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- 1 S04P0742 DESCRI PTI ON LI QUI D EJECTI ON APPARATUS
AND LI QUI D EJECTI ON. METHOD 5 Techni cal Field The
present invention relates to a liquid ejection
apparatus having a |ine head arranged by juxtaposing a
plurality of.liquid ejection parts of unit heads so as
to connect the unit head to the adjacent unit head,
each unit 10 head having at least part of the liquid
ejection part for ejecting ink droplets froma
nozzle, and a l'iquid ejectroh —nethod using the line
head having a plurality of the unit heads by S04PQ742
juxtaposing a plurality of the unit heads so as to
connect the unit head tertberagi®@cent unit head, each
unit 15 head having at |east part of the liquid
ejection part for ejecting ink droplets fromthe
nozzle. In detail, the present invention relates to a
t ecHAiQYd® EVRCTRAY ATRARATEE: PN EILBEPI BAEGTIQMRIETHOD
droplets is individually set for each unit head so
that every unit heads 20 constituting the |line head
elect i droplets in directions appropriately
T%%Enég%g %ﬁ£$ahead Background Art An ink jet printer
has heerdoun 3581 EXATPL SOl the qtuld ejection

i qui d-ejecting apparatus. e in pri
abbeketus aqa@@?@manléamaaegﬁrgﬁ@m b?_\{ Sﬁi’}dt&bo%)iﬁbem

in which while 'ink droplets

plurality of liquid ejection parts of unit heads so as to
connect the unit head to the adjacent unit head, each unit
head having at least part of.the ligquid ejection part for
ejecting ink droplets from a nozzle, and a iiquid ejection
method using the line head having a plurality of the unit
heads by Juxtaposing a plurality of the unit heads so as to
connect the unit head to the adjacent unit head, each unit
head having at least part of the liguid ejection part for
ejecting ink droplets from the nozzle.

In detail, the present invention relates to a technique
in that the ejecting direction of ink droplets is
individually set for each unit head so that every unit heads
constituting the line head can eject ink droplets in

directions appropriately for each unit head.

Background Art
An ink-jet printer has been krown as an example of the

iigquid-ejecting apparatus. As the ink-jet printer, there
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ejected froma head noving in the |ateral direction of

a recording nediumare | anded on the recording nmedi um
noving, the recording nmediumis noved in a conveyi ng
direction, and 5 a line systemhaving a |ine head
arranged along the entire wdth of the recording
medi um so as to nove only the recording nediumin a
direction perpendicular to the lateral direction of

the recording nediumwhile ink droplets ejected from
the line head are | anded on 2he recordi ng nmedium 10
Furthernore, as is disclosed in Japanese Unexam negic4p0742
Pat ent Application Publication No. 2002-36522, the
Hav@epBeadinbas beanrknowgstanhaygs & sty Ugliule ;RAVEREpRets
plurality small head chips (referred to as a unit
cheadecHelfowh & UxdapasadngOinasht 0l £OMNEC td i tURINt of a
heads together at their ends so that 15 |iquid :
rgicoctilog padiwn azchoapsied bsi hjje compustEchpimegdom noiving,
head, are arranged along the entire width of, .
R0t sGPEDRTE m?f%ﬁ-é’f 15 FoVRE EPne PPRYRVEMY giregtion, and
d&sclosed i n Japanese . Une an&ned Pat ent pIi%atioQ.
2PUBIPc Y F B NE Y St 2 142727539 207 T N9 HWffoRAHHE

. ‘ovi di . ection i.th he :
e ngY PP T P BB R L8PSR T o REe
rBeakbnfs &hORS 3 ARGedcE9bn Changing dha ejeCthBdlateral
direction of ink, when the ejection part becones
dnereejent bdN;hd hecqudinti ngdism pelf0f neg whidpe edet 83 6fted
the non-ejection part 25 are conpl enented wi th nor nal
fgorsthe bimrerhegd@ricodapdetison 3tiSH4ROFAR 1 nGUMMERERMDr €,

as is disclosed in Japanese Unexamn ned

Furthermore, as is disclosed in Japanese Unexamined
Patent Application Publication No. 2002-36522, the line head
has been known to have a structure having a plurality small
head chips (referred to as a unit head below)_juxtaposed SO
as to connect the unit heads together at their ends so that
liguid ejection parts, each part being composed.of each unit
head, are arranged along the entire width of photographic
paper.

In the line printer, as is disclosed in Japanese
Unexamined Patent Applicétion Publication No. 2002-192727, a
technique is known in that.by providing each ejection part
with a head having a plurality of independently controllable
heating regions arranged for changing the ejecting direction
of ink, when the ejection part becomes non-ejection, the
printing is performed while dots of the non-ejection part

are complementéd with nermal dots of other ejection parts.
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Pat ent Application Publication No. 2001-105584, a
technique is known in that each ejection part is
provided with at |east two energy generating elenents
so that ink droplets 5 are ejected fromthe ejection
parts in a plurality of directions by controlling the
two energy generating elenments while the ink-ejecting
directions are varied at random I|In Publication, it
"is described that the |line system nmay be incor por at ed.
10 However,; in conventional Beehni ques, when the |ine
head is fornmed, the, nunber of ejection parts is S04P0742
| arger than that in the serial system so that a

pr obrem g st Rat isdusperssan iM jiper@iseChheRamined
characteristics is increased. In the serial system

Pexrentwhpnlt bet 1ok -Rjbddttaan ch5Noha? @l -€r0 551646 S avaeyhhOque

some extent, by adopting a technique called as
I'soyepappi nghal edhows eictiphapadbt 55 arwovdrdegngédh 8o
as to overlap with dots arranged in advance for

IFPEE hEC TR YRpIeNaTe tdPSpBl ETBRE R aiP b atade ki Aroplets
i.nc Lcuous states.. Wiereas, jn the line syste
“EPnCRoE he head 1L aD 2220 RobBEC tHe DU TAtpRgoT

88tk ORs GRINAL,L D&, 1R8 T, OEHEdtQX.e£§¥é¥ | 0@ ARt 8,00 LREnt s
di sperwsi

once recorded region. nce, I'nherent 1 n
whiieceiREt i 00 PRIdL iQMali RS ck DohBea r@lvANHNG tdrk8EAEIWON Tn
of the ejection parts, so that a problem arises in
Pubatcgtiope Unevenessibsdconspi cwUsine?sylsiem may be
particular, as is disclosed in Japanese Unexam ned
180gPP742t ¥t ent Application Publication No.

2002- 365522, when the line head is forned bg

conrnEMS T ra 151 GPAVFREYLI Gt lintgchidgies, when The line head

is formed, the number of ejection parts is larger than that
in the serial system, so that a problem arises that
dispersion in ink-ejection characteristics is increased.

In the serial system, even when the ink-ejection
characteristics vary to some extent, by adopting a technique
called as "overlapping ejection" in that dots are arranged |
so as to overlap with dots arranged in advance for filling
up gaps, the dispersion can be made in inconspicuous states,

Whereaé; in the line system, since the head is not
moved, the overlapping ejection cannot be pérformed by
recording dots on the once recorded region. Hence,
dispersion inherent in the ejeétion part remains in the
arranging direction of the ejection parts, so that a problem
arisés in that stripe unevenness is conspicuous.

In particular, as is disclosed in Japanese Unexamined
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together, there is a problemthat dispersion may be
generated in joint clearances between the unit heads.
5 Fig. 29 is a drawing show ng ejecting directions of
ink droplets and | anded positions of the ink droplets
in aline head having a plurality of unit heads |
(sinply referred to as "heads |" bel ow) juxtaposed so
as to connect them together between the heads 1. in
the drawi ng, the upper 10 portion shows the
arrangenment of the heads | -aAdd-the ejecting
directions of ink droplets in front view, the | owes04P0742
portion shows the arrangenent of dots |anded on

PRRehegraPN €at PP UHR iR tRbaANNYL e §2 1B 491 sSanBeWayhas
in drawm ngs below). In Fig. 29, three heads |I of Nth,

1iNelhthg andféihdd tdy cbhnkeadnd, a asruorilityshdwmanit heads
however, a further |arge nunber of the heads 1 are
Hogethposethere tie 4 grobdlendichatt fospefsidre madr &&i ng in
gpractice._ln_e_ach head 1, liquid ejection parts (each
FREFBEFAGIA Tt E1&Rd 2REFSNHSRRC R} ectS ol fuRCEPSn of

ink droplets) are_arranged at a const.ant pitch,P
(aboftEh 7% % ¥ B AP SSo Bhnd SORHEE eRrbEPifns of ink
. ) n o head ' t S 013
EORTR-F T R Ry iBEe (B2 1o 0P AT, S00ine
nkadl Revigh N phetayeer beuhh ULEa@f ect {NMNSY referred to

positioned at the right nost of the Nth head 1 and
ath&hkaqgsi O" épeloiv o upabpo2bdpsesi 4$ one tainddte theft
most of the (N+1)th head 1, for S04P0742 exanple.
tpgesher nggiwess Sisowsads Fi g. IRothevbrawimg, ditbgl epger
are ejected fromeach liquid ejection part of each
pﬁégao §?pws the arrangement of the heads 1 and the
ejecting directions of ink droplets in front view; the lower
portion shows the arrangement of dots landed on photographic
paper P in plan view (in the same way as in drawings below).
In Fig. 29, three heads 1 of Nth, (N+1)th, and (N-1)th
head 1, are only shown; however, a further large number of
the heads 1 are Jjuxtaposed in the lateral direction cf the
drawing in practice. In each head 1, liquid eljection parts
{each including a nozzle and having an ejection function of
ink droplets) are arranged at a constant pitch P (about 42.3
Mm at a resolution of 600 DPI, for example)}.
Furthermore, the heads 1 are juxtaposed so as to have .
also a pitch P of joints between the heads 1, the joint
between the liguid ejection part positioned at the right

most of the Nth head 1 and the liguid ejection part

positioned at the left most of the (N+l)th head 1, for
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arrow direction of the drawing, the entire dots are
arranged 5 at the pitch Pin the wdth direction of

phot ographi ¢ paper (arranging direction of |iquid
ejection parts (lateral direction of the drawing)). .

The above-description is the case when the entire

heads 1 are arranged at predeterm ned positions while
the ejecting 10 direction of ink droplets of each

head 1 is constant. However, in practice, this does

not necessarily happen. For exanple, as shown in Fig.

30, if the Nth head 1 is displaced to a position s04p0742
closer to the (Nl1)th head 1, the Nh head 1 is
Alhanged at a position further than the 15 (N+1)th

head 1. Hence, as shown in Fig. 30, ink droplets

ej echecofdml i, hesl klbive eheeid o partheposhki apeglats are
the right nost in the drawing of the (NN1)th head 1
edectsdi Yeby egppr dactuiidnlejedtdphepsre) et teedttf herdt hein
liquid ejection part positioned at 20 the left nost in
SHHEVIFATP AL & Fheht Krreandl, t8e ehairen ddGngpiecabyanged

tripe A is unfavaqrably praoduced, in the boundary
a%eF\kRgeﬂlAE‘ﬁ% hedtd _iwﬁdttﬁegéjéﬁ%%/%gogiHbé%t‘%g&ﬁp ¢ paper

h F aphj, c er P ertical.direction.in th
BRokRGLRPNL G RARG, b A MEELLATL ELLER (Bl ed (0B% ey

dilr@ekdog] ££1410N £%.ARLY yposi tioned at the right nost
in the drawing of the Nth S04P0O742 head 1 are

‘excesisd Wlgreseearat pdibn o i tke dRR! Ghenejret edtifs dBads
the liquid ejection part positioned at the |left nost

li pret heranead g girethéefMidid hpbetidi dns stitllkathe ejecting
conspi cuous white stripe A is unfavorably produced.
direction of ink droplets of each head 1 is constant.
However, in practice, this does not necessarily happen.

