 #3YRe3eE>>?$BXCPAEGETEL - 1 LI QUI D EJECTI ON APPARATUS BACKGROUND OF THE
| NVENTION 1. Field of the Invention The present invention relates to a

technique that in a liquid ejection apparatus having a pIur
arranged in a specific direction, each chip having a plur aI "ummmmu@u
ejection units juxtaposed in the specific direction, the displacenen
liquid ejection direction between the chips is reduced 2. Desc |on of
the Related Art Inkjet printers have been known as an exanpl e of a l'iquid
ej ection apparatus having a pluralityliof chips juxtaposed in a specific

direction. As ink ejecting systens of the inkjet printer, there are a
thermal systemfor ejecting ink using thermal energy and a piezoelectric

system for ejecting ink ufi@ﬁlﬁ Bbﬁé@f&ﬁcﬂﬁkﬁRﬁkﬁgent Al so, froma

vi ewpoi nt of an ink col or erearé a single co or type using one
printer-head chip and a color type using a plurality of printer-head ch
while ink with different color is ejected fronleach chipm |N@,ﬂﬂﬂ% from

a Vi ewpghpkcRbufpheed rakr ¥RiEkGIohere are a serial syst
prlnter-h ch ?p ? each color, which is noved in the w dthswabor ecti on of

prlntlng.paggglhpgfpghgtkggehqgggs t hereon, and a line

The present invention relates to a technique that in a
liquid ejection apparatus having a plurality of chips
arranged in a specific direction, each chip having a
plurality of liquid ejection units juxtaposed in the
specific direction, the displacement of a liquid ejection
direction between the chips is reduced.

2. Description of the Related Art

Iinkjet printers have been known as an example of a
liquid ejection apparatus having a plurality of chips
juxtaposed in a specific direction. As ink ejecting systems
of the inkjet printer, there are a thermal system for
ejecting ink using thermal energy and a piezoelectric system
for ejecting ink using a piezoelectric element.

Also, from a viewpoint of an ink color, there are a
single color type using one printer-head chip and a color
type using a plurality of printer-head chips while ink with
different color is ejected from each chip.

Furthermore, from a viewpoint of a head structure,
there are a serial system using one printer—head chip for
each color, which is moved in the width direction of

printing paper for printing images thereon, and a line



- 2 system having a nunber of printer-head chips juxtaposed in the width
direction of printing paper for each color so as to forma line head for a
width of the printing paper. Fig. 12 is a plan view of a line head 10. In
Fig. 12, four printer-head chips 1 ("N- 1", "N', "N+ 1", and "N + 2") are
shown; however, further nore numerous printer-head chips 1 are arranged in
practice. Each printer-head chip 1 has a plurality of nozzles la forned

t herein, each having an ejection hole for ejecting ink. The nozzles la are
juxtaposed in a specific direction,-which agrees with the width direction
of printing paper. Furthernore, a plurality of the printer-head chips 1 are
arranged in the above-nentioned specific direction. Adjacent printer-head

chips 1 ar nged so _that t specti Les La_face e%ph ot her
whi Te peRekel BAYARG RopuPBEr| 3F,RERBER AP ABCHDLRE| ARAFARESE o ps 1 are
[N CONSGRUL NG A dST (395,2,POpLE gﬁépﬁapags&a'fo} s¥Breaysn, ag gxamle of a

structure SVe ment Pon ystem prin er-ﬁead chlp has been

nown, W $hafies, 93 nkebbavbd haghen 83d:fenBathag pepbator arranged in

the ink 1iqui Ehanber 'S0 as to pressuri ze ing within the

ik liauid chagber, Jheangzzhesisy!ofedh oflotHERdPPEL Sth!agg. Ofathe i nk

| i qui d chamber "and constituted such that the ink pressurized within the ink

l'i quid cffa,%rfb?r m%e@i—%faadcwlg@ thqugj ectmonuiel engf + 1+ 3andt g gozzle. 1In
addition to the exanple having a single héating resistor within the ink

liquid oManbgle s@id@hhehotReechavicagtaek! Mbaki hymelkoleabiria tkeshehar s divi ded
within one ink |liquid chanber has been known. Fig. 13 is a plan view of an

exanpl e dndypisng twe- dirtadgedheat prgctesiestors within one ink Iiquid chanber
The region of the ink liquid chanmber 2 is substantially circular, and a

fl ow path 2aEeohnpninaéeedhwadhchipi hkhasgai gdlehabhbey 2fi sokeiea®dlan the

| oner part of the drawing. Furthernore, two heating resistors 3 are

arr angedowimteldi rehiehre imnk elichuhdvdhgnber e3 eicit ibhe hpilei dgrugjdictdai on of
nozzles (in the right and left view ng the drawing). As such an exanple, in
a di vi ddark.ypdhien naizizdiest la B&gt Dngtapoisedoin3 aj spieglide Iddmgicttidinnal |y,
since the width is halved while the length is the sane, the resistance of

t he heatbd§hr ésireesr w3 tihs theubiedh diregdioRoodi Prdddipgaiamgr-esi stors 3
are connected in series, the resistance quadruples. The reason of such a

st ruct uf@ F?%i?OF@II@w@luFﬁl&FﬂePftGhﬁlPﬁ#BGFF"PﬁEd(&hﬂﬁﬁn&néﬁ@n of an
entire surface 0|I|n i.n the.ink I| chanmber 2; it is
necessaFfﬁﬁ& ¥5&a ﬁ@%hngpvﬁnggilg%SF §pﬁfl§&6ppﬁ %é °bredet er mi ned

anount electrlc Quer to th heaﬁln% resi staor SOB¥hv%?Q%.Of ener gy

during t %ﬁ% Eoﬁl 5 hFﬁg chi ate arrange

respective nozzles la face each other while pitches of the
nozzles la between adjacent printer-head chips 1 are in
consecutive order (see a portion A in detail).

Moreover, an example of a structure of the above-
mentioned thermal system printer—head chip has been known,
which has an ink liquid chamber and a heating resistor
arranged in the ink liquid chamber so as to pressurize
(heat) ink ejecting within the ink liquid chamber. The
nozzle is formed on the upper surface of the ink liquid
chamber and constituted such that the ink pressurized within

the ink liquid chamber is ejected from the ejection hole of



-4 inkis ejected. If the resistance is small, it is necessary to
increase the electric current to be passed, so that by increasing the

resi stance of the heating resistor 3, the filmboiling can be perforned
with the small current. Thereby, a transistor for passing electric current
can be reduced in size, enabling a space to be reduced. In addition, the
reduction in thickness of the heating resistor 3 increases the resistance;
however, in view of the material and the strength (durability) selected as
for the heating resistor 3, there is g predetermned limt in the reduction
of thickness. Therefore, the resistance has been increased by dividing the
heating resistor 3. However, there have been the follow ng problens in the
conventional technique described above. (First Problem First, during the
ej ecti ngenROR2ZdM -t he printer-head chip, it is ideal that the ink be

ej ected perpendia larly to tge e#ect'on surface of tPe ringer-head chip;
however, thefB 37@1E42BstQnEre ¢ %mB}%CP?anﬂnalélﬁg £ ke et

per pendi_cul,ar_dependi,ng.on variqus factors, For _ex le, in the thernal

D1 Pt or TR8AA Lo BRI Ah % HEKbEE STRBDSTe SREBTCRaGRRGPASSINCS for med
t hereon, ,on the u sur.face of, the ink liguid.chanber having.the heating
rest ot oPd W a iRy BRC Bl dn e ol o A, e EARE, Bhet abkn i TNk
liquid I i - 5 resistors 3 and the nozzles arises a
problen?ﬁgﬁﬁgﬁé%%%zg%%%s%ggrnrs bonded so that the center of the nozzle is
| ocated at t cempget .0 [ i gyid,cC t tLng- | rs 3,
ink is ejectgggbe?%eaai%u?ggPyo%ggtﬂg ?ﬂkggggggéoﬁgggﬁ?aggg(?ﬁgiﬁégzIe
sheet suyagel; feawevers Wlithie ¢eRt ehkPaldidiienenahvehe | kel ragidn
chanmber/the heating resistors 3 and the nozzles are displaced, the ink is
not ej eqtrednpeipgndiieplial lchat®elrh® gjse bt asitibace. cAlrglatheadiasal acement
due to the difference in the thermal expansion coefficient between the ink
| i qui d Ehawbea/thhe aheahimig icetiest arithaach ting& nazulid shaebewray ke produced.
When ink is ejected perpendicularly to the ejection surface, an ink drop is
| anded &oraeor dai Shepdomteiroparttf offhehe elaiawigg.nk Fus ttiexploaeed thy an angl e
of A from perpendicularity, the displacenent of the |anding position of the
i nk dr ope@iting evegriedses By areearpange@ wittduin0 theeriakn ltilg@idi st ance

bet ween the ejection surface and the printing paper surface (the |anding
sur f ace chiambiexr i2ninditdye) liinigggenedialdoripn @2 nemzfles t(ia ithigj et systeny.
When such displacenment in the ink ejection angle is generated, the inmage
qual i t y Gighto@ndotieddd vdevinsh tihe wd@F)al system whereas in the |ine

system it becones, a groblenl Thiis will be described as, foll ows.
As such an example, in a divided type in which the

heating resistor 3 is halved longitudinally, since the width
is halved while the length is the same, the resistance of
the heating resistor 3 is doubled. If the two-divided
heating resistors 3 are connected in series, the resistance
quadruples.

The reason of such a structure is as follows.

In order to film-boil ink (a phenomenon of an entire
surface boiling membranously) in the ink liquid chamber 2;
it is necessary to heat the heating resistor 3 by supplying
a predetermined amount of electric power to the heating

resistor 3. By means of energy during the film boiling, the



- 6 Fig. 14 includes a sectional view and a plan view show ng an

i mage-printing state using a head 1A having one printer-head chip in the
serial system In the sectional view of Fig. 14, if printing paper P is
consi dered as being fixed, the head 1A noves so as to print inmages on the
printing paper P in the conveying direction of the printing paper P in the
drawi ng while reciprocating in the width directions of the printing paper
P. The sectional view of Fig. 14 shows passing positions of the head | A for
the N-th and the (N + 1)-th tine. AlLsgq,-as shown by an arrow in the
sectional view, Fig. 14 shows an exanple of the ink ejected at a slant in
the left in the drawing, i.e., in the conveying direction of the printing
paper P., At this tinme, the ink | anding position iis displaced in the left in
the dr awP¥gishGdersrd -evdd ither ResigtarseeisctBgldr AtstEnPeaPSPREYN-th
novi ng of the head for exanple, the .ink is e ected at e _sanme angl e
B0 ot HondPCRERSR) i AGOR TeTRUreRoe Lo ke BARREGYi 87 SURE: B bet veen

t he Iandi%geggﬁiti%ﬁ of thet%ead H%ifﬂé:%%a venent.f%%rt e Neth time and

the | an Phg posP@io Cof" hé Hheag PA i Neé vement 1or t e f&e+ -th time

IS not t1.C I T hS, L I, N t i inting is
perforngg1%§?$ﬁégg n&ghég% Pﬁqﬁéﬁﬁﬁﬁpgﬂé§%§%% gﬁ%@%igﬁggﬁgﬁécteristics bot h
at the N-th ( =k Vicpg. i cAaS i is
ej ected at a§§g5%?9fn§ tr%hgaggggngegigé%ggg g%ggﬁgg e§%¥?§§€a#$ﬁough t he
ink is handeduda qh %Wd@?ﬂﬂﬂéHMﬂh@-%h%p%%kﬁ&%”%%_R%%h%b&ﬂ apboth ends in
the wdth direction of the printing papér P, the ink |anding position at
the endsdd dilem Witheh rdigiratiican i9f drhekidsat i thaPelkaking Rekigharged

bet ween passing positions of the head | Afor the NNth and the (N + 1)-th
tinme. TherefdleRsedl 3hd T dsiistagass, Hdwevdirspliaceient odf thieemarleriandi ng
position is not noticeable. In the case where a plurality of color

pri nt er amehdhehispsremgehpr@uirddd,l it ajedeidte alarfact ehieshieas ingy be
different for each printer-head chip, and color msalignment is produced in
t hi s cagesilddwavér,, tdienee itshe mesdlattaroringd tlieidolior tites aledgerdon i n human
eyes is not so large, the msalignnment of a single color is scarcely

r ecogni odbltdiokaessn t Thareforsf, ddeumsasis tanaee halse beginoingirsalisiegnment i s
mostly recogni zable. For color inmages such as a photograph, a technique nmay
be freqidndiyigday the Mfadinhkessi9t@ided in plural tines with different
nozzles in one printer-head chip for the sanme color so as to_ defuse the

di spl acement HRWEKER -t FBeFRi Re¥rhBs8 cil's, T84 1PHARTt RECRLPBP tPsEPPgnment is

scarcely recogni zahle. Fig. 15 jncludes, a sectional view and a plan view
Showt ng SHTETIgS Y Hady s dHFAIRED AR Rad 10 shown in i 12 (11 ne
head havi ng QFQIgra Et% o%)printer-head chi ps - g 1 arranged in the

l'i ni ng-up di r8eFPEn 5P %ﬁe nozzles la). Referring to Fig. 15, if printing

T b Sor FIRET SR e10 Aol ) WOBeNERY daiags fghorove, o the
lover didiagf | ant 1% R Al ahat e AS B dHdd¥ed Pdfendicularly to

the ejection surface of the printer-head chip; however,

there are cases where the ejecting angle of ink is not

perpendicular depending on various factors.

