width (A, ) has been broadened as conpared to

ot her gaps 300, - 300e in longitudinal direction as shown lI0M&tIR0617 (A, >
A0) take place as stripe. 10 May 2006 25 |In the case where dot dianeter. is
sufficiently small as conpared to resolution, i.e., in such cases that the
nunber of droplets by PNMis 1, becausgﬁthe portion of white ground is
many, such stripe i's difficult to be ¢ spicuous However, in the case of
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i.e., in such
stripe is d|V|ded |nto the portion of white strlge and the portion mhlch
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this case, there are also instances where inks are pulled agai nst each
ot her, as grahdvin manyFuCh.strdj 18 diffidult 8Bbe icongepnseHoweupoin theeapr et t y of
ink and paper so that shift of inpact position is further enlarged. This

IS expans e case
wher o dot U ke S A1 *‘%@@?fQ“ﬁ%ﬁ”ﬁ*@%‘é&%ﬂ?ﬁ%{'ﬁ% ﬁ‘é‘ %&*’Sﬁb%*%@é@

cuf T o anfllugsat gt Y BBt st AEF Sua R ingiisR b tichafop e ' °

difficult to be conspi cuous. In view of the above, in the i nk jet printer
100 of t hbksipsrasddherpattionavhichds heladie vehte: stipé.eAs paesulh shelagtripeibpeompgynal

for allowing stripe taking place difficult to be conspicuous is generated
on the basémpiuos.scharge timng table fromrecording data, kind of colors
(CWK) and p03|t| on of pixel. This head drive signal is a signal for
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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
surface 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 if impact position is shifted a little, dots sufficiently
overlap with each other. Accordingly, stripe becomes difficult 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.




|l i ne head 120, inpact position of dot is changed to connect dots of two
pi xel s so that there can result one large dot. 10 May 20046028ay 2008
previ ously described i nage to change inpact position of dot to connect dots
of:two pixels so that there results one large dot will be explained bel ow.
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 Iine head 120 which carries out PNMdrive and there is no shift at the
i npact position of dot, even if discharge timngs every pixels are caused
to be the same fromthe state wheredhe nunber of droplets by PNMis 1
(PNML) to the state where the nunber of droplets by PNMis 8 (PNM 8) as
shown in Flfga. NS T F rd t ake
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pl ace. When tHe | npact positio evi a S’s romthe primry
ositign by. inflyenge such as gccuracy . the in i scharge unit and/or -
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conspi cuousness as shown in FIGS. 27 and 28 at the tine of a certain dot
di anet er, dndhe cae whsee thereeisgfo infleementuch asfaccirayl mddorctat8 afmogzley PNM
Thus, the portion of white ground results in stripe. In view of the above,
i Nt hesufake, e, aPpieRictklyberitrdWhinenk ARCPAES Bt of k¥ SRk hedH 120 whiep! i ed, i nk
dropl et discharge timngs of the ink discharge unit of the line head 120

are shift - kxel in i direction as, shown id.F .. 29 and
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of droplets of 3 by PNM (PNM 3), and FIG 30 is an_ink _droplet discharge
ti mi ndlmings geery piaclsfarg aussdtpde he samsremdshestare wherephwmupaor #f. 1n the
case of PNM 3 of FIG 29, e.g., discharge timng is caused to be last half
3 di sahaylegre byt PNMeistl {PiNM1) todte stak wheeelthe ansibédhettdrdplahey gNM N8 Ng i S
caused to

(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 aclcuracy of the ink dischazrge 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 3 by 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). Inthe case of PNM 3 of FIG. 29, ¢.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




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 IGIMPNMIOGS shown
in FIG 30, e.g, discharge 10 May 2006 27 timing is caused to be |ast half
4 discharge at the tinme of odd one pixel, and that discharge timng is
caused to be first half 4 discharge at t7he time of even one pixel. Thus,
dots of odd pixels and even pi xel s arg connected so that large dots are
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that inpact position |nk is shifted and stripe takes place with a
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right dots sufficiently exist, there is no possibility that dots are
separ at ed ofld pinebaadil etdnepixels asheommedtad 5o GRi l@ge aotk aid rspedtivaly fonmed agan
result the state where stripe becones difficult to be conspi cuous. Then,

the case Wsrgid NG, Iglrgqamf;mggimw%pFﬁ@%%@ W |1 be explained.

