27 Cctober 2005 1 DESCRI PTI ON Apparatus and Method for ﬁé&ﬂ?éngidﬁg Li quid
Technical Field The present invention relates to an apparatus for :

di scharging liquid which is provided with a head having a plurality of

i quid di scharge parts having nozzles collaterally arranged therein, and
to a nethod for discharging |liquid enploying the apparatus for discharging
liquid which is provided with a head having a plurality of liquid

di scharge parts having nozzles col laterally arranged therein, and in
particular, to an apparatus for discharging |liquid which has |ine heads,

“and to a nethod for di schar gDESCRIPIIGNE M| oyi ng the apparatus for
di scharging liquid which has |ine heads. Background Art Conventionally,

there is known an ink jet liquid discharge apparatus as an apparatus for
di scharging liquid which is provided with a head having a plurality of

l'i qui d _di,schar ar Vi nozzl.es collaterally arranged therein. Such
i nk P&afaﬁuﬁﬁ&dg&&ﬁaiﬁf@% %Egr’%\g Eé‘B‘sldare classified into those of thernal
system those of piezoelectricity system etc. in view of the difference
~of liquid discharge manner. Anong those, there is widely known a thernal
ink jet printer as an apparatus for 27 Cctober 2005 2 discharging liquid of
t heTeehnieyb Fiokl
The present invention relates to an apparatus for discharging liquid which is
provided with a head having a plurality of liquid discharge parts having nozzles
collaterally arranged therein, and to a method for discharging liquid employing the
apparatus for discharging liquid which is provided with a head having a plurality of
liquid discharge parts having nozzles collateraily arranged therein, and in particular,
.10 an apparatus for discharging liquid which has line heads, and to a method for

- discharging liquid employing the apparatus for discharging liquid which has line

" heads.

Background Art

Conventionally, there is known an ink jgt liquid discharge apparatus as an
apparatus for discharging liquid which is pro’Vided with a head having a plurality of
liquid discharge parts having nozzles collaterally arranged therein. Such ink jet
liquid discharge apparatuses are classified into those of thermal system, those of
piezoelectricity system, etc. in view of the difference of liquid discharge manner.

Among those, there is widely known a thermal ink jet printer as an apparatus for




As a thermal ink jet printer, there is known a printer Wy}-£R..5ePigpyi ded
with a printer head having discharge orifices for discharging or spraying
liquid ink being liquid in the formof rel eased droplets (referred to al so
as droplets, hereinafter), ink passes comunicating with the discharge
orifices, and electro-thermal conversion elenents for supplying discharge
energy to formdroplets which are arranged on the ink passes. The printer
enpl oys the serial scan systemin which the printer head is scanned or

- noved_ along a direction perpendicular to the feed direction of a print
papefliscbargingdiquid ofithpemal system.conventional printer, drive pul ses are
applied to the electro-thermal conversion elenents every tinme the printer

head shi f s 4 theaml ik jopPiibker, AorbNe KHlbintEs pRMH|GRORAGs PRVIAEH vty b

- el ectro-thernmal conver&gn el éments, liquidink int passes is

suppl,i: ' ' e I C auses the discharge.orifices to

di schgrﬁg%ﬂe}%g q(gﬁk’g‘fé@{slgﬁ%%%n&%%e%f rﬁ%ﬁlar%‘Psafge%PfaY'&& H‘gg lﬁké’mngan i mage
is pyinted vvgen togus di schargled droplets hit a print paper and form dots.
The Papistythedpra addeleased dropletsi(rpfepisd toqlsmas deopletsathersinaften)cinkor med on
the print paper when the printer head shifts to a print point. Characters,
| mageasses ebnimanieating with tire dispiidrge opifies, asd 8l dtitherMaledndakiot ri xes.

Generally, the printer head used In the printer has a plurality of
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~ scanned or moved along a direction perpendicular to the feed direction of a print
paper to print an image.
In the conventional printer, drive pulses are applied to the electro-thermal
conversion elements every time the printer head shifts to a print point. As the drive
~ pulses are applied to the electro-thermal conversion elements, liquid ink in the ink
passes is supplied with discharge energy, which causes the discharge orifices to
~discharge the liqpid ink in the form of released droplets. Then, an image is printed
when thus discharged droplets hit a print paper and form dots.
The printer fdrms dots on a print paper so that dot matrixes are formed on
the print paper when the printer head shifts to a print point. Characters, images,
- etc. are formed on a print paper using thus formed dot matrixes.
Generally, the printer head used in the printer has a plurality of discharge

orifices arranged along a direction (secondary scan direction) perpendicular to the

shift direction (main scan direction). In the printer, all the electro-thermal




in case all the electro-thermal conversion elenments are congliLh&Hdoy driven
when printing an inage, the burden of a power source unit which supplies
power to the printer head is caused to be enlarged. So, tinme division
drive is generally enployed in which the plural electro-thernmal conversion
~elenents are divided into several blocks, and thus divided el ectro-thermal
conversion elenents are sequentially driven every divided block. On the
other hand, a printer generally perBorns gradation expression under inage
processing such as the error diffusion method to print an inage on a print
papeconGasenetleyents pan be elrivenpdocarneatly eulsen pHIEng 4al iiﬁzb%e[’NHWevﬁ?r
exanple, a printer enploys a node of printing one line along the main scan

di r efi bA%k 4P tRDeIRBRo-thEAR Fco,ﬁ_ryisi%n@&ﬁe@% Ak icpf,me Fkﬂg@@ﬂeﬁ{‘g the main

scan direction using a plurality of nozzles u I'ZI'N operation

of a_pri.n aper ich is fed along the secopdary scan direction. Wen
pri nPﬁHBngrﬁ\ ‘pﬁé%%‘? H“?ﬁ%&l‘f’ BPVEY soufcpungh & lcqb‘ﬁml’g% Wfltﬁttﬁ‘ér node of
printhg one line using a plurality of nozzles and reduces shift |ength of
a prprinigsdisad iscanspd teebsenlangkd. ySedime diivisixi drive és geméralinengmloyedt i on
processing so as to make dispersion of hit positions of dots such as

bandinnwhictdilet plogaliedéed-ghe i ®niversion R P Bredivid&d ifi6adviai ch can
concurrently print an inage along the wdth direction of a print paper.

oncu: | ong. | : of "a print |
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;Pi;cgtzlidmwgryl&ig?dédylﬁ%cﬁ.rI nter head itself or a print paper shifts only

On the other hand, a printer generally performs gradation expression under
image processing such as the error diffusion method to print an image on a print
paper. Generally, a printer employs various image quality modes. For example, a
printer employs a mode of printing one line along the main scan direction using one
nozzle, and a mode qf printing one line along the main scan direction using a -
plurality of nozzles utilizing the shift operation of a print paper which is fed along
the secondary scan direction. When printing an image with high quality, a printer

- employs the latter mode of printing one line using a plurality of nozzles and
reduces shift length of a print paper along the secondary scan direction to perform
correction processing so as to make dispersibn of hit positions of dots such as
banding indistinguishable.

There is a line type printer head which can concurrently print an image along
the width direction of a print paper. The line type printer head, being different

from a serial type printer head, does not shift along the main scan direction.




secondary scan direction. Thus, the nunber of nozzles of hesbbdtSobype
printer head along the line direction becones very large (in 600 dpi

pitch, 5100 nozzles for 8.5 inch width). So, the configuration of the line
type printer head can be sinplified by using head chips in which heaters,
etc. for a plurality of nozzles are fornmed on one sem conductor substrate.
In performng nmultiple gradation printing, the line type printer head
cannot use a printing method used #n the serial type printer head. As a
printing nethod of the line type printer head, the PNM (pul se nunber
nodulnst¢ash Yhe Jiat dype printerdicddriselftar dpriat F@péﬂsh@ft& onWhalogshel | drop dots
conposed-of a plurality of released droplets repeatedly %it a print paper.

Howey®iondafy SARFARECESR! PHliSIhé Bﬁg}ﬁé}"\’iﬁ%ﬁ%ﬁé@o‘f&ﬂ& g@g’lﬁg{w intéll R&ler ge

pul ses per “pi xel becomes undesirably largé, —an er of nozzl es" X
"the_n r.of pulses". is required to.be controlle Ln view_of _the number
of | rUIBRAEE e REe GRS ek dereeran SO0 oM chos LA RoFrE® fhg:
undesirably increases electric Eome( consunption as conpared with the
ser i #ich widte). pp o nthercandiguration ehtrenline typenppetef dead ngn ielsimplifiegrigdat i on
printing using the line type printer head, since the line type printer

headusing hieadichihy int whichiieatére, el forsepluraldy 6ChdAes drePEMEe\h 872! es
“print respective lines. Thus, since the line type printer head cannot use

a préeﬁifeﬂﬂdﬁ@&?@ﬂbé&?ﬁ@. in the serial type printer head, printed inage is
deteriorated due to unevenness, stripes, etc. caused by dispersion of hit

27 Cctober 2005 5. positiqgns of dots. . . .
%h per?ormm% muhlpcie grat]atl%n printing, the Iine type printer head cannot

use a printing method used in the serial type printer head. As a printing method of
the line type printer head, the PNM (pulse number modulation) system is
considered to be effective in which small drop dots composed.of a plurality of
released droplets repeatediy hj-t a print paper. However, in case of employing the
PNM system, the number of discharge pulses per pixel becomes undesirably large,
and “the number of nozzles” x “the number of pulses” is r'equired to be controlied
in view of the number of nozzles of the line type printer head, which necessarily
and undesirably increases electric power consumption as compared with the serial
type printer head. |

Furthermore, in performing multiple gradation printing using the line type
printer head, since the line type printer ﬁead does not shift along the main scan
direction, respective nozzles print respective lines. Thus, since the line type printer
head cannot use a printing method used in the serial type printer head, printed

Image is deteriorated due to unevenness, stripes, etc. caused by dispersion of hit