For example, in the thermal printer-head chip, during

the bonding a nozzle sheet having nozzles formed thereon, on

the upper surface of the ink liquid chamber having the

heating resistors 3, the displacement in the bonding

position between the ink liquid chamber/the heating



In the sectional view of Fig. 15, three NNth, (N + 1)th, and (N + 2)-th
printer-head chips 1 of the line head 10 are shown. The sectional view
shows exanples that in the Nth printer-head chip of the drawi ng as
printer-head chip of the drawing as printer-head chip slanting as shown
Accordingly, 1, ink is ejected at a slant in the left shown by an arrow, in
the (N+ 1)-th 1, ink is ejected at a slant in the right shown by an arrow,
and inthe (N+ 2)-th 1, ink is ejected vertically without by an arrow. in
the N-th printer-head chip 1, ink is kanded away fromthe reference
position in the left; and in the (N + 1)-th printer-head chip 1, ink is

| anded away fromthe reference position in the right. Therefore, between
both the printer-head chips 1, ink is |anded in the direction noving away
from eadl®SEHEOTS As a@d dd\@ mozzdefedricks R PEOPpACH:-er Ihedltec Mo zieand t he
(N+ 1)-th printer-head chip 1, a region is formed where ink is not

ej ect ed ShRSE Iishbomded £@ dbes Ade sopdern ofhdhgi deRzder dét iloFadP%he g

o1 LDL RS BB PR, TRUES L SR Sckgp il 1 plen v
P 2, B SR s aieRs LeOUNg. I e moe,
o ef B Bl el ) A, Thems Sl
(N 2) o BB che b RLORP OGTRE B g posi 1 ons
probl emddy sthaird MPQER A HoGAd YUY ¥ 13dddles e ank Rloded so as to

reduce printing inmage quality. Oher than the case where the ink |anding

posi ti orj@fctRaF hdiddHd ead i thd S jdctRlacaddtaddhe |ining up
direction of the nozzles as descri bed above, it may be displaced in the

movi ng di rechiles,ofthkthaippilatengnpapae Poi BheoaergasenceFig. th6, in the
same manner as in Fig. 15, includes a sectional view and a plan view

showi ng thgundll iexpAisiich idodffd digm heashek® theg.inkd 19k@ARI an exanple in
that the ink landing positions of the Nth printer-head chip 1 and the (N +
2) -t h prahamdreryddd didgrinqne sicttotiss pira athe motzrd enmhierd diayedtd on of t he
printing paper P while the ink |anding position of the (N + 1)-th
printerfreaiadd.p 1 is displaced in the noving direction of the printing

paper P upward on
When ink is ejected perpendicularly to the ejection

surface, an ink drop is landed at a precise position. If
the ejecting ink is displaced by an angle of 8 from
perpendicularity, the displacement of the landing position
of the ink drop AL is expressed by:

AL, = G x tan 0,

wherein the distance between the ejection surface and
the printing paper surface (the landing surface of the ink
drop) is G (generally 1 to 2 mm for the inkjet system).

When such displacement in the ink ejection angle is
generated, the image quality is not noticed so much in the
serial system, whereas in the line system, it becomes a

problem. This will be described as follows.



- 10 the plan view. In such a manner, in the case where the ink | anding
position is displaced in the noving direction of the printing paper P
between the printer-head chips 1, the displacenent appears stepw se as
shown on the plan view However, this |anding position displacenent appears
as a step only at a printing start position or conpletion position, and it
is not so conspicuous as the abovenentioned displacenent in the |ining-up
direction of nozzles. Therefore, this displacenment scarcely affects the
image printing quality. In addition,. gn_-the case where the ink |anding
position is displaced as descri bed above, the conspi cuousness of the stripe
depends on the kind of inmages to be printed. For exanple, in docunents,
since white sEacei are gﬁgat, even when_a strige is produced, it is

i nconspi cuou&19vnbtedBCHHERS pRoTBGFAPRRL YhEHeePdrd BIARtBdSWith full col or
on the sybst.antially entire region of the.printing papet P, even a snal

Whi Lo sEToHE TRy b TGRS BaRGaRY Fiathe MSE8Te SuBSEr 1 BRYLPRe OPRK | andi ng
di spl acenents in t i.ni ng- di recti.on_of nozzles_ and in_ the Vi ng

i r oot s Sror en st el 1 3Be BE R B ehar R e sdie gl o
errors t t J yxt a .pLi:ater- d .chip i.spl ace in the
rotationaGﬂﬁ?ﬂ%éﬁ%%nﬁﬁéngf?%lgél%bbhgggg.P HF %f%ggggg%ﬁd%%rggﬁéﬁi In a
printer- chi i+ R e ink i qui er i<Ng 0 heat i ng

resist oré,1 In r|;Jr}lltgzm'jﬂr?\gélld( Pﬁ %%E}Sisl Fr?g)agby}:%t %reﬁﬁatlfn%?érsegins{%glﬁ is perforned
only at SR - I S } I Qi il Iy ach ink
liquid éﬁgﬁ%%fﬁgrﬁggﬂfﬁglﬁégﬁfng%ﬁggkgpgiggr%%&%&@d%Fﬁggéf&gﬁmglgﬁfference
is prodysgbd b tike thieMirditiny #hiild e rla titPanatiee walatahi ch each
heating resistor 3 filmboils ink (tinme until bubbles are produced), so
that theriadenidie Mokl pRihtahgt Papewo Pheatnihrg skedish@ns vd iy fnot
filmboil the ink sinultaneously. In such a manner, if there is a

di fferemntde.i n4 shawsmpasating posiitiogsalo ft thet érgaelr ahurfe ratthehiNeltht wo
heating resistors 3 filmboil ink, the ink ejection angle deviates fromthe
verti calardl ridat i (Oh,+ 0 -tthattitdeere is a problem of reduction in printing
image quality due to the displacenent in the ink | anding position, as
descri bed abéveo,Fag. sh@whnbyudasagraphsnshbei agcairphat véawhi Pibet ween a
time difference until ink bubbles are produced by each heating resistor and
t he i nk 1 &hdwen aangémpitge @ fdithiedd@kn@diated edi ¢t glandhdwn the Fig. 13 are
provi ded. The val ues in these graphs are obtained by conmputer simnulation.

I n t hesé-Sfrtaphs, thendrrwdingectli-&n «( Admihe ooV avdmg ddd o<t itome ofb$diessa of

the graph), is, a lining-up direction. of ngzzles (the j.uxtaposing direction
of the REMITIEG RARSTOFES) | Ninthds Eimey e bkl ARGh HOSAE ot
referred,.to.the ordinate.of . the gra s a direction perpendi cular to the
X- di r_ectqldqul(atqr?eCPcl&n\r/%glﬁ nléa_f i rlélc%hgﬁ%é:fa%lﬁlg’pﬂoﬁqtelvﬁd:'péaﬁ’eﬂ .lq:JI r%llfddi tion,
the di ffi%rkeqcse éjQ—:‘cIﬁe'zP a@té lsl%lm:bla%s tH® N-th moving of the head 1,

for example, the ink is ejected at the same angle also at
the (N + 1)-th moving. Therefore, the connection portion
between the landing position of the head 1A in the movement
for the N-th time and the landing position of the head 1A in
the movement for the (N + 1)-th time is not noticeable.

That is, the reason is that the image printing is performed
by the same head 1A having the same ejection characteristics
both at the N-th and the (N + 1)-th moving.

Also, in the case where ink is ejected at a slant in



produced is plotted in the abscissa as data in these graphs; in exanples
showmn in Fig. 17, atinme difference of 0.04 usec is equivalent to a

resi stance difference of 30, and a tine difference of about 0.08 usec is
equi valent to a resistance difference of about 60. As is understood from

t hese graphs, the displacenent of the ink ejection angle in the X-direction
increases as the difference in time until bubbles are produced increases,
whil e the displacenment of the ink ejection angle in the Ydirection is
scarcely affected by the difference_in tinme until bubbles are produced.
Figs. 18 and 19 are graphs show ng actual neasurenents obtained from an
actual ly manufactured printer-head chip with each ink liquid chanber having
the heating resistor divided into two, as shown in Fig. 13. This

pri nt er theanovhing Hase83&onorfl €be haddt ha, datphauvghenhs ohkthe i nk | andi ng
position were neasured for each nozzle in the Xdirection (the |ining-up

di rect i dangedt putnefzpdiganenthwithxthposphgrancecppantdpnt A& heshing
resistors) and the Ydirection gthe di rection perpendicular to the

X- di r ecePgR) inFit§e ¥ddERods rer ﬁpac@ﬁeﬁbg By ipréngi RgPeRePdi §PratBlent of

- 13 the ink landing position in the X-direction in the abscissa and the
dlsplacéﬁﬁﬂﬂnSTpPﬁétFﬁE P&n&ﬁﬁge68§|ﬁPoﬁthwﬁﬁéhYdaF?EEﬂPBnofn PRe

ordi nat e. i S unders%ood fron1hhese gra in_the Brlnter-head hi p
having PRA™MAEE RGBFESFstr Paity FUBROFR: B ?ment RaSP iR |Bﬂaﬁﬁ¢°Bas_P?. on i s

d I h Y-, d .

tlthr:(rigg‘ o?‘etaﬁe 1i>£n%|°§j gcéﬁ Oﬁqg t er tg}ﬁe ea%rhlgﬁ]ff%; gnf% X che%Sed by
hant I f, .t Kk h

% ai rectiss 1nehia Ssen sh2is %&%%%‘fen%b%f HeSThR Thngibrce

Iongltugogqlg% §gegg%danlEQ§bhlnlng up dlrectlon of the nozzles. If a
plurality of such printer-head chips are arranged to forma |ine head,

white stripes,ofnst £LPESyHBYbE b1aPheitp be 86PQHC§91n@érd§é£&'bed above.
SUMVARY OF THE | NVENTI ON Accordingly, i1t is a problemto be solved by the

present dniypantiren pirldati died ,a ihkdehdct iBhUcabirh¥ tekichips akkapged in a chip
having a plurality of I|qU|d in the specific direction, such as in liquid

| andi ng daGFelredRts flor heh’ pauatdr—aleadt 'c'ﬂ.gpa,-pﬂﬁﬂabu&ohavdlﬁgligﬁﬁlbhftc
direction, each ejection units juxtaposed a |line head, variations specific
directi ds preduced in this case. However, since the resolution of

the color misalignment in human eyes is not so large, the

misalignment of a single color is scarcely recognizable even

in the case of documents where the color misalignment is

mostly recognizable.

For color images such as a photograph, a technique may
be frequently used, in which ink is landed in plural times
with different nozzles in one printer—-head chip for the same
color so as to defuse the displacement within the printer-
head chip, so that the color misalignment is scarcely
recognizable.

Fig. 15 includes a sectional view and a plan view

showing an image-printing state in the line head 10 shown in

Fig. 12 (line head having a plurality of printer-head chips



The probl em descri bed above is solved by the foll ow ng - 14 solving
means according to the present invention. In accordance wth an aspect of
the present invention, a liquid ejection apparatus conprises a plurality of
chips arranged in a specific direction, each chip conprising a plurality of
liquid ejection units juxtaposed in the specific direction, wherein each of
the plurality of chips has a configuration that the displacenent between
ejection directions of liquid ejected fromthe respective liquid ejection
units is mnimzed in the specific digection. In the invention according to
t he aspect, since the displacenent between ejection directions of liquid
ejected fromthe respective liquid ejection units is mnimzed in the
specific direction,, that is _i.n the djrecti.on of. the juxtaposed.liquid

ej ecti orc%L Lﬁﬁﬁ%}ge[cﬂe”}j!’{}be] dcdhdid 41%6%1(% #5 My % ﬁﬁﬂ ‘bet ween
liquid e ectl I ts..and Jhet n..chi.ns can be reduced as smal] as

possi bl Zﬂfee#enﬂr;iglcd;& cfa?cl?]'vm]thﬁ \giﬁtg%reﬁntgsnp%(ﬁapo%r tEﬁelsprcé)sneantdselrn efftS on, a
LLauld GG PLARPANAIIS GRS @ R Add ndfe G RY,ApARgEd 10 2
specific direction,” eac éhlp conprising a'p uré1fiy of "1 quid ejection

uni ts | yeh:anasiesh idy tke %ﬂﬁ(}igﬂrf% qia[]ﬁé‘é IOy IR B Qe Whpdd ural ity
of chips has a configuration that 'the di splacenent between ejection
directians e lidudd dinupitiham resrad iphad Vil & e 1@ gidss is monimzed
in the specific direction, and wherein the liquid ejection apparatus

conpri sesnRjeRLt i on - 15 timng controlling neans capabl e of establishing
ejection timng of liquid fromthe liquid ejection units of each chip for
each chip inIardte tectabhadt viilkee @ifspligcemsnt tofreeh®-hqui® kangi-ng
position between the chips in a noving direction of a target object to be
ej ect ed tte) atrid/e{y +# @)t-heh g ipsteshdredd gqihiibd sl ejfecired lamd heeddariget obj ect
noving relatively to the chips in a direction being different fromthe
speci f i ax# rdetwron and including a direction perpendicular to the specific
direction. In the invention according to the second aspect, since the

di spl acenent Thét weetignadt ivdewdishowsi exanpflelsi dltiad éjne dthed Ni-tdm t he
respective liquid ejection units is mnimzed in the specific direction,
that is BRLAYRE 19t GlorP of tiK jistirateat 13t Elgndetimthmikeftin the
same way as the first aspect of the invention, the displacenent of the

i qui d [¥ndity PRIHMDRDEtMRIBh 1Y Rt FE VL i Bh Wi (Y ahd Ioettheen chips can
VT quid T g DR RO ch ek o 19 T4 i otd B ek hg R (TGNt 11 om
speci 11 St s 5 A Y S Gl R AR R &y means,
{2 SO T e 0 TSI R WS S e

slanting as shown by an arrow.