For example, as shown in Fig. 30, if the Nth head 1 is
displaced to a position closer te the (N-1)th head i, the
Nth head 1 is arranged at a position further than the
(N+1)th head 1.

Hence, as shown in Fig. 30, ink droplets ejected from
the liquid ejection part positioned at the right most in the
drawing of the (N-1)th head 1 excessively approach ink
droplets ejected from the liquid ejection part positiocned at
the left most in the drawing of the Nth head 1, so that a
conspilcuous stripe A is unfaveorably produced in the boundary
between the heads 1 in the conveying direction of
photographic paper P (vertical direction in the drawing).

Similarly, ink droplets ejected from the ligquid ejection

part positioned at the right most in the drawing of the Nth
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5 Also, as shown in Fig. 31, although the (N-1)th, -

'Nth, and (N+1)th head | are arranged at predetern ned
intervals, respectively, there may be a head 1 with

an ejecting direction different fromthose of other
heads 1, such that the ejecting direction of ink
droplets ejected fromthe 10 liquid ejection part of

the Nth head 1 is inclined to the (N1)th head 1, for
exanpl e. This is because ejection characteristics,

such as ejecting directions,evary for every the heads

1 due to errors in manufacturing. In this case, ev@%p0742
when every heads 1 is inproved in 15 accuracy, dots

nah8 21 EAB0SE-ddL N8 SR YaY e ASe L PSEN Mfddet 5305 e8Ped
that a conspicuous stripe A or white stripé B may™ be
fupbhavbe abl yupd adieead onnpbhe posndasnedbelsveer thethpads in
1in the same way as descri bed above. However, it is
thet deaelyy db f fitoul (V410 thnpeeadel t heo 2hadr rramgespatucus
accuracy of every heads 1 as well as to unify

whitEet FERLIR 4t alct erifsficegbdy BYetyrCebads 1 for naking

th tri A th it tri B i ' .
Foer T101 B Q501G B8 pOSs Bl e i RERE g beNaL bt bl
aﬁh ?ﬁ-pf‘Lg?rl'?eba{cyl IGr gg%Sggngngtf aclleu Itnegcmcj:_%%h' 1121§ Irxr,jals,

the techni que di'sclosed I'n 3apan se nexam_ned - ?

red g@@ﬂ@ef@t GJHex%O&'a&CBEi thgé@li _Qrﬁ.tti}prénN%-j ecting
2002- 192727, when a liquid ejection part becones

dhnpacej ectdvEtedie debs €RBsHeof GO e mRaked 1W thcht fiest
normal liquid ejection parts. However, when a line
theadl ¢sting mEdsdias 6 cohnécepldis ejected from the

liquid ejection part of the Nth héad 1 is inclined to the
(N=1)th head 1, for example. This is because ejection
characteristics, such as ejecting directions, vary for every
the heads 1 due to errors in manufacturing.

In this case, even when every heads 1 is improved in
accuracy, dots are arranged in the same way as those in Fig.
30, so that a conspicucus stripe A or white stfipe B may.be
unfaﬁorably produced irn the boundary between the heads 1 in
the same way as described above.

However, it is extremely difficult to improve the
arrangement accuracy of every heads 1 as well as to unify
ejection characteristics of every heads 1 for making the

stripe A or the white stripe B inconspicuous. Even if it

" could be possible, there may be a problem of considerably

increased manufacturing cost.

In the technique disclosed in Japanese Unexamined
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5 heads 1 together, if there is displacenment between
heads 1 of ejection characteristics, the dots cannot
be conpl enented by the techni que of Japanese

Unexam ned Patent Application Publication No.
2002-192727. Furthernore, in the techni que discl osed

in Japanese 10 Unexam ned Patent Application :
Publ i cati on No. 2001-105584, stripe unevenness-can be
al l eviated by changing the ink ejecting direction at
random However, if the ejectisng direction may be
changed at random the range. of the changes has s04pP0742
predetermined limt. That is, if the ejecting 15
pitkRet heP1 i Sa eNaNaRE 183k 2BHON, $02 862 1y Bxeeeqnthe,
predetermned limt, exact pixels cannot be forned.
ldescti be¢dcaboyeyant Hdemksnacheatedsifor med setaschd be
connect the heads 1 together, the ejection _

. cohplartrrédtwith mebheaye nodingpl atedid e - ttioreyeaed . a

limt allowable for alleviating 20 stripe unevenness
Heye¥RangRy t hel e beicAg 18i FRERPONSC 13F Wuaenacessehe
the strjpe uneven may . not,, be. made i nconspi cuou
h3 3ty CRRE R T Cna Vel Bt ot oh FEGTTat B PERRBRrCDs]

' ' t.i_on _S04PO74 cordingly, it i n
P AEFELP  Pland BB I o (6 UHATLE: chor Enéleea

pynerMenpessniQic iJWPIRBEAGsEr bALL AR ndW ald deh tP¥pplication
correction corresponding to each unit head even when

Pepetthdhol hes at@-9eggy . such as ej ection directions
5 of ink droplets, are dispersed and when arrangenent

accuraciheyrmyfreyniin hhadte e glis phrssdgsed in Japanese

Unéxamined Patent Applicaﬁion Publication No. 2001-105584,
stripe unevenness can be alleviated by changing the ink
ejecting direction at random. However, if the ejecting
direction may ke changed at random, the range of the cﬁanges
has a predetermined 1imit. That is, 1f the ejecting
directicn is changed at random so as to exceed the
predetermined limit, exact pixels cannot be formed. As
described above, if the line head is formed so as to connect
the heads 1 together, the ejection characteristics may be
displaced so as to exceed a limit allowable for alleviating
stripe unevenness by changing the ejecting direction. In
such a case, the étripe unevenness may not be made
inconspicuous by only changing the ejecting direction at

random.

Disclosure of Invention
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The present invention solves the above-object by the
foll owi ng solving neans. In a liquid ejection
apparatus according to the present 10 invention
~having a line head arranged by juxtaposing a

plurality of liquid ejection parts of unit heads so as
to connect the unit head to the adjacent unit head,

~each unit  head having at teast part of the liquid

ejection part for ejecting ink droplets froma

nozzle, the liquid ejectionr &#5-apparatus includes

princi pal control neans for controlling each of t9@4P0742
l'iquid ejection part to eject liquid droplets from

the pEzzl&inauxi liarny %QHEB%cEfE@f‘StHeO 12200k i BGt i on
[iquid droplets to be ejected in at east one

twh meckivante dstfBfenindueomelshe fejecib ot id eliindAng
controlled by the 20 principal control nmeans in the
aeldnyi by dereettiiom gforrespondduodtej eoth amigatesd amen
auxi liary control execution determ ning neans for

gFP? SRATG TG nitvétker £HER %ﬁx@]@%ﬁ%PQxﬂﬂiﬁéﬁlons

ted f h of t t head. 25
e dBaPRESLEET et it GUaRETPROeRTT o e seri DR Ebve, | |
acc%r§g4gg74g uélg%{er ne! % ?hggh%r hE_aUXIIIary
(0]

control "means i's execute r eac unit head by toe

auxi tharyr SUHY Qnyve@XeeHt L9 Aet @M N RG-B3BS L by the
Herein, when ink droplets are ejected by theé principa

f@mewmhgneanslanmddM% ejection 5 direction is

different fromthat of other unit heads, the

auxi It az ylioonitd ¢liemsans hspaxatus exhcording to the present
invention having a line head arrandged by juxtaposing a
plurality of liquid ejection parts of unit heads so as to
connect the unit head to the adjacent unit head, each unit
head having at least part of the liquid ejection part for
ejecting ink droplets from a nozzle, the liguid ejectioh
apparatus includes principal control means for controlling
each of the liquid ejection part to eject liquid droplets
from the nozzle; auxiliary control means for controlling
liquid droplets to be ejected in at least one direction
different from the ejection direction controlled by the
principal control means in the arranging direction of the
liguid ejectien parts; and auxiliary controcl execution
determining means for_individually setting whether the
auxiliary contrel means is executed for each of the unit

head.

According to the present invention described above, it
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Ina liquid ejection apparatus according to another
aspect of the present application having a |line head
arranged by juxtaposing a plurality of liquid ejection
parts 10 of unit heads so as to connect the unit head

to the adjacent unit head, each unit head having at

| east part of the liquid ejection part for ejecting

ink droplets froma nozzle, the liquid ejection
apparatus includes ejection direction changing neans

for enabling the ejection dieeetion of liquid 15

droplets ejected fromthe nozzle of each of the s04p0742
liquid. ejection part to change in at |east two :
id theEent ndh 8l 1S tH AR 125 ANGL NG S 1RGH0n LOf

the liquid ejection parts; and Teference-direction
sselclithg Feansadwrurindineadudlyl Yosetti N aOhednekenence
principal direction for each of the unit head 20 anong
exegltiahi dgtefmigjiest imeandi.r edereins, ofhdn guikd ddoppketsare
establ i shed by the ejection direction changing neans.

SACChPHi Ry o thriniere sepeeel DR ekt id® @DesELPBN

R Cp G o SR e Eretren Th AP Thdtih gads, he

B AL S g 00 et o o

idejection - parts. Then, any

one teferengs Pehrekpsh Qﬁ%gﬁéﬁw dcxdriadingi duakl y-set
for each of the unit head by the referencé- direction

asettingf meten preydrtr bhelipaeioh mavidgu diejeetbihan
apparatus according to another aspect of the present
agpphoeat i wrebAnwpiagl Bnplurality of liguid ejection parts
of unit heads so as to connect the unit head to the adjacent
unit head, each unit head having at least part of the liquid
ejection part for ejecting ink droplets from a nozzle, the
liquid ejection apparatus includes ejection direction
changing means for enabling the ejection direction of liguid
droplets ejected from the nozzle of each of the liquid
ejection part to change in at least two different directions
in the arranging direction of the liquid ejecticn parts; and
reference-direction setting means for individually setting
one reference principal direction for each of the unit head
among a plurality of ejection directions of liquid droplets
established by the ejection direction changing means.
According teo the above aspect, the ejection direction
;hanging means is provided for each unit head, so that

liquid droplets can be ejected in at least two different

directions in the arranging direction of the liquid ejection
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head arranged by juxtaposing a plurality of |iquid
ejection parts of unit heads so as t.o connect the
unit head to the adjacent unit head, each unit head
having at |east part of 10 the liquid ejection part
for ejecting ink droplets froma nozzle, the liquid
ej ection apparatus includes ejection direction
changi ng neans for enabling the ejection direction of
‘liquid droplets ejected fromthe nozzle of each of the
liquid ejection part to change-in at |east two
different 15 directions in the arrangi ng directi ons@fpr0o742
the liquid ejection parts; and ejecting-angle setting
gs for individually setting liquid droplets
establ i shed by the ejection direction changi ng neans
for ®aah onit ecurietteheade priddioabeMecaspesat ist he
ej ection direction changing 20 neans is provided for
ipddMibighly sjtecidorasdr bfofthe henimiheadchéad theorefiarence-
ink droplets can be ejected in at least two different
drereirdnte i th&e®Sangi ng direction of Iiquid
ej ectio arts. Then, .for,each unit head, the ejectin
gl Bt 135 8aR BT 1o RN AERGARIYS sabeByALe
he_ ej i ng- I (A - 11 - S. . -SQ4P0742 .
i EaP L P o B e et e R B ARG Lane
neXpl adeshfed SRecti:4apbseWg0fk B1head f AN 1i5ukBKefi8ttion
printer incorporating the liquid ejection apparatus

paeesr di ngnio Hdwiprsesast tbnuenhéon. tifd Gni2 head pbadhe

vi ew of an enbodi nent of a |ine head.
adjacent unit head, each unit head having at least part of

the liquid ejection part for ejecting ink droplets from a
nozzle, the iiquid ejection apparatus includes.ejection
direction changing means for enabling the ejection direction
of liquid droplets ejected from the nozzle of each of the
liquid ejection part tec change in at least two different
directions in the arranging direction of the liguid ejecticn
parts; and ejecting-angle setting means for individualily
setting liquid droplets established by the ejection
direction changing means foxr each of the unit head.