Moreover, in using the line type printer head, since tinmeAh%opiOihodri ve is
enpl oyed, discharge tinming is undesirably varied. Thus, shear of dot
positions is undesirably raised along the main scan direction, which al so
deteriorates printed inmage. The present applicant proposed a nethod for
driving a recording head and a recording head in Japanese Layi ng- Open
.~ Patent 2000-014236, which can reduce shear of dot positions on a print
paper as well as |lower nonentary ma¥i mum electric power consunption in
performng tinme division drive. In the Japanese Laying-Open Patent
2000posuRas, ofrdatser el ements are used as drive elenents for discharging
liquid ink, and a recording head provided with a plurality of recording

el ement s riaxi ; oln [ tis ., which is
per pendi C%Fg{eﬁgﬁtlﬁéi%@%ﬁg%a}%@ J%I’ {Hﬁgr}{ggﬁ’, éllmsg"3 ﬁgneegc_jigﬁ%gﬁ SIQ iS'r%a recordi ng
el enent are,.dr.i ven under, ti di.vision drive eyery constant unjt
respgeltﬂhﬁ‘gf Jischaseg magds ung%l@\ié'i‘@ﬁ%ﬂ‘ﬁ m%ﬁﬁﬁ\fg HAGSIHESEs shifted
for the plural recording elements to cause droplets of liquid ink to hit a
pr i nindegieably Thised akong Smmﬂnysaam divecticar, evliichrsh deteriargies prinpaber and an
image is printed thereon. Wen using head chips in which heaters, etc. for
a pl Lmagd;_t y of nozzles are fornmed on one sem conductor substrate,

di spersion of property cannot be prevented. In case the dispersion of
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shear of dot positions on a print paper as well as lower momentary maximum
electric power consumption in performing time division drive. In the Japanese
Laying-Open Patent 2000-014236, heater elements are used as drive elements for
discharging liquid ink, and a recording head provided with a plurality of recording
- elements over approximately the width direction of a print paper, which is
perpendicular to the feed direction thereof, is used. The plural recording elements
are driven under time division drive every constant unit respectively using division
drive signals which have their phases shifted for the plural recording elements to
- cause droplets of liquid ink to hit a print paper. Thus, a plurality of dots are formed
on a print paper and an image is printed thefeon.
When using head chips in which heaters, etc. for a plurality of nozzles are
formed on one semiconductor subsirate, dispersion of property cannot be
prevented. In case the dispersion of property is large, an image is printed with

different density with adjoining parts of adjacent head chips being borders. Thus,




the borders of adjacent head chips along the feed directigmnQi,a 2864 Nt
paper, which undesirably deteriorates printed-inmge. The present applicant
proposed a printer and a printer head in Japanese Layi ng- Open Pat ent

2000- 229050 whi ch can prevent deterioration of printed image due to
di-spersion of property of head chips. In the Japanese Layi ng- Open Patent
2000- 229050, nozzles allocated to thead chips are so arranged as to overl ap
at parts of adjacent head chips when viewed fromthe feed direction of a

pr i {&9@ i tbacksrodift &ihPaadinele &floprvditiedl stripgs niare begagied@ér si on of
pr_ti)'{p:%ar\ y rlﬂfeﬂgg gﬁi l'rso can beg pr egent ed by enploying tiling which has
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under tinme division drive so as to take advantage of merit of tine

di undesimblyideseapratesprinedddnagfd t hat of the tiling which has overl apped
parts forned therein, a problemthat coloring of superposed colors at
over | apgae pasés ztpqﬂi;nmspctbpdﬁdemprihtarmrldfmprlatﬁfrhﬂﬂﬂdﬁe?ﬂlpéﬂﬁg’d parts due to
~difference of degree of dryness is raised. Disclosure of the Invention

ACTALH ¢ | idrhtion ad\mintedtimged
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dr . he prior art by providing an apparatus and a method for
g Aipbrsiondh Bt GoyaRAdR Y, SRR TR R Ty 0P FRUHE ¥ Lo ch
| ha?‘logg-e?t?b%%%? (leogglretssal{o%;tr{:%dtot I?cearde(i:[?ips %rr]g 28 atr}arrrlegeg-ia\éi t%ioov%rfiarpi Aparts
of adjacent head chips wheI; viewed from the feed direction of a print praper. That
is, deterioration of printed image due to dispersion of property of head chips can be
preveated by employing tiling which has overlapped parts formed therein.
On the other hand, when simply driving line heads employing the tiling |
whiich has overlapped paits formed therein under time division drive so as to take
advantage of merit of time div‘isionr drive of line heads and that of the tiling which

has overlapped parts formed therein, a problem that coloring of superposed colors

at overlapped parts becomes different from that at non-overlapped parts due to

- difference of degree of dryness is raised.

Disclosure of the Invention
Accordingly, an example embodiment can overcome the above-mentioned

drawbacks of the prior art by providing an apparatus and a method for discharging

liquid which can print the tiling part in the hound’s tooth manner in




Furthernore, the apparatus and nethod for discharging |i g xanpl e
enbodi nent can prevent the problemthat col oring of super%%§E§%8%?§F§ at -
overl apped parts becomes different fromthe at non-overl apped parts. In
accordance with a first aspect of the invention, there is provided an
apparatus for discharging liquid w@<ﬂ1is provi ded with a head having .
liquid discharge parts for discharging droplets fromnozzles, wherein the
head has a plurality of head chi ps staggeringly arranged thereon, the

pl ural head chips havin lural .ty of .the liquid disch e rts
col | at er aPPy e o-he gﬁl eﬁWZ?’E?%}heaWﬁw&%ﬁwsthr Bﬁ’nga‘?arﬁgégn%f%‘reﬁqm chi ps
are so ar pagdteshd divishye &tvaggeri ng manner as to overlap at parts of
adj acent head chi ps when viewed fromthe feed direction of a recording

medi um and t h&ughemers dh apneesivs anskmpdied der dischgeging Hgnid cithappaeplad] acent
head chi pggl'b?%ﬁngsl% td dﬁ’?\é@%‘é?‘% @Hﬁgl%rth%fo'rﬁlgf%f ;3{1']396 Doscl ¢ dl%lhs a%'v%?agﬁ,?d In

- correspon ee or one T1ne ecordl ng ne

accor danc gaitd bdtomes diffeicht fSpett abhod-Gerlappeiargn, there is provided an

. apparatus for discharging liquid which is provided with a head_ havi ng

“1iquid di schatyecgddnees with @ destapgrsigob il ateation.ofhero itz Peyideghat ei n t he
head has l4 . < hip a LS n . or each

col or of 3?1%!6 gtésﬂ?lt ﬁﬁ%&#ﬁﬁtd %lgnﬁegvg%agsg?%ﬁq%%ﬁh;qo gﬂeg%ﬁéﬁﬁp&mﬁ

st agger i ndlsyhaage partyefdr dibehaeging dfopietefaarhn noeties, of droplets, the plural head

chips having awﬁler%{na‘lhiet}%éag fhast Q%Iulréllﬂyio? h'eacF Zhi}% gtgggeerrinzggzoz?rra%ged thereon,
the plural head chips having a plurality of the liquid discharge parts collaterally
arranged therein, and
| wherein the plural head plural chips are so arranged in the staggering manner
as to overlap at parts of adjacent head chips when viewed from the feed direction of a
recording medium, and the distance between nozzles of staggeringly arranged
~ adjacent head chips is set to be even number multiple of one pitch which
corresponds to a feed length for one line of the recording medium. |
In accordance with a second aspect of the invention, there is provided an
apparatus for discharging liquid which is provided with a head having liquid
discharge parts for discharging droplets from nozzles,
wherein the head has a plurality of head chips staggeringly arranged thereon
for each color of droplets,
wherein the head has a plurality of head chips staggeringly arranged thereon
for each color of droplets, the plural head chips having a plurality of the liquid




~discharge parts collaterally arranged therein, and whereis; ghepp} sdl head
chips are so arranged in the staggering nanner as to overlap at parts of
adj acent head chi ps when viewed fromthe feed direction of a recording
medi um and the distance between nozzles of staggeringly arranged adjacent
head chi ps which formdots of the sanme ¢olor is set to be even nunber
-multiple of one pitch which corresponds o a feed |ength for one |ine of

t he recor diififiargeReits fo1REriB} drradged thereih, shance between nozzl es of head chips
which formdots of different color is set to be even nunber nultiple of

one pitch whi chvieseipdbpphyesd head ghips awdsol araperd frothestrggpiime mafinarias toecor di ng

orovi ded R0 aE PSR! blehubid BT RTRh Thvid EabCHRTHE Bl & 4° o

nozzl es, wheiding mefiut, 2dridt Yheolishmae dwasm aoe-lsd afokideeghyly anmaipged, the
plural head, chips having a plurality of liquid discharge parts for
di schar gi rfiagewphead Chipsovhish Aomp slotscof thet wamg pelonis st dadet eienerumbeiner ei n

th | ur al i DS i i o]
over | ap at™hepl DI EnRA BEEARAR Lo TpHERISh M SEARSERIG?, ot on
of a recondiimg asewtllng thendstatver twesdr ogdzkis ofdead dhips vetige trfn dots toffie

nozzl es, the distance between nozzles aof staggeringly. arranged adj acent
head chi péf?@%rﬁwngf&*s 66 tB&° Sy AR SpUR) ofjopF @iteh Wi %S’i"fteéﬂ‘f’fk%h iR

cor r esponggedtiengh F88he BB F ther&orBAE nlddfifn.0f the recording nmedium . 27
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In accordance with a third aspect of the invention, there is provided a method
for discharging liquid which discharges droplets from nozzles,
wherein a plurality of head chips are staggeringly arranged, the plural head

chips having a plurality of liquid discharge parts for discharging droplets from nozzles
collaterally arranged therein,
| wherein the plural head chips are so arranged in the staggering manner as to
overlap at parts of adjacent head chips when viewed from the feed direction of a
-recording medium, and

| wherein droplets are discharged from the nozzles, the distance between
nozzles of staggeringly arranged adjacent head chips being set to be even number
-multiple of one pitch which corresponds to a feed length for one line of the recording

medium.




.. wherein the plural head chips are so ar

I n accordance with a fourth aspect of the invention, there hsioBeOMogded a
met hod for discharging |liquid which discharges droplets from nozzles,
wherein a plurality of head chips are staggeringly arranged for each col or
of droplets, the plural head chips having a plurality of |iquid discharge
parts for discharging droplets fron1no§zles collaterally arranged therein
anged in the staggering nmanner as
to overlap at [Rakdotdite AahacBith RGRE FHhPRVIRRIA, MRS Grdviddd Mehbged
~direction of a recording nedium and wherein droplets are discharged from
t he nozzl der disthargingliamid avhixdt digchargen duopletsirom noedeger i ngl y arranged
adj acent head cwm S Wnilcgi of e%@t $i of the same col or go%i r%g]ﬁset?rtg be even
nunber nultiple 0O %ﬁiep%ril h PEREr T e %g]&é'lg{yoar&migg% g 59 for one
line of theogleond pUrdTekadntidps Wakingas plxaliti of alyoRl ARtMeEH paaszfoes of
head chi ps_which formdots of different color being set to be even nunber
mul tiple thChﬁﬁ@gﬂr?@ﬁtsmﬁo?@@ﬁF@gﬁgﬁﬁﬁm@g&dﬁ@é@ni ength for one |line of

" the recordi ng ' i i . { i ntion,
there i s provi Qi the BuRE S0 AREE il dbeBinkld L IBEEY madier ST 120
W th a noawkdaf ar partsgofredjbent heml chigs mdez | visvddofromdihe Heed diteaivek dfead chi ps

having a plurality of liquid discharge parts collaterally arranged
therein, tHFROTPPEREAUNLGI8d di scharge parts discharging droplets fromthe

nozzl es, wher eighetdip d}e@édsem%oam JIE TRAT Spﬁ;g?ﬂfsi%'tﬁescﬁgmsw%apsed of a

plurality of nozzles corresponding to the qui d di scharge parts,
and a pl umakiles of sthggenaglyozzingsd stjacergshead ehipe vernchafigeddots of the agger i ng
manner as t verlap at parts of agjacent nazzle .strings en viewed from
The feed dPREBFRBIE0P b BB SREFoTHEMGH, one Bh which coreipords t a e&d

length for one line of the recording medium as well as the distance between nozzles of

head chips which form dots of different color being set to be even number multiple of
one pitch which corresponds to a feed length for one line of the recording medium.