Also in this case, by the above-descri bed t ere can result the
state where stri econes _difficult to Hovvev
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and Magenta, |arge dots take place at the same positi on As a result, the
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becones high. In view of the above, ink droplet discharge timng of Cyan at

the tinme G*frerBRiMn% witlslegdndaibht Both Suffielchlly ckivl, thete i mOpRsBRitAthat Betstaiare Of
odd one pi xel is caused to be first hal f 3 di scharge at the tine of
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pi xel and s caused to be |atter half 3 discharge at the tinme of even one
pi xel as YRSRRIIRE 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
half 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.




FIG 35. Ink droplet discharge timngs are further shifted with respect to
Cyan and Magenta. 10 May 2006 28 |Ink droplet discharge tiltiMgy2806Cyan at
the tine of PNM 4 is caused to be |latter half 4 discharge at the tine of
odd one pixel and is caused to be first half 4 discharge at the tine of
even one pixel as shown in FIG 32, and ink droplet discharge timng of
Magenta is caused to be first half 4 discharge at the tinme of odd one

pi xel, and is caused to be latter half 4 discharge at the tinme of even one
pi xel as shown in FIG 36. Ink droplet discharge timngs are further
shifted with respect to Cyan and nta. Thus, since the position where

| arge dot takes place as in the case of FIG 37 (PNM3) and FIG 38 (PNM

4) are alt uced w t espegt to .and n, the
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| owered. It is to be noted that, with respect to color in which even if

st ri pehaihdisehasge ahthe lime of odd oag pixed ahd is crused todediysi i dischmizatt r esul t
such as Yellow, etc., print processing at discharge tinmng as in the prior

art metie timd ofpérenenicepixel as s iORIG V8L, |adtike didpl@ dieadiftihig dype for
changi ng dot dianmeter by PNMis nentioned in this enbodinent, 711 ne head of

the t WS GaPRRLEsQ 1o G L Liferent..ink. Liquid quantities may be
used. Asg expfgai nse tggg?{e}%}qﬁaﬁﬂg%%ra g\?nagglpev&l?lﬁof?ﬁed ﬁ%hekplf(%ta 1Srﬁ"é§ed100 of
timngs of ink droplet are shifted every one

this einﬁo [ rregt] 4 di charq ] .
pi xel ¥ Re Rittenpallif dischargnatihe ime pffvem ongupixe] apshowndn Fie. 36 lokdraplgt change
i mpact position of dot to connect dots of two pixels so that there results
one ddlischargh dineingpaieifustherchiftedweith redpectpaCyen andvisental ri pe at dot di amet er
in which stripe is apt to be conspicuous is apt to be conspicuous into
print at dghus)issBURE position where large dot takes place as in the case of FIG. 37
(PNM 3) and FIG. 38 (PNM 4) are aiternately 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 prnt at dot diameter

in which stripe is difficult to be conspicuous. Accordingly, it permits stripe to become

difficult to be conspicuous.




in which stripe is difficult to be conspicuous. Accordingly, it permts
stripe to becone difficult to be conspicuous. 10 May 2006 12May 20(dhi s
instance, in the case where thin dot pattern where stripe is difficult to
be conspicuous is printed, it is rare that dots are continuously hit in the
print direction. Accordingly, there hayggly take place that two dots are
connected. Thus, it is possible to carry out print by primary dot

di ameter. On t hﬁ tiak h{ﬁﬁarﬁ@q‘ﬂ thé Bask Rener@fifin Abt ﬁﬁ{erlp%thﬁi fripd K&ifiRhulido B ane

portion where stripe IS to be conspl cuous ts are autorratlcally
connected so that there r quts dot where stri. S not cuous
Accor di ngl aspiusy et 1 tsasreo B datrarticphigusiy i g FRTE0
this case, it is feared that dots are connected so that there results Iarge
dot, wherdtsprdisgly; thgreoliarghydaled plageoihal tva dass ereseunentere TS, it MopassiBle o n t he
case of thin dot pattern where feeling of granulation is particularly

anxi ous, |dan|ys)u|igﬁﬁt Eypﬁmd@t@ta[aqnetgpntl nuously hit. Accordingly, dot is
caused to have primary size. As a result, there is no possi biIity t hat

feeling of o awy atiohchind MPIEIIELGFRI S ORISR DL pohibyRERAE dpREE W th

the ink jet pr I's e ase’o | et
printer havin | ural ,dot dianeters, discharge timngs of ink droplet are
shifted émﬁ gﬁ@owipa@qouf AW ats e ﬁwomaﬁle@!}i engeied 59 that H)@f%ﬂ&é‘émﬁ?fgaot

di aneter where stripe is apt to be conspicuous to thereby change i npact

- position alot dhtretstrippas netatonspitwous Atceardingly|ispersiits strgpe to hesoana diffidulido one