In the above aspect, the ejection direction changing
means is provided for each ligquid ejection part of the unit
head, so that ink droplets can be ejected in at least two
different directions in the arranging direction of liqﬁid
ejection parts.

Then, for each unit head, the ejecting angle of liguid

droplets is individually set by the ejecting-angle setting .
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Fig. 3 includes a plan view and a sectional side view
showi ng arrangenent of heating resistors of the head
in nore 10 detail. Figs. 4A to 4C are graphs show ng
the relationship between an ink bubbl e-generating
tinme difference between the heating resistors and the
ej ecting angl e -of ink droplets when the divided
heating resistors are provided. 15 Fig. 5 is a draw ng
for illustrating the deflection in the ejection
direction of ink droplets.- Rilg- 6 is a drawi ng of an
exanple in that |anding positions of ink dropletss®m@742
corrected by principal control neans, auxiliary
reantrol nmeans, and auxiliary control 20 execution
determning nmeans. Fig. 7 is a drawing of an exanple
in that landing positions of ink droplets are
corrected by the principal control neans, the
Baaxit| Pasyrontarolofedues prandngde auxiliary contro
execution determ ning neans. 25 Fig. 8 is a drawi ng of
an ek&mle is arhaxprladad ngersaectiSEA PRS2 ofosi heaisobfan
Jdnk droplets are corrected by ejection direction
18??5?\6%5%%%% P rEPE et hg g}ﬁ@ | e+ BB 19§ e &Hs SPRR GRS
s a _draw of ._anot her _ex le in that |anding
AT TR o T et 67 e 6 Bor r ect ed by { he

ej eckipn 5 idi LechiAn,eHaNgk NG, NBaRsaRd Lt B8 8] €6hd Nhaq.
angl e setting means. Figs. 10A and 105 are draw ngs

of ampd hey iexanpks 8fplan View and a sectional side view
showing arrangément of heating resistors of the head in more
detail.

Figs. 42 to 4C are graphs showing the relationship
between an ink bubble—generatingltime difference between the
heating resistors and the ejecting angle of ink droplets
when the divided heating resistors are provided.

Fig. 5 is a drawing for illustrating the deflection in
the ejection direction of ink droplets.

Fig. ¢ is a drawing of an example'in that landing
positions of ink droplets are corrected by principal control
means, auxiliary control means, and auxiliary contrel
execution determining means.

Fig. 7 is a drawing of an example in that landing
positions of ink droplets are corrected by the principal
control means, the auxiliary control means, and the

auxiliary contreol execution determining means.

Fig. 8 is a drawing of an example in that landing
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the ejecting angle setting neans. Fig. 11 is a draw ng
of an exanple in that ink droplets 10 are |anded on
one pixel fromliquid ejection parts adjacent to each
ot her, respectively, which is set as even-nunbered
ejection directions. Fig. 12 is a drawi ng of an
exanple in that odd-nunbered ejection directions are
establ i shed fromdeflection ejection 15 of ink
droplets in both bilateral symetric directions and a
perpendi cul arly downward direction. Fig. 13 is a
draw ng showi ng a process formng each pixel on 50420742
phot ographi ¢ paper with Iiquid ejection parts based

13RoRECCET DM EXRHILQN 25E0 ' @ @i olywo- way
éﬁ% ej ection (even-nu%%%rggbng%f%g%é%?$ég%%g%§fg Fi g.
di4el:$ i an de R Ah S RWINRY and P 06€55g fIdlIdNGRaGRy PEXRE.
on phot ographi c paper with liquid ejection parts based
on aliej ettisomr evesihponfsagmater rexdmplease ohat landing
three-way _ejection (odd-nunbered ejection _ .
PESEELPTBNRY . 15 Guiplets pHel aaesepieth BY dls sHenithgna
dstatﬁ.in tQat ink - 13 884P0742,droplets re | anded
3ECGR OB T BITBF ARG FRer SHECT 1M dig SpGSEFL B
=—20,9ne pixel region. Fig. 16 is a drawi ng show ng
ejection directions of ink droplets using nunber of
Pi Xetsyd NCrRasindg 108a8se @rdijthgsl 6 Sn@tHEAWRGmOT e alk
exanpl e having second ejection control nmeans in
taddettonit® Al ejeetian leaget i on changi ng neans and
reference direction setting neans.

Fig. 11 is a drawing of an example in that ink droplets

are landed on bne pixel from liquid ejection parts adjacent
to each other, respectively, which is set as even-numbered
ejection directions.

Fig. 12 is a drawing of an example in that odd-numbered
ejection directions are established from deflection ejection
of ink droplets in both bilateral symmetric directions and a
perpendicularly downward direction.

Fig. 13 is a drawing showing a process forming each
pixel on photographic paper with liquid ejection parts based
on an ejection execution signal in the case of two-way
ejection (even-numbered ejection directions).

Fig. 14 is a drawing showing a process forming each
pixel on photographic paper with liguid ejection parts bésed
on an ejection execution signal in the case of three-way
ejection (odd-numbered ejection directions).

Fig. 15 includes plan views showing a state in that ink
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Fig. 18 is a drawi ng of an exanple having the second.

ej ection control means in addition to the ejection
direction 10 changing neans and the reference

direction setting neans. Fig. 19 is a drawi ng of an
exanpl e having first ejection control neans in
addition to the ejection direction changing neans and
the reference direction setting neans. Fig. 20 is a
drawi ng of an exanple having the first 15 ejection
control nmeans in addition td3he ejection direction
changi ng neans and the reference direction settingso4pr0742
nmeans. Fig. 21 is a drawing of an exanple having the
dddpiter8) aeti PangoNtd0larieane gBditNEn &€ AN i8) RGkhen
control neans in addition to the ejection direction.
lcimarigigngortansnansh tdie pdGelletregeace direction setting
neans. Fig. 22 is a drawi ng of an exanpl e having the
firsFigej betivm coewiob sbansnanel ¢helsecdngcefensi ofi ink
control nmeans in addition to the ejection direction
RAGERGUARRASDHMET I PrEfdFehBET 8RS B iRRF $et ti ng

. 25 Figs. 23A and 23B d showi
xambi s Having: SERHINa0qPoYA EHE TGO 61 BB

HRELEAR! anﬁngsméEH'lsanll 'éldagtg.ﬁnt 98 ci§d eeételc%n on directicn
ditection ¢ angi ng neans and the ejectin andle
cs@hbling HBaNS . arfd 0% re24fcandi 248 86 SHawWRgsmeaRaw ng
exanpl es having. 5 the second ejection control neans

and Fhe. nigrhiey 20fdrpiviabSofi acreasipgly: MRaNsgi Bhadde &b

to the ejection direction changing neans and the
epeféiencecnt rektiemssdnt pAgitkansto the ejection direction

changing means and the reference direction setting means.
Fig. 192 is a drawing of an example haviﬁg.first
ejection control means in addition to the ejection direcfion
changing means and the reference direction setting means.
Fig. 20 is a drawing of an example having the first
ejection control means in addition to the ejection direction
changing means and the reference direction setting means.
Fig. 21 is a drawing of an example having the first
ejection control means and the second ejection control means
in addition tc the ejection direction changing means and the
reference direction setting means.
Fig. 22 is a drawing of an example having the first

ejection control means and the second ejection control means

- in addition to the ejection direction changing means and the

reference direction setting means.

Figs. 23A and 23B are drawings showing examples having
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Fi gs. 25A and 25B are draw ngs show ng exanpl es havi ng
the first ejection control neans and the nunber of

pi xel s 10 increasing neans in addition to the

ej ection direction changi ng neans and the reference
direction setting neans. Figs. 26A and 26B are

drawi ngs show ng exanples having the first ejection
control neans, the second ejection control neans, and
t he nunber of pixels increasing nmeans in 15 -addition

~to the ejection direction-changi ng neans and t he

reference direction setting neans. Fig. 27 is an s04pP0742
ej ection control circuit diagram according to an

t82badhBERl o Fi O%1 L8A-20d 5288 AL Al e335hAWNNg ot PR
rel ationship 20 between stafes of a polarity changing

egwttehn atilr éaif M Ghavlliobf mebas esndftiae fdiksk iapeahyda
control switch; and changes in |anding position of
s@stsngnmedies arrangi ng  direction of nozzles. Fig. 29

is a draw ng show ng ejection directions of ink 25
dr opfed%: |aé1ﬁdi2ﬁg BB LT IRNINIChGrdpPeesaples | hareing:

t ead - %g S04P0742 hgvigg a Iun&&“&y of eadsfl el
FaxPapBsed £6° 4" §°ConRecte?the Hedd ™ figCt pixe.s
ifdkacents head o Figa 30 hs.a drawing. of anexapple in
that t eg( th"” Read |8narrangeéi% 0se 16 the h
chefdin® fdshs 3hd $nd $Lawk88:0f 4 AR &Pt tikinthatat be
ejection direction of ink droplets ejected from each
i qurih=] @i and paBtasé dhwwiNMdy Beeetihg dkbherenthaving
fromthe ejection

the first ejection control means and the number of pixels
increasing means in addition to the ejection direction
changing means and the reference direction setting means.

Figs. Z6A and 26B are drawings showing examples having
the first ejection control means, the second ejection
control means, and the number of pixels increasing means in
addition to the ejection direction changing means and the
reference direction setting means.

Fig. 27 is an ejection control circuit diagram
according to an embodiment.

Figs. 28A and 28B are tables showing the relationship
between states of a polarity changing switch and turning
on/off states of a first ejection control switch; and
changes in landing position of dots in the arranging
direction of nogzzles.