In accordance with a fifth aspect of the invention, there is provided an
apparatus for discharging liquid which is provided with a nozzle forming member
having nozzles formed thereon and head chips having a plurality of liquid discharge
parts collaterally arranged therein, the plural liquid discharge parts discharging _
droplets from the nozzles,

wherein the nozzle forming member has nozzle strings composed of a
plurality of nozzles corresponding to the plural liquid discharge parts, and a plurality
of the nozzles strings are so arranged in a staggering manner as to overlap at parts of
adjacent nozzle strings when viewed from the feed direction of a recording medium,

wherein a plurality of the head chips are so arranged in a staggering manner as
to correspond to the staggeringly arranged plural nozzle strings, and |

wherein the plural nozzle strings formed on the nozzle forming member have

~the distance between staggeringly arranged adjacent nozzle strings set to be even
* number multiple of one pitch which corresponds to a feed length for one line of the
recording medium.

In accordance with a sixth aspect of the invention, there is provided an
apparatus for discharging liquid which is provided with a nozzle forming member

having nozzles formed thereon and head chips having a plurality of liquid discharge




wherein a plurality of the head chips are so arranged 'n:ﬁW?&QQQ%Pbﬁg
‘manner as to correspond to the staggeringly arranged plural nozzle .
strings, and wherein the plural nozzle strings forned on the nozzle formng
menber have the distance between st &ggeringly arranged adj acent nozzle
strings set to be even nunber multiple of one pitch which corresponds to a

feed | emgith qodlatesHly Rrrarecdf therrin, thec pluai nlgqwe ddisahargenpatsc disghmgagwi t h a
si xth aspegt ‘ﬂorﬁgl% ioQ%’l gtion, there is provided an apparatus for
ﬁlg ﬁsi qui whi c%"

di schar gi is provided with a nozzle form ng nmenber having

nozzl es for nmacherdiar dennamitt Hemting hnpabdrakan gozzle| sufigdsi tompdsed i fubd
di scharg? 27 October 2005 9a parts collaterally arranged therein, the

plural IHali ofinverlss gergsaprding o e Al grhlinuid dsphais patsoand ﬁ@h%*i@];ﬁl es,

wher ei n ROZH Qi ' . - 1 NGS o) )
pIuraIifgqg% nozzﬁgégiﬁkggspon |ﬁ§ to @%éﬁgﬁﬁégéiﬁlqdﬁﬁﬁa?s _aré@ parts,
and a pladjaatittingzzlefiringe foreach eolet of drgplearvehen viewaddinge dhd faedids¢ctigger i ng
manner erlap.at parts of adjacent nozzle strings for each col or of

as. to oy
dr opl et é’%\ﬂ’i‘é‘iﬁ’rﬂY}P&%& tom the feed direction of a recording nedium
wherein a pl wikdih ¥ pRirafi)©rARALE BhPS aRIH a%@n@édriﬁ'a%g%géﬁhg?mmggﬁ“ ng

manner as to correspond’to the staggeringly arrang plural nozzle strings
for eachocesirsspafd todthspstaggeringlydavingeéipiuhhaoplwsaingn daz kechstdlomes f or med
.on the n %Zler Lﬁ({m' ng nmenber have the distance between staggeringly
arrange aﬁlj ace nozzl e strings which formdots of

wherein the plural nozzle strings formed on the nozzle forming member have
the distance between staggeringly arranged adjacent nozzle strings which form dots of
the same color set to be even number multiple of one pitch which corresponds to a
feed length for one line of the recording medium as well as have the distance between
nozzle strings which form dots of different color set to be even number multiple of
- one pitch which corresponds to a feed length for one line of the recording medium.
In accordance with a seventh aspect of the invention, there is provided a
method for discharging liquid which discharges droplets from nozzles,
wherein nozzle strings composed of a plurality of nozzles are arranged, and a
plurality of the nozzle strings are so arranged in a staggering rﬁarmer as to overlap at
parts of adjacent nozzle strings when viewed from the feed direction of a recording
medium, and wherein droplets are discharged from the nozzles of the plural nozzle
strings, the distance between staggeringly arranged adjacent nozzle strings being set
to be even number multiple of one pitch which corresponds to a feed length for one
line of the recording medium. |
In accordance with an eighth aspect of the invention, there is provided a
method for discharging liquid which dischérges droplets from nozzles,
wherein nozzle strings composed of a plurality of nozzles are arranged, and a
plurality of the nozzle stfings are so arranged in a staggering manner as to overlap at
parts of adjacent nozzle strings for each color of droplets when viewed from the feed

direction of a recording medium, and




the same color set to be even nunber nmultiple of one pitaly @hbsdh 2005
corresponds to a feed length for one line of the recording nmediumas well
as have the distance between nozzle strings which formdots of different
color set to be even nunber nmultiple of one pitch which corresponds to a
feed length for one Iine of the reco&%ing medi um I n accordance with a
seventh aspect of the invention, the is provided a nethod for

di scharging |iquid which discharges droplets from nozzles, wherein nozzle

strings conposed.of, a.plural.ity of nozzles are argan , . plurality
of the”noss! antrsit i arE e SRR b B2l B Ao ZF sBinel over | 2
at  par tige @ktanéy RERBn ﬂ?géﬁﬁg@tai‘ﬂaﬁ@ aheeniievseGiiig@viitiefdaaibtoofr ect i on of
a recording nedium and wherein droplets are discharged fromthe nozzles
of the pheisanre epiorbaing setrtp hgeven pembergnulipl ofcansauishsvhighy eewesgPydsar r anged
adj acen rel ' : gng el one pitch
whi ch cté(r) rIa gé%doﬁﬁgtht%p%%f %Séd&% E‘%g%"ﬁréﬁ“g% ngﬁglﬁ?% ﬁelo H%eggt%%d(%ot%g?%\eg medi um

| N acconmarie etrivict whivh feirglkdbls o diffeént@blor beingrwietotbeaven hilvabe masltipleovi ded a
met hod far discharging liquid whjch discharges droplets from pnozzles,

wher ei n q#eg%p@olswﬁchggﬂewgﬁ%t@& ‘JS?‘P ign%tﬁé?meﬁyw s prenepEtiT, anged, and
a plurality of the nozzle strings are so arranged in a staggering manner
as to overlap at parts of adjacent nozzle strings for each col or of
droplets when viewed fromthe feed direction of a recording nmedium and .
27 Cctober 2005 9b wherein droplets are discharged fromthe nozzles of the
plural nozzle strings, the distance between staggeringly arranged adj acent
‘nozzl e strings which form dots of




the sanme col or being set to be even nunber multiple of Q”f?@k&@@rﬂﬂkﬁh
corresponds to a feed length for one line of the recording nediumas well
as .t he di stance between nozzle strings which formdots of different col or
‘being set to be even nunber nultiple of one pitch which corresponds to a
feed length for one line of the recording nmedium . 27 Cctober 2005 10

FI G4 shows a plan view indicating arrangenent of head chi ps of the head.
FIG5A to FI G 5G show plan views intlicating drive operation of the head
chips. FIG 6 shows a bl ock diagramindicating configuration of the |ine

col or  priFGes sh(E\b§a7p1§ﬁ1Qﬁ@w&n@icﬁﬁhg@irﬁﬂgémdnm@f%hﬂ ReipsasT thehieadll on of a
head drive unit on head chip unit. FIG 8 shows a timng chart indicating

uni P R 1A BEAGRORRRTIAN Fin ikl s ERe o BEORRREC v

formed, by head chips of the sanme color of the Iine color printer. FIG 10A
to FFBPEOE show plan views indicating the printed dot state fornmed by head
chips of different color of the line color printer. Best Mde for Carrying
‘Qut the | @ slowT hdlpcle dengraininditating curfigifratiohef thelidesolorbed bel ow
concerning the best nodes with reference to the acconpanyi ng draw ngs. The
preslgﬁhtejrnventi on can be applied to a line color printer 11 configured as

FIG.7 shows a block diagram indicating configuration of a head drive unit on
head chip unit.
FIG.8 shows a timing chart indicating the drive state of the respective head
chips driven by the head drive unit.
F1G.9A to FIG.9D show plan views indicating the printed dot state formed
- by head chips of the same color of the line color printer.
FIG.10A to FIG.10E show plan views indicating the printed dot state formed

by head chips of different color of the line color printer.

