;ede{vvW y@0{6f{T{g{ @DESCRI PTION Apparatus and Method for D scharging
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

|l i quid di scharge parts having nozzles collaterally arranged therein, and to
a nmethod for discharging |iquid enploying the apparatus for discharging

l'iquid which is provided with a head having a plurality of M Warge
parts having nozzles collaterally arf%nged t herein, and inl Mmmmmmmmmm to
an apparatus for discharging |igui i as |ine heads, and tgq&.nmethod
or discharging liquid enployin tus for discharging |iqui iC
f di sch i liquid | oyi gﬂi f di sch i l'i quid which

has |ine heads. Background Art Conventionally, there is knoW{ﬂﬁmmNIMW’W
| i qui d di scharge apparatus as an apparatus for discharging is
provided with a head having a plurality of |iquid discharge pardgohavi ng

nozzl e§ had siPMethéd T&”D%hh??hg@lquﬁlmh ink jet liquid discharge
apparatuses are classified into those 'of thermal system those of

pi ezoel ectricity system etc. in view of the difference of liquid discharge
manner. Anong those, there is widely known a thermal ink jet printer as an
apparatus for 2 discharging liquid of thermal system As a thermal ink

] et pfﬂﬁ$@#¥ﬂﬂﬁ§kb is known a printer which is provided with a printer head
havi ng di scharge orifices for discharging or spraying liquid ink being
liquid in tHee prasembinveationselatel topdreappararisdor dischargihg diqasd avitphéd s,
hereinafter), 1nk passes comunicating with the discharge orifices, and

el ect ol RRRiaORURT RiviRg 6! ATRALS, idlquiRRlcrRge Bhieharg osiay to form

dropl ets which are arrange i nk passes. printer “enpl oys the

seri al n stem i ich the printer,head i.s scanned. or ved al ong a
i 1 corso it AR APt Anel B e B s B i BB e Bt ot
image. In the conventional printer, drive pulses are applied to the
el ect rAppartusdor dispharging Hquidwhighsisqueridad withtankeast haviag aplamliyiaft s to a
print point. As the drive

liquid discharge parts having nozzles collaterally arranged therein, and in particular,

to 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 jet liquid discharge apparatus as an
apparatus for discharging liquid which is provided 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



pul ses are applied to the electro-thermal conversion elenents, liquid ink
in the ink passes is supplied with discharge energy, which causes the
di scharge orifices to discharge the liquid ink in the formof rel eased
droplets. Then, an image is printed when thus discharged droplets hit a
print paper and formdots. The printer forns dots on a print paper so that
dot matrixes are forned on the print ,paper when the printer head shifts to
a print point. Characters, imges, efc. are forned on a print paper using
t hus fornmed dot, maéri XEes. nerally, the printer head used in the printer
has admchpEginglicw Gféléfﬁgﬂ?;%ﬁm-i ces arranged along a direction (secondary
scan direction) perpendicular to the shift direction (main scan direction).
I n the pri Asa thefnhl tile jetIpraiten-théreriskinowBa poimtearwhoh islpeoernded veih abe
driven concurrently when printing an i mage. However, in case all the
el ect I i : o T ; Ry intin
PimtdieH sl h ﬁ'is%hﬁf%@bﬂﬁ%@:& &@dl&lﬁﬁgﬁﬁéfﬂﬁrﬁ&% 1}1821% inR iy g

an i nage, the burden of a power source uni S power tO the

printer head,.i s, caused to Qhe, enl arged. time djvision dr.ive i\s.qgenerally
bl o a4 1 ety BERf eGPl ABferrell 1n. 1o gn PR herinkfiet” ik

di vided into several blocks, and thus divided el ectro-thermal conversion

el enepassesrconewyoisating with dhe dischaige gritices, aad edediea-thamal wonsersion hand, a
printer generally perforns gradation expression under imnmage processing such
as t helemems for sipdiying disthagetenepgy t fam dregdetsonhichpure prrapgpdion the
Generally, a printer enploys various inmage quality nodes. For exanple, a

print y L OLH I (o B j icection
Ui g e B3 T EFRAer gy Sitiexrl Scird SPuanRIVH[eE 8 iR e 2D
di rection ing a plurality of. nozzles.utiljzing.the,.shift eratjon of a
or 1t SehadhoRef atdiizs dlrsdoR PefaaRitiar I LeSired aitktion RN o' nt i ng
an image with high quality, a printer enploys the latter node of printing
one | PARCILL prgntatplmage.ity of nozzles and reduces shift length of a print
paper al ong the secondary scan direction to performcorrection processing
so as to mikehelcopemionl ptintért, dpiwsipulsesareapplied te tidhelestrbathdimal

i ndi stinguishable. There I1s a line type printer head which can concurrently

print c@ﬂxﬁéﬁl’&?%ﬁhﬁ?ﬂs &?@gvm%h?gig&ﬁﬁéﬂ l%&_d%;hiﬁs%h 1R Abend i#fiGe t YPE

printer head, belng di rent ma serial type prin head, does not

shift_along the i can _direction. 4 |l.nstead, the |ine,t. prd nter
noad PR AT ASRIE P AREKGEOIhHIREY comibrain] cfthnntss Bobidiaiahs ik

di rection. Thus, the nunber of nozzles of the line type printer head al ong
t he | PAtsediis supphisd wathodisshazgeenesgyavhich capsesyidic ¢iseharge o1ifivendozl es for
8.5 inch width). So, the configuration of the line type printer head can be
si npl dischdrge/thediqujdhinkdn ¢he form of wleasedndraptsts., Theo, af dmage pd printedt y of
nozzl es are forned on one sem conductor substrate. In performng multiple
gr adatyitidh msraig;d]ﬁr%ém@rdpla@ Hiv @ pridk ipap&r aftPRAInE 6ROt use a printing nethod

used in the serial Type printer head. As a printing nethod of
The printer forms 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



the line type printer head, the PNM (pul se nunber nodul ation) systemis
considered to be effective in which small drop dots conposed of a plurality
of released droplets repeatedly hit a print paper. However, in case of

enpl oyi ng the PNM system the nunber of discharge pul ses per pixel becones
undesirably large, and "the nunber of nozzles" x "the nunber of pulses” is
required to be controlled in view of _the nunber of nozzles of the |ine type
printer head, which necessarily and &ndesirably i ncreases el ectric power
consunption as conpared with the serial type printer head. Furthernore, in
per f olcONHErsion elemnents cande diivesr coRGUIEENEYT when Rentingan 1megsr ety ehead,
since the line type printer head does not shift along the main scan

di r ectih @ase s 3heeldcr®-tiermatsopvémion dspeats are donvestenilyulrivesi whent he |i ne
type printer head cannot use a printing nethod used in the serial type

s T L e A e e b 1
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undesirably raised along the main scan direction, which also deteriorates
pri nt é0 whichdhe pherapelestnorthgpmial comverpionlements arstdivideddntaiseveraly a
recordi ng head and a recording head i n Japanese Layi ng- Open Pat ent