- large dot where stripe is not conspicuous. Accordingly, it permts stripe
t o becone WlichhifMldust © be conspi cuous, and sufficiently |arge dots or
sufficiently small dots in which stripe is difficult to be conspicuous are

hit onto pr | MY i (leiste 1 1$ 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 qf dot dia;ﬁeter 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.




thereby making it possible to suppress degradation of resolution by shift
of inmpact position as mninum as possible. 10 May 2006 30 10IMaw2@6r dance
with the ink jet printer 100 of this enbodi ment, way of shifting inpact
position is changed by color at the tine of color print, thereby making it
possible to shift the position where two dots are connected so that there
results one |arge dot. Accordingly, it is possible to reduce occurrence of
the problemthat 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 abowg is applied, even if print is carried
out by 1 pass, stripe becones difficult to be conspicuous. Accordingly, it

becones unllhe@@fasdtm)teMtlptHerlhkaetqﬁmémo%f thR@nYdiHEhy wi Ify Eﬁ gy several
scanni ng operations. Thus, it is possible to carry out print

scanni; int .speed. ca i ngr.eased, .and burden
on thé g g’ral?ihisl?sgcahﬁ@e(?b S‘ﬁ{étr%gg{l (f,ﬁ‘g)l r JiaAKiRg i ppssi tippressed,
and sort f dat a for drivi n% the head becones sinple. Further, print at
only é?réh’g‘c the kosgon yaea sa Bis arpsonpestedrrodtaicthnrdeesulis one bage detd out .

VWi | e expl anati on has been given in this enbodi mrent by taking the practi cal

- exanplAecatiérgly tihés possibdato rdtdies ocoitrdnse ap e Hdbleth Hiap niRaFdiFYea) carries
out print by one scanning operation by |ine head, the present invention

can beoRRPirk 8n@hffrch Qn%e'ﬂaﬁlérﬁo thR{ inRd 56 sﬁ?ﬁeﬁ%rﬁ;@eﬂh head which carries

out reci pr ocat 1 ng novenent ‘i n I'n scannin ‘on. This ink jet
LT LM R N T
and ~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,
171, 171y which respectively discharge inks of Black (K), Cyan (C), Magenta (M) and

- Yellow (), a carriage unit 173 adapted so that the print heads 171, 171, 171,,, 171,

are aitached to move these print heads 171y, 171, 171,,, 171, in the main scanning




Yellow (Y), a carriage unit 173 adapted so that the print heads 171K, 171c,
171M 171., are attached to nove these print heads 171K, 19Mayad®bM 171.,
in the main scanning 10 May 2006 31 direction, flexible printed boards 174
whi ch deliver drive signals for driving the print heads 171K, 171c, 171M
171y, guide rails 175 for guiding the rriage unit 173, and a group of
ink tanks 177 for supplying ink to respective print heads through ink

supply pi : of . tanks 177 supply i.nks of .Bl ack (K),
Son 1o P izttt SaRPofired I AR adier D08 rimt S B B he
i nk supply, pi 176. The print heads 171K, 171c, 171M 171" are print
heads of theadd iilqs d' Leyiddmuk g guide rails 157 o guidingrthecagiagemitdi3, endaent |
and plural ink discharge units are provided for the purpose of carrying
out hi gh gpegdopiknanks 77 forlsyppleinighiakit nespbetivg prdfd heddvetheouydhi ink soppigls
171K, 171 c¢, 171M 171y carry out processing based on print nethod wth
respect tgijgQtiyg. conti nuously printed in sub-scanning direction at plural
i nk discharge units on the basis of drive signals supplied fromthe head

controller thr h_the flexihl rinted boa 7 o selectively

di schar ge i nks%g"? gé‘i"ﬂ’cﬁg'("%?“q‘éagﬁ supply 1 @8&%@“’%@%@“@)1 gffﬁg@%a @™ bm
respective plural ink discharge units onto recording paper P to carry out
print. WhiYellogxp)dnaespsativeapring deadsghanghdbe thksopplygdpestdde i n connecti on
with several enbodinents, the present invention is not limted to the