.Best Mode for Carrying Out the Invention
The present invention will further be described below concerning the best
modes with reference to the accompanying drawings.
| The present invention can be applied to a line color printer 11 configured as
shown in FIG.1. The line color printer 11 has a housing 12 of a rectangular shape
for enclosing inside parts or components thereof, and a paper feed tray 13 for

stdring print papers 14. The paper feed tray 13 is installed into the line color .




shown in FIG 1. The line color printer 11 has a housing 12 g g.fRgkangul ar
shape for enclosing inside parts or conponents thereof, ‘and a paper feed
tray 13 for storing print papers 14. The paper feed tray 13 is installed
into the line color . 27 Cctober 2005 11 printer 11 fromthe tray entrance
formed at the front side of the housing 12, which enables the |ine color
printer 11 to be fed with the print papers 14. \Wen the paper feed tray 13
is.installed into the line color pryjnter 11 from the tray entrance of the
housing 12, the print papers 14 are pushed and brought into contact wth a

ngfgghgegduf ﬂbh?fhelt‘?@gxnﬁaﬁéeeﬂﬁhf‘éd‘ﬂq{gg gfrl‘ﬁéﬁggcgé ?Qﬁﬁgﬁ@%@?z%ﬂﬁh feed

rotates, t print papers rear side of the
li ne | or, pr.inter 11.fro h er, feed tray 13 aglong an arrow A shown
" epeaties the e cplor trine Thio Peie writh epmatiameredde ol lers 17 arranged
near the rear side of the line color printer 11. Wen the reverse rollers

17 r ot at e Whéretheepapedifeed trap i 3ois instaledh infotthp dipercologpristerHdnfyesh and t he
print papers 14 are fed toward. the front side . of the line color printer

11 aihengaypBn@ah&o Bl Rming) 18] @e]prilﬁklﬁ(')pers' 19ardpliedARPbfoupht Mrese feed
direction is changed are fed by spur ‘rollers 18, etc. arranged over the

P onrorl Bt Y iy R N S KPR AR AERBhpishh Moo e Biief) 1 °
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shown in FIG 1. The head cartridge 20 has a head 21 which has |ine heads
of yasdlpoprinter 11 from the paper feed tray 13 along an arrow A shown in FIG.1.
~ Also, the line color printer 11 has reverse rollers 17 arranged near the rear side of
the line color printer 11. When the reverse rollers 17 rotate, the feed direction of
‘the print papers 14 is changed and the print papers 14 are fed toward the front side .
of the line color printer 11 along an arrow B shown in FIG.1.
Then, the print papers 14 whose feed direction is changed are fed by spur
r_ollers- 18, etc. arranged over the paper feed tray 13, and are delivered from a paper
outlet formed at the front side of the housing 12 along an arrow C shown in FIG.1.
Tﬁe line color printer 11 has a replaceable head cartridge 20 arranged therein
* between the spur rollers 18 and the paper outlet as shown by an arrdw D shown in
FIG.1. |
The head cartridge 20 has a head 21 which has line heads of yellow,
magenta, cyan, and black arranged therein, and a holder 22 of a predetermined

shape the bottom of which holds the head 21. Also, the holder 22 has ink cartridges

Y, M, C, and B, or yellow, magenta, cyan, and black arranged therein. Thus, the




magenta, cyan, and bl ack arranged therein, and a hol der 2
predeterm ned shape the bottom of which holds the head'Z%?étﬁzﬁoggr,zqoﬁe

hol der 22 has ink cartridges Y, M C, and B, or yellow, nagenta, cyan, and
bl ack arranged therein. Thus, the 27 Cctober 2005 12 |I|ine color printer 11
~can print an imge such as inmages by causing droplets of liquid ink of
respective colors fromcorresponding line heads to hit the print papers 14.
FI G 2 shows an expl oded perspectivelvi ew of the head 21 when viewed from

the same direction as FIG 1. The head 21 has an orifice plate 23 which is
pr epiinetol S pfiRfefTiNTaNGFAAem Riadk SRS '@%ﬁ@ri AR Qs‘-mﬁﬁ us
resin, and t%e orifice%pl ate 2%% S heISdl gl%lr%neﬁ%otefospgg{v%. T eehead 21

has I 1.m.24 redet ermi ngd shape e,of . simlar carbonaceous
resi%ﬂgégé%%ggh%%cﬁﬁggggv?F8geqﬁﬁgﬁ8g§§@Hﬁﬁﬁgﬂ%§ﬁﬁBSJ”Hﬁﬂﬁ@eg%ﬂgrranged on
the dry film24 In the head 21, four |ines of |ine heads which consist of
head chi p§19=2 slievs anexplydadaparspsasivesiiewnelgdathead Alawhenvdewed fiom
respectively, are arranged along the |ongitudinal direction of the head

21. Treestiradii2itibmas F1Gel.alThplikhd 2Athasdicbrifieapldtt 23swhidcig fitpided head
chips 25 side worked under convexoconcave processing, and in which ink

passgg féfrﬁiﬂgi_w?ﬁcé 5h QUGB Biafd}id Ex‘faccﬁ]é GiEarbbRR IS rbiih agﬁrﬂtxé ioﬂﬂﬁ% to the

head tThi ps e respective hea | pS are connecfed to the netal

pl at &;,.26,Fl sho a_perspecti Vi e t he he chip.25 arranged in
Phe Rlali23 7 e SR eFasfc RRLSREGY diherhicndd T nesis by B 2b Bt Agher o
conponents. The head chip 25 is prepared by working a silicon substrate 27
‘enpl BEedstpriived shang miadg ofisimilar carbonaceous resin arranged on the orifice

plate 23, and has head chips 25 arranged on the dry film 24.

In the head 21, four lines of line heads which consist of head chips 25 and
correspond to yellow, magenta, cyan, and black, respectively, are arranged along
the longitudinal direction of the head 21. The head 21 has a metal plate 26 which
has its surface of the head chips 25 side worked under convexoconcave processing,

~and in which ink passes are formed through which ink flows from the ink
'cartridgéé to the head chips 25. The respective head chips 25 are connected to the
metal plate 26.

FIG.3 shows a perspective view of the head chip 25 arranged in the head 21.
In FIG.3, the head chip 25 is shown with per.ipheral components. The head chip 25
is prepared by working a silicon substrate 27 employing the integrated circuit
technique. The head chip 25 has heaters 28 for heating ink sequentially arranged

‘thereon formirg a line, and a heater drive circuit 29 for driving the heaters 28.. In

the head 21, the orifice plate 23 is arranged and worked such that circular orifices -




t echni que. The head chip 25 has heaters 28 for heating i & 1y
arranged thereon formng a line, and a heater drive cirggq§gg®8?%¥ﬁ%riving
the heaters 28. In the head 21, the orifice plate 23 is arranged and

wor ked such that circular orifices . 27 Cctober 2005 13 forned therein are
| ocated directly over the respective heaters 28. Also, in the head 21,
partition walls for partitioning respective heaters 28 are fornmed by
'working the dry film24, and thus 1hk cells 30 for the respective heaters
28 are formed. The <circular orifices formed in the orifice plate 23

conf fQRES gk A8 l@éat%éﬂiﬁbﬁ?hﬁe@ith@resﬂe@ﬁvé‘h@i’ﬂe@i 28. Wlsé,ia theadaghi p 25,
the dry film24 is worked so that the partition walls forns a pectinate

e, Aot DA e RSO B el P2, 72
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~cartridges Y, M C, and Bis led to the opened sides of the ink cells 30.
‘Thuscircular beiffreadoRicd imkhd srifieel plate tA3econtfigures hozA6s Barfor déschaggpgcet i ve
heaters 28 fromthe edge side along the longitudinal direction of the head
chi pinﬁérogfé@.o’ the head chip 25 has a pad 34 fornmed at a side opposite to
t hat er the heaters 28 are arranged, and a flexible wiring substrate 35
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forms a pectinate shape, which allows the ink cells 30 to communicate with an ink
pass 33. The heaters 28 are arranged in the vicinity of the innermost walls of the
pecten-shaped partition walls.

In the head 21, the ink pass 33 is formed by working the metal plate 26 and
the dry film 24 so that ink of ink cartridges Y, M, C, and B is led to the opened '
sides of the ink celis 30. Thus, in the head 21, ink is led to the ink cells 30 for the
1espective heaters 28 from the edge side along the longitudinal direction of the head
chip 25.

Also, the head chip 25 has a pad 34 formed at a side opposite to that where
the heaters 28 are arranged, and a flexible wiring substrate 35 is connected to the
pad 34 to perform drive operation. Thus, in the head 21, a mechanism for
discharging ink droplets from nozzles are formed.

FIG.4 shows an enlarged view of part of the head 21 viewed from the feed
direction of the print papers 14, which also shows arrangement of the head chips

25. As shown in FIG .4, the head 21 has the head chips 25 of the same




FI G 4 shows an enl arged view of part of the head 21 vie f eed
direction of the print papers 14, which al so shows arra\rll\géginée%tpg%&bt%ﬁe head
chips 25. As shown in FIG 4, the head 21 has the head chips 25 of the sane
27 Cctober 2005 14 configuration staggeringly arranged thereon at both
sides of the ink pass 33 of the respective ink. Furthernore, the
respective head chips 25 are arranged at both sides of the ink pass 33
such that the sanme sides or nozzle-Form ng sides thereof face the ink pass
33, which allows ink to be led fromthe ink pass 33 to the respective head

chi psofigurhbios, stﬁ$§ethﬁg19| agdanibd €lRdyebd Wit ¢btB QideRAJf thenk Paske33 of ehe head
chips 25 are supplied wth ink using only single ink pass 33. So, printing

acc a0 i t ' ' r | A | ry Si ified
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the center  positions thereof along the direction of arranging the nozzles
31 s¥denaf thoom Pasifos hyuch et thesama sides QdiozalfafRyang| the&edfi r ecti on of
arranging the nozzle's 31 even though the respective head chips 25. face
't he fack thedsk pass IBuwhidhnalidves idatd 124 led fromy ehgmikopass33ttoetht! exi bl e wi ri ng
substrates 35 to be connected to the pads 34 can be prevented. In the head

21, felagea%h&ﬁ éﬁi&@rﬁ. M ehe head 23&9%%;&9&1 53 hat PEL &ésgeéﬁvef a

predeterm ned nunbér. Al so, in each group, e nozzles 31 are so forned on

o A HAEE 28 b RpRug s TR Gy R o) RiddIEn B BRGTETRE RBRMES 17 25 are

so fornmed on positions shifted _along the feed direction of a prjnt paper
as t qp%lgqtqyegngﬁg 1mpéoyeég5b@@f1g@ higdy s¢sedutiqn under simplified configuration.

The respective head chips 25 have their pads 34 located at the center
. positions thereof along the direction of arranging the nozzles 31 so that positions of
the pads 34 are not changed along the direction of arranging the nozzles 31 even
| though the respective head chips 25 face the ink pass 33. Thus, in the head 21, \
convergence of the flexible wiring substrates 35 to be connected to the pads 34 can
be prevented,

In the head 21, the nozzles 31 are divided into groups each has nozzles 31 of
a préd_etermined number. Also, in each group, the nozzles 31 are so formed on the
orifice plate 23 as té make offsets therebetween along the feed direction of a print
paper. Also, the heaters 28 of the head chipS 25 are so formed on positions shifted
along the feed direction of a print paper as to correspond the respective nozzles 31

- of the respective groups formed on the orifice plate 23 with the prcdetermined

number of nozzles 31 of the respective groups being a unit. In FIG .4, offset values

of the nozzles 31 are exaggeratively shown. Also, in FIG .4, the nozzles 31 are




of the respective groups fornmed on the orifice plate 23 w he

predet er m ned nunber of nozzles 31 of the respective grog%gggé?ﬁgogsunit.
In FIGA,- offset values of the nozzles 31 are exaggeratively shown.. Al so,
in FIGA, the nozzles 31 are 27 Qctober 2005 15 divided into three groups
w th seven nozzles 31 being a unit for the convenience of sinplifying the
explanation. In the head chips 25, thus grouped heaters 28 are sequentially
driven by effectively utilizing thé position shifts of nozzles 31 which
neke offsets along the feed direction of a print paper. In case the
nozzdigsd@lintekrecqfrbaps sitlsseven tdwezlhedlt beity panitFof Hrecomeeniencepalss 33,
drive order of heaters 28 becones opposite to input order of drive

sig : | fﬁﬂ?ﬂ nt, to cope with the situation, the head chips 25
ar ergglgﬁ)cl%ﬁxpll%{t}{rie as Eg(?)dpge able to change the drive order of drive
circuits._Ipn the line lor printer .11, nQzzles 31 lchy are pnade up of
groups of s adlrﬁJ’z‘E’F ég’ &P’é &rgaﬂﬁ'ﬁthpﬁ‘ieﬁ/gé Gt F%‘i‘fe@gﬂpy oqg%%&g?es 31

| ocated at the inconming side of the print paper 14 under phases of phase 1
to peffisetivily ailizimgthe position shiftwof rozles3 1 whichanske effsetsalong thiumer al s