2000- Q142136 andithad dpdted ethoto-teemal obneasionodeieatsarsegupniiaily paper as
wel |l as | ower nonentary maxi num el ectric power consunption in performng

tinme -rY\;eﬁf- %rgrdéyﬁedl oElP.e Japanese Layi ng- Open Patent 2000-014236, heater
el enent's are used as drive elenents for discharging liquid ink, and a

recording head prgvided with a pluralit recording el ements over

appr oxi nat éﬁ? thﬁeﬁwr Rdgp rPéH{t?’g%F‘lfFally é?ﬁjﬂlmﬁﬁﬁﬁgﬁtlﬁhi’meﬁgoﬁwﬁgﬁdi cul ar
to the feed direction thereof, is used. The plural recording el enents are
dr i verimagdgrrocessingisucts anthederroeddfusign mbmim punt an iwege ©n eIt usi ng

di vision drive signals which have their phases shifted for the plural

r ecor qiap@r e Guiepdldy,toprintes entplops eadowd iragpigdalitykmbdei Foneyamptle, paper .
Thus, a plurality of dots are fornmed on a print paper and an inage is

prin %ﬂ%@@ggﬁ%%ﬁ%%d@b%%gg ohbBilfiR dlBrrng"gl'é& A ESK Qire8iidn ubing che

pl ur al®i S are on one se nduct or substrate, dispersion
of proper cannot be prevented. .ln case.the dispersion.of property is
| ar ge, %i%ﬁé‘aeamé) rqurﬂrérgl% pﬁegppfaiq%{hedgﬁg} ?‘%I\Aﬁlfﬁcqbod] B‘Jf)lﬁg g parts of

adj acent head chi ps being borders. Thus, 6 in case of printing background
usi ng Rlusalitylof nagizles, utiliging ¢he skift oprratian el Bepring paper yrhichds Bl deps of
adj acent head chips along the feed direction of a print paper, which
undesithalskeyoniddrgrscan alirestipni 'When ipringing athienggeewdtht highpjuatityta prisisosed a
printer and a printer head in Japanese

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 dispersion 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.



Layi ng- Open Patent 2000- 229050 which can prevent deterioration of printed

i mge due to dispersion of property of head chips. In the Japanese
Layi ng- Open Patent 2000- 229050, nozzles allocated to head chips are so
arranged as to overlap at parts of adjacent head chips when viewed fromthe
feed direction of a print paper. That is, deterioration of printed inmge
due to dispersion of property of head chips can be prevented by enpl oyi ng
tiling which has overl apped parts forned therein. On the other hand, when

i mpl i yi | i head | oyi the tili i.ch I d t
el RIS S SPEACHRPo Pl DS el e ey per
of time division drive of |line heads and that of the tiling which has

over | apgadlappiscan flinegdnt Adwuesj the numbebdemozzies ot Bledinaty psf prinise hpad ed
colors at overl apped parts beconmes different fromthat at non-overl apped

parts aﬁi@ fhe 1eid ﬁﬁé@tﬁ@ﬁb@éorﬁ@@&@@r l@ig&ghmd' ﬁpit@ﬂ,%ﬁl@_() Etéofotesof the
I nvention Accordingly, the present invention has an object to overcone the

ot hodttiMARTE S BIRGHahublifiht B s Wit R SEsPBRA g = °

hound' s, t oot h manner in driving line heads enploying the tiling which
has ovémgatw@dclpasﬂ%whwma&%re&ﬁoaﬁdﬂmﬁn Eaiogzles aie dormed opiiner ror e,

t he apparatus and nmethod for discharging |iquid of the present invention
can psewgcinductonsubistrate.t hat col ori ng of superposed colors at overl apped
parts becones different fromthat at non-overl apped parts. The above object

can be attgj ?@Pfol?ﬁliigg%ﬁlﬁ%w%?aﬂa_ﬁﬁﬁ iy, R lile $pARDENRG Hed\afinghi ch 15

provi ded with a head” havi i quid discharge parts for discharging droplets

from N9 !y flethd bbea At as A pidlet nad! ARPrEhmahAAeY ' N0l Y
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 repeatedly hit 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 required to be controlled
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 head 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



the plural head chips having a plurality of the |liquid discharge parts
collaterally arranged therein, and wherein the plural head chips are so
arranged in the staggering nmanner as to overlap at parts of adjacent head
chi ps when viewed fromthe feed direction of a recording nedium and the
di stance between nozzl es of staggeringly arranged adjacent head chips is
set to be even nunber nultiple of ong pitch which corresponds to a feed

|l ength for one Iine of the recording “nedium Furthernore, the above object
can al so, be a{éégned by providing an apparatus for discharging |iquid which
i s pr BESHENS®L YOS head having |iquid discharge parts for discharging
droplets fromnozzles, wherein the head has a plurality of head chips

st agger i nglMomovengindusihg thelingé dypeprinterdiead, sincetiopé diwisiondsriyd isr al head
chips having a plurality of the liquid 8 discharge parts collaterally

ar r anggghloyed Sdidch t%ﬁ\;ismﬁ&§r%l Pridieathed sheaPbLdSCpNifidged in the
staggering”manner as to overlap at parts of adjacent head chi ps when vi ewed

fromthe fe di_rect i;on a r di i h i t ween
noza] g g oa R Te s AR SCALPRELTRh Ml b ORI et o or ¢ ne
sanme color is set to be even nunmber nultiple of one pitch which corresponds
to a f1IBEEEC| ength for one Iine of the recording nmediumas well as the

di stance between nozzl es of head chips which formdots of different color
is set to BEheprsenuaysicamt ptopused af mettodpfdralrivihgahrecordingheadantda a f eed
| ength for one Iine of the recording nedium Furthernore, the above object
can al j h/6H 091 i | fidudeWhi Cch

O Schi g O P M e e
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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 thereon.

When using head chips in which heaters, etc. for a plurality of nozzles are
formed on one semiconductor substrate, 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,



nozzles collaterally arranged therein, wherein the plural head chips are so
arranged in the staggering manner as to overlap at parts of adjacent head
chi ps when viewed fromthe feed direction of a recording nmedium and
wherein droplets are discharged fromthe nozzles, the distance between
nozzl es of staggeringly arranged adjacent head chips being set to be even
nunber nulti ple of one pitch which caorresponds to a feed | ength for one
line of the recording nedium 9 Furthernore, the above object can also be

attained by praqvidin met hod, f or d| char gi ui d which dischar

dr opl mgaser%ﬁp%tﬂgbgc gmng.wr&g 5|sm Eico Vgﬂ semeasmay@esr@bﬁgé |ngI y
arranged for each color of. droplets, the plural head chips having a

pl ur athe yowfers ofjadpcdnshdwmt cappaldng therfedd skiteatigh rd adpopl paperf whichhozz| es
collaterally arranged ther ei n, wherein the plural head chips are so

arr anggdedifati %le% ?é’sl qgﬁg eas to overlap at parts of adjacent head
chi ps en vi romthe fee irection of a recording nmedium and

wher ei d t di s m t bet
noszlea of 353@?4@@?9&3??3%@8&6%,%3@ﬁ{ R e R RER Gt < of the
same col or being set to be even nunber nultiple of one pitch which

corredp &H&angl’atéam@@@r@ﬂﬂ%@wluﬁb npseventideteriiabion; of primtad dmage wel |

as the di stance between nozzles of head chips which formdots of different
col or dheitodispetsion dfepreperty nfhiead chips. | Jnl thedapanesefdLaydihgv®pein Patemt esponds
to a feed length for one line of the recording nedium Brief Description of

the Dpg %%Oﬁ%&zﬂ%@%oéﬂ@ﬂﬁé%ﬁ& é‘ﬁgpé’%l%vﬁooirrﬁn édlni?s BT A Befits

enpl oying t pt’esent i nvention ows an oded per pe tive view

of a hf aameﬁtﬁaacl c 1ps en v eweratﬁom ﬁlec%eed (P R&iod of % Srllrlltega o\ e

view 8f2

is, deterioration of printed image due to dispersion of property of head chips can be
prevented by employing tiling which has overlapped parts formed therein.