~above- descri be@heptinthewetiF1,, 1908, 193], DL, 470 phind Ikalls oNthe ¢ADjeb 6/peadmg, FOr
exanpl e, whil e explanation has been given in the above-descri bed exanpl e

exanpl e, whi | N in the above-de: ple
) schar ga - CApAap S A Sl R pRn SR b ARk S AR IR ng O

systemor the pigzo-electric -
y purposé) ote carry?ng out Iil}g?] speed print similarly to the line head 120. These print heads

171, 171 ¢, 171y, 171y 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 flexible 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 modifications 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.




el ement, the present invention can be applied to any energy generating

el ements which generate energy for discharge of droplets wiltMaeuR0ltei ng
limted thereto. 10 May 2006 32 Further, while explanati on has been given
i n"the above-descri bed expl anation 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 also applied to i mage form ng apparatus such as
FAX, copy machine, etc. and imge form ng nethod. In addition, the present
invention is not limted to inmage form ng apparatus, etc. as described
above, and can be applied to variog§ | i qui d di scharge appar atuses. For
exanpl e, the present invention can be also applied to an apparatus adapted
for di schargy j [ f-or, datecti ng.. hi o-sanple. Wiile the
| nvent  on ha Ol G pRb A 0 R debitned B Ry

enbodi yent s, thereqf illustrated .in the accaonppanying draw _ngs and descri bed
int hegg &3&“' e’&’é@@? iwp!][efeo&fe PReSgR Iaventiongs applied do Hie Rrives &tisadagr ehose
ordinally skilled in the art that the invention is not Iimted to the
enbodi ¢rdvtesthatdhie presentaueentioncan batlsoapplicdits anamtfouningappathfscuiioas or
equi val ents can be inplenented without departing fromthe scope and spirit

of  t heFAKes@t mhchifs) et Bndin SR fofinkmdnsh. dafua clai ms.
| ndustrial Applicability The 1iqui élrgdi schargeat a%%g%)g?&)s gﬁﬁﬂgﬁgﬁ)ﬂi qui d

di schgg (grl Q e resent Jjnyvention pernit strjpes
pecul i args%lﬁg@% g %g? gﬂ % #333%41}]’% e&o%‘i“&ﬂh‘%%%@ﬁ&@‘dé@@?e 9 portion
or the enti E,et,y (f-f image is printed by one scanning operation. 10 May 2006
33 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 in the 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.




CLAIM5S 1. “A liquid discharge apparatus including a |iquid discharge head
having a |liquid discharge unit for dischargi ng droplets, dGdMay2(H6d
di scharge head control neans for <controlling the liquid discharge head to
di scharge droplet fromthe liquid discharge unit onto recording nedi um
surface, wherein the liquid discharge hgad includes plural ones of the
l'iquid discharge units in a direction perpendicular to novenent of a
recordi ng nediumwhere the recording:ﬂgﬂg n1|s relatively noved with
respect to the liquid discharge head; and wherein the I|qU|d dlscharge
head control s to all ow di schar e timngs he, dropl e

movenent di recﬁaﬁwlaf{ S(Oﬁ%réFéEBﬁ“a‘“ﬁgn%‘g‘P&ﬁl lecb@sﬁhalfg%ﬁl@ﬁtha&% (B‘r*\‘i pi xel
in the novenent direction of the recording nmedium 2. The- I|qU|d di schar ge
appar at us daschaege ot fdr dischargingndiopleteearei hquid elisdhgrgedheadidsmhtrolmeatsetfod
control neans carries out a control so as to constitute droplet per one

pi xel by pbifralling 1d@fschi1%@%@acﬂio§ﬁ§t%ﬁﬁkl% ROSEREbANSe uqa@ RB e uitt he
nunber of 1iquid disc arge operatl ons to thereby contro dot di arreter by

t he dropl The d,.di et forth
ol m Db Bl aifferd dfutk B hE i AR S IBRE R Bl oLt o
control so_as to constitute droplet per one pixel by plural nunber of

i qui d di &M Beuidshischargsinitsdpa dimetion pstpendicalaise meyementiof 3 efosdipar ge
operations to thereby control dot diameter by the droplet per one pixel,

and to semeditro wiadré ohe dicoeding geedinmiingslatiely hRowduwith respgul b thediduad ge
operations which constitute the droplet per one pixel to be different
every onedpiifhe héudTaygment direction of the recording medium 10 May 2006
34

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 conirol 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. - 'Theliquid 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 diséharge 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 constitut.e the
.droplet per one pixel to be different every one pixel in movement direction of the

-recording medium.