Fig. 29 is a drawing showing ejection directions of ink

droplets and landing positions ink droplets in a line head
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directions of other heads 1. 10 Best Mde for Carrying
Qut the Invention An enbodi nent according to the
present invention will be described below wth
reference to the drawings. In this specification

"ink droplets" represent a mcro-anount (about

several pico-liters) of ink ejected toma nozzle 18,
15 which will be described later, of a liquid ejection
part. A "dot" denotes a | anded formation of one ink
droplet formed on a recordiiig-nedi um such as

phot ogr aphi c paper. A "pixel" is defined by a m nédowdo742
unit of an i mage; "pi xel region" denotes a region

Ha@ nbOE "L G- 21 X8} Sbf 22 Qn§u9{:§11§$séc?9§d)%s E2) connect

predét erm ned nunber of ink “droplets (zero, one, or
thleUhakit y o tﬂénﬁdﬁaﬁbnarﬁebanged so as to forma

pi xel wi thout a dot (one-step gradation), a pixe

wi t hFome 3otig tanorstvépggoadant | egmplandna thiexekhwai {I-1) th
plurality of dots (three-step or nore gradation). That
head 25 sheapys@lchaEsi 619 @Bﬁrg§bdﬂﬁ%d{o zero, one, or a
pl ur l|ty of, 16 S04P0742 dots. a large nunben
of tﬁ ieﬁ & §révarfafbedf o e&é’r dAG ﬁi%?ﬁ%

B5eb0s grg%lﬁq?qf %gsdots gorrf ond| Ep t ﬁ%xglon

are no conp conta ne COI‘ espo

pRirXebr egd Oy Q{Eiacﬁ Qe 43 2 rdPES: r@%ﬁ Itqleofefj etc%oﬁl xel
region. (Head Structure) Fig. 1 is an exploded

dpeespechs ver oW rothedddnitt head 11 (sinply referred
to a head 11 below) of an ink-jet
Best Mode for Carrying Out the Invention

An embodiment according to the present invention will
be described below with reference to the drawings. In this
specification, "ink droplets" represent a micro-amount
(about several pico-liters) of ink ejected tom a nozzle 18,
which wili be described later, of a iiquid ejection part. A
"dot™ denotes a landed formation of one ink droplet formed
on a recording medium, such as photographic paper. A
"pixel" is defined by a minimal unit of an image; a "pixel
region" denotes a region for forming pixels.

On one pixel region, a predetermined number of ink
droplets (zero, one, or a plurality of droplets) are landed
so as to form a pixel without a dot (one—étep gradation), a
pixel with one dot (two-step gradation), and a pixel with a
pluraiity of dots (three-step or more gradation). That is,

one pixel region corresponds to zero, one, or a plurality of
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printer (sinply referred to a printer bel ow)
incorporated in 10 a liquid ejection apparatus

according to the present invention. The head 11 shown
in Fig. 1 is conposed of a plurality of juxtaposed
liquid ejection parts. The liquid ejection part

i ncludes an ink chanber 12 for containing liquid to be
15 ejected, a heating resistor 13 (equivalent to

bubbl e- generating nmeans or a heating el ement

according to the present 4 nwenrtion) arranged within

the ink chanber 12 for generating bubbles in the so4p0742
l'iquid contained in the ink chanmber 12 by supplying
RRELIYTHaRd & NOZAl &.3Reet ok 7crDsd eHUMA ek L@ranged on
nozzl e-form ng menber according to the present

a meepkdong hediwg swazl es ¥8rhoimegkd hereon for

ejecting liquid operatively associated with the bubble
genefla i it hycdriresheatling testilst grixk3. aRef epti ognpbetely
Fig. /1, the nozzle sheet 17 is bonded on a 25 barrier
PRYEENES, VAR T Hd'en GLFFESBRBRE NG PIXe S HRGE By Befngome
dlz exglgded Lh the draﬁﬁn%.,SO4PO742 In the head 11,

8 8ubstrat® &Y PA*PhcFEate%a  seni conduct or

sqggg&aggr%éuggge of silicon, etc. and the heating

resistors eposi ted on one surface of the 5 .
sem gonductiqy asURshE 8l&d 19er e el Q. 881 st@k: d3hds

electrically connected to an external circuit via a
leondimapl prrpprirgdnab ahaway forwerbwn dhen ink-jet

sem conductor substrate 15.

printer (simply referred to a printer below) incorporated in
a liquid ejection apparatus according to the present
invention.

The head 11 shown in Fig. 1 is composed of a plurality
of juxtaposed liguid ejection parts. The liquid ejéction
part includes an ink chamber 12 for containing liquid to be
ejected, a heating resistor 13 (equivalent to bubble-

generating means or a heating element according to the

present invention) arranged within the ink chamber 12 for

generating bubbles in the liquid contained in the ink

chamber 12 by supplying energy, and a nozzle sheet 17
(equivalent to a nozzle-forming member according to the
present invention) having nozzles 18 formed thereon for
ejecting_liquid operatively associated with the bubble
generation by the heating resistor 13.

Referring to Fig. 1, the nozzle sheet 17 is bonded on a

barrier layer 16, and the nozzle sheet 17 is shown by being
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The barrier layer 16 is forned of a photo-sensitive 10
cycli zed-rubber resist or an exposure curing dry-film
resi st - deposited on the entire surface, on which the
heating resistors 13 are formed, of the semiconductor
substrate 15 so that unnecessary parts are then
renmoved by a photolithographi-c process. 15
Furthernore, the nozzle sheet 17 having a plurality of
the nozzles 18 is made by an el ectrocasting techni que
with nickel, and is bonded Ioh the barrier layer 16 so
that positions of the nozzles 18 agree with those ®f4p0742
the heating resistors 13, i.e., the nozzles 18 oppose
d:a cheat iRgtRO desisiprs 13, respectively. The ink
chanmber 12 is constituted of the substrate nenber 14,
the barthernhdaydarl,1G, sabdtthee nozaber shedhnclidese aas
to surround the heating resistor 13. That is, in the
shrdwiongucthe swbstraite lembde ¢4 §dihson heetyot taowh wakl
of 25 the ink chanber 12; the barrier |layer 16 forns
FEPEe "AaFFE18FOLS 183 dspapdrad PReCPRKS ROt 2 eand

th I heet 17 f t t 1 of t ' :
RSBSOS TR e Tk cRaRbaP T h e St L odpen 16
189109 L 01 {1 O L4 o SF th%rngfd 1h&,.9p&ALNg
region Is onnunlcate&'MAth anin f?OM/path not

cehewa} i oh %@ﬁt apowe -k oredneaesheatt lergengiudlch ¥y
i ncludes the ink chanbers 12 in units of several tens

shibsgseseeal5hundreds and the heating resistors 13

arranged within each of the ink chanbers 12. By the
commBlrel ¥awmer dewerolouhst fofmetheof a photo-sensitive

cyclized-rubber resist or an exposure curing dry-film resist
deposited on the entire surface, on which the heating
resistors 13 are formed, of the semiconductor substrate 15

so that unnecessary parts are then removed by a

Aphotoiithographic proceés.

Furthermore, the nozzle sheet 17 having a plurality of
the nozzles 18 is made by an electrocasting technique with
nickel, and is bonded on the barrier layer 16 so that
positions of the nozzles 18 agree with those of the heating
resistors 13, i.e., the nozzles 18 oppose the heating
resistors 13, respectively.

The ink chamber 12 is constituted of the substrate

member 14, the barrier layer 16, and the nozzle sheet 17 so

as to surrcund the heating resistor 13. That is, in the
drawing, the subsirate member 14 forms the bottom wall of

the ink chamber 12; the barrier layer 16 forms side walls of
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printer, the heating resistor 13 can be respectively

10 selected so as to eject ink contained in the ink

chanmber 12 corresponding to the heating resistor 13

fromthe nozzle 18 opposing the ink chanber 12. That

is, the ink chanber 12 is filled with ink froman. ink

tank (not shown) connected to the head 11. - Then, by 15

applying a pulse electric current to the heating

resistor 13 for a short tinme, such as 1 to 3 s, the

heating resistor 13 is rapild v heated, resulting in

generati ng gas-phase bubbles in ink contacting thg4p0742

heating resistor 13 so as to push aside sone vol une of

’dh‘%k 1§1knl§hh1§.b§1yapp'r atred)cnRy nble) 20spxpansi on.af; the Lok
l'es.. Thereby, ink contacting the nozzle 18 with

ﬁal’l& SEMEL 0L nirectasnddiat 20f pHabedthakidls creimdetred2f ham an

the nozzle 18 as ink droplets, and is | anded on

qpieotiogr aphien papeiresd asghg Pérmidots, (gidkelhs) opening

t hereon. Furthernore, according to the enbodi nent, the

q@u@ﬁ@ﬂhéadcowrrﬂéi%%@dt@oaﬁa@@kafb%r%ﬂﬁft Y6t ehewn) -

liquid ej.ection arts 19 . S04P0742 of e heads 11

ot 1 A S RGP alFES o e oAds haLane ahpe

?&rgﬂgﬁggrgd{fCtIQEu%. %?esgvgga eCH&P% eraﬁdPHndreds

ar rangl ng Fection of th8 hoz2 or t

 adlr esbi RBaOing FGYrAg megwmlgé@ v@ﬁtﬂ:ﬁl GRRRACEE ERHE ink-

heads 5 11 together. Fig. 2 is a plan view show ng an
ceghbdiraen? . ofBy aHd remhead Ooml& &bghrod, drhie b@uthe
heads 11 ((N-1), (N, (N+1), and (N+2)) are shown;
phoweeer , the fhaatiarn Irasdetrunbdrcamfbe hedpeadd vélyar e

arranged so as to connect themtogether.
selected so as toc eject ink contained in the ink chamber 12

corresponding to the heating resistor 13 from the nozzie 18
opposing the ink chamber 12.

That is, the ink chamber 12 is filled with ink from an
ink tank {not shown) connected to the head 11. Then, by
aprlying a pulse electric current to the heating resistor 13
for a short time, such as 1 to 3 us, the heating resistor 13
is rapidly heated, resulring in generating gas-phase bubbles
in ink contacting the heating resistor 13 so-as to push
aside some volume of ink (ink is evaporated) by the
expansion of the ink bubbles. . Thereby, ink contacting the
nozzle 18 with the same volume as that of pushed ink is
ejected from the nozzle 18 as ink droplets, and is landed on
photographic paper so as to form dbts (pixels) thereon.