On the other hand, when simply driving line heads employing the tiling
which has overlapped parts formed therein under time division drive so as to take
advantage of merit of time division 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, the present invention has an object to 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



10 FIG 4 shows a plan view indicating arrangenent of head chips of the
head. FIG SA to FI G SG show plan views indicating drive operation of the
head chips. FIG 6 shows a bl ock diagramindicating configuration of the
line color printer. FIG 7 shows a bl ock diagramindi cating configuration of
a head drive unit on head chip unit. FIG 8 shows a timng chart indicating
the drive state of the respective hea7d chips driven by the head drive unit.
FIG 9A to FI G 9D show plan views indi‘cating the printed dot state fornmed by
head chj ps of the sane _co]or_of. the line color printer, FIG 10A tq FIG 10E
show Grying fisgdcads camleymegthe tH}Ilquélbcr]HB@S QYGHaPReY RALES CEHNps of
different color of the line color printer. Best Mdde for Carrying Qut the

| nvenunder filee givésientdriveventi on will further be described bel ow concerni ng
t he best nodes with reference to the acconpanyi ng drawi ngs. The present

| nvention mtﬁ@m%ﬁ’@,lthggppﬁrﬁué hN§ n¥éth6d fof Hﬁbﬁﬁrfl%g ﬁgﬁid gPfRIpRSeHOWN in

FIG 1. The Iine color ter 11 has a housing 1 rect angul ar shape

for encl osing inside rts c onent.s thereof. and aper feed tray 13
for stovamipiprahpreyEabRie BrpblermahROSRtRe el Supdposddicolm M SvellfBhed o ne
i ne col or 11 printer 11 fromthe tray entrance fornmed at the front side
of t hparsbscamesHitigrant Arasndbateat nafzoveileppesl BatSHrinter 11 to be fed with
the print papers 14. Wen the paper feed tray 13 is installed into the line

col or pri ntRre diovierabjetthean bagtteimed dycprovidingenappairatgs T8r dischaggingt papers
14 are pushed and brought into contact with a paper feed roller 16 by a

pr ede } i : : : print
Paper Se ARACHEEORT I, wiER He Rt HERRRY QRIS RIAEE phfs TSt Blsehardile Pl
t he paper Eeﬁd tray . 13 along an arrow A shown in FIG 1. Also, the line

col or E?l? % Oﬂnﬂ@e?ever se rollers 17 arranged near the rear side of the
line color printer 11. Wen the reverse rollers 17 rotate, the feed

di rection ovhemin thei headdmser pluralitysofcheasdgeips stagegpengly arapggsbtheraon,are fed
toward the front side of the line color printer 11 along an arrow B shown
i n Fl €hd plural head chips having a plurality of the liquid discharge parts collaterally
arranged therein, 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 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.
Furthermore, the above object can also be attained by providing 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, the plural head chips having a plurality of the liquid



Then, the print papers 14 whose feed direction is changed are fed by spur
rollers 18, etc. arranged over the paper feed tray 13, and are delivered
froma paper outlet forned at the front side of the housing 12 al ong an
arrow C shown in FIG 1. The line color printer 11 has a repl aceabl e head
cartridge 20 arranged therein between the spur rollers 18 and the paper
outl et as shown by an arrow D shown i;n FIG 1. The head cartridge 20 has a
head 21 which has |ine heads of yell ow, magenta, cyan, and bl ack arranged
therein, and a hol der 22 of a predeterm ned shape the bottom of which hol ds
the héigshaige mré@poﬁﬁéraibi a@an@eﬁﬂ&gemﬂﬂn artridges Y, M C, and B, or
yel | ow, nmagenta, cyan, and bl ack arranged therein. Thus, the 12 |line
col or pri niveliergéin therplpral iead chipege suaarged inte staggecmgsinagnelr aploet s of
liquid ink of respective colors fromcorresponding |line heads to hit the
print ;Rapg %]:t }fcﬁ)rn%s?gg'dzac%ﬁPl’i@adiEhﬁ%RbHéiﬁdi%@ﬂﬁﬁi theSfebti it Rtioh st 1ead 21

when vi ewe ane direction as FIG 1. The head 21 has an orifice

plate_ 23 which i re ed. by form.ng nozzles gn,a sheet material made of
car borcersdine egwi R Ui stanch] WRnae B f07aR of ek Bty AR ot shown.
The head 21 has a dry film 24 of a predetern ned shape made of simlar

car boadinsgut head chipsrwhish darmrdats of the same cplaitis se3to kg evemBumbss chi ps 25
arranged on the dry film24. In the head 21, four lines of |ine heads which
consi stultipldieédne Fp‘iuah wisichdrospoadpona féal leaptlofor orgking af tipyan, and

bl ack, respectively, are arranged along the | ongitudinal direction of the

head %%%or-ﬁlh‘%ﬁféﬂ%l%ﬁ)s{}@gll 3s TRE Alstil @ et eiog AT Hetagn H'éé;] %}Pf the head

chi ps S wor ke nder convexoconcave processing, ch ink
passes _are, for t hr pugh _whi i.nk flows fromthe i cartridges to the
head taidlossof frsesehCddr I seile it cramiiobe Sl e AP i S er o

plate 26. FI G 3 shows a perspective view of the head chip 25 arranged in

t he heaarespondsntc &egl length fasaanecling op the kecerding mgdivnper i pher al

conponents. The head chip 25 is prepared by working a silicon substrate 27
enpl oyi ng thatherinmege aheadbove obijdcticaahsabe attdinedaaprostidingZbmietisodhfat ers 28
for heating ink sequentially arranged thereon formng a |ine, and a heater

drive 44 i Qr, b\ . he head 21, the orifice
didchakdi ﬁflg%l];lg avlggg‘ﬂmg%&sg‘ng@éﬁ $roft nolzilek!

plate 23 1s a that circular orifices 13 forned
therein are J| ocated,dit.ect oyer. the respective heate 28 0..1Nn the
nead 21, prRERbs PhiplIG phHedt Fhipt Xir FREEF bR ST R G T PLrabigie, [ nec
by working the dry film 24, and thus ink cells 30 for the respective

heat eichipsshairiagraplaeal ity pAdiquid dischargs parte for disehasginghdiopdets ffamee pl ate 23
configures nozzles 31 for discharging ink droplets. In the head chip 25,

t he dmpzflesmotlatérallyartanded ohereart, t he partition walls forms a pectinate
shape, which allows the ink cells 30 to communicate with an ink pass 33.