Accordingly, in the N-th printer-head chip 1, ink is

landed away from the reference position in the left; and in

the (N + 1)-th printer-head chip 1, ink is landed away from

the reference position in the right. Therefore, between

both the printer-head chips 1, ink is landed in the

direction moving away from each other. As a result, between

the N-th printer-head chip 1 and the (N + 1)-th printer-head

chip 1, a region is formed where ink is not ejected. The

line head 10 does not move in the width direction of the



Accordingly, the displacement of the liquid |landing position not only in
the specific direction but also in a direction being different fromthe
specific direction and including a direction perpendicular to the specific
direction can be reduced. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an
expl oded perspective view of a printer head chip constituting a
printer-head chip incorporated in a liquid ejection apparatus according to
the present invention; Fig. 2 is a plan view of the printer-head chip shown
by renoving a nozzle sheet therefrom8o-as to show t he arrangenent of
heating resistors in nore detail; Fig. 3 is a drawing for illustrating
changes in ink | anding positions when an enbodi nent according to the

present LaYRLLOR LS, BORLROLRLGdnb e Lbngeneado, Py od e Bl Qg di agram

n 1 .
of a co gurari €j ecti on"ti mng-control “means, i §a draw ng

for I11ustrating a %fefﬁlg;ﬁyf,%eg%‘éﬁi 9ot e ¢l ?)Qliﬁ%%@ﬂteaﬁf ciﬁlgg’n handi ng

positions I'n the trans i'ng direction of printing paper, g the
ej ecti ognlyl FhRg (%00t AGL +HERRS ntkldne@d SndpPhan aviaw el s%_ri%%?@d i_%gbod' ment

according to the present invention, show ng shapes of an in I qui
produced, reducing printed image quality.

Also, in the same way as mentioned above, since in the
(N + 1)-th printer-head chip 1, ink is landed at a slant
away from the reference position in the right, between the
(N + 1)-th printer-head chip 1 and the (N + 2)-th printer-
head chip 1, a region is formed where landing positions of
the ink are overlapped with each other. Thereby, there has
been a problem in that images are discontinuous or stripes C
are produced so as to reduce printing image quality.

Other than the case where the ink landing position of
each printer-head chip 1 is displaced in the lining up
direction of the nozzles as described above, it may be
displaced in the moving direction of the printing paper P in
some cases. Fig. 16, in the same manner as in Fig. 15,
includes a sectional view and a plan view showing a printing
state in the line head 10.

Fig. 16 shows an example in that the ink landing
positions of the N-th printer-head chip 1 and the (N + 2)-th
printer-head chip 1 are not displaced in the moving
direction of the printing paper P while the ink landing
position of the (N + 1)-th printer-head chip 1 is displaced

in the moving direction of the printing paper P upward on



- 17 chanber and a heating resistor; Fig. 7 is a plan view of a third
enbodi nent according to the present invention, show ng shapes of an ink

|l i quid chanber and a heating resistor; Fig. 8 is a plan view of a fourth
enbodi nent according to the present invention, show ng shapes of an ink
liquid chanber and a heating resistor; Fig. 9 is a plan viewof a fifth
enbodi nent according to the present invention; Fig. 10 is a sectional view
(side view) of Fig. 9 viewed in an arrow A direction, showing the fifth
enbodi ment according to the present_iyyention; Fig. 11 is a sectional view
(front view) of Fig. 9 viewed in an arrow A direction, showing the fifth
enbodi nent according to the present invention; Fig. 12 is a plan view of a

line head; Fiig. 13 is a plan view of an exanpl e having two-divided heating
resi st or''SwPRMN V3®¥ i nk | qui d chanber

In such a manner, in the case where the ink landing
position is displaced in the moving direction of the
printing paper P between the printer-head chips 1, the
displacement appears stepwise as shown on the plan view.
However, this landing position displacement appears as a
step only at a printing start position or completion
position, and it is not so conspicuous as the above-
mentioned displacement in the lining-up direction of nozzles.
Therefore, this displacement scarcely affects the image
printing quality.

In addition, in the case where the ink landing position
is displaced as described above, the conspicuousness of the
stripe depends on the kind of images to be printed. For
example, in documents, since white spaces are great, even
when a stripe is produced, it is inconspicuous. Whereas
when photographic images are printed with full color on the
substantially entire region of the printing paper P, even a
small white stripe may be conspicuous.

In the above-description, the ink landing displacements
in the lining-up direction of nozzles and in the moving
direction of the printing paper P are illustrated; in
practice, pitch errors between the juxtaposed printer-head
chips and displacements in the rotational direction may also

be produced.



Fig. 14 includes a sectional view and a plan view, show ng an

| mge-printing state using a head having one printer-head chip in a serial
system Fig. 15 includes a sectional view and a plan view, show ng an

i mage-printing state in the line head; Fig. 16 includes a sectional view

and a plan view, show ng an image-printing state in the |ine head; - 18
Fig. 17 includes graphs showing a relationship between a tine difference
until ink bubbles are produced by each heating resistor and an ink ejection

angl e, when divided heating resistars are provided;, Fig. 18 includes graphs
showi ng actual neasurenents obtained froman actually manufactured
printer-head chip with each ink liquid chanber having a heating resistor
divided into two; and Fig. 19 is a graph show ng actual neasurenents

obt ai ned froﬁ??ﬁ@nchESPE9mhanufactured printer-head chip with each ink

l'i quid chanmber having the heatipg resistor divided into
qui d In a prigter—head chgp ? with each gnk liquid chamber

having one heating resistor, ink priming (film boiling) by
the heating resistor is performed only at one time. However,
as shown in Fig. 13, in the case where each ink liquid
chamber 2 has the heating resistor 3 divided into two, a
difference is produced in the time until arriving at the
temperature at which each heating resistor 3 film-boils ink
(time until bubbles are produced), so that there may be a
problem that the two heating resistors 3 may not film-boil
the ink simultaneously.

In such a manner, if there is a difference in the time
until arriving at the temperature at which two heating
resistors 3 film-boil ink, the ink ejection angle deviates
from the vertical direction, so that there is a problem of
reduction in printing image quality due to the displacement
in the ink landing position, as described above.

Fig. 17 includes graphs showing a relationship between
a time difference until ink bubbles are produced by each
heating resistor and the ink ejection angle, when divided
heating resistors shown in Fig. 13 are provided. The values
in these graphs are obtained by computer simulation. 1In
these graphs, the X-direction (remark: not referred to the
abscissa of the graph) is a lining-up direction of nozzles

(the juxtaposing direction of the heating resistors), while



two. DESCRI PTFON OF THE PREFERRED EMBODI MENTS Enbodi nents according to the
present invention will be described below with reference to the draw ngs.
(First Enbodinment) Fig. 1 is an expl oded perspective view of a printer head
chip 11 constituting a printer head incorporated in a liquid ejection
apparatus according to the present invention. Fig. 1 shows a nozzl e sheet
17 to be bonded on a barrier layer 16, in which the nozzle sheet 17 is
shown in an exploded state. The printer-head chip 11 is of the thernal
system nentioned above. A substrate nppber 14 of the printer-head - 19
chip 11 includes a silicon sem -conductor substrate 15 and heating
resistors (equivalent to energy generating nmeans according to the present

i nvention) 13 deposited on one surface of the sem -conductor substrate 15.
The heattihfy Yrebizaadion (emardet matalnaf egaiede fredhieo oxflidrter R&l toer cui t
via a conductor, (not shomn) formed on the sem -conductor substrate 15. The
barri er IR 16 angtid T LHRATBPSEI NG EpcltheddiBsEcirasiEheor an

exposure-curin dr f|In1reS|st for .exanple, is dep05|ted on the entire

sur f ace YS¥ TS @bo s (e R HAI FRRF)ch the heat i ng resistors
13 are forne hen unnec arts_are renoye hotollthography
process. FurgﬁeP§§ﬁ§l°Phetﬁ82593%§¥8§F61%n AP ngnht g B¥8$}E 8F€nozzles 18
forned by. ni_c el.ect.r o- castln and nded Qn he barrier
| ayer Oﬁic%q |etotné:~:lc1 o] l%h a(gjzszﬁ1esss"_“l§1 a e Wlntﬁ: OSI tglrgl?s 6f the

heat | ”9 re%% r%‘?khdwr{a in tﬂg%”%z' G Jt%n%“?ﬁ‘%%ﬁe%%eh%%“ NP4 Gledt O 13

An ink 'l qui (equivalent td a liqui hanmber according 'to the

present lgﬁ\eemlmeé@ i £onsd lge&rﬁde fi e etidlis gt menber, 4, he

barrier |ayer and the nozz 17 so as to surround thenheatlng

resi st Ordljf\?fer-@?ﬁ;e s dBbhidh® TaWduh ltgl%fﬂ hRlte 1R k4 eoRditutes a
bottomwall of the ink liquid chanber he barrier layer 15 constitutes

a sidewaiilrmfrddte idK dislid dschanber 12; and t he

As is understood from these graphs, the displacement of
the ink ejection angle in the X-direction increases as the
difference in time until bubbles are produced increases,
while the displacement of the ink ejection angle in the Y-
direction is scarcely affected by the difference in time
until bubbles are produced.

Figs. 18 and 19 are graphs showing actual measurements
obtained from an actually manufactured printer-head chip
with each ink liquid chamber having the heating resistor
divided into two, as shown in Fig. 13. This printer-head
chip has 336 nozzles, and the displacements of the ink
landing position were measured for each nozzle in the X-
direction (the lining-up direction of the nozzles and the
juxtaposing direction of the heating resistors) and the Y-
direction (the direction perpendicular to the X-direction).

Fig. 19 shows displacements by plotting the displacement of



- 20 nozzle sheet 17 constitutes a ceiling wall of the ink Iiquid chanber
12. Thereby, the ink liquid chanber 12 has an open surface in front of the
right of Fig. 1, and the opening is comrunicated with an ink flow path (not
shown). In addition, for one ink liquid chanber, tw heating resistors 13
are juxtaposed, and this will be described |ater. Each of the printer-head
chi ps 11 descri bed above conprises a plurality of the heating resistors 13,
generally in 100 units, and the ink |iquid chanbers 12 havi ng therespective
heating resistors 13. By a command frpma printer control unit, each of the
heating resistors 13 is uniquely selected, and ink within the ink |liquid
chanber 12 corresponding to the selected heating resistor 13 can be ejected
fromthe nozzl e 18 opposing the ink |iquid chanber 12. That is, in the

pri nt er -thead rdhijpreing meSidon ¢ Fhehdmddrertion fAn [tde¢ \ﬁlqsf?llsl’ﬂ@ from an

i nk tank (not shown) attached to_the printer-head chip 11. provi ding a
pul se el rfhe dirsdAc ec“}?rrﬁué’r’f tthe Hed ildgdieg é’toérltll:?nfdrn d: ort tine,

for 1 to, 3 m.crosecon exanple, the heating resistor 13 is rapidly
heat ed. Q&f%f?%%ﬁn% éi eﬂﬁdi N3tfse ink bubble is generated in an ink
portion plac i,n co t ac the eatin% rEsistor ﬁS $0.as to dléplace
some volune |ﬁk eéf%ﬁﬁgl FOBs tPRES HE BB & FRE&r BEY 65 Be8F ink -
21 pla ant aGt the nozzl e 18 Vi e sa voI me as that
of the é%c% Cthe he cltnegd 1% r%ectqnr dra‘?‘ % félq:as ar i nk- <dr 513( so as to

| and on 1er1 n;d\ﬁ‘%)d%%he on B 1%caef€ t@ﬂ o e‘@é——‘?flrtefbetll%rrl r}:taﬁfheqqul &hip 1l

shown by re nozz e S eet erefromso as to s

arrangeqﬁpttgg gjgigggglggg resistors 13 in nore detail. As shown in Fig. 2,
each ink liquid chanber 12 is provided with the heating resistor 13 d|V|ded

into two. Thant wyydi YizdednReabhpd beSkhkoiakldjebeuhqadikhe acemeant i onal
exanple (Fig. 13) were juxtaposéd in the lining-up direction of the

nozzl es.fdMhesfas momirdliing &:@Ad RIMgdiaHan tidie et Nng f agistians 13 are
juxtaposed in a direction perpendicular to the lining-up direction of the

nozzl es l#hdilny tgues icgrorenits aidiplexanplia tHe hasiihesitidascrithkedidihat the ink
| andi ng positions are displaced in the lining-up direction of the nozzles
because IdEndivey htistp legrdnemihgraofgd Mo dresatam @ Irleigisst drenddi tudowealelry, when t he
di vided heating resistors 13 are juxtaposed in the direction according to
the enbodtmned tive thek Jiavidirgipabinddnorard diffe imAzla. bel fMispl aced in
the lining-up direction of the nozzles 18, while being displaced in a

di rect | dnWealodngi ol sich erimtan-angl ghidis e Grmaak toAAEs a8, |n
Fig. 2, the range of the |anding displacenments of ink ejected fromeach ink

li qui d C]Wsnﬂ) dredd, é%ﬁrfés?é%:lflﬂiﬁsa%aﬁﬁrdrﬁqq M2y ibe whiadhe dig fR8 ent from
Fig. 13, Cﬁ&%Q£ Iand di_.spl acenent range - 22 forns an el lipse having
a | ongi tRIR '|raest:t %L ®Mfi-ar to the lining-up direction of the
nozzles 18. By arranging a plurality of the printer-head chips 11 according
to the enbodinent in the lining-up direction of the nozzles 18, the line

head Ce”béﬁhﬂﬁ¥r6¥jfdktfﬁVéﬁH?bﬁNay as shown in Fig. 12.