- corresponding to the respective phases are put to the nozzles. Wen the

pri feedaRfictibh 652 pAdt pAserz | Idscabe whé abziles 31imakeroffgetsi sincefthe heagr i nt
paper 14 firstly reaches are driven under the phase 1 to formdots D1, as

7 ontHBS 2 e fhe MR fass B DehITRes B JORREE 29 bebduleSoppsfe FELAA' ¢ R br i
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sequentially driven ‘ o
chips 25 are so configured as to be able to change the drive order of drive circuits.
In the line color printer 11, nozzles 31 which are made up of groups of seven
nozzles are sequentially controlled from nozzles 31 located at the incoming side of
.the print paper 14 under phases of phase 1 to phase 7, as shown in FIG.5A to
| FIG.5G. In FIG.5A to FIG.5G, numerals corresponding to the respective phases
are put to the nozzlés_. When the print paper 14 is fed, nozzles 1 which the
incoming side of the print paper 14 firstly reaches are driven under the phase 1 to
form dots D1, as shown in FIG.5A. Next, when the print.paper 14 is fed by a shift
length from nozzlés 1 to nozzles 2, nozzles 2 which the incoming side of the print
paper 14 secondly reaches are driven under the phase 2 to form dots. D2, as shown
in FIG.5B. Furthermore, similarly, nozzles 3 to nozzles 7 are sequentially driven
under the phase 3 to the phase 7 to form dots D3 to dots D7, as shown in FIG.5C to
FIG.5G, respectively.

Under this processing, in the line color printer 11, nozzles 31 in one group




under the phase 3 to the phase 7 to formdots D3 to dots I n
FIG5Cto FIGS5G respectively. Under this processing, i%y?ﬁgﬁ?ﬁa@ggolor
~printer 11, nozzles 31 in one group 27 COctober 2005 16 are driven with
respective drive timng shifted, and correspondi ng nozzles 31 in

respective groups are driven concurrently in parallel. Furthernore, the

" head 21 fornms one dot using plural droplets, and varies the size of the
dot by changi ng the nunber of droplléts which formthe dot. Thus, gradation
expression is performed. In this enbodi nent, eight- droplets are used in

f or rAregirdwen with respddiiverdidte titming Bhifteh dnd tormspondialgi nozzbés Ilead chips are
so arranged as to overlap at parts of adjacent head chips, that is parts

f | i . ; head hi I ith t f
o piTGPBPAR? g0uDs B0 BEVER BLLREERAY ih BaRIRLICEC. S0P 2" Wheh Vi cvied 11 om.
the feed direction qf L nting object ar a.print er, .so th I nk
dropl ets L’éhﬁ’@é‘j’@c&ﬁﬁ?&éi}ééﬂﬂ? f’néEBLP%iﬁgipéﬁials]/%trﬂ&%gsaﬁEdﬁ@gﬁe? ?%eh :)n t he
printing object. Thus, in the line color printer 11, m xed dots by adjacent

‘two dieaof the det lay ehadgingshie aumbesdfappplétpahich fornethe dotxebhufot s make
di spersion of property between adjacent head chips indistinguishable,

“whi %}aaﬁﬂoﬂreﬁ %&i&%?&f&rméd@mmﬁ enbbdRAentBINt droplefeareiuseddnl or

~printer 11, tne distance L., between nozzl es of adjacent head chips of the
Sanefo?f?xliﬁé oin% d%?tat [hoc&%sgven nunber pitches. And, the distance Ld

In the head 21, a plurality of head chips are so arranged as to overlap at parts
of adjacent head chips, that is parts of a plurality of nozzles allocated to one head
chip overlap with parts of a plurality of nozzles aflocated to adjacent head chips
when viewed from the feed direction of a printing object or a print paper, so that
ink droplets from adjacent nozzles hit substantially the same position on the
printing object.

Thus, in the line color printer 11, mixed dots by adjacent two head chips are
formed at overlapped parts. These mixed dots make dispér_sion of property
between adjacent head chips indistinguishable, which can prevent deterioration of
printed image.

| In the line color printer 11, the distance L, between nozzles of adjapcnt head
chips of the same color is set to be even number pitches. And, the distance L,
between nozzles of head chips of different color is set to be even number pitches.
One pitch corresponds to a feed length of a printing object for printing an image of

one line. For example, in FIG.9 to be described later, data of one line is printed as




between nozzl es of head chips of different color is set tg;pgi puespgrunber
pitches. One pitch corresponds to a feed length of a printing object for
priinting an immage of one line. For exanple, in FIG9 to be described

| ater, data of one line is printed as . 27 Cctober 2005 17 shown in
FIG9C So, the printing object is fed by two lines fromthe state shown
in FIG9A That is, in the exanple shown in FIG 9A to 9D, the distance 1.
between nozzles of adjacent head di ps of the same color is set to be two
| i nes being even nunber pitches. FIG 6 shows a bl ock diagramindicating
confslpwatin #iGo#C: ISe, thaprintihgrobjqutiisfeel byl fwo lines feohithe stavd shiowni nter 11,
an interface (I/F) 43 receives control conmands, text data, inage data,

et C. inORI@ YA | TRER &, BT mFREAWE] if IR ?DB?{?C dis&%@'[gb&ﬁve d sends

thus received commands, data, etc. to a centra essing onit CPU) 44.
An operatiop el ement 45.i.s a.push-t operatiqn el epent, arranged on a
oper®? Zgﬁs Bgﬂglacﬁlfﬂ?%é qqln%oggfp%§ar5¥gﬁpégs ﬁ%to e HEC%BT’WB fnter 11 can
accept _various settings of printing position, etc. and various

i nstiwmbebpiichés.t est printing, etc. when the user operates the operation

el ement 45. A display unit 46 may be a liquid crystal display panel
arranged BIGdhshowaes bldokndipgrah indiediifg tonlfis@iatdon ®lhe 1fife oot ous settings,

- detailed informati on, etc. corresponding to operations of the operation

el e’fﬁr‘i‘ﬁteffl-l A printer nmechanismunit 48 nay be a print paper feed nmechani sm

of the ine color printer 11, and a printer control unit 47 controls
operation. of t.he printer . .
P nIn the line golor p?inter 11, an interface (I/F) 43 receives control commands,

text data, image data, etc. output from a personal computer 42 being a host
apparatus, and sends thus received commands, data, etc. to a central processing unit
(CPU) 44. An operation element 45 is a push-type operation element arranged on a
. operation panel of the line color printer 11. The.line color printer 11 can accept
various settings of printing position, etc. and various instructions of test printing,
etc. when the user operates the operation element 45. A display unit 46 may be a
liquid crystal display panel arranged on the operation panel, and can display menu
-of various 'settings, detailed information, etc. corresponding to operations of the
operation element 45 .

A printer mechanism unit 48 may be a print paper feed mechanism of the
line color printer 11, and a printer control unit 47 controls operation of the printer
mechanism unit 48 under the control of the central processing unit 44. A head
dﬁve unit 50 is composed of drive circuits for driving respective head chips of the

head 21 under the control of the central processing unit 44. Thus, the line color




mechani smunit 48 under the control of the central processi AgiHE Soc8d A
head drive unit 50 is conposed of drive circuits for driving respective
head chips of the head 21 under the control of the central processing unit
44. Thus, the line color . 27 Cctober 2005 18 printer 11 can print color

I mges by driving the head 21 with the print papers 14 fed by the printer
mechani smunit 48 under the control of the central processing unit 44
correspondi ng to output data from the personal conputer 42. The central

- processing unit 44 configures a controller for controlling operation of

t he piinterckl can prinheaor imagesyby ldeiving the hearbRbmithnthe priot paparydddedcont r ol
commands received through the interface 43 'as well as controls operation

of bg Th® b meSdnigh Ui 48 hhdenthd dsnthsiast tHe icléﬁtrﬂl”'{vfoc‘é@sihg upitepessi ng

text data and 1 nmage data based on the analysis result so as to print the
text data and inage, dat n e ] olor printer 11, the head drive unit
50 dfPVEPQ n%é%gu@f%%t%ﬁgfﬁn}%]?(%tggﬁ%‘tés&%@lﬁ-egg?acent two head chips are
fornmed at _overl apped parts. The head drive unit_50 has a print data

‘gener at | o hgrsentsh progessing sindidd copligurestd ennteolkar for cantroding vi si on drive
signal generation circuit S3, and a gate circuit 54, as shown in FIG 7

whi copéradionasfahe ¢efdofor ptinten 1dftopbthehewith dmiemorndP, &6 enalyaesnd chip unit.
The print data generation unit 51 stores print data sent fromthe central

o eSESR gl AL YR TRLDN 530 g5¢paeom ajgnubeat cort o
For &%C};]rir?t%? -clnilprgl ufit iﬁlr}tan%l {he iilegascﬁ:ﬁjveoﬂnﬁ 38 b%/r }i)rrgcegﬁhgtext data and
image data based on the analysis result so as to print the text data and image data.

In the line color printer 11, the héad drive unit 50 drives the head 21 so that
mixed dots by adjacent two head chips are formed at overlapped parts.

The head drive unit 50 has a print data generation unit 51, a TOG signal
generation circuit 52, a division drive signal generation circuit 53, and a gate circuit
54, as shown in FIGV.7 which indicates configuration of the head drive unit 50 on
head chip unit.

The print data generation unit 51 stores print data sent fro.m the central
processing unit 44 into a print data memory 514, and generates head control data
.i_ndicative of discharge/non-discharge status of respective nozzles for each one-line
print clock based on the print data.

The head control data generated from the print data generation unit 51 is sent

to first to N-th (N being 17 in this embodiment) AND gate circuits or AND 1 to .

AND 17 of the gate circuit 54.