The heat er syRéredi thealupiIdRAdichipdsre\dcCirfrigedoh thbStdgpRen@mhnie dsstoof t he
pect en-shaped partition walls. 1n the head 21, the ink pass 33 is forned by

car t 1 5HaB JTERRS & B eenP AW Sl i oo alecRn Pbcon i | 50

Thus, in the head 21, ink is led to the ink cells 30 for the respective
heat ef¢CUding BIRAWE, adde si de al ong the |ongitudinal direction of the head
chip 25. Also, the head chip 25 has a pad 34 forned at a side opposite to
t hat wher e 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.



the heaters 28 are arranged, and a flexible wiring substrate 35 is
connected to the pad 34 to performdrive operation. Thus, in the head 21, a
mechani sm for discharging ink droplets fromnozzles are formed. FIG 4 shows
an enlarged view of part of the head 21 viewed fromthe feed direction of
the print papers 14, which also shows arrangenent of the head chips 25. As
shown in FIG 4, the head 21 has the Rhead chips 25 of the sane 14
configuration staggeringly arranged thereon at both sides of the ink pass
33 of the respective ink, Furthernore, the respective head chips are
arranged atusdieEmereidhe @bOYﬁé’%ﬂerﬂi CAR4s03 §U%We§‘li)é/t P’EQYéS’élﬁnaenEq%b%ﬁ?QIr

nozzl e-formng sides thereof face the ink pass 33, which allows ink to be

| ed f ddsohahgingiiquidsehisB dischanges dropdets ificm meadleshi ps 25. Thus, the head 21
is configured so that the respective head chips 25 are supplied with ink
usi ng only i ' ; b Rfal ; ' ved to
realize hi éﬁﬁér}gisrg? BWSQ%?\%@%%%P% t:: gfc? gggrr%?g uélgﬁ%%fb%%cp?sb 'g)(gc(?[?ve head
chi ps 25 have, t heir. pads 34 lLocated at t.he nt er .pasitiaons, thereof al ong
Che aidtaalef g, PRk BT eips n8¥igss plirabil of S afSERaee REsIB®, Pe. pade 94
are not changed al ong the direction of arranging the nozzles 31 even though
t he rddssherging dreplets friops noszles cellatesallyrirgaged Bereimus, in the head 21,
convergence of the flexible wiring substrates 35 to be connected to the
pads 34 carvipgefi theqilied hehd dhiyss dreasd Rtangeeinrthe stapgedingamandénvasited i nt o
groups each has nozzles 31 of a predeterm ned nunber. Also, in each group,
the n : i {4 iR fsets

t her e%é’té\}/\lgér?%kfgtﬁg)f?ﬁg#ggﬁgﬁ?re}é t ﬁgﬁér})?leﬁ@eﬁfrﬁ%@gﬁfgﬁa %&fbso, fohfg heat ers
28 of the head chips 2§ are so forned on positions shifted along the feed
di r ec#feTdine mesivm,y a3d her as to correspond the respective nozzies 31 of
the respective groups forned on the orifice plate 23 with the predeterm ned
nunber of nhatusdBplets artdischargsst from heqgzglasetheydistancetbetyvger) G 4,

of fset val ues of the nozzles 31 are exaggeratively shown. Also, in FIG 4,
the newzkRs oTktéFgeringlp athavpgedddjarent héadehips ounish fbth doty efi theosamhes 31
being a unit for the convenience of sinplifying the explanation. In the

head %E&Sbéﬁgislet‘%&é@ ﬁ@rﬂ%@hﬁilﬁgi’@o%ﬁe ?ﬁ@h‘%ibﬁ'do&‘reagbﬂ@s”tobé’

effectively u 1zing the position shifts of nozzles 31 ich make offsets

along the fe direct.ion.of a print . he. I make

of £ seifEed L5uaah £0} B Ling e oSl s BRARm i JERE st ¥ veen "o
heaters 28 becomes opposite to input_ order of drjve si?nals. In this
enbodinggates afheadshipg whiehorm datstofodifferent gpdaigbeingset da;bgc¥eBo confi gur ed
as to be able to change the drive order of drive circuits. In the line

col or numiremultiple od onleqstchiwhithctoragspomds ¢o afeed langshder one dineof thozz| es
are sequentially controlled fromnozzles 31 |ocated at the incom ng side of
the predérdid@diedigdmunder phases of phase 1 to phase 7, as shown in FI G 5A
to FIGSG |Ih FIGSAto FIG SG nunerals corresponding to the respective
phases are put to the nozzles. Wen the print paper 14 is fed, nozzles 1
whi ch the incomng side of the print paper 14 firstly reaches are driven
under the phase 1 to_formdots D1, as shown in FIG SA. Next, when the print
paper Huef Beseriptign ﬁfg}ﬁlg]fa"l"@rgﬁt h fromnozzles 1 to nozzles 2, nozzles 2
whi ch the incom ng side of the print paper 14 secondly reaches are driven
under the JgH&s# shows of perspedive Tizw aba dmowolorprinter SBIplpyinghtbepsesent
simlarly, nozzles 3 to nozzles 7 are sequentially driven under the phase 3
to thgnpéasen.7 to formdots D3 to dots D7, as shown in FIG5C to FIG SG
respectively. Under this processing, in the line color printer 11, nozzles

31 in one r i i . i i ¥ j, f: , and
cor 1 ospondi S R shorS A GafibeE Bpb Bl ESREE bE Uhefll of inE IRENBIGDAMER: ]
arallel. Furthernore, .the head 21 forns one dot usin | ural droplets,
gri d vari esFIl(%é sbpyis %@etﬂﬁﬁd HSESPSQUEM(I*@VI‘?SHP% eﬁ"ftnbe? gf dr opl etg whi ch

formthe dot. Thus, gradation expression is perforned. In this enbodi nment,
eight droplets are used in form ng one dot at the nost.



In the head 21, a plurality of head chips are so arranged as to overl ap at
parts of adjacent head chips, that is parts of a plurality of nozzles

al l ocated to one head chip overlap with parts of a plurality of nozzles

al l ocated to adjacent head chips when viewed fromthe feed direction of a
printing object or a print paper, so that ink droplets from adjacent
nozzles hit substantially the sane p@@ition on the printing object. Thus,
inthe line color printer 11, m xed ts by adjacent two head chips are
formed at qyerl apped parts. These m xed dots nake di gpersion, of property
bet ween adjCehennuad RIAN Fiew ABRaling ATARZEMENt AhheAd CRPTRIhEhead.
deterioration of printed inmage. In the line color printer 11, the distance
LS bet ween RlGziAds IG.5G) ahewtplaradewhiipdicating deivearperatodoof the esad t o be
even nunber pitches. And, the distance L~, between nozzles of head chips of
di ffergpgs color is set to be even nunber pitches. One pitch corresponds to
a feeg ength of a printing object for printing an i nage of one |ine. For

exanpl e, i I to descri bed. | ater . data of ..one d.ine.is j nted as

17 Shown | 1B &sBe8 afflofk Eiggraf indi e RiifpRudRy BESneReld 1 om the
state shown in FIG9A. That is, in the exanple shown in FIG9A to 9D, the
di st ape@ter- bet ween nozzl es of adjacent head chips of the sane color is set
to be two |ines being even nunber pitches. FIG 6 shows a bl ock di agram

i ndi cati ng I ispowata locRididdram imicatélocondigutationlcf. a head ddve unit amol or
printer 11, an interface (I1/ 43 receives control conmmands, text data,
imgeh@g&%hlifhﬁit. out put from a personal conputer 42 being a host apparatus,
and sends thus received commands, data, etc. to a central processing unit