Accordingly, it is a problem to be solved by the
present invention that in a liquid ejecting apparatus having
a plurality of chips arranged in a specific direction, each
chip having a plurality of liquid ejection units juxtaposed
in the specific direction, such as a line head, variations
in liquid landing positions in the specific direction are
reduced.

The problem described above is solved by the following



When the plurality of the printer-head chips 11 are juxtaposed as nentioned
above, the ink ejecting direction is different between adjacent
printer-head chips 11, as described as the problemin the conventional
techni que, so that white stripes or stripes may be produced between the
printer-head chips 11. Wereas if the heating resistors 13 are arranged
according to the enbodinent, in the lining-up direction of the nozzles 18
(juxtaposing direction of the printer-head chips 11), the displacenent of
ink landing positions is mnimzed wWhide in the direction perpendicular to
the lining-up direction of the nozzlés 18, the displacenent of ink |anding
positions is maxi mzed. Therefore, stripes due to the | anding position

di spl acenent between adj acent printer-head chips 11 can be reduced. Fig. 3
i ncl udesodvangngeansr accbydingt itag tbeangesentt inkehiadhnng positi ons when
the present enbodinment is incorporated in the line head. In Fig. 3, the

| eft drawi ngIn acegrdangofsthhani aRPeaRdPAgthesPredeRt oinveRBRORNt i Onal
system (prior to the incorporation of the enbodinentﬁ; and the central

dr awi ng2BldAy#e EASCLART FRBAKGLHSsCOMBRLSes Phelyrpddtyr 8fdebdPrPbed above.
In the conventional system_ .the . ink | andin ositions are displaced in the
| i ni ng- G5 T@PPEE: 1Bn 2oPPERE fA62 FEECELRE 1 £ ﬁg SRAPt RE™PEAE 8B ction in the
drawi ng) .. In.the draﬁing.ﬁ, an %xanple.is shown in that e second and the
si xth i fRYFEAdTg OfoditBlofs SdFEtAPEpMREEG PRI REOFEEhE ™ Wht'fe the third ink
| andi ng posi.ti.ons.are. di splaced i.n the.left.. Wereas.i.n the structure

accor di T od Tt o CARBOHTRRAL TERE g A inGing o HiEL SRd Hr & T HIES y

di spl aced.l 0 1AG diiaguR dnbeCthan (3l e AaRd! gac HaNeLborgiice the ink
| andi ng positions @ré set to displace in the direction perpendicular to the
i ni ng- 4 UchaGhis0B £0f 1418 dNR322e L & rofd RES Gllshag tdikeqlilg@i qof printing
paper), as shown in the drawing B, the 1nk |anding positions are displaced
in the dijiRelican upgiRend ehahitRd he thdl REedn rdid eatdeer i@k .t he nozzles
18. In the drawing B, an exanple is shown in that the second and the sixth
ink | andi ng pasthkonavanheidhshbacedingwapdtnbi heptbe,feunth and the fifth

i nk | andi ng positions are displaced dowward. Since such displacenent of

i nk | andiiag lpesiiendn deitivelehe ed ieic@diono /d ipeidnaisC wifan ilgm iidhe jleictiedg- up
direction of the nozzles 18 does not produce |ongitudinal stripes, it is
not - fHm rbtel cesdpee tiweh ldsutilkate jiew ttiloe  unhitsg -iwp mdinfiedizieon ieaf t he
nozzl es 18; however, a surge or edge indentations which nmay be produced
dependi rdreospeied fdegdédeesftitme dihsyll dsermntthergi des thood wdedheTher ef or e,
according to the enbodi nent, the displacenent of |anding positions is

furt her Jjei@apeisiesd la oy ide @iesd iods widwn fihealdipplacement gift tdveawi ng C, so
that there is provided ejection timng control neans for alignin

i nk- | andi¥¥tifodianddng Bosd tiien e tgiacdc tilon sk ardiion anits lah’éigl i ni ng-up
direction of the nozzles 18. Fig. 4 is a block diagram.of the configuration
of ej ectASFH S iKY PSo Ao P e %.asFis(j“.al%‘ i%S RR53R Gi-agr am f or

iIIustratingIa nmet hod for re Hcing %he gisglgcegen of _ink_ | andi ng

posi tions in Ph&°FPERFEF g dPT EPPEn28PeFH R hGCpREEFS Tsi ng t he

eleCt'OQ&QSRH%%ﬂ%O%FHqu?%a%%ég%}on apparatus comprises a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed
in the specific direction, wherein each of the plurality of
chips has a configuration that the displacement between
ejection directions of liquid from the respective liquid

ejection units is minimized in the specific direction, and

wherein the liquid ejection apparatus comprises ejection



Referring to Fig. 4, the ejection timng control neans 100 is electrically
connected to printer head control neans for generally controlling the
printer head driving, which particularly controls ink ejection timng in
the printer head control. In nore particular, in order to correct the

di spl acenent of ink landing positions in the transferring direction of
printing paper when ink is ejected on the printing paper, the ejection
timng control neans 100 establishes the ink ejection timng fromthe
nozzles 18 of each printer-head chip 4kl so as to be different for each of
the printer-head chip 11. - 25 The ejection timng control neans 100 is
provided with test-pattern data storing neans 101, test executing neans
102, and caorrection data storing nmeans 103, as follows. The test-pattern
dat a st FAMHGISRSrodl ipdomeante serpRileerd gatabldshdngceiggtiAR from at

| east one nozzle 18 of the printer-head chip 11 selected fromthe,
printeriﬁéﬁﬁgbﬁﬁpélﬂﬁﬁdaﬁﬁogbtBFoJPG@&diﬁjécﬁﬂéﬂePéﬂﬁFnéé REFBr $PiBccor di ng
to the odi nent, .the test pattern is a pattern for printing st rai ght

i ne oxBORdPRST FTHRe 1 RERGFUOdCPEEE in tBe OHaPtacemeetisl Hhe ( est
pattern  may .print straight. line by selecti the entire. printer-head
chips 11+ l%e%ﬁﬁ@ﬁ@@ifpsgtlQEyg i entﬁgesfﬁgpﬁhﬁnlPn@oﬁﬁggelecting a
printer- ip 11 _havi a _pr. term ned.ardi nal nunber .from the

print er-%ggeg:tgﬁinpgjflf @éﬁggtteggjgggc%ﬁ n% %@%ﬁge%gfer&eag %’etlé’slgoptg fern data
stored iJysthe t arn dat; ring a : h jects ink
accordiﬁgu%% F%§§Egg%h%§t?gr%5 5?%9‘@%if§%r§%§§%%n§ g%g%iﬁgvg? ction plura

times aGeARdiiR@150 teneAMRipeSinPal B H3bd bEad GaFFe LAk FeRRaling the
ink ejection plural times according to the sanme test-pattern data is that

test acHAGHRS iFI® IdTRRMAGNDYNS Ahicaidadld ¥ BIieeRsiiohg test results
obtained fromplural tines testing in order to elimnate accidental

consti t gytpendilkall airS td frhleeSpeRalftiey @Birectd®n.printing is performed only
one tinme, accidental displacenment due to dirt, dust, or bubbles may affects
the resul ts. IAcehedingeh@ibheaeabedignto the besbnaexespebing seaAass 102, as
shown in Step S1 of Fig. 5, prints a straight line with each printer-head
chi p 11.thef disptl agfertelne preitwieen- ledad tdlonp direcalioas blfe ldigedldacenent of the
i nk landing position, as shown in the right of Step S1, a precise straight

| i ne camigictieg diyoa rté¢ aespiestivs tliigwid\exdtectilon umddss isrinted by the
test executing neans 102 are read by an inmage scanner for exanple (Step
S2). Th&irifHeEaded® tther secd fils ghdessson byrhatcdwpdrerthsr epared in
advance so as ,to cal cul ate the tendentiqus displacenent ampunt of the

| andi ng PFEIHIOR Ot dfresIpxtaresechd 1gare cdsF i M Litfagd is&&8ner, it can

be detected which printerhead chip 11 haying an ordi nal nunber prints the
i ne by S&f¢ gglyc&isattih@nefr&frstthé‘s(ﬁieﬁtaﬁcg; t\Il‘reorg!hnt"'l‘?é‘tllé?lnt' &R& for exanple.

Furt hernpre,, the aver posi.ti q f the lines printed by the respective

b nt or Tepdagist s pHE A it Jang g SBER o mak e g Sl i s

cal cul at Ut t t er posi.tion in contrast w.,th the |Iine
posi ti or?%%ﬁtﬁl%gld%ﬁ%eéa@ﬁ{agﬁe&%ée% ecglg%c icﬁ ,e irieraélé:r?rat)ea Scd (?ulllatae‘cjd t hat

whi ch pyigéﬁiﬂﬁad chip 11 has the displacenent deviation of the |anding
positio romthe average position. Wien the displacenent deviation of the

l'andi ng posi y1b9BoLELM ERRcaVehadaiRAsLERRABNR! o82¢HePil BLSH- NaRA iR P 11 15
position between chips in a direction being different from
the specific direction and including a direction
perpendicular to the specific direction is corrected by the
ejection timing controlling means, the ejection timing of
liquid from the liquid ejection units of each chip is

established for each chip.



- 27 calculated, the correction data corresponding to the displacenent
deviation of the landing position is calculated (Step S4). The correction
data is for showi ng the necessary tine deviation of the ink ejection timng
of each printerhead chip 11. That is, according to the enbodi nent; the
timng of sending a printing command is differentiated corresponding to
each printer-head chip 11. Then, the correction data is stored in the
correction data storing nmeans 103 (Step S5). The correction data storing
means 103 is arranged in a predetermqyged menory in the same way as in the
test-pattern data storing neans 101. Thereby, the ejection timng control
means 100 is enabled to control the ink ejection timng from each
printer-head chip 11 according_to the correction data stored in the
correction dAFSCSHeRPAY nERRsAieBlarAM8PEeP Lt Bheohi AR At haPEdRPect ed
result, the test executing neans 102 perfornms the tg§t p%ttenn printing

agai n aBdiy (6% R Forrectiof PRst'E (sCep °68) >N Puthe e6r réci on data is
e L e Tty T el

turbulent priqar to the cqr.rection, | dified.,,(Secaond ;Enbodi nent) Fig. 6
is a pléﬂlvﬂﬂéén %1i§§§§%f%ﬂﬂﬁﬁﬁQ%ﬁ1l%ﬁ%?&f&Pn&h%b%%ﬁglgﬁééent i nventi on,

shomﬁngcﬁfggggiég éﬁ%iﬂg<ﬂ%4ﬁ£(§ - 28 chanmber 12A and a heating resistor

13A. The planar region of THk l'iquid chanmber 12 according to the first
enbodi nment is substantially square; whereas the ink |liquid chanber 12A
according to the second enbodi nent has a circular planar region. In such a

manner, gfgd Meddid 1 ah b ernE e Ngect angul ar or circular. In the

region of the ink liquid chanber 12A, the heating resistor 13A is arranged.
The heating regi.stonsl3n kekpiensrdpbeshaveidel ongivt ydi Raprdhkeeti on in the
line-up direction of nozzles. An outline of a general square

heat i ng-Heatd Sdip oo tivng P harirged-Hadshpy diniodperatad Such a
manner, according to the second enbodi nent, the heating resistor 13A is
formed tlaidaike egj danigit wphpatatdis ecidooiing thee Hhenguasetitr ecti on of

nozzl es. As described above, in the bonding to the nozzle sheet, the

di spl aceimerdnthietrween t he nozzl e and the heating resistor beconmes a probl em
whereas according to the second enbodi nent, even when the position of the
nozzl e is di §dldacéd itso aswprhanextiemt oifn thige pirdngerubiendl cliipeshiown b t he
heating resistor 13A, changes in ink ejection angle can be reduced because
t he heatyeRPVHeY st grozize i%%&@%ﬁ%m@%ﬁ&rﬂ% tzzl e. According
to the enbodi nent, since the length of the heating resistor 13A in the

di r ect i GHF IR e R arhe-iMe 19T HRLD It Ms Setéinozzl es is smal ler

than that OfF§g 3 is a drawing for illustrating changes in ink

landing positions when an embodiment according to the
present invention is incorporated in a line head;

Fig. 4 is a block diagram of a configuration of
ejection timing control means;

Fig. 5 1s a drawing for illustrating a method for
reducing the displacement of ink landing positions in the
transferring direction of printing paper, using the ejection
timing control means;