Furthermore, according to the embodiment, the line head

is formed to have a plurality of the liguid ejection parts
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In order to formthe Iine head 10, a plurality of
parts 10 of the heads 11 other than the nozzl e sheet
17 (head chips) shown in Fig. 1 are first juxtaposed.
Then, on the top of these head chi ps, one nozzle sheet
17 having the nozzles 18 forned right above each of
the heating resistors 13 of the entire head chips is
bonded so 15 as to formthe line head 10. In Fig. 2,

~the line head 10 with one color is shown; a plurality

of the Iine heads 10 may be J@revided so as to supply
different color ink for each of the |ine heads 10 $@mpo742
formng a color line head. 20 Wiile the heads 11

Adj:acent=49 Ay QRRG 8hepakkanged piﬁaqq%ﬁlo%etﬁedheads
t he ot her side, respectlver across an ink “flow path,

lhénheadsr#dn@ing h# renre ishde foppeseidingl kejads itk pabts
the other side, i.e., the heads 11 are arranged so
(ehigengthe @bretien ®loppeseceaths otherr (‘calesmiclahl ed

st ag %ered 25 arrangenent). That is,. in Fig
dﬁEFF of" s&h di Ia%ddylgam?élmsmﬁ@ﬁ? %9 @Wﬁeé@ﬁnaeads
%ern erl heri.es, %ﬁcent to the . nozzl es

CERFTY ejadd 1 *5nd Sn(Kﬁi‘)’t%h%’a{t? fﬂ? ef“B’ﬁgtlﬂ%?t of
a'fﬂ%% héé‘& f@””?@t 'ﬂ%.e?t ekﬁ%‘ F]Ql%'k%{aec{ | es. (@dyqcent,,

e nozz é ead th 5
(GNt2) t Andreadh ) t0@etheiink Snbhevink 4 lawmpath:afgbhhsmber
line head 10. Furthernore, the heads 11 are arranged
osSothbahedde 1Ipidreh sketweged theafnozzle@mnkEtatthendsogbther.
the heads 11

In order to form the line head 10, a plurality of parts
of the heads 11 other than the nozzle sheet 17 (head chips)
shown in Fig. 1 are first juxtaposed.

Then, on the top of these head chips, one nozzle sheet
17 having the nozzles 18 formed right above each of the
heating resistors 13 of the entire head chips is bonded so
as to form the line head 10.

In Fig. 2, the line head 10 with one color is shown; a
plurality of the line heads 10 may be provided so as to
supply different color ink for each of the line heads 10 for
forming a color line head.

While the heads 11 adjacent to each other are arranged
in one side and the other side, respectively across an ink
flow path, the heads 11 con the one side oppose the heads 11
on the other side, i.e., the heads 11 are arranged so that

the nozzles 18 oppose each other (a so-called staggered

arrangement). That is, in Fig. 2, a portion sandwiched by a
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adj acent to each other, i.e., in detailed A portion of
Fig. 10 2, the space between the nozzle 18 at the
right nmost of the Nth head 11 and the nozzle 18 at
the left nost of the (N+1)th head 11, is identical to
the space between the nozzles 18 of the head 11. In
addi tion, other than the staggered arrangenent 15
descri bed above, the liquid ejection parts of each
head 11 nay also be arranged linearly (as straight as
aline). That is, in Fig.—- 20 the Nth and the (N+2)th-
head 11 may al so be arranged identically to the s0420742
(N1)th and the (N+l)th head 11 in their directions.

12@ el Bokh8et Zng tdedrrQui el ﬁ&k?@sfﬁgdf%éghte%%hthgad
11 are arranged substantially in parall with the

njouxflaposB ngot direecti-an taf nkhe heasgtsd e alN+anrat heelyll
the liquid ejection parts of each head 11 nay be
tgoeghgedand a linwe cauingetiing evtehen) imintidherfeg, 2.

Al ternatively, while the 25 liquid ejectlon parts_of
3C0AECRBEATT 17Bf 1QRA4SFed B nPE Bhe Buh hspubd7gznd the

[ f ro the |i UId eJ ction part
Bepbibi hed o Pt st gonb b B i Gip o g Line
nakantpng to the rlght in Fig. 2 (E|ect|ng di rection
changi ng neans or Principal control 5 neans and

AuXi b ad e G, Ok nBeRASYs The d1eadirkhndk8osbnehiidesnhe
ej ecti ng- di recti on changi ng nmeans or principal

péonhribétweanstanchozulieki aByatomidolofreanrs healecondi ng
to the enbodi nent, the ejecting-direction

adjacent to each other, i.e., in detailed A portion of Fig.
2, the space between the nozzle 18 at the right most of the
Nth head 11 and the nozzle 18 at the left most of the
(N+1)th head 11, is identical to the space between the
nozzles 18 of the head 11.

In addition, other than the staggered arrangement
described above, the liquid ejecticon parts of each head 11
may &lso be arranged linearly {as straight a&s a line). That
is, in Fig. 2, the Nth and the (N+2)th head 11 may also be
arranged identically to the {(N-1)th and the (N+1)th head 11
in their directions.

In Fig. 2, the liquid ejection parts of each head 11
are arranged substantially in parallel with the juxtaposing
direction of the heads 11; alternatively, the liquid

ejection parts of each head 11 may be arranged in a line

slanting to the right in Fig. 2. Alternatively, while the

- liguid ejection parts of the head 11 are divided into a
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changi ng neans can change the ejecting direction of

ink 10 droplets ejected fromthe nozzle 18 of the

liquid ejection part in at |east two different
directions of arranging directions of the liquid

ej ection parts. Mre specifically, the

ej ecting-direction changing neans includes the
principal control neans for controlling 15 each of

the liquid ejection parts to eject ink droplets from
the nozzle 18 and the auxid izary control neans for
controlling ink droplets to eject in at |east one gp4p0742
direction different fromthe ejecting direction of
pﬁh%alﬂkyd699§§56b§n/th%hglaﬁkaCéﬁ@étf&H“ﬂéyts”%@@%n@&ng to
the arranging direction of 20 f ['1quid ejection

cpaht grods cad iy draariedenhodi Nefé , siditting to the right
ej ecting-direction changi ng nmeans (the principa
ipoRtegel 2. means and the auxiliary control neans) is
constructed as follows. Fig. 3 includes a plan view

an 81 gcsiRyT dharctdiwe chreging snedpmni 91y BHécdPeangentrel

of the heati resistors_13 of the - 22 S04P0742
"RERH T10 A RSOl aRe e of Fi . 3

addl%ﬂ%”ﬁgé@/fihgﬁg gaﬁcpgéiglégéf'Gm%ht noéeaan %hanglng

chain Tines S

ma&6 9T 8 Ngr £:0-4ha d%%QQanﬁgémsm&ﬂ&“éﬁﬁ%ﬁidr@kc%ﬁ@ggfrmeans.
12, the two divided 5 heating resistors 13 are

uxtz&m&eﬁngivmbewer embO@imit ARGieN@ jdict el -onr&dt idie

tmo di vided heating resistors 13 is the arranging
clpngchdy greafs tdee Idhgoiod ehecelortipar tdirelotitheof ink
t wo- pi ece heating el enent 13 forned by
droplets ejected from the nozzle 18 of the liguid ejecticn
part in at least two different directions of arranging
directions of the liquid ejection parts.

More specifically, the ejecting-direction changing

means includes the principal control means for controlling

each of the liguid ejection parts to eject ink droplets from

“the nozzle 18 and the auxiliary control means for

controlling ink droplets to eject in at least one direction
different from the ejecting direction of the ink droplets by
the principal control means of the arranging direction of
the liquid ejection parts. According to the eﬁbodiment, the
ejecting-direction changing means (the principal control
means and the auxiliary contrel means) is constructed as
follows.

Fig. 3 includes a plan view and a sectional side view

showing the arrangement of the heating resistors 13 of the
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Hee a9 05 h S T e

| ongi tudi nal Iy dividing one heating elenent 13 into
two 10 pieces in such a manner, since the width is
hal ved while the Ilength is the sanme, the resistance
val ue i s doubl ed. When these two pieces of the

- heating elenent 13 are connected in series, the

heating el ements 13 with doubl ed resistance are

connected in series, resulting in quadrupling the

resi stance 15 value. In order to boil ink contained

in the ink chanber 12, it-ix required to heat the
heating el enment 13 by applying predeterm ned el ectgdmn742
power to the heating element 13 because the ink is

rlaect8d Ry L hgs £nergy li%hnglgtaeoboﬂéngs <%:\hen.the
resistance is small, t current nust be increas 3'

Shawev ehe bysimreasﬂ nglet hezeesi sbancen @ldie, afinkhe
heating elenment 13, the ink can be boiled with

snal her sicewn et FifheBebyn ahé riaewsd stloradcordpagstogtitdie
current can also be reduced in size, resulting in

%‘B&E‘ém§ﬁ1v'r ne tIREH RS ¢ K FhapBet hi gk tofo tdﬁérlded

tl n el enent | NCr €ases the reS| st ance -
; e SRS b T PSS B2

a?ga é%gg.%gse%hﬁx1Q%gkhngtgge nt 1 anq:the Stre%g 13

ereo the"Fedute h|c

iBeahbngrebesmnt didAIcA off @gstﬂ@mw%léd@lbn parts.

Accordingly, wthout reducing the 5 thickness _

resi st arge twal-peeics hoatengesh diyerdi idiregrtaepyheati ng

el emrent 13. When the two-piece heating el enment 13
lghgidedinat by tddoridigigproei dedt wng he Termame: iL3k ichanber

12, and if the tine _ _

pleces in such a manner, since the width is halved while the
length is the same, the resistance value is doubled. When
these two pieces of the heating element 13 are connected in
series, the heating elements 13 with doubled resistance are
connected in series, resulting in guadrupling the resistance
value.

In order to boil ink contained in the ink chamber 12,
it is required to heat the heating element 13 by applying
predetermined electric power to the heating element 13
because the ink is ejected by the energy during the boiling.
When the resistance is small, the current must be. increased;
however, by increasing the resistance value of the heating
element 13, the ink can be boiled with smaller current,

Thereby, a transistor for passing the current can also

be reduced in size, resulting in space-saving. Reduction in

thickness of the heating element 13 increases the resistance
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required to reach an ink-boiling tenperature (bubble
10 generating tine) by each piece of the heating '
elenment 13 is generally equalized, ink is boiled on
the two heating elements 13 sinultaneously, so that
ink droplets are ejected in the axial direction of
the nozzle 18. If a tine difference between the two
pieces is 15 generated in the bubble generating tine
of the heating elenent 13, ink is not boiled on the
two heating elenents 13 st md taneously, so that ink _
droplets are ejected away the axial direction of $dwr0742 -
nozzle 18 (deflected). Thereby, the ink droplets are
vaandednaleRe POSIH RS tad Rhfethe 20 1andiingor the
position when ink droplets are ejected w thout

heefliegt edemelt 3 AA aned 4Brarngtlyr aphsaishawyng thbeeos,
relationship between the tinme difference in

thek rbdbbée gehdirsssomwbyhehbeating deltenmdt il3ghas a
resistors 13 according to the_enbodi nrent and 25 the
PEFEEEPRAGLI AR BT i nRCFPsERBESY  THEERRH UgSdUringethe2y

04P0742 h lts f t [ | ati .
FRAIREEs el SRR POUE! Of (TTEP b0 G TSHOTR the
h@¥t§ﬁgpgfg$ on; an ordinate, note: not the abscissa
of t

graphs) 1s the arranging direction of the

NOZzhesn ke jtwst-RASENHe SEL £ td Qe tOf1 3t REVDBALIT NPt two
resistors 13), and a Y-direction (the direction shown

iBy pEbyyded otitad rorrkehener dhagber 1® e&nddtf tthe time
ordinate of the graphs) is the direction perpendicul ar
requheeX- 6 restdromn( dokveyi Agndi temdmtwte phobbgraphi c
gggggg ing time) bj each pilece of the heating element 13 is
generally equalized, ink is boiled on the two heating
elements 13 simultaneously, so that ink droplets are ejected
in the axial direction of the nozzle 18.