(CPU) 44. eration.elenment 45.is..a push-.type.operation el.enpnt ,arranged
on a oper aﬁigﬁgﬁéﬂw aotl’ml‘%cﬁ?’ﬁén@cgflﬂpggﬁ‘? a{@ Sﬁaf‘? o%l@é F?Sﬁgd%%?é%ri nt er
11 can accept various settings of printing position, etc. and various

i nst r ¢hipsodven bydhe hpad driveginibt c. when the user operates the operation

el ement 45. A display unit 46 may be a liquid crystal display panel
arranged oFItheAapeFld.ODnshipn gllan afedvciadichitisig thy prited alot staté formexkt ti ngs,
detailed information, etc. corresponding to operations of the operation

el ey fird Shipt P sAIRE RBINISER MR IineAbIoRyriiferd Print paper feed mechanism
e or 11, an

of the’line co printer , a printer control unit 47 controls

operation ri hanism uni t .48. I . 0, f central
pr ocessi ngci{}ﬁ'f'?&ﬁ%o Iﬂtﬁigg%g‘loiv(/gf%\nfwgdn&scg@ggﬁgé ggmg?(j]gﬁ %}@%c o?&ﬁ |dt s for
driving respective head chi f)s of the head 21 under the control of the
cent r 3y fnasceltips 9§ difderent goloriafdhe dine qoloiepiptiesy 18 printer 11 can print
color images by driving the head 21 with the print papers 14 fed by the
printer mechanismunit 48 under the control of the central processing unit
44 corresponding to output data fromthe personal conputer 42. The central

pr oceRdsn(15aé foﬂ@aﬁ?ﬁfg' oWt B5e Bhveditionol 1 er for controlling operation of the
line color printer 11 together with a nenory 49, and anal yzes control

commands r i Iy i . ration of
the print e?ﬁiéoéfeggé%%ﬁha%Q@Hﬁ&ﬂfgﬁ'%&?gﬁ%ﬁ@%ﬁﬁféﬂ %@5&%@“ {)@eﬁs%glteng t ext
data and i mage data based on the analysis result so as to print the text
dat a AROH¢SHW T&Z?TSPC?FPE GooRPAYIRE dFAWIES: 11, the head drive unit 50
drives the head 21 so that m xed dots by adjacent two head chips are forned

at over | appEhe peesest inVhetibe adndre appliedito alindasloa prititer 1t sonfigeredrast i on
unit 51, a TOG signal generation circuit 52, a division drive signal

gener ahbh i FIGIL P ]iﬁ@@oﬁ)@ﬁﬂeﬁﬁﬂ%ista Hisids 13 relctanigufar §hapé ch
i ndi cates configuration of the head drive unit 50 on head chip unit.

for enclosing inside parts or components thereof, and a paper feed tray 13 for

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



The print data generation unit 51 stores print data sent fromthe central
processing unit 44 into a print data nenory 51A, and generates head control
data indicative of discharge/ non-di scharge status of respective nozzles for
each one-line print clock based on the print data. The head control data
generated fromthe print data generation unit 51 is sent to first to Nth
(N being 17 in this enbodi nent) AND gate circuits or AND 1 to AND 17 of the
gate circuit 54. 19 The TOG signal “generation circuit 52 generates a TOG
signal TOGA and a TOG signal TOGB havi ng opposite _phases respecti.vely which
are t pringeri bl ftone the ray eatranesdormed apihieqfront Hdg of ﬁﬂ%ﬁﬁﬁﬂngﬁ%a‘ffil(éﬁ With
the one-line print clock. The TOG signal TOGA generated by the TOG si gnal
gener @hablesehé tinetcoder panteertl tocd fee WD thetpeintipaperst5.AND 1, AND 3, AND 5,
AND 7, while the TOG signal TOGB generated by the sane TOG si gnal

gener ati on ygi 1 I : : i ¢ Adn4, AND 6,
AND 5. The TEE A paer R i e R e e e o

signal generation circuit 52 t hei r phas cause Q '

accor dhejay &‘“@é’&e&fitﬁg &‘OFWE@/’%? print ng%saﬂs?r&pgﬁe@@n?ieogrﬁﬁgﬁt;félﬁér ation
circuit 53 generates division drive signals P1 to P17 whqose timng is

obt ai medtdsy witlvagiapgr feesl xdler dé by a predatermingd mechanism. JWhsadhe paRer i nt
period by n (n being 17 in this enbodinent). The division drive signals Pl

to Pl-fe@@ﬂ@l’léﬁRdr&mdsbﬂldjﬂn\ihtsﬂ)zﬁl‘erﬂflﬁ\a@e $ed v agetherraat side ciftheiline53 are
sent to the AND gate circuits AND 1 to AND 17 of the gate circuit 54. Then,

out DUtc%tlcglf[’ }(S;H#e?q 1%19@1%%@& ‘féli%ci ﬁ“afpt@ ajloflg afiMrdtv A shé&n QﬂtPgG?i reuit 54

are sen eate rive ‘crrcul of nozzIl®s for generating dots at

over | apped rts er e, dot 0 be for b dj acent he chi ps,0f.the sane
col or 25y {igp INGRPIE Pamtﬁfuf% s Sﬁetrﬁee{@\ éi@%}gﬁgﬂ?ﬁﬂ?\ﬁaﬁ S WD 17 of
the sane gate circuit 54 are sent to heater drive circuits of nozz]es for
gener ahe tipedmisr printesridv eWheppba rpuense rollersdl Fatate, theofesdgirackiondichar t

whi ch indicates the drive state of the respective head chips driven by the
head dhé yeintPapedOl4 Isclidigedeadf theprim papers bo ke feg fontard thd frombsider i nt
paper 14 stored in the paper feed tray 13 is drawn by the paper feed roller