Fig. 6 is a plan view of a second embodiment according

to the present invention, showing shapes of an ink liquid



- 29 conventional square heating-resistor shown by the phantomli ne,
changes in ink ejection angle relative to the positional displacenent of
the nozzl e becone larger in this direction. Thereby, the configuration can
be established to m nimze displacenent of ink | anding positions in the

| i ning-up direction of nozzles and to allow the displacenent to be
generated in a direction perpendicular to the |iningup direction of
nozzles. (Third Enbodinent) Fig. 7 is a plan view of a third enbodi nent
according to the present invention,_sjww ng shapes of the ink liquid
chanmber 12A and a heating resistor 13B. According to the third enbodi nent,
the ink liquid chanber 12A has a circular region in the sanme way as in the
second enbodi nent. The heating resistor 13Bis divided into two in a

di rect i SRRt @ At h&E9SiHiYRFup direction of nozzles in the sane
way as in the first enbodinent. In the heating resistor 13 according to the
first enbodi KR, 't A€ PeBil8R, ViRY“wWALcR therdi Freediresitsf6Fereandr e pl aced

end to end,, .is substant.ially .square-shaped; where accordi.ng to the third
enbodi mat NPT Un TP (WSS GUERASS (0 67 P45 14 aced end
to end, i,s rectangularn-shaped and having a longitudinal direction in the
i ne-up < |ar“ébc g oarﬁfa1 rpoezarz]:llensg arsesllr?hct e second embodi ment . - 30 In such a
structure, it,.als n_b tablLis t i,.Qh m Is C i nk
| andi ng posi EFil%]ris%' %gt ﬁeﬁll??fi %gfah'pIag?raegtoimgﬁhofeﬁ%ggzlﬁgé%a%ggg%dgflﬁow t he

di spl acenenty 4 gazﬂgﬁ%eqpeﬂew idh 2 sg{cfvﬁq{% %g}agﬂsg%{giagwi]@fk tQ gufigy | i ni ngup

direction of n es. (‘Fourth Enbodi ment pl an view of a fourth

enbodi Medarib GO THN G R dthePressdcdavention, show ng shapes of the ink
| i quid chanber 12A and a heating resistor 13C. According to the fourth

enbodi ment, the i BK ilsi guipd aghaiker ok2A Fagtd ehbedlidkentedceBrifinghe sanme
way as in the second and the third enbodi nent. Furthernore, the heating
resi st orcol¥nd prisdmteddvwdmidir,ee in a direction perpendicular to the

| i ni ng-up direction of nozzles. Wien the resistor is divided, it is not
limted to b&idi.vildedsi at @eictdonand viitwnHy ide diiewledfi Atig.tbree, as the
heating resistor 13C. If divided into three, it is not necessary to
equal i zeviesregt hisy ian tdwerdvordgidiutiatalord rdoivwiony e | i fth ervdbdiersnt .
According to the enbodiment, the central resistor 13Cis longer in the
| ongi t udigrprdinectd dhe resent oirentuigper and | ower resistors so as to
agree wth the regii on of the ink Liquid chanber 12A. (Fifth Enbodi nent)
Figs. 9 to 1Figreldr 4f Rgseshdningd aipw t(fremfodilednt odf File Present
invention: Fig., 9 is a plan view, Fig. 10 is, . )
viewed in an arrow A direction, showing the fifth embodiment
according to the present invention;
Fig. 12 is a plan view of a line head;
Fig. 13 is a plan view of an example having two-divided
heating resistors within one ink liquid chamber;
Fig. 14 includes a sectional view and a plan view,
showing an image-printing state using a head having one
printer-head chip in a serial system;
Fig. 15 includes a sectional view and a plan view,
showing an image-printing state in the line head;

Fig. 16 includes a sectional view and a plan view,

showing an image-printing state in the line head;



- 31 a sectional view (side view) of Fig. 9 viewed in an arrow A
direction; and Fig. 11 is a sectional view (front view of Fig. 9 viewed in
an arrow B direction. According to the fifth enbodi nent, the nozzl e sheet
17 has nozzles 18A different fromthe nozzles 18 according to the first
enbodi nent. An upper opening of the nozzle 18A is circul ar-shaped as in the
first enbodi nent; whereas a | ower opening (nearer to the heating resistor
13B) is elliptical shaped and having a |l ongitudinal direction in the |ine-up
direction of nozzles. The ink quuLd]gpanber 12B is communi cated with the
nozzl e 18A and has an elliptical cross-section identical to the shape of
the | ower opening of the nozzle 18A. The heating resistor 13B is divided
into two in a direction perpendicular to the lining-up direction of nozzles
‘in the sane §&9-as’i inchedesi guaphpodhadibgd shotRlakignghiy bokveent he
region, in which two-divided resistors 13B are placed end to end, is

rect angd &irehdidd exRacrainitd la ipnhbbdesarrei PEeErsRdi RYt BBChi ne- up
directign of nozzles. In such a structure, it may al so be established to

mi ni m z &G EPPacETEFTTN 2Pk Alak® n§IF6SOPoARILR - t HBEPi ALNKEIEH direction
of nozz%gs and to al [ ow the displacenent to be generated in a direction

per pendiP&qItAP% & FHE S AT PECFECE%n of nozzles, in the same way as in

t he enbodinepts d?ﬁcrkbfd abovg. hs” §2 .In adgitLon as_shapges of the
nozzl e ot her - tRan’PhaBETHEES AF ABPP oS FRYEL BRLBGF RNt “eHRTT EVTRES upper

openi ng 4 %aﬁ %dh%%% e&hﬁd&ﬂﬁ@fl h%%ﬁ@%%tu&gﬁ k%%%EeQQEEhﬁg Hg%_be
rect angular-shapéd an aving a-“l ongitudinal drrectton Tnthe Fine-up
directi f zl;es, 1o s - .eqi gn : i qui d chanber may
b T oct ange) S Enans L e A AP taS, FeSsrelent | nventi on
have beendeser iked awcabawe however, the present invention is not limted
to these enbodi nents so that various nodifications my be nmade as fol |l ows,
for exanpl e. rfg) TbeignhogiaBnt sneweny! bkyubhembgeatbi8genesi sSbosiféyi ded in
the line-up direction of nozzles, the ink liquid chanber with a region

havi ng & doan @ihtel dictala 1diyr eeinuda dtin ridde plrine-eutp hdiade chiipn wafthneazhes, and
the heating resistor fornmed to have a longitudinal direction in the |ine-up
di recti dmkoflimpdd edambletre haatingelthe arpatind fdecdtkitor @iy ibdedmadeocas | ong
as it conbines one or nore of the above structures therewith. (2) The

t her mal tpa.nt er-head chip 11 has been described according to the

enbodi nents; alternatively, an electrostatic ejection systemand a

pi ezoel ectric system may be incorporated. The el ectrostatic ejection system
i ncl udes a di aphragm and two el ectrodes fornmed underneath the di aphragm

wi t h an BESCRIFFION 98T dbiEt RRERERGE Do FMBRP IYENTSat i ng neans. The

Embodiments according to the present invention will be
described below with reference to the drawings.

({First Embodiment)

Fig. 1 is an exploded perspective view of a printer-
head chip 11 constituting a printer head incorporated in a
liquid ejection apparatus according to the present invention.
Fig. 1 shows a nozzle sheet 17 to be bonded on a barrier
layer 16, in which the nozzle sheet 17 is shown in an
exploded state.

The printer-head chip 11 is of the thermal system

mentioned above. A substrate member 14 of the printer-head



- 33 diaphragmis downward defl ected by applying a voltage to between both
the el ectrodes, and then the voltage is reduced to O V so as to rel ease an
el ectrostatic force. At this time, ink is ejected using an elastic force
produced by the di aphragmreturning back. The piezoelectric systemis a
deposited | ayer of a piezoelectric elenent with el ectrodes fornmed on both
surfaces of the elenent and a di aphragm as energy generating neans. |If a
voltage is applied to the el ectrodes formed on both surfaces of the

pi ezoel ectric elenent, a bending nonmggt _i s produced on the di aphragm by a
pi ezoel ectric effect, so that the diaphragmis deflected. Using this
deflection, ink is ejected. (3) According to the enbodi nents, the |ine head
having the printer-head chips 11 lined up in a line is exenplified;

al t er nafMVvBl §1 LRelpresedt SLAVERARI BRTHEGORALGERE ?H@%Fﬁ%F%PEE #Rdthe |ine
head hayi ng,color printer-head c |lural lines (printer-head

| BT RfsE

oro s Thealafy Pabihore (Phnlus e LoretarBe FeRbranras Beanthol o) & i

Al di t h mbodi t in.th i ti di | to th

i i ng- ABoAFAEBE; & ggégﬁgeﬁsﬁiPéngf LB shP adBRERL TBF PRKCPAndi ng |

POSi {1008 I8 R ped NOWRXBE, LG | SungL Decessar iAot obeyghringently in
Fl on pen (0] ?ﬁe F e

the direc per i cular inrng-up direction o ozzl es. For
exanpl e i.f 1vhe . d] Ofni di N SkLE| is
N R B S R e B S R

di recti aapar peRALERLRr (h8+t! BRokh ) RO¥Red! HRCLHANs8hiLAENAARZELES, the sane
advant ages of the present invention can be obtained. (5) According to the

enbodi mapbstrhRe REi.Nnter is exenplified;, however, the present invention is
not limted to the printer and various liquid ejection apparatuses may be

applied therend. bAe£Dsdi IgyéP 16 RA@SEHt & NVEdtdSdnsihevdi spl acement of
the liquid landing position in a specific direction, such as the

di spl acexenti zeti-trhbbkirqutied ik&ndirn g np @sipldsur dretdeny |drguifh ley ecds oac uni t's
and between chips, can be reduced as snmall as possible. Thereby, white
stri pes famdesamppes asedppeséneddofir bhebenhgrpr sdu€edesofasheosemprove
accuracies in the liquid | anding position. Since the displacenent of the

| i qui d kendupgopositbstmaite 35di pecwhashbghaghdatingenesfistarshé3specific
direction and including a direction perpendicular to the specific direction
can be é@ﬁrééféééftﬁeddtbsnaééﬁéﬁﬁ8§ﬁthéartquaaelaﬁmpﬁgdpgyiﬁion not only
in the specific direction but also in a direction being different fromthe
specifiE%BFPééFPSHréRHYiﬁéPG&Fﬁg a direction perpendicular to the specific
direction can be reduced. Thereby, accuracjes in the liquid Ianding

posi tion can® BECRGFPRAES noFRe | ApFpiegsheet 17, having a plurality o

nozzles 18 formed thereon, is made by nickel electro-casting
and bonded on the barrier layer 16 so that positions of the

nozzles 18 agree with positions of the heating resistors' 13,
i.e., the nozzle 18 opposes the heating resistor 13.

An ink liquid chamber (equivalent to a ligquid chamber
according to the present invention) 12 is constituted of the
substrate member 14, the barrier layer 16, and the nozzle
sheet 17 so as to surround the heating resistor 13. That is,
in the drawing, the substrate member 14 constitutes a bottom
wall of the ink liquid chamber 12; the barrier layer 16

constitutes a sidewall of the ink liquid chamber 12; and the



- 35 CLAIMS: 1. Aliquid ejection apparatus conprising a plurality of
chips arranged in a specific direction, each chip conprising a plurality of
liquid ejection units juxtaposed in the specific direction, wherein each of
the plurality of chips has a configuration that the displacement between
ejection directions of liquid ejected fromthe respective liquid ejection
units is mnimzed in the specific direction. 2. Aliquid ejection
apparatus conprising a plurality of chips arranged in a specific direction,
each chip conprising a plurality oLJ%gnﬂd ej ection units juxtaposed in the
specific direction, wherein each of the plurality of chips has a
configuration that the displacenent between ejection directions of liquid
ejected fromthe respective liquid ejection units is mnimzed in the

speci f i ®@HFlEcShee i’ €opsitaFukesi & £edliindavailtelfi Shepénfeddiddidar to
the specific direction. 3. Aliquid ejection apparatus conprisin

pl ural i GF3REhilPs alf&rGey - the éﬁéc#ﬂﬂHiEiF@éppﬁﬁ,1@a@ﬁ5cﬁppoﬁgﬁgyising a
i rect | RERARE G THEH I SoPaOHtoR TS c dmpPPledheaRBREY Thorier at | ng
o1 cosur ARG A B 1hé rort@ig 168 BPaTed "B FRE Blergy generating means:
oD 2 0z ohoBhSSPOASh0°GhRTHR] BESFRACLERRRD, DRl haMbEET TS,
the liqquﬁﬁnﬁﬂgﬁﬁﬁ %&% juxtaposed, and this will be described

later.

Each of the printer-head chips 11 described above

comprises a plurality of the heating resistors 13, generally

in 100 units, and the ink liquid chambers 12 having the

respective heating resistors 13. By a command from a

printer control unit, each of the heating resistors 13 is

uniquely selected, and ink within the ink liquid chamber 12

corresponding to the selected heating resistor 13 can be

ejected from the nozzle 18 opposing the ink liquid chamber

12.

That is, in the printer-head chip 11, the ink liquid

chamber 12 is filled with ink from an ink tank (not shown)

attached to the printer—head chip 11. By providing a pulse

electric current through the heating resistor 13 for a short

time, for 1 to 3 microseconds, for example, the heating

resistor 13 is rapidly heated. As a result, a vapor-phase

ink bubble is generated in an ink portion placed in contact

with the heating resistor 13 so as to displace some volume

of ink by expansion of the ink bubble. Thereby, part of ink



wherein the plurality of the energy generating neans provided in each of
the liquid chanber axe juxtaposed in a direction being different fromthe
specific direction and including a direction perpendicular to the specific
direction. 4. Aliquid ejection apparatus conprising a plurality of chips
arranged in a specific direction, each chip conprising a plurality of
liquid ejection units juxtaposed in the specific direction, wherein the
liquid ejection unit conprises: energy generating nmeans for generating
energy for ej ecting liquid;, a liquldgchanber for pressurizing liquid by
the energy generated by the energy generating neans; and - 37 a nozzle
for ejecting the liquid pressurized in the liquid chanber, wherein a region
of the liquid chanber has a | ongitudinal direction and a shorter direction,

and t he BIGFA% ddi Fantd@ictectlithn the 9@ Zdfedi® iredyhegdfidothes sanel i quid
el ect 1 o0, GnRar AL SO 19 YAl Ty SR A 3R L 2 Specific
nozzle 18 as an ink drop so as to land on printing paper.

Fig. 2 is a plan view of the printer—-head chip 11 shown
by removing the nozzle sheet 17 therefrom so as to show the
arrangement of the heating resistors 13 in more detail.