If a time difference between the two pieces is
generated in the bubble generating time of the heating
element 13, ink is not boiled on the two heating elements 13
simultaneously, so that ink droplets are ejected away the‘
axial direction of the nozzle 18 (deflected). Thereby, the
ink droplets are landed at a position shifted off the
landing position when ink droplets are ejected Withoutl
deflection.

Figs. 4A and 4B are graphs showing the relationship
between the time difference in ink-~bubble generatien by the

divided heating resistors 13 according to the embodiment and

the ejecting angle of ink droplets. The values in the
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- shifted ang

- In X- and Y-directions together, 0x and Oy are shown

as 10 shifted angles when they are zero when w t hout

defl ection. Furthernore, Fig. 4C shows neasured dat a,

in which half of the current difference between the

two pieces of the divided heating elenment 13 as the
bubbl e-generating time difference is plotted on an

absci ssa as a deflection current 15 while a deflection

at a landing position of an ink droplet ‘(neasured

when t he di stance between 4 I# rozzl e 18 and the

| andi ng position is about 2 nmm) is plotted on an s04P0742
ordinate. In Fig. 4C, the deflected ejection of ink
g@%%a%eﬁ§em@§sufﬁgrfﬁﬁ%.Qﬁk@g¥e§u99&ﬁiﬁ¥¥%ﬂgl tRe these

defl ection current thorough 20 one piece of the
dreahisngael erehtedd oihiehe theeptiti fadwn Gy KeNbH16tted on
the heating elenent 13 was 80 mA. If a tine difference
apetowdénathe noe piradeshies abgenesat el the tdmphsbble the
generating tinme of the heatin el emrent 13, the ‘
HEreeLrny gh@?%F%ﬁniQﬁ<t@@oBPéFge%e%%nﬁ%u%RﬁPQ§3nﬁoﬁﬁﬁFFtlon

hat t j ect.iqr l.e 6x_qf the, ink dropl is -
35 thaohpo TS| T iaeed Wiih AR Rabifigeeeon (She 1S
he bentariant D0 PEeRberbE R sl BBH oot Oehe

cdivhded beathdgy e enmnts %ﬁeaafr@&@y&degsérfpe@l@qcmar to

changi ng a current passing through each of the 5
theakiagreesiat ofconk@yinbe divwecheat | 6 gresisiraphit3paper) .
controlled for producing a tinme difference in the

IpuBbl end gémkeadtripns medsthas, t¥ cdrah§y ehe eheetion

of ink drOerts in a plurality of directions.
es when they are zerd when without deflectiocn.

Furthermore, Fig. 4C shows meésured data, in which half
of the current difference between the two pieces of the
divided heating element 13 as the bubble~generating time
difference is plotted on an abscissa as a deflection current
while a deflection at a landing position of an ink droplet
(measured when the distance between the nczzle 18 and the
landing positibﬁ is about 2 mm) is plotted on an ordinate.

In Fig. 4C, the deflected ejection of ink droplets was

- carried out by superimposing the deflection current thorcugh

cne piece of the heating element 13, where the principal
current of the heating element 13 was 80 mA.

If a time difference between the two pieces is
generated in the bubble generating time of the heating
element 13, the ejectingrangle of ink droplets becomes not

normal, so that the ejection angle 0x of the ink droplets is
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Moreover, if resistance values of two pieces of the
10 heating elenment 13 divided into two are not
identical to each other because of errors in

manuf acturi ng, for exanple, the bubble-generating
time difference is produced between the two pieces of

"the heating elenent 13, the ejecting angle of ink

dropl ets deviates fromthe normal, so that the 15

| andi ng position of the ink droplets is deflected from
their original position. Hagsewer, by changing the
current capacity to be applied to the divided heagp4mp742
el enent 13 so as to control the bubbl e-generating

iR aQEd8RLHn Pi ek i nd Beudh ¥idede Realing i¢lLmBREeldn e,
t he bubbl e-generating tine 20 can be natched with each

ot heThsw, ascdardmmke tbhehe) eabddbnera)ghe 10fi zhAK this
droplets normal. Fig. 5is a drawing for illustrating
dipgadetréstion ivwp dihve dedebkrhgndi ¢ batdrors df3 iamle provided,
droplets. Referring to Fig. 5, when an ink droplet i

angl By eERRRYIHRA fhl T4 HeE taRaPAKD 8] Blr¥oua Zdhacd Ghet he

ink.d let i f phot hi c . v .- 26
5 BB el L aSher BT BASOLAPLS, PR o 28

' . h by.dot ed |.i i_n. Fi
et Loeas She, g, stawn:hidies, Lnc,in o,

g@nephetng {sndefd eGt @d s@ahbat c 9 cRlaCtdNG rAngkedroplets
deviates fromnormal by O (Z1 or ZZ direction 5 in

iki g. pBYraltey lehdiingcpeshkion of the ink droplet i is
deflected by: AL = Hx tanO In such a manner, if the
ej edorrRp i edtli opsdbtahee i viklues of two pieces of the
heating element 13 divided into two are not identical to
each other because of errors in manufacturing, for example,
the bubble-generating time difference is produced between
the two pileces of the heating element 13, the ejecting angle
of ink droplets deviates from the normal, so that the
landing position of the ink droplets is deflected from their
original position. However, by changing the current
capacity to be applied to the divided heating element 13 so
as to control the bubble-generating time of each piece of
the divided heating element 13, the bubble-generating time
can be matched with each other so as to make the ejecting
angle of ink droplets normal.

Fig. 5 is a drawing for illustrating the deflection in

the ejecting direction of ink droplets. Referring to Fig. 5,

when an ink droplet i is ejected normally to an ink-ejecting

face of the ink droplet i (surface of photographic paper),
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'droplet i is deflected so that an ej ecting angle
deviates 10 fromnormal by O, the |anding position of
the ink droplet is deflected by AL. Werein the

. di stance H between the end of the nozzle 18 and the

surface of the photographic paper P is generally
about 1 to 2 mm so that the distance is assuned H =
about 2 15 mm In addition, the reason to nmai ntain
t he distance H substantlally constant is that when

~the distance H changes, - t-hed andi ng position of the

ink droplets i also changes. That is, when the i nko4p0742
droplets i are ejected fromthe nozzle 20 18 normally

the the &peppce 0fid hephakog: apbic RAPRIcHontU8Nthbfarrow
t he di stance H changes to sone extent, the | anding

spoght bpndefed hieirienk rdiFapl.ebs |kam§amwtu&hﬂﬁgejecting
Whereas, when ink droplets i are ejected with

ddefkecen onf asheldsdy idveplesbdves ddkldarwd mp mbstthnn

of the ink drgflets i changes 25 differently with
cdRSh§RE PothHiiteFcdrAm nopmal éam%ﬁé AFs 2 %@th

res utlon of t.he head 11 is qE% th ip
B aant he o ek Mg PRRT 5L Eh SF o b EHEPIFE T s
482140 X4 0/600 42.3 (Am). (Auxiliary contro

execut i on determ ning neans) 5 According to the

Aenbodi yeydnothe line head 10 in a first node includes
the auxiliary control execution determning neans in
addlln(xndhnathenpernCLpath@c&ﬁddﬁln@eaﬂ$ecamdntaﬁ the ink
auxiliary control neans.

droplet i1 is deflected so that an ejecting angle deviates
from normal by 0, the landing position of the ink droplet is
deflected by AL,

Wherein the distance E between the end of the nozzle 18
and the surface of the photographic paper P is generally
about 1 to 2 mm, so that the distance is assumed H = about 2
mm.

In addition, the reason to maintain the distance H
substantially constant is that when the distance H changes,
the landing position of the ink droplets i also changes.
That is, when the ink droplets i are ejected from the nozzle
18 normally to the surface of the photographic paper P, even
if the distance H changes to some extent, the landing
position of the ink droplets i does not change. Whereas,
when ink droplets 1 are ejected with deflection as described

above, the landing position of the ink droplets i changes

differently with changes in the distance H.
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The auxiliary control execution determ ning neans is
10 for individually determ.ning whether the auxiliary
control mneans is executed for each head 11. Fig. 6 is
a draw ng of an exanple in that the landing position
of ink droplets is corrected by the principal = contro
nmeans, the auxiliary control neans, and the 15

auxi liary control execution determ ning neans. The
upper portion of the drawing is a front vi ew show ng
ejecting directions of inkaireplets ejected fromeach
head 11 and each liquid ejection part in the |ines04ro742
head 10, wherein arrows show the entire ejecting

di r egi sONSH¥A tﬂ"}‘f’e RelsBE1Rakn 205 cond r@amqngsaegotﬂaﬁ

- aUX|I|ary control neans, when ink droplets are

thjeecpedel botwd de ‘dhequiod:z&JeGCtLBOEdj)@diéISt afo each ohrad is:
11. Furthernore, heavy lines of the arrows show the
ZoelécedOef £ell my 48i.Bectinbns. The | ower portion of the
drawing is a plan V|em13homnng a state in that ink
dﬁ&ﬁﬁégéaQS Rt R¥d Fiesmtéath PF%%W%P%R?ﬂﬂQQﬂﬁ)part are

| anded_on. the - S04PQ742 hi P
(fol Pt m i %Sls BB RG Pat dyoe e Predomhe ey)
fhgskhﬁogéaf@é i ﬁ?ﬁlguﬁ 1a9¥t$@nt§%ir¥%éaﬁ%gbgts are

sinply ejecte |qU| e/ ettion parts of €each head

d%ie@ﬁ1n§n@3méﬂh§”iﬂ/dd@it@BhnEbpﬁﬁeQ@fﬂﬂd&pdﬁeég§trQY means
using the auxiliary control nmeans as well, ink

agrophet suaf ki #feciced rdon mkhRsej ecting direction
different fromthat by the principal control neans,
specThe caldid diar vt wondir bl epeptuidiorecldtemsionng means is

for individually determining whether the éuxiliary éontrol
means is executed for each head 11.