The head control data generated fromthe print data generaj Ui lis
sent to first to NNth (N being 17 in this enbodi nent) Ahgbg&ggﬂltéoéﬁits or
AND 1 to AND 17 of the gate circuit 54. . 27 Cctober 2005 19 The TOG
signal generation circuit 52 generates a TOG signal TOGA and a TOG si gnal
TOGB havi ng opposite phases respectively which are to be inverted for each
one-line print clock in synchronization with the one-line print clock. The
TOG signal TOGA generated by the TOG signal generation circuit 52 is sent
to the AND gate circuits. AND 1, AND 3, AND 5, AND 7, while the TOG signal

TOGB generpé TOG%ighe ptABRItiATISEANTD oaaBRtEd hqrocis%%mw@zmandant to the
AND gate <circuits ANI% 2, AND 4, AND 6, AND 8. The signal TOGA and the

T TOLYRkaT PR 3470 BB BT AP FAREAD B e

Furthernore, the division drive signal generation circuit 53 ge tes
di viesichrong-lipe psing slack lplsmhmmzmg%éw& %er@‘?'gmﬁl?crmtﬁé‘ad%y'rg? i"d¥ng one
period of one-line print clock or one-line print period by n (n being 17
in tdiisaleNOGHA entlated B ehe TOGisignalrgeneratiogneirsuiP$2tio senitogbnghied by the
division.drive signal generation circuit 53 are sent to the AND gate

Ci rc%ég% irchits WD Q%@‘Iﬁj ?gfﬁgﬂg%‘g § 79{V'hﬂ!éithe%GTé’igﬁal POGRts fromthe

AND e circuits t_he gate circuit 54 are sent to heater
O ol g sl B s RGO 2 s S hppeB pac o vhere
circuits AND 2, AND 4, AND 6, AND 8. The TOG signal TOGA and the TOG
signal TOGB generated by the TOG signal generation circuit 52 have their phases
caused to be opposite according to head chips.
Furthermore, the division drive signal generation circuit 53 generates
- division drive signals P1 to P17 whose timing is obtained by dividing one period of
one-line print clock or one-line print period by n (n being 17 in this embodiment).
The division drive signals P1 to P17 generated by the division drive signal
‘generation circuit 53 are sent to the AND gate circuits AND 1 to AND 17 of the
gate circuit 54.
Then, outputs from the AND gate circuits AND 1 to AND 8 of the gate
circuit 54 are sent to heater drive circuits of nozzles for generating dots at
overlapped parts where dots to be formed by adjacent head chips of the same color -
éverlap, while outputs from the AND gdte circuits AND 9 to AND 17 of the same

gate circuit 54 are sent to heater drive circuits of nozzles for generating dots at non-

overlapped parts.




~overlap, while outputs fromthe AND gate circuits AND 9 t-& ANGLdo08E t he
‘sane gate circuit 54 are sent to heater drive circuits of nozzles for -
generating dots at non- overl apped parts. . 27 Cctober 2005 20 FI G 8 shows
a timng chart which indicates the drive state of the respective head
chips driven by the head drive unit 50. In thus configured |line color
printer 11, the print paper 14 stored in the paper feed tray 13 is drawn
by the paper feed roller 16, and hadd its feed direction changed by the
reverse rollers 17 to be fed toward the paper outlet forned at the front
side. of Fh@.&showng tiding\beart Widclpindicatpaples dtideistatt ed thorespdctihe paper
outlet, ink cartridges of yellow magenta, cyan, and black Y, M C, and B

hel d & jes corresponding ink to |line heads of
Rée’%ﬂ dEg'l?s Qgﬁgen dl?%‘g}é h@&??ﬁ@e %ﬁﬁ@ﬂ.

t he ets ormed out of the ink hit the print paper 14 to

print desired inmages. lLn.the. respective |ine heads t he.hegd 21 ink from
Phe i nk ol fRisqfat ireqylinic SolgRaer 117 oie Pinl RESS B sboffe MR Fsagh
correspondi ng ink passes 33. Then, the ink is discharged fromthe nozzles
31 bfecddanis 1gﬂs Buben &y themapar &tdaollend 6, ard des|its feed wWitisstionshasgedr s 28
heat up, and droplets fornmed out of the ink hit the print paper 14. Thus,

t he by fige folepse ollart 417 tblbechud towand tikepapadoutiddfesmed e tiid fronppideubstrat e
- 27 of " the head 21 has the heaters 28 sequentially arranged thereon, and

Fur o R 1R, SPER Rt phine Pral B CREAIEPERPEIAN Mo 1 o
cartridges of yellow, magenta, cyan, and black Y, M, C, and B held by the head
cartridge 20 supplies corresponding ink to line heads of the head 21, and droplets
formed out of the ink hit the print paper 14 to print desired images.

In the respective line heads of the head 21, ink from the ink cartridges Y, M,
C, and B is led to the ink cells 30 through corresponding ink passes 33. Then, the
ink is discharged frqm the nozzles 31 by means of bubbles generated at the ink cells
30 when the heaters 28 heat up, and droplets formed out of the ink hit the print
paper 14. Thus, the line color printer 11 can print desired images.

The silicon substrate 27 of the head 21 has the heaters 28 sequentially
arranged thereon, aﬁd has the heater drive circuit 29, thereby forming the head chip
25.

Furthermore, as has been described above, the nozzles 31 are divided into
groups each has nozzles of a predetermined number in the head chip 25, and the

nozzles 31 are so formed as to make offsets. Thus, in the line color printer 11,

nozzles 31 in one group are driven with respective drive timing shifted to secure




groups each has nozzles of a predeterm ned nunber in the Jreggosdi od5, and
the nozzles 31 are so fornmed as to nake offsets. Thus, in the |line color
printer 11, nozzles 31 in one group are driven with respective drive
timng shifted to secure . 27 Cctober 2005 21 tenporal allowance, while
correspondi ng nozzles 31 in respective groups are driven concurrently in
. parallel so as to reduce tine required to print an inmage. Furthernore, in
the line color printer 11, adjacent2head chips form overlapped parts, and
~ink droplets fromadjacent nozzles hit substantially the same position of
over kgppethl pdiovearwe, svhile cdriespontijngonozzléni3] in nespleetive geoupsl axe dyhviamt er 11,
m xed dots by adjacent two head chips are forned at overl apped parts on a

rint.j ' ) ; ; ' fintloeperty bet ween
0 R HF o RS B HRLC AR oS80 o aiagencl )

adj acent p a i an prevent deterioration of

printed i . In the line color prjnter 11 text t.a_and i mage data

out put frgﬁ&ﬁ}%mﬁé%%épri“@o%%@sn@tﬁs aé&gpnfﬁeqcﬂ@uﬁgﬁ{)&gl processi ng
unit 44 through the interface 43, and the central processing unit 44

cont owegapped partat and inkndroplets ffam adjaneat nhezles blatcﬁugﬁiaﬁélalliﬁ rﬁg@ saMchased on
thus sent and received data so as to drive the head 21 with the print
papepoditidest evaldppdieparteaetgrititimpcotijeed Thugdhitheliat calarpritepdper. Thus,

characters and i nages generated fromthe received data are printed on the

pri n(}ﬂixga%ﬁs ﬁg-adﬁ;ﬁ[e%%biﬂéﬁd%ﬂﬁ?ﬁ;fg%ﬁﬂ a%%veﬁgp@ﬁfgﬁ‘ﬁ@ﬂnq Afifed above,

t he Stance ween nozzle j'acent hea s of the sane col or
i)\s,'ef ngﬁtfgﬂ qﬁ)&g%/ gt?xggg %?%maiéeﬁcﬁ?ﬁsxp?;{‘%bﬁe% b%ftwgélil ghja%gnpﬁéasd glIlips
indistinguishable, which can prevent deterioration of printed image.

In the line color printer 11, text data and image data output from the personal
computer 42 is sent to the central processing unit 44 through the interface 43, and
the central processing unit 44 controls the printer control unit 47 and the head drive
unit 50 based on thus sent and received data so as to drive the head 21 with the
print paper 14 fed along the predetermined feed direction of a print paper. Thus,
characters and images generated from the received data are printed on the print
paper 14.

In the line color printer 11, as has been described above, the distance L
between nozzles of adjacent head chips of the same color is set to be even number
pitches, and timing of printing dots at overlapped parts where dots to be formed

- overlap are set to be opposite phases. Thus, as shown in FIG.9A to FIG.9b, dots
are formed in the hound’s tooth manner at overlapiaed parts where dots formed by

adjacent head chips of the same color overlap. When dots are formed over three




overlap are set to be opposite phases. Thus, as shown in &} g8t sods G 9D,
dots are fornmed in the hound' s tooth manner at overl apped parts where dots
fornmed by adjacent head chips of the same col or overlap. Wen dots are
formed over three 27 Cctober 2005 22 |lines or nore, as shown in FIG 9C,
dots are fornmed at bl ank parts of the hound's tooth pattern. In the
exanple shown in FIG9A to FIG 9D, the nunber of concurrently driven head
chips is thirteen at the nost, resp&tively. As shown in FIG 9A to FI G 9D,
the distance |., between nozzles of adjacent head chips of the sane col or
i s sHhes or beoreyws $lioves in FiGt9C sdotstage ¥admed atiolankipaets ofihe hbaddlsy adj acent
head chi ps of the same color corresponds to one dot on a print paper, and

an i {RAR 'aﬁeﬂi.imﬁfééeéa&ﬁg ol 1H FIGR td- F1GSD Rte tfignbdryE for respective
print processing. That I's, FI G 9A shows the state in which half of the

first lin d.,half.of ,the .third |i are printed. FlIG 9B shows the state
' vhonsteftRghPes nead EBfhs i Mikfesna tndfostr fe R iveli-Ch L i o e pri nt od
after being fed by one line fromthe state shown in FIG 9A FIG 9C shows
the st at eAsshamincin ¥ 9%Ait9 Fifs. Mptherdistance hebetmeenaiazzlss afindjagantt h | i ne

are printed after further being fed by one line fromthe state shown in

FI G Réxd ehips 9D thdoametdodorsisabetd Be Mrodindshehalt id intefval bedéplines | i ne and
half of the sixth line are printed after further being fed by one line

RO 6B e et BB et
al't eﬂari)aegﬂf z|u¥d an qg{afg@ I§§ pﬁ?ﬁc({ \%ritﬁi the p%?ns(il}aip%{? 14 fed by one line for respective
print processing.
That is, FIG.9A shows the state in which half of the first line and half of the
third line are printed. FIG.9B shows the state in which half of the second line and
- half of the fourth line are printed after being fed by one line from the state shown in
: FIG.SA. FIG.9C shows the state in which the full of the third line and half of the
fifth line are printed aftef further being fed by one line from the state shown in
FIG.9B. FIG.9D shows the state in which the full of the fourth line and half of the
sixth line are printed after further being fed by one line from the state shown in
| - FIG.9C. |
Thus, the head drive unit 50 generates drive control data so that, at
overlapped parts, two head chips 25 alternately undertake dot forming position
along the arrangement direction of the nézzles, and that the alternate undertaking

operat'ion is repeated along the feed direction of a print paper.