As shown in Fig. 2, each ink liquid chamber 12 is
provided with the heating resistor 13 divided into two. The
two~divided heating resistors 13 shown as the conventional
example (Fig. 13) were juxtaposed in the lining-up direction
of the nozzles. Whereas according to the embodiment, the
heating resistors 13 are juxtaposed in a direction
perpendicular to the lining-up direction of the nozzles 18.

In the conventional example, it has been described that
the ink landing positions are displaced in the lining-up
direction of the nozzles because of the heating timing of
the heating resistors 3. However, when the divided heating
resistors 13 are juxtaposed in the direction according to
the embodiment, the ink landing positions are difficult to
be displaced in the lining—up direction of the nozzles 18,
while being displaced in a direction perpendicular to the
lining-up direction of the nozzles 18. In Fig. 2, the range
of the landing displacements of ink ejected from each ink

liquid chamber is expressed by a phantom line; in which,

different from Fig. 13, the ink landing displacement range



conprising a plurality of liquid ejection units juxtaposed in the specific
direction, wherein the liquid ejection unit conprises: energy generating
means for generating energy for ejecting liquid; a liquid chanber for
pressurizing liquid by the energy generated by the energy generating neans;
and a nozzle for ejecting the liquid pressurized in the |iquid chanber,
wherein the energy generating neans is thermal energy generating neans, and
wherein a region, on which the thernal energy generating neans is forned,
has a longitudinal direction and a s ter direction, and the | ongitudinal
direction is the specific direction. 5. Aliquid ejection apparatus
conprising a plurality - 38 of chips arranged in a specific direction,
each chip conprising a plurality of liquid ejection units juxtaposed

forms an ellipse having a longitudinal direction

perpendicular to the lining-up direction of the nozzles 18.

By arranging a plurality of the printer-head chips 11
according to the embodiment in the lining-up direction of
the nozzles 18, the line head can be formed in the same way
as shown in Fig. 12.

When the plurality of the printer-head chips 11 are
juxtaposed as mentioned above, the ink ejecting direction is
different between adjacent printer-head chips 11, as
described as the problem in the conventional technique, so
that white stripes or stripes may be produced between the
printer-head chips 11.

Whereas if the heating resistors 13 are arranged
according to the embodiment, in the lining-up direction of
the nozzles 18 (juxtaposing direction of the printer-head
chips 11), the displacement of ink landing positions is
minimized while in the direction perpendicular to the
lining-up direction of the nozzles 18, the displacement of
ink landing positions is maximized.

Therefore, stripes due to the landing position
displacement between adjacent printer-head chips 11 can be
reduced.

Fig. 3 includes drawings for illustrating changes in

ink landing positions when the present embodiment is

incorporated in the line head. 1In Fig. 3, the left drawing



in the specific direction, wherein the liquid ejection unit conprises:
energy generating neans for generating energy for ejecting liquid; a liquid
chanber for pressurizing liquid by the energy generated by the energy
generating neans; and a nozzle for ejecting the liquid pressurized in the
l'i quid chanmber, wherein a plurality of the energy generating nmeans are
arranged in one |liquid chanber, wherein the plurality of the energy
generating nmeans arranged in the one liquid chanber are juxtaposed wthin
the liquid chanber in a direction heinng different fromthe specific
direction and including a direction perpendicular to the specific
direction, and wherein a region of the liquid chanber has a |ongitudinal
direction and a shorter direction, and the |ongitudinal direction is the
speci fi & ghpeet iths. ink AanpdnpdPepa&i P aﬁparapugeaéhﬁﬂaéuﬁgsaeﬁ|ura||ty
of chlps arranged in a specific direction, each chip conprising a plurality
of IiquilBrépé&c Poﬁh&n99§°feﬁfaﬁa§§doﬁnthﬁeegseéﬂﬂﬁetavréeélBhe

central drawing B shows the ink landing positions in the
structure described above.

In the conventional system, the ink landing positions
are displaced in the lining~up direction of the nozzles (the
right and the left direction in the drawing). In the
drawing A, an example is shown in that the second and the
sixth ink landing positions are displaced in the right while
the third ink landing positions are displaced in the left.

Whereas in the structure according to the embodiment,
the ink landiqg positions are scarcely displaced in the
lining-up direction of the nozzles. Howeve;, since the ink
landing positions are set to displace in the direction
perpendicular to the lining-up direction of the nozzles 18
(transferring direction of printing paper), as shown in the
drawing B, the ink landing positions are displaced in the
direction perpendicular to the lining-up direction of the
nozzles 18. In the drawing B, an example is shown in that
the second and the sixth ink landing positions are displaced
upward while the fourth and the fifth ink landing positions
are displaced downward.

Since such displacement of ink landing positions in the
direction perpendicular to the lining-up direction of the

nozzles 18 does not produce longitudinal stripes, it is not



- 39 wherein the liquid ejection unit conprises: energy generating nmeans
for generating energy for ejecting liquid; a liquid chanber for
pressurizing liquid by the energy generated by the energy generating neans;
and a nozzle for ejecting the liquid pressurized in the |iquid chanber,
wherein a plurality of the energy generating neans are arranged in the one
|l i quid chanber, wherein the plurality of the energy generating neans
arranged in the one liquid chanber are juxtaposed within the |iquid chanber
in a direction being different fromtjye specific direction and including a
direction perpendicular to the specific direction, wherein the energy
generating neans is thermal energy generating neans, and wherein a region,
on which the thermal energy generating_nmeans is fornmed, has a | ongitudinal

di rect i e Sshacdr adi et 4R, thed 1iReTIoNEI CddrrAL o8I Pécthén is the
o chi e Agdd i o eEisgei i EGRROEE GOS0 S eBRAY SEBA AP AFRO Yl ur al |ty
of i quibde Ei\jr%cdtl.lic%% ueip;[esnc;ili!l)((;t ao?‘tosc%ga degree of the displacement, may
be produced. Therefore, according to the embodiment, the
displacement of landing positions is further controlled and
reduced, as shown finally in the right drawing C, so that
there is provided ejection timing control means for aligning
ink-landing positions also in the direction perpendicular to
the lining-up direction of the nozzles 18.

Fig. 4 is a block diagram of the configuration of
ejection timing control means 100. Fig. 5 is a flow diagram
for illustrating a method for reducing the displacement of
ink landing positions in the transferring direction of
printing paper, using the ejection timing control means 100.

Referring to Fig. 4, the ejection timing control means
100 is electrically connected to printer head control means
for generally controlling the printer head driving, which
particularly controls ink ejection timing in the printer
head control. In more particular, in order to correct the
displacement of ink landing positions in the transferring
direction of printing paper when ink is ejected on the
printing paper, the ejection timing control means 100
establishes the ink ejection timing from the nozzles 18 of

each printer~head chip 11 so as to be different for each of

the printer-head chip 11.



in the specific direction, - 40 wherein the liquid.ejection unit
conpri ses: energy generating neans for generating energy for ej ecting
liquid;, a liquid chanber for pressurizing liquid by the energy generated by
t he energy generating neans; and a nozzle for ejecting the liquid
pressurized in the liquid chanber, wherein a region of the liquid chanber
has a longitudinal direction and a shorter direction, and the | ongitudinal
direction is the specific direction, wherein the energy generating neans is
t hermal energy generating neans, angzﬂpejein a region, on which the therna
energy generating neans is fornmed, has a |ongitudinal direction and a
shorter direction, and the longitudinal direction is the specific
direction. 9. Aliquid ejection apparatus conprising a plurality
The ejection timing control means 100 is provided with
test-pattern data storing means 101, test executing means
102, and correction data storing means 103, as follows.
The test-pattern data storing means 101 stores test
pattern data for ejecting ink from at least one nozzle 18 of
the printer-head chip 11 selected from the printer-head
chips 11, and is provided in a predetermined memory.
According to the embodiment, the test pattern is a pattern
for printing a straight line extending in the lining-up
direction of the nozzles 18.
The test pattern may print a straight line by selecting
the entire printer-head chips 11; alternatively, it may
print the straight line by selecting a printer-head chip 11
having a predetermined ordinal number from the printer-head
chips 11.
The test executing means 102 reads test pattern data
stored in the test-pattern data storing means 101, and then
ejects ink according to the test pattern data, while
repeating the ink ejection plural times according to the
same test-pattern data.
The reason for repeating the ink ejection plural times
according to the same test-pattern data is that test
accuracies are improved by statistically processing test

results obtained from plural times testing in order to

eliminate accidental constituents. That is, if test pattern



of chips arranged in a specific direction, each chip conprising a plurality
of liquid ejection units juxtaposed in the specific direction, wherein the
liquid ejection unit conprises: energy generating nmeans for generating
energy for ejecting liquid; a liquid chanber for pressurizing liquid by the
ener gy - 41 generated by the energy generating neans; and a nozzle for
ejecting the liquid pressurized in the liquid chanber, wherein a plurality
of the energy generating neans are arranged in the one |liquid chanber,
wherein the plurality of the energy_ggﬁerating means arranged in the one

l'i quid chanber are juxtaposed within the |liquid chanber in a direction
being different fromthe specific direction and including a direction
perpendicular to the specific direction, wherein a region of the liquid
chanber Mt no g e feamed adyi emearfd e s Recisiendisle dlised 2R the

| ongi tudinal direction is the specific direction, wherein _the energy

gener at iqrﬂf Al bt tq(pesrtrmpxéWes may affects the results.

According to the embodiment, the test executing means
102, as shown in Step S1 of Fig. 5, prints a straight line
with each printer-head chip 11. If part of the printer-head
chip 11 causes the displacement of the ink landing position,
as shown in the right of Step S1, a precise straight line
cannot be obtained at the position.

Next, the images printed by the test executing means
102 are read by an image scanner for example (Step S2).
Then, the resultant data is processed by a computer prepared
in advance so as to calculate the tendentious displacement
amount of the landing position (Step S3). From the data
read by the image scanner, it can be detected which printer-
head chip 11 having an ordinal number prints the line by the
calculation of the distance from the left end, for example.
Furthermore, the average position of the lines printed by
the respective printer-head chips 11 in the conveying
direction of printing paper is calculated, and by putting
the average position in contrast with the line position
printed by each printer-head chip 11, it can be calculated
that which printer-head chip 11 has the displacement
deviation of the landing position from the average position.

When the displacement deviation of the landing position

from the average position of each printer-head chip 11 is



generating nmeans, and wherein a region, on which the thermal energy
generating neans is forned, has a longitudinal direction and a shorter
direction, and the longitudinal direction is the specific direction. 10. A
liquid ejection apparatus conprising a plurality of chips arranged in a
specific direction, each chip conprising a plurality of liquid ejection
units juxtaposed in the specific direction, wherein each of the plurality
of chips has a - 42 configuration that the displacenent between ejection
directions of liquid fromthe requp%%yq_liquid ejection units is mnimzed
in the specific direction, and wherein the liquid ejection apparatus
conprises ejection timng controlling neans capabl e of establishing
ejection timng of liquid fromthe liquid ejection units of each chip for
each chicplicmlartedr, tthecooreecttibe daspl eacemerpovflinbetbi ghied | andi ng
position between the chips in a noving direction of a target object to be
ej ect ed dispdweicemieptt devhetdbnpo fwitbe Landitgi posjisdrad isnceReulaitgdt obj ect
moving relatively to the chips in a direction being different fromthe
speci fi dSHepeddilon he cRELEStAgNadditredsi dArpehp¥ARKC ther NESeERa@¥peci fi c
direction. 11. A liquid ejection apparatus conprising a plurality of chips
arr angedime geygediirme ofi tée iibf, edschion SirdRer P f§CR prdrdeity of

s SR g Tt LR L e UL el R0 cach o
o oct] O SIS Bl AUt O HenreRpesl ve U dyslet T on s 1o
gg;gfg?bgg%%g %%gégg %%?%%%%FngBQ%EL%%ada%%i%hﬁﬁ?'n the liquid ejection
Then, the correction data is stored in the correction
data storing means 103 (Step S5). The correction data
storing means 103 is arranged in a predetermined memory in
the same way as in the test-pattern data storing means 101.
Thereby, the ejection timing control means 100 is
enabled to control the ink ejection timing from each
printer-head chip 11 according to the correction data stored
in the correction data storing means 103.
In order to confirm the corrected result, the test
executing means 102 performs the test pattern printing again
according to the correction data (Step S6). If the
correction data is correctly reflected, a straight line can
be printed with high—accuracies, and as shown in the right
of Step S6, the linearity, which is partly turbulent prior
to the correction, is modified.
(Second Embodiment)