4. The liquid discharge apparatus as set forth in claim1, wherein the
liquid discharge head control neans carries out a control 18das2q06
constitute droplet per one pixel by plural nunber of |iquid discharge
operations, and controls the nunber of |iquid discharge operations to
- thereby control dot dianeter by the droplet per one pixel, whereby in the
case where the droplet per one pixel is constituted by the nunber of liquid
di scharge operations determ ned in advance, discharge tim ngs of the
plural droplet discharge operations which constitute the droplet per one
pi xel are caused to be different every one pixel in novenent direction of
the recording nedium 5. The |iquid discharge apparatus as set forth in
cl ai m#4, whihediquid dischargeppaatusiasket foith ahaiige], SlRidh tRNRuitEdissHErRed in
advance is the nunber of |iquid discharge operations where shift of inpact

posi t i1RAd ebntkdlenchnSBASEs BEY L¥8lto bSnsHARS R -pi o,y d
di schar ge ari)par at lIJls as Séet af%?frﬁpélaria%é S?“n%ﬁwé\%?@ﬁﬁ%‘%‘%é’”?‘%?géﬁiphﬂ%'i schar ge
head cont.r ol ans controls liquid antity of -dropl et per one pixel, and
cont r GG of; {ﬂ“"ﬁ&gﬁ%%? OB?[attﬁBS’d?‘gng‘é‘{mh% thenupabsr ke digbaresi anet er by
the dropl et per one pixel. 7. The |liquid discharge apparatus as set forth

i n cl Spefationgictheichy chrtrel dpdidirnsitechiathgalrbplatperanirpitelpwhersby anthieol s | i qui d
guantity of droplet per one pixel, and controls liquid quantity of the

dr opl etset Whéfeethe dyopta et Ohe %mel N asmliffted BY thd Rufb QR ralquRPlisRASdR! Xe!

whereby in the case where the droplet per one pixel 1s "constituted by

i qui | . I t 1l ned.in advance,, di,sgh .timngs of the
dr opl gP Qllé?gﬁécg%tsefe}%mtg '?)? é‘%’ff"&? érﬁféﬁiﬂar%?/éwn%%@aﬂ]ex@warfﬁﬁgf‘?gﬁb‘ﬁt‘ar&erecti on of
the recording nedium 8. The liquid discharge apparatus as set forth in

cl ai nPRerafipRy hich cogptitute theLippletpesong pixghyre 2a06d 3Gbe 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 dmplf_:t 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 determingd in advance, discharge timings of the
- droplet are caused to be different every one pixel in movement direction of the recording
medium. |

8. ‘The liquid discha_rge apparatus as set forth in claim 7, wherein liquid quantity of




the droplet determned in advance is liquid quantity where shift of inpact
positi-on of the droplet per one pixel is conspicuous. 9. AOMgu2bo6

di scharge apparatus including |iquid discharge heads each having a |iquid

di scharge unit for discharging droplet by plural colors, and including
liquid discharge head control neans fay controlling the |iquid discharge
heads of respective <colors to discharge droplets of respective colors from

the |iqui dréligphakdeRriiteli$n Mvané@ﬁ@ﬁlﬁid qgﬁnﬁgﬂ Whetre Qﬁlﬁ%f’iﬁ?&_& b&igoABEHRM
surface to thereby carry out color i1nmag formati on, wherein the liquid

di schar ge of respective .colors include plural ones of the liquid
di schar ge d&?ﬁﬂ?l:p%fgn?é’g%gbst?o\?éplg%?%rs in a direction perpendicular to

moverment direction of a recording nmediumwhere the recording nediumis
rel ativel y- movédliqyid dischagp apparatys inpduding linwiddlischarge deadreesgh hawagwher ei n
the liquid discharge head control neans of respective colors serves to
al I ow di sahaqnge disciamgunid foir lidsctla pdgetsopd byeslned tcoles, caldonslutingniiyigdent
direction of the recording nediumto be different in accordance wth

respective; | i - F ! J

recordi ng%#rsgg%[gﬁn%e%% tﬁgqﬁ?ﬁftﬁ:&g} 8{) Igf: lgr é@;‘ﬁgﬁgﬁsﬁgg“gg%&yﬂ? e any
one of clains t,0 wherein the |iquid discharge head conprises the
plural |i§eieg Qb*ﬁﬁéfga iiied otrtespastive ol troge e HAP R, fiSFhTEe B0 et
direction of the recording nmediumand in a nmanner extending over wdth