~ So, when printing an image of large area using single color, the line color




~along the arrangenent direction of the nozzles, and that 3hg.@bieigpat e
undertaking operation is repeated along the feed direction of a print
paper. So, when printing an inmage of |arge area using single color, the
line color . 27 Cctober 2005 23 printer 11 drives the head 21 so that, at
over |l apped parts, dots are fornmed at blank parts formed by adjacent head
chi ps.” Thus, even though property between adjacent head chips are
different, overl apped parts can make steep difference of printed imge due
to the property difference inperceptible, which can prevent deterioration
of pprintesd 1 deiges therhaadell sothat palooveslappedpatts, dats drafotmed atibbaki bed

above, the distance LS between nozzles of adjacent head chips of the sane

col qlbaﬂt§ feidted By hdjRéanheatrbiips. THahesen Mugh ;srla?eﬂ'gsseitﬁ@@n bdjdeehteen
nozzl es of - head chips of different color is set o be even nunber pitches,

over i S acPBiEtishe ARk apPed BF ARMRLACLE dtiBlchoe M¥RirkE on (o™

FIG 10E, dots are fornmed_ .in the hound s tooth, nmanner at overl apped parts
on dnpgadugigtie piapedyqbfterensempugeptihiacwhichenypravient detertosetidtine col or
overl ap. Wen dots are fornmed over three lines or nore, dots are forned at
bl andf ppntedsindget he hound's tooth pattern, and dots of nixed color are
concurrently forned at overlapped parts and non-overl apped parts. As shown

in FIG 108 {1 IndediOFprioks T Ssaietbeen REENBENaBOE RS ditan@diacent head

chips of the same color is set to be two lines, whille the di st'ance Ld
Dt WESRBR TIPSt 1A HeRE Mlpelf 'SRl SRbEs et 3B ARaDRuhbH 1T s
pitches, while the distance L, between nozzles of head chips of different color is set
to be even number pitches, and timing of printing dots at overlapped parts where

dots to be formed overlap are set to be opposite phases. Thus, as shown in

- FIG.10A to FIG.10E, dots are formed in the hound’s tooth manner at overlapped

parts on a print paper where dots formed by adjacent head chips of the same color

overlap. When dots are formed over three lines or more, dots are formed at blank

parts of the hound’s tooth pattern, and dots of mixed color are concurrently formed
at overlapped parts and non-overlapped parts.
| As shown ianIG.IOA to FIG.10E, the distance I, between nozzles of
adjacent head chips of the same color is set to be two lines, while the distance L,
- between nozzles of head chips of different color is set to be four lines, and an image
is printed with the print paper 14 fed by one line for respectivc. print processing.
That is, FIG.10A shows the state_in which half of the first line and half of the

third line are printed in cyan, in which state only half cyan data is printed, while



is printed with the print paper 14 fed by one line for respegidoéea@id nt
processing. That is, FIG 10A shows the state in which half of the first-
line and half of the third line are printed in cyan, in which state only
hal f cyan data is printed, while 27 Cctober 2005 24 half of the fifth line
and half of the seventh line are printed in magenta, in which state only
hal f magenta data is printed. FIG 10B shows the state in which half of
the second line and half of the fodfth line are printed in cyan, while half
of the sixth line and half of the eighth line are printed in nagenta,

- af t afalpeif mige fied le smbhalfnd thé seventh éinstat eritiedun nragen, 10AVhIEhG 10C shows
the state in which the full of the third line is printed in cyan, that is

the Jté‘n’fe'r%rg&tﬁ?ﬁﬁg%ﬁ] ddtR % banid YEH10R SiRRG 019 dtive inRvhieh IAPef 14 by two.

l i nes I ne I nt processing shown in FIG 10A, while blank

parts of the fifth lipe.,half of which is pri.nted in I n
El G thererenginsrad haiP g fondih 5% i pipRdih' Sihor SalBARAE Br B SRR, e
in magenta, while half of the ninth line is printed in magenta, after

f ur tlies abéihalf dfehie lsjghthdine are printodin magensa,aftasdring fedbysopesiner| g 10D
shows the state in which the full of the fourth line is printed in cyan,

whi | §oh] akstiR showal it FES. 104 hFIG nohsidwo thetathin whighr thetfedf oftheagent a as
shown i1n FIG10Cis printed in cyan, while the full of the eighth line is

o AN il EPVATAER in b S R AT EThRG 1l prfiE Bl =
Ceveh pA i hvalBes siardy B5rd fine eFint midgeite IOV R Dt
‘cyan to formdots of m xed color concurrently at overl apped parts and

non-whie [bdppepapsiof the fifthilmenadlf ofwhiek is printed in magenta as shown in

FIG.10A is printed in cyan, while the full of the seventh line is printed in magenta,
~ while half of the ninth line is printed in magenta, after further being fed by one line
from the state shown in FIG.10B. FIG.10D shows the state in which the full of the
fourth line is printed in cyan, while blank parts of the sixth line half of which is
printed in magenta as shown in FIG.10C is printed in cyan, while the full of the
eighth line is printed in magenta, while half of the tenth line is printed in magenta,
after further being fed by one line from the state shown in FIG.10C. FIG.10E
shows the state in which half of the fifth line and half of the seventh line which are
already printed in magenta are further printéd in cyan to form dots of miﬁced color
_concurrently at overlapped paris and non-overlapped parts, while half of the
~ eleventh line is printed in magenta, after further being fed by one line from the state

shown in F1G.10D.

Thus, in the line color printer 11, overlapped parts can be printed in the




eleventh line is printed in magenta, after further being jedfRpePitys | ne

fromthe state shown in FIG 10D. Thus, in the line color printer 11, :
over ] apped parts can be printed in the . 27 Cctober 2005 25 hound's tooth
manner when driving |ine heads enploying tiling which has overlapped parts
formed therein under time division drive. And, dots of m xed color, which
are generated by superposing different colors, are concurrently forned at
over | apped parts and non-over| appedzsparts. Thus, since different colors are
-superposed with their degree of dryness being equivalent to each other, the
pr obhemmdisHavilcolaonenyhen diyiegpineditads|emplogyingtibng aplpiel hasrt s becones
different fromthat at non-overl apped parts due to difference of degree of

dr yn@eérlh;zpémpaﬁﬁfcﬁﬁihd Merdif diltRr 0y divigioadliNd1dANhd, H6) st | nventi on,
over | apped parts can be printed in the hound' s tooth manner in drivi ng

unaer BT MBAARAE SR ing AL PRSPk BRHR BT on,

since overl apped parts can be printed in the hound's too{h manner when
dri vah@wnl&mmﬁ’dw& aHbreRiovgIlepped gartanildwshsince veerepb €alParts f or ned
therein under time division drive, printing processing of superposing
di ffsu osal oiith their degreoot drymesss beingeduistkait 46 cady eteaptiedpiobién and
non-overl apped parts. Thus, since different colors are superposed with

Lo e phy s Spassmd 0N SeB ot s emensy ol |
that e 25000045 BRREGPTS WirrdliGicl Qedebfel SPEG ks efbiGhisa, aryness 1's not
As in the abbve, according to the present invention, overlapped parts can be
printed in the hound’s tooth manner in driving line heads émploying tiling which

has overlapped parts formed therein under time division drive.

Furthermore, according to the present invemion, since overlapped parts can
be printed in the hound’s tooth manner when driving line heads employing tiling
which has overlapped parts formed therein under time division drive, printing

- processing of superposing different colors can be concurrently initiated at
overlapped parts and non-overlapped parts. Thus, since different colors are
superposed with théir degree of dryness being equivalent to each other, the problem
that coloring of superposed colors at overlappe.d parts becomes different from that
at non-overlapped parts due to difference of degree of dryness is not raised, which
- can perform printing processing of high quality.
In the present embodiment, heater elements are used as energy generating

elements for discharging liquid ink. That is, in the present embodiment, a thermal




~can performprinting processing of high quality. In the presebecrdpgdi nent,
heater el enents are used as energy generating elenents for discharging -
liquid ink. That is, in the present enbodi nent, a thermal 27 Cctober 2005
26 ink jet printer is enployed to explain the present invention. On the

ot her hand, energy generating elenents for discharging liquid ink are not
restricted to the heater elenents. For exanple, energy generating elenents
of piezoelectricity type may be us2d. Furthernore, the present invention
can be applied to various apparatuses for .discharging |liquid. For
exanmpilejet tprmter seamploysd ¢oteixpinic she pﬁesanpinvedtzbn @ tlepptheahasdf or

di scharging DNA-containing liquid for detecting organic sanples, etc. . 27
Ccto I is
ooV SRR Qs T ORERPRU LI S i)

dropl ets fro nozzl es, wherein th d has | ur of, head

st a6 o e fmel. cheres sencfog semantit e %@r% (HES D% B & 1ty of
the i qui d d| scharge parts coll ateral |y arranged therein, and wherein the
pl urvsechead chips are so arranged in the staggering manner as to overlap
at parts of adjacent head chips when viewed fromthe feed direction of a

recor di ngFiRdtHiibrea ke phietlt fiventiontenviRedppl ptzioesarffussipgegusagiar ar ranged
discharging liquid. For example, the present invention can be applied to an

appazatus for discharging DNA-containing liquid for detecting organic samples, etc.




adj acent head chips is set to be even nunber nultiple of ®n@ciBbdiSinowhi ch
corresponds to a feed length for one line of the recording nmedium 2. An
apparatus for -discharging liquid which is provided with a head havi ng
liquid discharge parts for discharging droplets fromnozzles, wherein the
head has a plurality of head chips staggeringly arranged thereon for each
color of droplets, the plural head chips having a plurality of the liquid
di scharge parts collaterally arrang%ﬁ therein, and wherein the plural head
chips are so arranged in the staggering manner as to overlap at parts of
adj acent head chi ps when vi ewed Mbe feed direction of a recording
medi um and the di stance between nozzles of staggeringly arranged adjacent
head chi ps which formdots of the sanme color is set to be even nunber 27
Oct ober 2005 28 multiple of one pitch which corresponds to a feed | ength

nozztos of el ok FRRAR PRI RIASH tEbtodRed MRut BEATERCHE (0 0, cven

number lLtiple of on jtch which corresponds to a feed |l ength for one
|ineﬁ6¥lir31ﬁléc @“cg@rkﬁrtﬁgfe ’ qhi#gme dmﬂ@ﬂﬁ&@nfapzah%char gi ng qugi d whi ch

di scharges droplets fromnozzles, wherein a plurality of head chips are
st agger i ngthereinrthagedd haba pluralay ofidedd ohippstapguringiyearpdnged theyeon, 11 qui d
di scharge parts for discharging droplets from nozzles collaterally

arraﬂﬁqﬂuid]q{e%rbhigs;ﬁ?gingoaf/ gﬁnrﬂw@th@qg@i&@iﬁa @R;a’ﬁ?]ébﬂﬁ@&ﬂ in the

st aggeri ng nmanner rliap”at par of adj] ate ead chi ps when

Vi e‘“@r?aﬁéeod?ﬂe?&n‘: gﬁ&l direction of a

wherein the plural head chips are so arranged in the staggering manner as to
overlap at parts of adjacent head chips when viewed from the feed direction of a
recording medium, and the distance between nozzles of staggeringly arranged
adjacent head chips is set to be even number multiple of one pitch which
corresponds to a feed length for one line of the recording medium.
2. An apparatus for discharging liquid which is provided with a head having
liquid discharge parts for discharging droplets from nozzles,
wherein the head has a plurality of head chips staggeringly arranged thereon
for each color of drﬁplets, the plural head chips having a pluzality of the liquid
discharge parts collaterally arranged thercin; and
wherein the plural head chips are so arranged in the staggering manner as to
overlap at parts of adjacent head chips when viewed from the feed direction of a
‘recording niledium, and the distance between nozzles of staggeringly arranged