Fig. 6 is a plan view of a second embodiment according

to the present invention, showing shapes of an ink liquid



- 43 ejection timng controlling neans capabl e of establishing ejection
timng of liquid fromthe liquid ejection units of each chip for each chip
in order to correct the displacenent of the liquid | andi ng position between
the chips in a noving direction of a target object to be ejected relatively
to the chips when liquid is ejected on the target object noving relatively
to the chips in a direction being different fromthe specific direction and
including a direction perpendicular to the specific direction. 12. An
apparatus according to Caim10 or _1Lg wherein the ejection timng
controlling neans conprises: test-pattern data storing nmeans for storing
test pattern data for performng liquid ejection fromat |east one of the
liquid ejection units of the chip selected fromthe chips; and test

execut | 5 aMPeEs 18 apBadi hgathedt E86igicreddPdata stored in the
test-pattern data_storing peans_so as,to execute |iquid ejection according
to the test PpaPtBIANGHLEEILRN Af 5$%a+%¥u§138&6rﬂbﬂ§b?5 g#ain110 or 11,

wh inth j.ecti ' trolli [ L. test-patt dat

St or | ng ARRCRG: (01 Ghng {L8%t CPROFAPATGand FUPSHBE IRt SERGRd o oct | on

f t | east f. theliquid ejecti its of the chip selected f

e "t R e d oo dalud GRS da Bt of % B8PSR er n it a
t din.t testipat t ' li_quid

o oot orRedarRg vhE' o AR A ek A% FRRRASY B e R ene i o

ejECtiO%h%PQQ&QPg%gﬁﬁ Eﬂ%m%@?emhgf%FPQE&ﬁﬁﬁﬁﬁﬁkﬁi%% %H?Eui%QKEdfhn the

test-pattern da oring means east a rality of times. 14. An

appar at Y AGeidNG  ened anip l@.q‘[&&dl%ham‘ae&eﬁ@ﬂ,h%hg eelitQmgti mng
controlling néans conprises: test-pattern data storing nmeans for storing

test patdeyintdat a3fpon sparfrehdgedd | iquid ejection fromat |east one of the
liquid ejection units of the chip selected fromthe chips; test executing

means for readengebfi@nyesbspatbernidaia sbemed itb hheetast-pattern data
storing neans so as to execute liquid ejection according to the test
pat t er n ldaicd; tualichadodieeicdtdonddna t3ieo liimg -apant eart isinodfngrozaieact i on dat a
for controlling ejection timng of liquid fromthe liquid ejection units of
each chiin faortldaeh odhiap genlegradosometrieo heddtiadraiasy sdetrerirs sdedwraded on t he
result of the liquid ejection executed by the test executing nmeans, wherein
the ej et iphantion Agnef asi guirgfferemaehe |iquid ejection units of each chip
is controlled according to the
In such a manner, according to the second embodiment,
the heating resistor 13A is formed to have a longitudinal
direction in the line-up direction of nozzles. As described
above, in the bonding to the nozzle sheet, the displacement
between the nozzle and the heating resistor becomes a
problem; whereas according to the second embodiment, even
when the position of the nozzle is displaced to some extent
in the longitudinal direction of the heating resistor 13A,
changes in ink ejection angle can be reduced because the
heating resistor 13A is securely arranged under the nozzle.
According to the embodiment, since the length of the

heating resistor 13A in the direction perpendicular to the

lining-up direction of nozzles is smaller than that of a



- 45 correction data stored in the correction data storing neans. 15. An
apparatus according to Claim210 or 11, wherein the ejection timng
controlling neans conprises: test-pattern data storing nmeans for storing
test pattern data for performng liquid ejection fromat |east one of the
liquid ejection units of the chip selected fromthe chips; test executing
nmeans for reading the test pattern data stored in the test-pattern data
storing neans so as to execute liquid ejection according to the test
pattern data while repeating theli;n%gﬁpjection according to the sane test
pattern data at least a plurality of ti1nmes; and correction data storing
means for storing correction data for controlling ejection timng of liquid
fromthe liquid ejection units of each chip for each chip, the correction
dat a beicogvéaitdomade ¢ dvaged her tiing—resdisttogf shhwn| byuitbleepbenitom execut ed
by the test executing neans, wherein the ejection timng of liquid fromthe
liquid dide changioss igf iakeleiewitdons angher sellagizecspdithg to the
correction data stored in the correction data_storing nmeans. 16, An

appar at #95dddondilnficelacprend of &hsi ﬁ§231ﬁob9F°WGr8ﬁ€HeéoﬁBrF@Fﬁg
ejection,timng controlling means capabl e of establishing ejection timng
of 1iqui HEedhhe liquid - 46 ejection units of each chip for each chip
in order to rrect the displacement of the liqujd |anding, position between
t he chips inggeﬁﬁ Vngtgﬁr88gféﬂu5ﬁté°PaF§8tb%b?@t?bibsﬂﬁdefgcted rel atively
to the chi when .l iquid is ejecte n_the taraget .object ving relatively
to the %HP%%“F& %ﬁﬁﬁi&ﬁﬁﬂ%ﬁtbgﬁﬁ@n%iﬁﬁ P&Hﬁ PP%&&ﬁﬁggsﬁgcggﬁc direction and
| nel udi 19 3 LB 1R RAREAY Gl 0 AL (3PEFHELC cfl! BTLE D cohbnt A"

appar atus accordi ng to any one o al s to 9, turther COMprising

ej ection 4 wm r.Qf l:in a li shi ejectian timng
of quu?ﬁ’?%%%g¥%% qf%tfﬁ'%i&%??%ﬁﬁ%ﬁi?% S%Egg%kagﬁi%%fggeeégﬁagﬁip in
order t e @in@eicildhe H sRiBaeent of the liquid |anding position between
the chips in a noving direction of a target object to be ejected relatively
to the chips (rherdl Efdbdimene)ected on the target object noving relatively
to the chips in a direction being different fromthe specific direction and
including a gigecti @8 peppendivéelvabft 6 theérdpembbdtméhtestiondimgerein the
ejection timng controlling nmeans conprises: test-pattern data storing
means f dio sther iprgsteadt ipaterariprdatshdwimgpahiapies oF theuiitke[ldaniidn from at

| east one of the liquid ejection units of the chip selected from - 47

t he chi phamdped 12A and a heating resistor 13B.

According to the third embodiment, the ink ligquid
chamber 12A has a circular region in the same way as in the
second embodiment. The heating resistor 13B is divided into
two in a direction perpendicular to the lining-up direction
of nozzles in the same way as in the first embodiment.

In the heating resistor 13 according to the first
embodiment, the region, in which two-divided resistors 13
are placed end to end, is substantially square-shaped;
whereas according to the third embodiment, the region, in
which two-divided resistors 13B are placed end to end, is
rectangular-shaped and having a longitudinal direction in

the line-up direction of nozzles as in the second embodiment.



test executing neans for reading the test pattern data stored in the
test-pattern data storing neans so as to execute liquid ejection according
to the test pattern data. 18. An apparatus according to any one of Clains 3
to 9, further conprising ejection timng controlling neans capabl e of
establishing ejection timng of liquid fromthe liquid ejection units of
each chip for each chip in order to correct the displacenent of the liquid
| andi ng position between the chips in a noving direction of a target object
to be ejected relatively to the cth% when liquid is ejected on the target
object noving relatively to the chips'in a direction being different from
the specific direction and including a direction perpendicular to the
specific direction, wherein the ejection timng controlling nmeans
conprises: té&Btspahteratyachuseorihgaheansat ope sedtalphished pattern data
for performng liquid ejection fromat |east one of the Iiquid ejection

uni ts ofippRiER gisplacengntr 6 R& érpgiandanasitspnexéButhfg neans for
readi ng_the test pattern data stored in the test-pattern data storing neans
so as t¢iBiBgule PiggcEioreefi BRZzZ4E6r aPAgtroathavt Ebe paspépfenart - 48
while repeating the liquid ejection according.to the sane test pattern data
stored iR %ﬁe €§F§§§PtéPnadQﬂ£e§F&PPnBeﬁﬁﬁﬁngPlﬁéa§P £he) AREPEY of
times. 19. An a parat¥s accqording to any one of Claims 3 to 9, further
conpri si'Rg “&FEE SR Ein™RG 2¢6fitr ol | i ng means capabl e of establ i shing
ejection tim of . lLquid.fromthe liquid ejection units of each chip for
each chip in(ggﬂgghtgﬂg83%gnglhe di spl acenent of the liquid |Ianding
position bet n khe_chi Ln kn i i : r ject to be
ej ected reIaF?@él% ?S ?hgighiﬁgeaxéﬁ ?ig%§g8$58§?§%%@%ﬁgn9§%%9 %? et obj ect
movi ng fel Ahie eltell HfvehidiBn N shHihECEhABeBeRILAL! AfkeRtqhigm the
specific direction and 1 ncluding a 8|rect|on perpendi cular tothe specific
di recti @hamteer @A LHQ @ eehkitdRdt iHdisngte@ntrel | ing means conpri ses:
test-pattern data storing neans for storing test pattern data for

perform ng | AgdbddehgCtboBnEr @Buath| eaBbdomenef the LhRuigdgeigction units
of the chip selected fromthe chips; test executing neans for reading the

t est paichembedatl2Astharsed idlridig areStegfaint @hn that sasmkowapgageansthe as to
execute liquid ejection according to the test pattern data; and - 49

corr ect isecothalt anst dihiend hiieain enbord igtemti.ng Foatheetoer ,daha heatdantrol | i ng
ejection timng of liquid fromthe liquid ejection units of each chip for
each chigesitsttercdBCedisi o vdated Beitiog theteer iinneddbasedion t he result of the
l'iquid ejection executed by the test executing neans, wherein the ejection
tim ng FerPegdigulagmtohdhs duind ngiet ddwegiics of agerkleli-p Weeaontrol | ed
according to the correctjon data staored in_the correction data storing
neans. 5%9 A Sadsreratids HIdEd nd tt I Samptoddmifted drnbezdigideds yrt her
conprisi,ng ejection timng contraglling nmeans capabl e of establi shing

ej ect | or’r“t%iomtﬁ’é’ 020G dii E%fyr g’rﬂ ey H‘jieghil&t& é?gttleﬁn i thSon8&¢R9¢chi p for
each chip i.,n_ order, to caorrect, the .displacenent of the |iquid |anding
positio Q&ﬁﬁﬁgghﬁéﬁé cﬁ#L§HW+qunﬁﬂtﬁg rF?ctF&nlﬁfngttggﬁgﬁsgﬁﬁeéP to be
ej ected rel at.ively to.the chips when liquid is ejected on t.he target object
ovi g FECRIA yers e s e A il Rl g BTG o A aflt tFRSm ¢ he
speci T el Al and ddied il 19, a1 LeEldamRsr PeRdl gt ho the speci fic
direction, erein the ejeétlon timng controlli'’ng means conpri ses:

test - patlernn «dat § 3t qid NG, Sof Ctrqutl%rrJg'lQutd‘i?Ja 1p%1ti}r%rc“ti Al anhar

performng liquid ejectionTromat |east 'one of the liquid ejection units

of the afidd @lRCIFHHI ¥R lower resistors so as to agree with the
region of the ink liquid chamber 12A.
(Fifth Embodiment)
Figs. 9 to 11 are drawings showing a fifth embodiment

of the present invention: Fig. 9 is a plan view; Fig. 10 is



- 50 the chips; test executing neans for reading the test pattern data
stored in the test-pattern data storing neans so as to execute liquid
ej ection according to the test pattern data while repeating the liquid
ej ection according to the sanme test pattern data as that stored in the
test-pattern data storing neans at least a plurality of tinmes; and
correction data storing neans for storing correction data for controlling
ejection timng of liquid fromthe liquid ejection units of each chip for
each chip, the correction data being gieterni ned based on the result of the
liquid ejection executed by the test executing means, wherein the ejection
timng of liquid fromthe Iiquid ejection units of each chip is controlled
according to the correction data stored _in the correction data storing
means. %ASQQ§¥Qﬂa%NV%§V AﬁpdﬁNElRS A@?AF99A viewed in an arrow A
| . AY. AY. AE. Al . Ayl . % AY. Al . AE. AY. Ayl . A2. AY. A2. AY. A(E. AE. Ay. AE. AY. A
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stqyby|y{|~~$he ink liquid chamber 12B is communicated with the
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minimize displacement in ink landing positions in the

lining-up direction of nozzles and to allow the displacement
to be generated in a direction perpendicular to the lining-
up direction of nozzles, in the same way as in the

embodiments described above.
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In addition, as shapes of the nozzle other than these
according to the embodiment, while the upper opening of the
nozzle is circular-shaped, the lower opening may be
rectangular-shaped and having a longitudinal direction in
the line-up direction of nozzles, for example. The region
of the ink liquid chamber may be rectangular-shaped.

The embodiments according to the present invention have
been described as above; however, the present invention is
not limited to these embodiments so that various
modifications may be made as follows, for example.

(1) The embodiments exemplify the heating resistor
divided in the line-up direction of nozzles, the ink liquid
chamber with a region having a longitudinal direction in the
line-up direction of nozzles, and the heating resistor
formed to have a longitudinal direction in the line-up
direction of nozzles; alternatively, any modification may be
made as long as it combines one or more of the above
structures therewith.

(2) The thermal printer-head chip 11 has been described
according to the embodiments; alternatively, an
electrostatic ejection system and a piezoelectric system may
be incorporated.

The electrostatic ejection system includes a diaphragm
and two electrodes formed underneath the diaphragm with an

air space therebetween, as energy generating means. The
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diaphragm is downward deflected by applying a voltage to
between both the electrodes, and then the voltage is reduced
to 0 V so as to release an electrostatic force. At this
time, ink is ejected using an elastic force produced by the
diaphragm returning back.

The piezoelectric system is a deposited layer of a
piezoelectric element with electrodes formed on both
surfaces of the element and a diaphragm, as energy
generating means. If a voltage is applied to the electrodes
formed on both surfaces of the piezoelectric element, a
bending moment is produced on the diaphragm by a
piezoelectric effect, so that the diaphragm is deflected.
Using this deflection, ink is ejected.

(3) According to the embodiments, the line head having
the printer-head chips 11 lined up in a line is exemplified;
alternatively, the present invention may also be
incorporated in the line head having color printer-head
chips lined up in plural lines (printer—head chips 11 are
arranged lengthwise and crosswise in blocks as a whole).

(4) According to the embodiments, in the direction
perpendicular to the lining-up direction of the nozzles, the
displacement of ink landing positions is maximized; however,
it is not necessarily to be stringently in the direction
perpendicular to the lining-up direction of the nozzles.

For example, even if the displacement of ink landing
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positions is maximized in a direction deviated by an angle
of about 10° from the direction perpendicular to the lining-
up direction of the nozzles, the same advantages of the
present invention can be obtained.