16, _angk igsine! colbpAinfliraChlond SARAT BHobAGnRCEIse rol lers 17 to be fed

t owar € paper o ormed at the front si of the housing 12. Wen

the print er 14 is fed t rd th er .outle i n Lty of

yel | ow, mgﬁﬁﬁ%,tﬁ%%ﬂt P&Rﬁrsgll\,% W?%ﬁof rectiop is geéﬁ?ﬁéecf hggga{:artri dge
20 supplies corresponding ink to |ine heads_of the head 2&, and dropl ets

f or necrolets b8, etheatranged overthemapar fesshiaay 13, and pre deliversd framaRapes. 1 n
the respective |line heads of the head 21, ink fromthe ink cartridges Y, M
C, andmBlétfotmdd tao thdfrontkideadfithe housimgol 2yhlongrancapowdC shoivmkindd€sds 33.
Then, the ink is discharged fromthe nozzles 31 by neans of bubbles

gener apgdy;ak cbttgr hitttef @11 Has3Orepifdtablien iriBé ATSd 820 aptanyied tisdiedindr opl et s

formed out of t ink hit the print paper 14. us, theline color printer

11 ca rint desired.jnmages.. . (L il 21 has
the naxteeen shE SRR g BE Bost BRTeE Sy S2h frobI3 sPERA B, ¢
circuit 29, thereby form ng the head chip 25. Furthernore, as has been
descriBK#labove, the nozzles 31 are divided into groups each has nozzles of
a predeterm ned nunber in the head chip 25, and the nozzles 31 are so
formed as tThehkad chftsidge 20Tmssa head 2hevhichdas dinerheads of ¢ellow, nozzl es 31
in one group are driven with respective drive timng shifted to secure 21

t erfporﬁ'agehﬂa%gﬁ?ﬁanmiahﬁ afinged RR&ERIN AndazEbIIer 22 ofta preEpREeMiNed gr oups are
driven concurrently 1n parallel so as to reduce tine required to print an

| mage. 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



Furthernore, in the line color printer 11, adjacent head chips form
over | apped parts, and ink droplets from adjacent nozzles hit substantially
t he sane position of overlapped parts on a printing object. Thus, in the
line color printer 11, m xed dots by adjacent two head chips are forned at
over | apped parts on a printing object. These m xed dots nake di spersion of
property between adjacent head chi ps,indi stingui shabl e, which can prevent
deterioration of printed image. In tﬁ% line color printer 11, text data and
i mge data output fromthe Fersonal conmputer 42 is sentﬁ{o fhe gﬁntrl

pr ocedBiegplanprinigr klheauprint A inage skl as imagan by causiag flrpplety, pbHguld ng
unit 44 controls the printer control unit 47 and the. head drive unit 50
based ink of respesent calorsrfesmi corcbspandingolins headsita i thehprinepapas Mi.th t he
print paper 14 fed along the predeterm ned feed direction of a print paper.

Thus, char %@Q%ﬁ%la{r{i‘%ﬁgéfi?ﬁgegﬂeéﬁvé LR OFehé BESd YEWRE Qict &l Rbhpt ed on

the print paper or printer 11, as has been descri bed

above,,the distance L n Nnoz of adjacent . hgad .chips. of t samne
col or P SEBE THETA R b LHe PrAGALaS RPN FTOR SRR Red o
over | apped parts where dots to be fornmed overlap are set to be opposite
phasedy foiningaozeleswan a sheatanatariabnrade, dfisarbenaceaps resdnnaid the eHHEC@ouNnd' s
tooth manner at overl apped parts where dots forned by adjacent head chips

of thelaenEs xoheld byvefilaare ndshowiet Thaheatl @nkas odey fittrkof a22 1ines or
nore, as shown in FIG 9C, dots are fornmed at blank parts of the hound's

tooth Ré@ERIndd e (EXBTRE SR ObONELGAelin FikiAeRB o IR gyifiber of

concu Iven'head chips Is Irteen at t respectively. As

shown i.n FlG 9A .t o FI D e di stagnce,L~, bet.we nozzl es of adjacent head
chi ps Qﬁtqi{g@éws&ﬂa&%lgs ?&afmgsa %elqrbfgilm ?ﬁat is interval of dot
lines printed by adjacent head chips of the same color corresponds to one
dot on a prlinrthe hepdi21, fowr kines olljne heads whiduconsist affieadrghips Eé@@d 14 fed
by one line for respective print processing. That is, FIG 9A shows the
state ddilre&ff)bﬁﬂ 16 §elloof, mfigerta f Stan| ané biauk, hedfectiVelyherd hiranged alongr e
printed. FIG 9B shows the state in which half of the second |Iine and hal f

of thethé?@?%héck@@%ég&&g hf‘hf‘edhﬁfdﬂ. TRk Heabicd sé)ﬁf‘ctéliflﬂﬁtefZ@W}ﬁBl@ state

shown 1'n ows the state in which the fulll of the third |ine

d half .of t fifth.li i nted .af furth ' f . i
Fr om 1hs 1% s e @ el altogaS ol B BB R OB G510 BB Ll 1 "o
the fourth line and half of the sixth |ine are p intted after further being
fed byanshi@ whigh inloppsses ase 5@@1%6%“%%@9@%}0%@%@% drive unit

50 generates drive control data so that, at overlapped parts, two head
chi ps @btridgesrtodhe hgad clipst 26 eTHe redpective diepd shipsa2d ateocanneiotedator hegenent
direction of the nozzles, and that the alternate undertaking operation is
r epeatfetadPiie Jghe feed direction of a print paper. So, when printing an
i mage of large area using single color, the Iine color

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 peripheral 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 forming 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



23 printer 11 drives the head 21 so that, at overl apped parts, dots are
formed at bl ank parts formed by adjacent head chips. Thus, even though
property between adjacent head chips are different, overlapped parts can
make steep difference of printed i mage due to the property difference

i nperceptible, which can prevent deterioration of printed image. In the
line color printer 11, as has been dzfcribed above, the distance LS between
nozzl es of adjacent head chips of the sane color is set to be even nunber

pitches, while the djstance L~, between nozzl e§ of head i ps qf different
col or foemedthergimarelpsat IYp‘i’Y‘?!\ﬁg§ ,reﬁ?ﬁftlt"ieiieﬁberﬁé%pr“gﬁpi Hbﬁlfol?%ad;t

overl apped parts where dots to be fornmed overlap are set to be opposite
phases21, Pattitiomsyailsdfon partitidring déspectiFehebtEs 28atrs farmed dynearking the

hound' s tooth manner at overl apped parts on a print paper where dots forned

?y adjcfr?‘?mn Q@%&fﬂt&éin‘kfce‘ll@,%(ﬁ@iﬂ?h@?és?)’ecﬁ‘i@'hb@ﬁérs YBake do¥nsedr Theor med over

hr ee nes or nore, dots are fornmed at bl ank parts of the hound's tooth

Part < i B fRrpeinnp e tiodgisCon cOiERls sl S Br REharpRRs

di stance L$ between nozzles of adjacent head chips of the sane color is set
to be inkelropletss, while the di stance Ld between nozzles of head chips of
different color is set to be four lines, and an inmage is printed with the
print paperinithefrddhipas, thendryffiim 24spevdrked sprthat therpacktien wgallsThat i s,