- adjacent head chips which form dots of the same color is set to be even number




recording medium and wherein droplets are discharged frosm gHhg,0 es, the
di stance between nozzles of staggeringly arranged adjacent head chips
being set to be even nunber nultiple of one pitch which corresponds to a
feed length for one line of the recording nmedium 4. A nethod for

di scharging |iquid which discharges droplets fromnozzles, wherein a
plurality of head chips are staggeringly arranged for each col or of

dropl ets, the plural head chips hav?gng a plurality of liquid discharge
parts for discharging droplets fromnozzles collaterally arranged therein,
wher miultipleeofpong pitcherddch kopespondsto afecahnigagthi fortdne linaghthei ng manner as
to .overlap at parts of adjacent head chi ps when viewed fromthe feed

di 1 eddop@in®f mad#in @8 WPEEhs AROGisEN ck VePeen % oPBIdE WMhead EhifiekRich dropl ets

are di scharged fromthe nozzles, the distance between nozzles of
st agger.i Lange. L acen a hi whi ch. f.or t f sanme col or
per nipob ROl RUTAIERT oot B e BERRSh dhtine it C el e bbac To 2
feed length for one line of the recording nmediumas well as the distance
bet veerrespasds|te tseddengthdor gaelinecof thergrasting saedium er ent col or bei ng set
to be even nunber nultiple of one pitch which corresponds to a feed |length
for ®ne | Anmetifod for disetengitighgquiedivhivh discurgapdeopetssrémrnahizbed)ar gi ng
liquid which is provided with a nozzle formng nenber having nozzles
~Tormed t hen@pinanplubSRG SR dAys Bk fapheviRglytatranged, the plural head
chips having a plurality of liquid discharge parts for discharging droplets from
nozzles collaterally arranged therein,
wherein the plural head chips are so arranged in the staggering manner as to
| overlap at parts of adjacent head chips when viewed from the feed direction of a
recording medium, and
wherein droplets are discharged from the nozzles, the distance between
_nozzi’es of staggeringly arranged adjacent head chips being set to be even number
multiple of one pitch which corresponds to a feed length for one line of the
recording medium.
4. A method for discharging liquid which discharges dropiets from nozzles,
wherein a plurality of head chips are staggeringly arranged for each color of
droplets, the plural head chips having a plurality of liquid dischaige parté for
discharging droplets from nozzles collaterally arranged therein,

wherein the plural head chips are so arranged in the staggering manner as to

overlap at parts of adjacent head chips when viewed from the feed direction of a




of liquid discharge parts collaterally arranged therein, fﬁ@dgbgqﬁbsliquid
di scharge- parts discharging droplets fromthe nozzles, wherein the nozzle
form ng menber has nozzle strings conposed of a plurality of nozzles
corresponding to the plural liquid discharge parts, and a plurality of the
nozzle strings are so arranged in a staggering nmanner as to. overlap at
parts of adjacent nozzle strings when viewed fromthe feed direction of a
recordi ng medi um wherein a plurality of the head chips are so arranged in
a staggering manner as to corresp@ﬁd to the staggeringly arranged plural
nozzle strings, and wherein the plural nozzle strings formed on the nozzle
f or nrewprdmghmedhaveand he di st ance between staggeringly arranged adjacent
nozzl e strings set to be even 27 Cctober 2005 29a number nultiple of one

pi tch whi Whe?&hrcﬁéﬁﬁ'ﬂsdﬁet(ﬂs@d‘rg@@fﬂoﬁﬁ‘ﬁi&néﬁlgéﬂﬁe disigne&d béteeer ecor di ng
medi um 6. An appatratus for discharging liquid which is provided with a

nozzle . form ne r havi 0zzl r ad chips't aving
° ot mpzred Y sBkePRERS arititcRhdiaty iRad SRR AR oM 306 JFge P 1 BL
- plural_liquid discharge .parts discharging droplets fromthe nozzles, . .

“wher eplersingeat 40 beteyeninvgn brrrmultipla of eag pitchyy Iﬁq@rwﬂ%& ' dost a
plurality of nozzles corresponding to the plural liquid discharge parts,
and feeddeng# foryneftichsf thezeterding hregiuiaras well as thadistance bebvagyer i ng
manner as to overlap at parts of adjacent nozzle strings for each color of
dr op}§3-Ac4'BE Hedd SHPS WHIEH'ESAR dots of different color being set to be even

number multiple of one pitch which corresponds to a feed length for one line of the

recording medium.

5 _ An apparatus for discharging liquid which is provided with a nozzle

forming member having nozzles formed thereon and head chips having a p_lurality

of liquid discharge parts collaterally arranged therein, the plural liquid discharge

parts discharging droplets from the nozzles,

wherein the nozzle forming member has nozzle strings composed of a

plurality of nozzles corresponding to the plural liquid discharge parts, and a

plurality of the nozzle strings are so arranged in a staggering manner as to-overlap
- at parts of adjacent nozzle sfriﬁgs when viewed from the feed direction of a

recording medium,

wherein a plurality of the head chips are so arranged in a staggering manner

" as to correspond to the staggeriﬁgly arranged plural nozzle strings, and

wherein the plural nozzle strings formed on the nozzle forming member have

the distance between staggeringly arranged adjacent nozzle strings set to be even




feed direction of a recording medium wherein a pluralityspbclober fead chips
are so arranged in a staggering manner as to correspond to the
staggeringly arranged plural nozzle strings for each color of droplets,
and wherein the, plural nozzle strings forned on the nozzle form ng nmenber

- have the distance between staggeringly arranged adjacent nozzle strings
which formdots of the sane color set to be even nunber nultiple of one
pitch which corresponds to a feed'léﬁ@th for one line of the recording
medi um as wel|l as have the distance between nozzle strings which formdots

of dif , . W e r | tinl e of i tgh whjgh

cor r e EheE! bl X MolfwRIH OHERRRgTS) niRed 1EheRIBr Gkt e o

Oct ober 2005 29b.., 7. A nethod for discharging liquid which di scharges

dr opl SECOFREMUHYDL o5 wherein nozzle strings conposed of a plurality of
'nozzles are arranged, and a plurality of the nozzle strings are so arranged
in a $taggering neArmapphmtasfdadischapimpliqaid whidsisgroailiedonith anszile
strings when viewed fromthe feed direction of a recording nedium and

;o reIse AT 55d s Sh I ER,
cor r oLh MBS B BbedsChptie ISRl iR ke, B hendiaid liinter,
parts discharging droplets from the nozzles,
wherein the nozzle forming member has nozzle strings composed of a
| plurality of nozzles comresponding to the plural l.iquid'discharge‘parts, and a
Plurality of the nozzle strings are so arranged in a staggering manner as to overlap
at parts of adjacent nozzle strings for each color of droplets when viewed from the
feed direction of a recording medium,
wherein a plurality of the head chips are so arranged in a staggering manner
as to correspond to the st.aggeringly arranged plural nozzle strings for each color of
droplets, and
wherein the plural nozzle strings formed on the nozzle forming member have
the distance between staggeringly arranged adjacent nozzle strings which form dots
of the same color set to be even number multiple of one pitéh which corresponds to
a feed leg’gth for one line of the recording medium as well as have the distance
~ between nozzle strings which form dots of different color set to be even number
multiple of one pitch which cor_rcspdn'ds to a feed length for one line of the

recording medium.




8. A nethod for discharging liquid which discharges droplgf &cfoheodpzz! es,
wherein nozzle strings conposed of a plurality of nozzles are arranged, and
a plurality of the nozzle strings are so arranged in a staggering nanner
as to overlap at parts of adjacent nozzle strings for each col or of

dropl ets when viewed fromthe feed direction of a recording nmedium and
wherein droplets are discharged fromthe nozzles of the plural-nozzle
strings, the distance between stagfiringly arranged adjacent nozzle
strings which formdots of the sane color being set to be even nunber

nul ticpl e of one DNIﬁBthMWd@ﬁhﬁﬁ%ﬂgflﬂﬁliﬂ&v}ﬁch(iﬁﬁbﬂaeg@dirdfﬂétstiftﬁnl i ne of
the recording nediumas well as the distance between nozzle strings which
form f different color being set to be 27 Cctober 2005 29c even
nunbéro Tl i pl e of one pitch which corresponds to a feed |l ength for one

line of the recordin di um . :
wherein IlOZZlBgSttrIII?gS composed of a plurality of nozzles are arranged, and a

plurality of the nozzle strings are so arranged in a staggering mdnfief ¥sto ovcriap-
at parts of adjacent nozzle strings when viewed from tﬁe feed direction of a
recording medium, and |

wherein droplets are discharged from the nozzles of the plural nozzle strings,
the distance between staggeringly arranged adjacent nozzle strings being set to be

even number multiple of one pitch which corresponds to a feed length for one line

of the recording medium..
3. A method for discharging liquid which discharges droplets from
nozzles,

wherein nozzle strings composed of a plurality of nozzles are arranged, and a
plurality of the nozzle strings are so arranged in a staggering manner as to overlap
at parts of adjacent nozzle strings for each color of droplets when viewed from the
feed direction of a recording medium, and

wherein droplets are discharged from the nozzles of the plural nozzle strings,

~ the distance between staggeringly arranged adjacent nozzle strings Wﬁich form dots
of the Sam_e color being set to be even number multiple of one pitch which
corresponds to a feed length for one line of the recording medium as well as the

distance between nozzle strings which form dots of different color being set to be
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even number multiple of one pitch which corresponds to a feed length for one line

of the recording medium.