nmor e t hantéspectivenbaprs ontagecadingbmefliommeurfackito therdbyueatnyticstc halegémage hod in
whi ch plural liquid discharge units are provided in a direction

per pendi cfdrafatibn, WRMEHERRE 1ighiid disthaBe Réadd of REPEivRGolRSlineMide M lCorleh 61

recording nmediumis relatively noved with respect to a liquid discharge
head 10 Mgy l&]%?@dfé@harge units of respective colors in a direction perpendicular to movement
direction of a recording medium where the recording medium is relfatively 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 direct-ion 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 medjum 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




to thereby discharge droplets fromthe |iquid discharge units onto the
recordi ng medi um surface, the |liquid discharge nethod conpiildan20d contro
step of allowi ng discharge timngs of the droplets in novenent direction
of -the recording nediumto be different every one pixel in the novenent
direction of the recording nedium 12. A liquid discharge nethod in which
plural liquid discharge units are provided in "a direction perpendicular to
novenent direction of a recording nmedium where the recording nediumis
relatively noved with respect to a liquid discharge head to thereby

di scharge droplets fromthe |iquid 3§ scharge units onto the recording
medi um surface, the conprising: a step of constituting droplet per one

pi xel tbyheuéhy disclavgsdroplets from hallighid Abahfge uRiRCsRb R Ecordt Medi®Ml 1 01 step
in which in the case where the droplet per one pixel is constituted by the

nunberg, gfcLr opl et di scharge operations determ ned in advance, discharge
timngs of the plural |iquid discharge operations which constitute the

dropl et per, one pixel are aysed to be different every one pixel in
novenent diﬂ?eegﬂ'i“arﬁgﬁhafg?emfe&’@ar%wwF‘Lﬁﬂmmist.epﬂfeauqvq%dilfifih%ﬁghar ge
met hod as set forth in claim12, wherein the nunber of liquid discharge
oper attingings dithe rdnopletd in moadmancdirédidne the rdeerding nleidin ¢ b githasnge
operations where shift of inpact position of the droplet per one pixel is

conspieGei9Usne plebl inftheifibtethek AEBAIAELITRE AR dify Wil P! ural liquid discharge

units are provided in a direction perpendicufar to noverment direction of a
racpodt Lorg R beogaf Rt PrTRaMs ot berided tn |
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 thé 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 plﬁral liquid discharge unit§ are provided in
a directign perpendicular to movement direction of a recording medium where the

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




di scharge droplet fromthe liquid discharge units onto the recordi ng nmedi um
surf.ace, the nethod conprising: a step of constituting drokflMaypedé one

pi xel; and a control step in which in the case where the droplet per one
pi xel is constituted by liquid quantity of droplet determ ned in advance,
di scharge timngs of the droplet per ofie pixel are caused to be different
every one pixel in novenent direction of the recording nedium 15. The
liquid di sgedage dfﬁ{:l@ﬂﬂoﬁ&héﬁ&uiﬁféﬁstchaﬂg@ ufili8b e re¥bY@IR dedif® shifats, the
quantity of droplet determned in advance is liquid quantity in which
shift of i i.tion of the droplet per one pixel is conspicuous. 16.
Aliquid dﬁ%@ﬁ%?é@ﬁ%%P-od in which plural liquid discharge units are
provided in a direction_perpendicular to novenent direction of a recording
medi um wher e t Reten efceonatitutingdenplehpes opepixel;wady noved with respect to a
li qui d di scharge head, and the |liquid discharge units are included by
plural col ors tacontrel stbyyindwbichas g dsopihetestholiropl@peoihd pixebnloonstithtedm t he
| i quid di scharge units of respective colors onto the recording nedium
surface t : ; ' ; ' ; oS8

Cont rol stEpRhY gt Bt Bpk TR Rl 8o U RE AT I er e
colors to be.different(in gcgﬁ&dance W th respective co“ons ver 1glne

pi xel in (89 dHEH: 26 PUEL] BhDC SHUPHRAY PEESr MenkFHeth MAvensnt Sietpp ffi e

di scharge nethod as set forth in any one of clains 11 to 16, wherein the
plural |i geoadigzgeediuge units are provided in a direction perpendicular to
novenent - direction of the recording nmediumand in a nmanner extendi ng over

wi dt h nor g5t haThwilidtifd BschuhRrethb@geset FsribH Hbies] 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 formation, 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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- where image can be formed.