Fig., 6 .is a drawing of an example in that the landing
position of ink droplets is corrected by the principal
control means, the auxiliary control means, and the
auxiliary control execution determining means. The upper
portion of the drawing is a front view showing ejecting
directions of ink droplets ejected from each head 11 and
each liquid ejection part in the line head 10, wherein
arrows show the entire ejecting directions by the principal
contrcl means and the auxiliary control means, when ink

droplets are ejected from the liquid ejection parts of each

- head 11. Furthermore, heavy lines of the arrows show the

selected ejecting directions. The lower portion of the
drawing is a plan view showing a state in that ink droplets

ejected from each liguid ejection part are landed on the
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both lateral sides in the drawi ng, respectively. That
is, 10 each liquid ejection part has one ejecting
direction by the principal control neans and four
ejecting directions by the auxiliary control neans,
five ejecting directions in total. Wen ink droplets
are to be ejected fromliquid ejection parts of each
head 11 directly underneath (in the 15 substantially
normal direction on the photographic paper P), it is
principle to only use the priaenei pal control neans

W thout the auxiliary control neans. However, whenso4ko742
droplets are ejected fromthe entire heads 11 using

'ﬁH@ﬂ%g&QEhPE'ﬁ&ﬁ@@LPCﬂﬂhﬁgquﬁaa§awi£%§ :HEP%lS%Qa}éd in

has a | andi ng positional displacenent rel atve
thieheambeadsg) 11 due to positional error of the head 11,
the head 11 is controlled to adjust the | anding

posi Tnorhaistyegrillee shawri EnaFyg codt nalilredng bdroplets are
addition to the principal control nmeans. 25 In such a
sdggdy PaRCHPOpTeIs ldieid edesaiop opatte of 2agh head 11 by

SQ4P074 heads .11 | |
“BRer B T Kelie T He P FAELAoL eé’f”a%%r[ e fes gy the
a%%@gelag gggtéo@ Y, nst eag-; L e.stl t, hE d aldetbsy.ﬁz]:e Ejﬂggﬁ]d in

I Ng Y {eViee SG¢ image Scant

theeepeaglﬁgsadfacel%% a&%%@egﬁtOffr&hetﬁbe@%yllch% Bs?%egpaz.

t he Tandi ng positional displacenent relati've to other
cheadsl ldeans £ ddwii fd canegdet ar ghoegh vod o d siideteebad. on -

If the head 11 with the | anding positiona
bgichplatenehtsides dmn wbet drevwhey, heastseddtli vedive t Rantt he,
predet erm ned val ue

each liguid ejection part has one ejecting direction by the
principal contrel means and four ejécting directions by the
auxiliary control means, five ejecting directions in total.

When ink droplets-are to be ejected from ligquid
ejection parts of each head 11 directly underneath (in the
substantially normal direction on the photographic paper B},
it is principle to only use the principal control means
without the auxiliary control means.

However, when ink droplets are ejected from the entire
heads 11 using only the principal control means, if cne head
il has a landing positional displacement relative to other
heads 11 due to positional error of the head 11, the head 11
is controlled to adjust the landing position using the
auxiliary control means iﬁ addition to the principal control

means.

In such a case, ink droplets are ejected from the
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is detected, the displacenent is further detected to
have 10 what extent displacenent, and the head 11 is
controlled to change the ejecting direction of ink
droplets using the auxiliary control nmeans. Fig. 6
shows an exanple in that anong the heads 11, the Nth
head 11 is arranged closer to the (N1)th head 11, so
15 that the space between the Nth head 11 and the
(N-1)th head 11 is reduced (the space between the Nth
head 11 and the (N+1)th head® 11 is thereby
increased). In this case, the principal control nesgwse0742
is only used for the (N1)th head 11 and the (N+1)th
eﬁ%@Qelﬂe§§sa§1t&éiﬁg)dﬁi&eghetPfiﬁé{%éf“cdﬂﬁ?aﬁ Bdans so as
direction anong the fivé ejecting directions. \Wereas,
phantt Betdbb heack -, fldte exampilé) adyd coid Alinea@nsek8lt is
used in addition to the principal control means so as
regdepgcéni hkagy oplaatisg Teeiezanphehias & gmageskowmsner.
that ink droplets are ejected in the second 25
Topact fREM dF PR ciq3h Tessvhtt hEDei BRESeRre IE dhawhegd 30
S04P0742 I1n such a manner, fqQr the head 11 having the
NRIARP HaE FES R AP AR LA bEP LERtath ARy L8 to Sther
L0 ri_ncj_pal nt r ol ns .i.s used.sq as
HOES P ot R S B BB RERLAS TEAE i gTRR88. 2
thavhBgdt e pogi tdenakndi Bl 368MBNM NS I8l@hivemka ot her
heads 11, by changing the ejecting direction of ink

rélapleé stoM ddthdh e caudsi filanyre ofid®| tHe @IS detbRined value
| andi ng position is adjusted to agree with that of the
iReddtadtemhnuftectdirsgd agsmdasi gmetlirther detected to have

what extent displacement, and the head 11 is controlled to
change the ejecting direction of ink droplets using the
auxiliary control means.

Fig. 6 shows an example in that among the heads 11, the
Nth head 11 is arranged closer to the (N-1)th head 11, so
that the space between the Nth head 11 and the (N—i)th head
11 is reducéd (the space between the Nth head 11 and the
(N+1)th head 11 is thereby increased).

In this case, the principal control means is only used
for the (N-1)th head 11 and the (N+1l)th head 11 éo as to
select the central ejecting direction among the five
ejecting directions. Whereas, for the Nth head 11, the
éuxiliary control means is used in addition to the principal
éontrol means so as to eject ink droplets. The example in
Fig. © shows that ink droplets are ejected in the second

ejecting direction from the right in the drawing.
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As shown in Fig. 6, the space between the |anding 10
positions of ink droplets ejected fromthe liquid
ejection parts of each head 11 can be thereby nade
constant substantially the liquid ejection parts of
each head 11. Fig. 7 is a drawing of an exanple in
that the landing position of ink droplets is
corrected by the principal 15 control neans, the
auxiliary control neans, and the auxiliary contro
execution determ ning nmeans 3in-the sane way as in
Fig. 6. In Fig. 7, although the arrangenent space s04pr0742

- between the heads 11 is constant differently from

that Thnsktg.a Guarfier, 2¢cexanPl Led$ SNAMYiIHY that nbhfting
ejecting direction of the Nth head 11 is different
dasdmiehhasnbheadsuddd dudstranthelldi spedsd ajhdd) ejhect i on
characteristics for each head 11. The exanple in Fig.

- Prigldmelt hantthle rejact ilnmg udedesti @n of eldw Nk Headlets.

11 is deflected in the left. 25 In this case, if by
HaerRgsonf 9t t Hee gigatildalevaner bhe -Paaitisgypopipplacement

ipk d | et jected f th ti .head

e S AT S

I Bk, t 2. 2] [ bst ant i.al |
sy 2 S e 5] SR S et

tPRPeEnRing oM Lol heddsbedlici Ll Qpl@L SHakeor the
ejected in a direction deflected inthe left. Hence,

hasdshbwnahufdtihred dsheleMihnbead 11 is controlled to
ej ect .ink droplets in the second ejecting

As shown in Fig. 6, the space between the landing
positions oﬁ ink droplets ejected from the liguid ejection
partz of each head 11 can be thereby made constant
substantially the liguid ejection parts of each head 11.

Fig. 7 is a drawing of an example in that the landing
position of ink droplets is corrected by the principal
control means, the auxiliary control means, and the
auxiliary control execution determining means in the‘same
way as in Fig. 6.

In Fig. 7, although the arrangement space between the
heads 11 is constant differently from that in Fig. 6, an
example is shown in that the ejecting direction of the Nth
head 11 is different from other heads 11 due tc the
dispersion in ejection characteristics for each head 11.
The example in Fig. 7 shows that the ejecting direction of

the Nth head 11 is deflected in the left.

In this case, i1f by using only the principal control
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direction fromthe right in the draw ng using the
auxiliary 10 control neans together with the principa
control nmeans. (Reference-direction setting neans)
According to the enbodi nent, the head 11 in a second
node includes reference-direction setting neans in
addition to the ejecting-direction changi ng neans

~descri bed above. 15 The reference-direction setting

means is for individually setting for each head 11

~one reference principal dirgction anong a plurality

of ejecting directions of ink droplets due to thespapro742
ej ecting-direction changing neans. In this case, i

I N
leR8 sS ATB K VEY o @B d gﬁe Akeyeq20. desgs uﬁsﬂlhea g@gdtshﬁl

ej ecting-direction changi ng neans, eac
walise EobAEdhs (el )l @@ efleshdi fke dnopl)edrs Hed flityeink
different directions as shown in Fig. 6, for exanpl e.
drephetbhere et prerme-idi rectubohasei4lhy means fdirsttsehsto
up the central ejecting direction anong the five
té‘jeeétlFﬁ@CEZ‘Bf dl'rf?eecah%@grwhf-ﬁep@?%c?rpaﬁrqm rtél@t N&h. head
g 4PO74 Next, in the s as in

bove? d%ge? BT gire We%ﬁfinwna %“f%%"tl%tqe&lﬁ‘xﬁﬂdln the

presence of the head 11 having the |anding

p05|t|onal di spl acenent nore than a predeterm ned

val Uged & detechldn bh sush 2 haad Wl ing.a det et ed,
the principal direction is changed relative to ot her

cheads11ddi fo actardanke dvobhe t Bei getst R dres BhkctAsg
shown in Fig. 6 for exanple, it is assuned that the

ditrhcheand Adcmhavtes tighitandi hge pdsawimnalsidigs phaceneniiary
cggggol means together w1th the principal contrel means.
(Reference-direction setting means)

According to the embodiment, the head 11 in a second
mode includes reference-direction setting means in addition
to the ejecting-direction changiné means described above.

The reference-direction setting means is for
individually setting for each head 11 one reference
principal direction among a plurality of ejecting directions
of ink droplets due to the ejecting-direction changiﬁg means.

In this case, in the same way as in the above-
description, by the ejecting-direction changing means, each
head 11 is alsc formed to be able to eject ink droplets in
five different directions as shown in Fig. 6, for example.

Then, the reference-direction setting means first sets

up the central ejecting direction among the five ejecting

directions as the principal direction. -
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than a predetermined value. At this tinme, when the
second 10 ejecting direction fromthe right in the
drawing is set for the Nth head 11 as the principle
direction, the landing positional displacenent can be
adjusted. This is the sane as in Fig. 7. In addition,
in Figs. 6 and 7, the principal direction 15 is set

at a direction closest to the normal direction to the
phot ogr aphi ¢ paper P; however, it is not necessarily
to be set in such a manner.32oer exanple, if many

heads 11 (majority) are displaced in ejecting S04P0742
directions to the left in the drawing as the Nth 20
headNé§t§h£WwEHé1§§ﬂ%'wa BQeiﬁe{ﬁé b fIEGlsRY i ption by
direction is set at the principal direction angng t he
friive iegeat tagr shienti, orsdashbhprosine pad tdiar @ekion1
of the Nth head 11. For other heads 11, such as the
haNibpt hhhedandin@nibsihe ongf+H) bhlheaterit] rshemthian Ei g.
7, the second ejecting 25 direction fromthe left is
PEedeif RS Rr TReiDals dietesteen. I 33ucis0uprral 18etsi ng

in such a manner can ke the | andi itch of .ink

oI R LR R R R L L S AL

o:lf%fer hQa{iQ' fl C:Lal’?edcctoh%.a%rclenvc\fl_'l_ggl tl'gl J Ct iC n dOfretSh_eithead
i s no set at a &irection ¢l 6ses e%?) e TROFTEIl

di r egd i kP itNe:5, PROEQGYT 8PLISI DARG! iR HQWRKET that the
there is no problém (E ecting-angle setting neans)

NEHr hBea DI ehaws cidlilRgdtiagt Bes evbegh Nefitsp ithemieadndie
in a third node includes ejecting-angle setting neans
than a predetermined value. At this time, when the second
ejecting direction from the right in the drawing is set for
the Nth head 11 as the principle direction, the landing
positional displacement can be adjusted. This is the same
as in Fig. 7.

In addition, in Figs. 6 and 7, the principal direction
is set at a direction clesest to the normal direction to the
photographic paper P; however, it is not necessarily to be
set in such a manner.