FI G 10A shows the state in which half of the first line and half of the
third 4 | ' W3 MBI ceNabe toRbynhahicaty it il S

print eﬂg,&v&\s\ﬁ?}fegmﬂ{a%é;g%éf %]ﬁxﬁﬁleloﬁgftt nﬂar?eI and hal ?h of tcﬁe_ séve_nt h line are
D s B b ek N By RSB ERE e
fourth line are printed in _cyan, while half of the sixth Iine and hal f of

t he eimm-shmcﬁp@rtmmweﬂsi n magenta, after being fed by one line from
the state shown in FI G 10A. FI G 10C shows the state in which the full of
the third |Innheilkeadrdytthel inknpassedB istfoameidsbyt verkink|thefimethbplateé 24 anidne i s
printed by feeding the print paper 14 by two lines fromthe third line
print t@&‘ﬂﬁ'gsfgwgétlégqm ink d'_t*iﬁ’kjcgﬁridrg%k he, 101, @ kankaB §§ 160 tol the dpenkd | i ne hal f

of whi I'n magenta as shiown in FI'G 10A is printed in cyan,

while the full of t venth.line.is i nted i e 4 |.f of the
ni nt h ﬁlB?Feij@’ep‘Pkﬁezﬁ ﬁ \j“éﬂ?é‘?e Q??%Eifﬂﬁﬁ&&ﬁ)%gnﬁ(:%l%(%ﬁ% ﬁene from
the state shown in FIG 10B.. FI G 10D shows tqe staée Lg,mthh he hul of

the f oigspectivenkeaters28 froaytheedgeaside ginngths Igngitpdingl dgecting ofithe head e

hal f of which is printed in nagenta as shown in FIG 10C is printed in cyan
whi | e ¢Hip 25ul | of the eighth line is printed in magenta, while half of the
tenth line is printed in magenta, after further being fed by one Iine from

the state sRQW) thehEAGCARY2S hhéa 3995 Fihfarmddna Sdide QFbﬁsMicﬁﬂlah&bHeref t he

fifth line and half of the seventh line which are already printed in

magent re. funbher d,_J 2 1
concurﬁlgﬂfel%glergt‘z&ovgrq?%ﬂl%g’ %Ilédf]? E%g{mgﬁg{g%cg;}e‘ﬁ%%éée)gs g&aéﬁr}é\&mﬁﬂ%t eaIf of
the eleventh line is printed jn rxﬂ_g}eﬁnta afte {urtheh bei nEﬂIfed by one
line fpahdt e psiterm duvsapPerationg hips, o head 21 yamechanisg) printer 11,
over | apped parts can be printed in the 25 hound's tooth manner when

dri vi ndistharginge ids deopletsyfrorg ndzzlesqproipunedas over | apped parts forned
therein under tinme division drive. And, dots of m xed color, which are

gener at ed by[EUPEHAROS bt nfirEE@ YR of phatraf, thahead @loviewedtfrymfthe feed at
over | apped parts and non-oveérl apped parts. Thus, since different colors are

superp . W i 0 j i .t her, the
or ool creetigh BT Hhe BARGETr wo RS RBE el ST nd B et T2
different fromthat at pop-overl apped rt ue . fference of degree of
drynes2d; AWW%F%E&&%& ee%ﬁg@é\tbgﬁ%‘isﬂmsr@f?g{mﬁ“ﬁ esent invention,
over | apped parts can be printed in the hound's tooth manner in driving |line
heads enploying tiling which has overl apped parts forned therein under tine
division drive. Furthernore, according to the present invention, since
over | apped parts can be printed in the hound' s tooth manner when driving

| i ne heads enploying tiling which has overl apped parts formed therein under
time division drive, printing processing of superposing different colors
can be concurrently initiated at overl apped parts and non-overl apped parts.
Thus, since different colors are superposed with their degree of dryness
bei ng equival ent to each other, the problemthat coloring of superposed
colors at overl apped parts beconmes different fromthat at non-overl apped
parts due to difference of degree of dryness is not raised, which can

Y o B 1 o " I




el ements. For exanple, energy generating elenments of piezoelectricity type
may be used. Furthernore, the present invention can be applied to various
apparatuses for discharging liquid. For exanple, the present invention can
be applied to an apparatus for discharging DNA-containing liquid for
detecting organi c sanples, etc. 27 CLAIM5S 1. An apparatus for discharging
liquid which is provided with a head %aving | i quid di scharge parts for

di scharging droplets from nozzles, wherein the head has a plurality of head

chi ps staggeringly arranged thereon, the plural he 133 Gchj ps hayi a
pl ur alconfigutatiorestaggeriogly; @éﬁ%@éhﬁm%a@&tﬁéﬂwi]a edﬁkmﬁ%ggtﬁghﬁi n, and
wherein the plural head chips are so arranged in the staggering manner as

to ovepdpsetive iRl Furtifermdiraabotresyrative fiepd ollips2¥ aevextafgedrat bethf eed
direction of a recording nedium and the distance between nozzl es of

st aggek i r. i i } 1 GBS PREFR mul tiple
of " one L nRPRMAES 33ShE ik (ESmELIES, bEnGRe MBrERES WA
recordi ng nmedium 2. An .apparatus, for di arging Jiqui i.ch is provided
with daseths aﬁé%ﬁ’ d{}?‘gﬁ&ﬁQWdPEéopﬁﬁfa?fﬂl‘?}pg‘hFg’&lﬁggﬁﬁ %L‘&\‘\%bbepl ets from
nozzl es, wherein the head has a plurality of head chips staggeringly

ar r angespeadtivedmwadfavipe a5 h Tduisothedieadk Sblisseenfigwied sothal theds8PeHISs having a
plurality of the liquid discharge parts collaterally arranged therein, and

wher eifpatingips 25 ake bepplicdhivith inkausing anhyesiaglt ink pavs 35 g erimgngranner as
to overlap at parts of adjacent head chips when viewed fromthe feed

di rection_of r i j i 07 :
ot o el Gyl BERRHARATEd e Bigh 1RBIVIGH 86 BRPIERY CartdRish,
:c Zeze} eﬁlgt ﬁﬁ%}’eesgﬁgﬁ{f? ﬁrgaq)pﬁﬁﬁgg }tlelnpel ﬁle?rf pz?c?se&f) lc;[c%tt]eci'\g]tl t?lg C%(I)]Egresponds to a

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 predetermined number. Also, in each group, the nozzles 31 are so formed on the
orifice plate 23 as to 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 predetermined
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



recordi ng nediumas well as the distance between nozzles of head chips
which formdots of different color is set to be even nunber nultiple of one
pitch which corresponds to a feed length for one |ine of the recording
medium 3. A nethod for discharging liquid which discharges droplets from
nozzl es, wherein a plurality of head chips are staggeringly arranged, the
pl ural head chips having a plurality.,ef liquid discharge parts for

di scharging droplets fromnozzles col'faterally arranged therein, wherein
the plural head chips are sg arranged. in, the sta r.ing manner,as t

over | aivigtedpnte thige gﬁ@?%%\ﬁl $f¥s8 Wlfé%&ﬁ‘ngi ae’gﬁg for, ‘ioﬁ‘é(epéeé’d:eﬁ%r ection
of a recording nedium and wherein droplets are discharged fromthe

nozzl eg’mpﬂifgirrg ficaaxpdaristioneen nozzl es of staggeringly arranged adj acent
head chi ps being set to be even nunber nultiple of one pitch which

correspondSIéme%efaa%if)ff‘QS,tt!th%z?C hédtersods hitesd ﬁfiﬂil?@ri%ﬂibyﬂ 4. A

met hod for discharging |1 qui di scharges droplets Trom nozZzl es,

wherein.a plurality of head.chi are st i.nal f h col or
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. Ay. ANy. A(e. Aus. ANy. Auy. Aay. ANy. AN. A(y. Ae. A(Yy. A. A(y. A(. Au. Aa. A(e. Ae. A Ay. A
. Ay. AspduAePiie fneAdallAcontrisHsl 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 nozzles. 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 nozzles 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



a@w nmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]ca]calc

aJ calcalca]calca]calcalcRaljcaU calJcRa!! u USbK? @

}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

FLUr:omm 4 #4#Sk$SS9W YOORAR) &8&6' ' ' ' 9((((A) } xsnid_Z]]ca]ca]ca] ca]ca]ca]ca]ca