(5) According to the embodiments, the printer is
exemplified; however, the present invention is not limited
to the printer and various liquid ejection apparatuses may
be applied thereto.

According to the present invention, the displacement of
the liquid landing position in a specific direction, such as
the displacement of the liquid landing position between
liquid ejection units and between chips, can be reduced as
small as possible. Thereby, white stripes and stripes are
prevented from being produced so as to improve accuracies in
the liquid landing position.

Since the displacement of the liquid landing position
in a direction being different from the specific direction
and including a direction perpendicular to the specific
direction can be corrected, the displacement of the liquid
landing position not only in the specific direction but also
in a direction being different from the specific direction
and including a direction perpendicular to the specific
direction can be reduced. Thereby, accuracies in the liquid

landing position can be furthermore improved.
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CLAIMS:

1. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed
in the specific direction,

wherein each of the plurality of chips has a
configuration that the displacement between ejection
directions of liquid ejected from the respective liquid

ejection units is minimized in the specific direction.

2. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed
in the specific direction,

wherein each of the plurality of chips has a
configuration that the displacement between ejection
directions of liquid ejected from the respective liquid
ejection units is minimized in the specific direction while
being maximized in a direction perpendicular to the specific

direction.

3. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip

comprising a plurality of liquid ejection units juxtaposed
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in the specific direction,

wherein the liquid ejection unit comprises:

energy generating means for generating enerqgy for
ejecting liquid;

a liquid chamber for pressurizing liquid by the energy
generated by the energy generating means; and

a nozzle for ejecting the liquid pressurized in the
liquid chamber,

wherein a plurality of the energy generating means are
provided in each of the liquid chamber, and

wherein the plurality of the energy generating means
provided in each of the ligquid chamber are juxtaposed in a
direction being different from the specific direction and
including a direction perpendicular to the specific

direction.

4. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed
in the specific direction,

wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liquid;

a liquid chamber for pressurizing liquid by the energy

generated by the energy generating means; and
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a nozzle for ejecting the liquid pressurized in the

liquid chamber,
wherein a region of the liquid chamber has a

longitudinal direction and a shorter direction, and the

longitudinal direction is the specific direction.

5. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed
in the specific direction,

wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liquid;

a liquid chamber for pressurizing liquid by the energy
generated by the energy generating means; and

a nozzle for ejecting the liquid pressurized in the
liquid chamber,

wherein the energy generating means is thermal energy
generating means, and

wherein a region, on which the thermal energy
generating means is formed, has a longitudinal direction and
a shorter direction, and the longitudinal direction is the

specific direction.

6. A liguid ejection apparatus comprising a plurality



10: 1!

10710% & ()-5 10% & ()-310% & ()-110% & ()-/10% & ()--10% & () - Z52627Z8Z?2Zv
777~ @10: 1! 1mlO0%& ()- Z10%& ()-!3%40%a& ()- &MLO%I& ()- 10\ 10\

10\s9 10% & ()-Z[<[u[[[[ dE~_@ 10: 1!

1&10%m& () - F10%M& () - SMLO%TE' () - SMLO%TE () - 10%m& () - @O0%M& ()-[5\ g\ v\\\] dE~
_@10: 11 11 (-10%m& ()-y&MLO%T& () - $Z10%m& ()- 10%v& ()-!10%m& ()-z

10%m& ()-]]N| FArAAAAyoeF 10: 1! 1yL109% & () - 10mLOmLlOm . " 10%m& () - L

" 10%m& () - L@ 10%m& () - L*10%T& () - "%, aZaa}b”?0eF 10: 1!

of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed
in the specific direction,

wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liquid;

a liquid chamber for pressurizing liquid by the energy
generated by the energy generating means; and

a nozzle for ejecting the liquid pressurized in the
liquid chamber,

wherein a plurality of the energy generating means are
arranged in one liquid chamber,

wherein the plurality of the energy generating means
arranged in the one liquid chamber are juxtaposed within the
liquid chamber in a direction being different from the
specific direction and including a direction perpendicular
to the specific direction, and

wherein a region of the liquid chamber has a
longitudinal direction and a shorter direction, and the

longitudinal direction is the specific direction.

7. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed

in the specific direction,
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wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liquid;

a liquid chamber for pressurizing liquid by the energy
generated by the energy generating means; and

a nozzle for ejecting the liquid pressurized in the
liquid chamber,

wherein a plurality of the energy generating means are
arranged in the one liquid chamber,

wherein the plurality of the energy generating means
arranged in the one liquid chamber are juxtaposed within the
liquid chamber in a direction being different from the
specific direction and including a direction perpendicular
to the specific direction,

wherein the energy generating means is thermal energy
generating means, and

wherein a region, on which the thermal energy
generating means is formed, has a longitudinal direction and
a shorter direction, and the longitudinal direction is the

specific direction.

8. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed

in the specific direction,
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wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liquid;

a liquid chamber for pressurizing liquid by the energy
generated by the energy generating means; and

a nozzle for ejecting the liquid pressurized in the
liquid chamber,

wherein a region of the liquid chamber has a
longitudinal direction and a shorter direction, and the
longitudinal direction is the specific direction,

wherein the energy generating means is thermal energy
generating means, and

wherein a region, on which the thermal energy
generating means is formed, has a longitudinal direction and
a shorter direction, and the longitudinal direction is the

specific direction.

9. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed
in the specific direction,

wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liquid;

a liquid chamber for pressurizing liquid by the energy
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generated by the energy generating means; and

a nozzle for ejecting the liquid pressurized in the
liquid chamber,

wherein a plurality of the energy generating means are
arranged in the one liquid chamber,

wherein the plurality of the energy generating means
arranged in the one liquid chamber are juxtaposed within the
liquid chamber in a direction being different from the
specific direction and including a direction perpendicular
to the specific direction,

wherein a region of the liquid chamber has a
longitudinal direction and a shorter direction, and the
longitudinal direction is the specific direction,

wherein the energy generating means is thermal energy
generating means, and

wherein a region, on which the thermal energy
generating means is formed, has a longitudinal direction and
a shorter direction, and the longitudinal direction is the

specific direction.

10. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed
in the specific direction,

wherein each of the plurality of chips has a
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configuration that the displacement between ejection
directions of liquid from the respective liquid ejection
units is minimized in the specific direction, and

wherein the liquid ejection apparatus comprises

ejection timing controlling means capable of establishing
ejection timing of liquid from the liquid ejection units of
each chip for each chip in order to correct the displacement
of the liquid landing position between the chips in a moving
direction of a target object to be ejected relatively to the
chips when liquid is ejected on the target object moving
relatively to the chips in a direction being different from

the specific direction and including a direction

perpendicular to the specific direction.

11. A liquid ejection apparatus comprising a plurality
of chips arranged in a specific direction, each chip
comprising a plurality of liquid ejection units juxtaposed
in the specific direction,

wherein each of the plurality of chips has a
configuration that the displacement between ejection
directions of liquid from the respective liquid ejection
units is minimized in the specific direction while being
maximized in a direction perpendicular to the specific
direction, and

wherein the liquid ejection apparatus comprises
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ejection timing controlling means capable of establishing
ejection timing of liquid from the liquid ejection units of
each chip for each chip in order to correct the displacement
of the liquid landing position between the chips in a moving
direction of a target object to be ejected relatively to the
chips when liquid is ejected on the target object moving
relatively to the chips in a direction being different from
the specific direction and including a direction

perpendicular to the specific direction.

12. An apparatus according to Claim 10 or 11, wherein
the ejection timing controlling means comprises:

test-pattern data storing means for storing test
pattern data for performing liquid ejection from at least
one of the liquid ejection units of the chip selected from
the chips; and

test executing means for reading the test pattern data
stored in the test-pattern data storing means so as to

execute liquid ejection according to the test pattern data.

13. An apparatus according to Claim 10 or 11, wherein
the ejection timing controlling means comprises:

test-pattern data storing means for storing test
pattern data for performing liquid ejection from at least

one of the liquid ejection units of the chip selected from
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stored in the test-pattern data storing means so as to

execute liquid ejection according to the test pattern data
while repeating the liquid ejection according to the same
test pattern data as that stored in the test-pattern data

storing means at least a plurality of times.

14. An apparatus according to Claim 10 or 11, wherein
the ejection timing controlling means comprises:

test~pattern data storing means for storing test
pattern data for performing liquid ejection from at least
one of the liquid ejection units of the chip selected from
the chips;

test executing means for reading the test pattern data
stored in the test-pattern data storing means so as to
execute liquid ejection according to the test pattern data;
and

correction data storing means for storing correction
data for controlling ejection timing of liquid from the
liquid ejection units of each chip for each chip, the
correction data being determined based on the result of the
liquid ejection executed by the test executing means,

wherein the ejection timing of liquid from the liquid

ejection units of each chip is controlled according to the
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15. An apparatus according to Claim 10 or 11, wherein
the ejection timing controlling means comprises:

test-pattern data storing means for storing test
pattern data for performing liquid ejection from at least
one of the liquid ejection units of the chip selected from
the chips;

test executing means for reading the test pattern data
stored in the test-pattern data storing means so as to
execute liquid ejection according to the test pattern data
while repeating the liquid ejection according to the same
test pattern data at least a plurality of times; and

correction data storing means for storing correction
data for controlling ejection timing of ligquid from the
liquid ejection units of each chip for each chip, the
correction data being determined based on the result of the
liquid ejection executed by the test executing means,

wherein the ejection timing of liquid from the liquid
ejection units of each chip is controlled according to the

correction data stored in the correction data storing means.

16. An apparatus according to any one of Claims 3 to 9,
further comprising ejection timing controlling means capable

of establishing ejection timing of liquid from the liquid
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ejection units of each chip for each chip in order to

correct the displacement of the liquid landing position

between the chips in a moving direction of a target object

to be ejected relatively to the chips when liquid is ejected

on the target object moving relatively to the chips in a

direction being different from the specific direction and

including a direction perpendicular to the specific

direction.

17. An apparatus according to any one of Claims 3 to 9,
further comprising ejection timing controlling means capable
of establishing ejection timing of liquid from the ligquid
ejection units of each chip for each chip in order to
correct the displacement of the liquid landing position
between the chips in a moving direction of a target object
to be ejected relatively to the chips when liquid is ejected
on the target object moving relatively to the chips in a
direction being different from the specific direction and
including a direction perpendicular to the specific
direction,

wherein the ejection timing controlling means
comprises:

test-pattern data storing means for storing test
pattern data for performing liquid ejection from at least

one of the liquid ejection units of the chip selected from
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the chips; and

test executing means for reading the test pattern data
stored in the test-pattern data storing means so as to

execute liquid ejection according to the test pattern data.

18. An apparatus according to any one of Claims 3 to 9,
further comprising ejection timing controlling means capable
of establishing ejection timing of liquid from the liquid
ejection units of each chip for each chip in order to
correct the displacement of the liquid landing position
between the chips in a moving direction of a target object
to be ejected relatively to the chips when liquid is ejected
on the target object moving relatively to the chips in a
direction being different from the specific direction and
including a direction perpendicular to the specific
direction,

wherein the ejection timing controlling means
comprises:

test-pattern data storing means for storing test
pattern data for performing liquid ejection from at least
one of the liquid ejection units of the chip selected from
the chips; and

test executing means for reading the test pattern data
stored in the test-pattern data storing means so as to

execute liquid ejection according to the test pattern data
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means at least a plurality of times.

19. An apparatus according to any one of Claims 3 to 9,
further comprising ejection timing controlling means capable
of establishing ejection timing of liquid from the liquid
ejection units of each chip for each chip in order to
correct the displacement of the liquid landing position
between the chips in a moving direction of a target object
to be ejected relatively to the chips when liquid is ejected
on the target object moving relatively to the chips in a
direction being different from the specific direction and
including a direction perpendicular to the specific
direction,

wherein the ejection timing controlling means
comprises:

test-pattern data storing means for storing test
pattern data for performing liquid ejection from at least
one of the liquid ejection units of the chip selected from
the chips;

test executing means for reading the test pattern data
stored in the test-pattern data storing means so as to
execute liquid ejection according to the test pattern data;

and
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correction data storing means for storing correction
data for controlling ejection timing of liquid from the
liquid ejection units of each chip for each chip, the
correction data being determined based on the result of the
liquid ejection executed by the test executing means,

wherein the ejection timing of liquid from the liquid
ejection units of each chip is controlled according to the

correction data stored in the correction data storing means.

20. An apparatus according to any one of Claims 3 to 9,
further comprising ejection timing controlling means capable
of establishing ejection timing of liquid from the liquid
ejection units of each chip for each chip in order to
correct the displacement of the liquid landing position
between the chips in a moving direction of a target object
to be ejected relatively to the chips when liquid is ejected
on the target object moving relatively to the chips in a
direction being different from the specific direction and
including a direction perpendicular to the specific
direction,

wherein the ejection timing controlling means
comprises:

test-pattern data storing means for storing test
pattern data for performing liquid ejection from at least

one of the liquid ejection units of the chip selected from
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the chips;

test executing means for reading the test pattern data
stored in the test-pattern data storing means so as to
execute liquid ejection according to the test pattern data
while repeating the liquid ejection according to the same
test pattern data as that stored in the test-pattern data
storing means at least a plurality of times; and

correction data storing means for storing correction
data for controlling ejection timing of liguid from the
liquid ejection units of each chip for each chip, the
correction data being determined based on the result of the
liquid ejection executed by the test executing means,

wherein the ejection timing of liquid from the liquid
ejection units of each chip is controlled according to the

correction data stored in the correction data storing means.