] Z;i] ;:a] ca] ca] ca] c/a] ca] ca] ca] ca] ca] ca]é:a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
fal R >---

F/rrl/OIOhOOl id Z ca] ca aljc caJ ca] ca
a] ca] 86 QEY RPN EAPER)Va PEAT AU ) S Eay £) G CoHC P oaHss B3an3ab 2o HB555
&6) 6s66677_70777*8e8889_9992: } xsnid_Z] ] ca] caﬂ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] caespectye gk oupafeadtjoal cra]cw]mnﬁfcm]lwp @l ca] ca] ca]ca]ca]cal2::::;
>AAaBCE GcGHHI al |1 JgqJJK( Kt KKLCLLLYW MOMQ} xsni d_Z] ] ca] ca] ca] ca] ca] ca]ca] ca]c

a] ca ca] calsafteaond aak heha al1cklar] sl dithe ¢ d I M
QSSNT@/YY[ V]'I‘m TaDdeee%f ffﬁ@]&h%g i |(?%] ] ] {([ %%E]}ngﬂm %ﬂp%]ﬁfggf}d:cg?cg% gg] g:} gg] C

o cal K e e e *‘f?hgﬂzﬂzﬂzf‘]c;
VoLLI Broee T stipa 4] pestoHped] ]iﬁ‘ﬂa]eermmépcégééﬁéﬂeé fo By Cal ca) ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! "IJ%;

Q2s- t fosmiarg oneZfbrat] thelmedtca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calcalc
a] ca] ca] ca] ca] ca] calcalca]calcalcalcalca; KFH 110% h& ()- 10% h& ()- 10%

h& ()-3 10 0 h& () -
Fa10% e (ol P5ad 217 Y phitality SERSHY Ehipk afe ¢ HpnBel S d oyemiabat pie = O

0 Sl e i R s A BB Wi 1

SH10%GE ()-" 10%G& () -
chip overlap with parts of a plurality of nozzles allocated 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 dispersion 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 adjacent 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
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in FIG.9A. That is, in the example shown in FIG.9A to 9D, the distance L, between
nozzles of adjacent head chips of the same color is set to be two lines being even
number pitches.

FIG.6 shows a block diagram indicating configuration of the line color
printer 11.

In the line color printer 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
drive 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

u
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by the printer mechanism unit 48 under the control of the central processing unit 44
corresponding to output data from the personal computer 42.

The central processing unit 44 configures a controller for controlling
operation of the line color printer 11 together with a memory 49, and analyzes
control commands received through the interface 43 as well as controls operation of
the printer control unit 47 and the head drive unit 50 by processing text 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 head 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 FIG.7 which indicates configuration of the head drive unit 50 on
head chip unit.

The print data generation unit 51 stores print data sent from the central
processing unit 44 into a print data memory 51A, and generates head control data
indicative 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.
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The TOG signal generation circuit 52 generates a TOG signal TOGA and a
TOG signal TOGB having 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
generated by the same TOG signal generation circuit 52 is sent to the AND gate
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
overlap, while outputs from the AND gate 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.
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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 has its feed direction changed
by the reverse rollers 17 to be fed toward the paper outlet formed at the front side
of the housing 12. When the print paper 14 is fed toward the paper outlet, ink
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 from 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, and 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
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concurrently in parallel so as to reduce time required to print an image.

Furthermore, in the line color printer 11, adjacent head chips form
overlapped parts, and ink droplets from adjacent nozzles hit substantially the same
position of overlapped parts on a printing object. Thus, in the line color printer 11,
mixed dots by adjacent two head chips are formed at overlapped parts on a printing
object. These mixed dots make dispersion of property between adjacent head chips
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.9D, dots
are formed in the hound’s tooth manner at overlapi)ed parts where dots formed by

adjacent head chips of the same color overlap. When dots are formed over three
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lines or more, as shown in FIG.9C, dots are formed at blank parts of the hound’s
tooth pattern. In the example shown in FIG.9A to FIG.9D, the number of
concurrently driven head chips is thirteen at the most, respectively.

As shown in FIG.9A to FIG.9D, the distance L between nozzles of adjacent
head chips of the same color is set to be two lines, that is interval of dot lines
printed by adjacent head chips of the same color corresponds to one dot on a print
paper, and an image is printed with the print paper 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.9A. FIG.9C shows the state in which the full of the third line and half of the
fifth line are printed after 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 nozzles, 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
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parts formed by adjacent head chips. Thus, even though property between adjacent
head chips are different, overlapped parts can make steep difference of printed
image due to the property difference imperceptible, which can prevent deterioration
of printed image.

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, 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 in FIG.10A to FIG.10E, the distance L 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 co]br is set to be four lines, and an image
is printed with the print paper 14 fed by one line for respective 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
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the second line and half of the fourth line are printed in cyan, while half of the sixth
line and half of the eighth line are printed in magenta, after being fed by one line
from the state shown in FIG.10A. FIG.10C shows the state in which the full of the
third line is printed in cyan, that is the full of the third line is printed by feeding the
print paper 14 by two lines from the third line print processing shown in FIG.10A,
while blank parts of the fifth line half of which 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 printed in cyan to form dots of mixed color
concurrently at overlapped parts 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 FIG.10D.

Thus, in the line color printer 11, overlapped parts can be printed in the
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hound’s tooth manner when driving line heads employing tiling which has
overlapped parts formed therein under time division drive. And, dots of mixed
color, which are generated by superposing different colors, are concurrently formed
at overlapped parts and non-overlapped parts. Thus, since different colors are
superposed with their degree of dryness being equivalent to each other, the 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 not raised.

As in the above, according to the present invention, overlapped parts can be
printed in the hound’s tooth manner in driving line heads employing tiling which
has overlapped parts formed therein under time division drive.

Furthermore, according to the present invention, 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 their degree of dryness being equivalent to each other, the 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 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
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ink jet printer is employed to explain the present invention. On the other hand,

energy generating elements for discharging liquid ink are not restricted to the heater

elements. For example, energy generating elements of piezoelectricity type may be

used.

Furthermore, the present invention can be applied to various apparatuses for

discharging liquid. For example, the present invention can be applied to an

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

1. 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,
the plural head chips having a plurality of the liquid discharge parts collaterally
arranged therein, 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 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 droplets, the plural head chips having a plurality of the liquid
discharge parts collaterally arranged therein, 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 medium, and the distance between nozzles of staggeringly arranged

adjacent head chips which form dots of the same color is set to be even number
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multiple of one pitch which corresponds to a feed length for one line of the
recording medium as well as the distance between nozzles of head chips which
form dots of different color is set to be even number multiple of one pitch which
corresponds to a feed length for one line of the recording mediﬁm.
3. 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.
4. A method for discharging liquid which discharges droplets 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 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
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wherein droplets are discharged from the nozzles, the distance between
nozzles of staggeringly arranged adjacent head chips which form dots of the same
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 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.