For example, if many heads 11 (majority) are displaced
in ejecting directions to the left in the drawing as the Nth
head 11 shown in Fig. 7, the central ejecting direction is
get at the principal direction among the five ejecting
directions as the principal direction of the Nth head 11.
For other heads 11, such as the (N-1)th head 11 and the

(N+1)th head 11 shown in Fig. 7, the second ejecting

direction from the left is set at the principal direction.
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addition to the ejecting-direction changi ng neans
descri bed 10 above. The ejecting-angle setting neans
is for individually setting for each head 11 the
ejecting direction of ink droplets due to the

ej ecting-direction changing neans. Fig. 8 is a draw ng
of an exanple in that the landing 15 position of ink
droplets is corrected by the ejecting- direction
changi ng nmeans and the ejecting-angle setting neans.
Fig. 8 shows an exanpl e in- titat- anong the heads 11,
the Nth head 11 is arranged closer to the (N-1)thso4p0742
head 11, so 20 that the space between the Nth head 11

and tBec{N; L) hyhead Qaénhérr@QHCrﬁ‘&e( the %Bﬁe?cneeﬂ\@@rﬁ‘ of
the Nth head 11 and the (N+1l)th head 11 is théreby

iinkceeapedys $ubdidursicaAss, cohsktakt drepl ©is e e aekad 11.

fromeach head 11 as they are (for the Nth head 11,

Hmlthdsophees dre p2Gicdjredt eédrentaemn onf dilreedtdagnd 1shewnot
y thin I|neséﬁ3the - 34 S04PO742 | andi ng space is

Sfeédeéea Ber ekt H‘elq%%tdfc@ptbﬁsna%% éleefCrtér‘PFlt ﬁ@ the
ion parf in the draw t he

%%FFgBﬁ%% L Bt A et e L G e o ¢ ho

I 0 in the draw ng of the
%%Eggﬁ ad %ﬁ%i{b%%ggkﬁh%ﬁ |sscase the ejecting-angle
set t FhgcHBaRs < ,OhictbBehggds, ldhOthelodilan Lt hendM Reheath
11 controls ink droplets at ejected withoUt changing

ihhe eheedimgdangl.udes ejecting-angle setting means in
addition to the ejecting-direction changing means described
above,

The ejecting-anglie setting means is for individually
setting for each head 11 the ejecting direction of ink
droplets due to the.ejecting—direction changing means.

Fig..8 is a drawing of an example in that the landing
position of ink droplets is corrected by the ejecting-
direction changing means and the ejecting-angle setting
means.

Fig. 8 shows an example in that among the heads 11, the
Nth head 11 is arranged closer to the (N-1)th head 11, so
that the space between the Nth head 11 and the (N-1)th head
11 is reduced (the space between the Nth head 11 and the
(N+1)th head 11 is thereby increased).

In this case, if ink droplets are ejected from each
head 11 as they are (for the Nth head 11, ink droplets are

ejected in arrow directions shown by thin lines), the
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Whereas, the ejecting-angle setting nmeans of the Nth
head 11 10 entirely shifts the ejecting angle of ink
‘droplets to the right by the predeterm ned angle so
as to set the ejecting angle so as to eject ink
droplets in arrow directions shown by heavy lines in
the drawi ng. Thereby, the landing pitch of ink
droplets for the entire heads 11 can be nmade 15
substantially constant, so that the | anding positiona
di spl acement of ink dropl et g4becones i nconspi cuous.
Fig. 9 shows another exanple in that the | anding s04p0742
position of ink droplets is corrected by the ejecting-
19nBe R an@@afwlf&d&@n%ewgehh@h% SOL IN5ANGL e jected
setting 20 nmeans. In Fig. 9 ough the arrangenent
fipacenbetvgen-ride: 1heagds dlebsisonsdantididHeecesllivg of
fromthat in Fig. 8 an exanple is shown in that the
téeedNrhytldi newsd i 10N aofd tthe Mbhh dhepetld djeodielf €remt the
fromother heads 11 due to the 25 dispersion in
leféchpeh tHatettosticasrrsE sackhhelithving ofaghe Nth
SOéPgZ42 Thi s exanpl e shows that the ejecting .

fon (arrow direction shown by the thin Iine) of

the ﬁgﬁ heg %.%%1%Scaggflgﬁted IQﬁHPQaE%gE segtlng means

case Th t'he sare way

o8l eRti REsanal £ csc@ietﬂ %&aﬁeéﬂé ﬁéhtﬂ@ac{\m headrlls ink
entirely shifts the ejecting angle of ink droplets to

drberetghit byjedithel priedeter haegi anole: $92%ihg ehgLé.
ink droplets in a substantially normal direction to
Wnheephot Oy api - ipgpengPe setting means of the Nth head 11

entirely shifts the ejecting angle of ink droplets to the
right by the predetermined angle so as to set the ejecting
angle so as to eject ink droplets in arrow directions shown
by heavy lines in the drawing. Thereby, the landing pitch
of ink droplets for the entire heads 11 can be made
substantially constant, so that the landing positional
displacement of ink droplets becomes inconspicuous.

Fig. 9 shows another example in that the landing
position of ink droplets is corrected by the ejecting-
direction changing means and the ejecting-angle setting
means.

In Fig. 9, although the arrangement space between the

heads 11 is constant differently from that in Fig. 8, an

. example is shown in that the ejecting direction of the Nth

head 11 is different from other heads 11 due to the

dispersiocn in ejection characteristics for each head 11.
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Figs. 10A and 10B are draw ngs show ng anot her exanpl e
10 of the ejecting-angle setting neans. In Fig. 10A

it is assune that while each head 11 can eject ink
droplets in a plurality of ejecting directions, when
the central ejecting direction is selected, the
entire heads 11 can eject ink droplets in a
substantially normal direction to the 15 photographic
paper P.  Moreover, in the liquid ejection parts of

~each head 11, anong a plwasi ty of ejecting

directions, the angle defined by the |eft-nost S04P0742
ejecting direction in the drawing and the right-nost

T@Jl%cuzaﬂpﬁér%wsorma% $8k 8520 AN &bt i [ALToq0
time, it is assunmed that while the e ecting angle of

dikectNon 13t dwh aad t:b;b keinheinsyl er yras wesingaadl1t he

ejecting angle of the Nth head 11 be the angle a (<

dg¥lantlethen eflectliafy. angle of the (N+1)th head 11 be

the angle R (> y). Wen a maxi mumejecting angle is

d| f f BF eFitis rFasﬁ?cHnathESSﬂlﬁ%n‘@Y g ™NfH Shedd the| s set
t.o i ncrease the Xi mum - 04P074%ﬁ$ ectln%

SOFFGHI Y R Ay “tgomFﬁ‘ESaﬂﬁl §)NEhsi iy & e 1y

SQQ%%gt??Qe d %&ugkgﬁglﬁ ?orEdgq§ﬁ3$ﬁ3 ﬁ%%%e% B%ngy

angle “Thére

tBROMRch Ot Sl nkDBntibe sgnkir e f%?éiét Jnk5 drid |1@@ls,n9 th
hkhﬁﬁzad 11 é%d tﬁgt(N+1)th h%a 11 één be g%t ton

shB¥eah hea IBXi1OHR=A] €GtreRgiaN0tE Yhe BhadigesbhAg bhger P.
maxi mum ej ecting angle in such a manner, the |anding
posifigm ddd bedcdPBesreddtavirps shogényg another example

of the ejecting-angle setting means. In Fig. 10A, it is
assume that while eéch head 11 can eject ink droplets in a
plurality of ejecting directions, when the central ejecting
direction is selected, the entire heads 11 can eject ink
dreplets in a substantialiy normal direction to the
photographic paper P.

Moreover, in the liquid ejection parts of each head 11,
among a plurality of ejecting directions, the angle defined
by the left-most ejecting direction in the drawing and the
right-most ejecting direction is set at an angle y. At this
time, it is assumed that while the ejecting angle of the (N-
i)th head 11 be the angle Y as designed, the ejecting angle
of the Nth head 11 be the angle o (< ¥} and the ejecting
angie of the (N+1)th head 11 be the angle B (> ¥).

When a maximum ejecting angle is different in such a

manner, the Nth head 11 is set to increase the maximum
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in that it cannot be corrected otherw se than with
changing 10 the ejecting angle. Furthernore,

according to the enbodi nent, the head 11 in a fourth
node i ncludes the ejecting-angle setting nmeans and

the reference-direction setting neans in addition to

the ejecting-direction changi ng nmeans descri bed

above. 15 That is, for each head 11, while the

ejecting angle of ink droplets is individually set by
the ejecting-angle setting3®eans, one reference

principal directionis individually set by the s04pP0742
reference-direction setting nmeans anong a plurality '
Aceiiagt bAg1 i [8cdd A @hghBKadEQPERE SandQ ROL  similarly,
exanpl e, each head 11 is set at able to eject ink
teheopNet $thnhe@apl Lr ald tsgtofcejreahic@0tith mendinmirs e jAFRNEY
the plurality of ejecting directions, the angle
ageflenddroy the arnaife Smbst thgeangba Wi.rection and the
right-nost ejecting direction (maxinmum deflection

angl By us Aisdodt thRefafigl €925 §r9 writHeeshaadfall as

the ab - 37 .S04PQ742 .Inp. thi i it

SRR R NP RF bt AGSpoeFt | Sl i dengRP PR et
h h 1. far. | ile th

t&igg?%naggﬁgT%ﬁ@g{?%ﬁ%%ﬁggngng% t'eeNthehead 11

mai ng @i 185 e mpxhauakdehiecd | o angleqat thesangl & v,

the 5 reference-direction setting nmeans sets up the
neantral thej eoidiony didgseetibancanong coptadtald tty @he range
ej ection directions as the principal direction.
iphshaksiticanmotadsumed regthdvetiaetarml ridiapogilthopanging
the ejecting angle.

Furthermore, according to the embodiment, the head 11
in a fourth mode includes the ejecting-angle setting means
and the reference—direction setting means in addition to the
ejecting-direction changing means described above.

That is, for each head 11, while the ejecting angle of
ink droplets is individually Set by the ejecting-angle
setting means, one reference principal direction is
individually set by the reference-direction setting means
among a plurality of ejecting directions of ink droplets.

For example, each head 11 is set at able to eject ink
droplets in a plurality of ejecting directions. Among the
plufality of ejecting directions, the angle defined by the
left-most ejection direction and the right-most ejecting

direction (maximum deflection angle) is assumed at the angle

Y in the same way as the above.
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di spl'acenent in the (N+Hl)th head 11. At this tine,
while 10 the ejecting-angle setting neans of the
(N+1)th head 11 sets wup the nmaxi num defl ection angl e
at an angle other than the angle y, the
reference-direction setting nmeans sets up any one of
directions anong a plurality of ejection directions
as the principal direction. The |anding position of
ink 15 droplets ejected fromthe (N+1)th head 11 can
agree with that fromthe N3v¥ kead 11 in such a
manner. When the ejecting angle is changed rel ati ve&4mp742
other heads 11 as well as the reference principa
direghiofid a01 18t 1an; QPLLoURAIF RN NoA%anding
descri bed above, the | anding 20 positiona
pisspliacelredt sigatcdientoriheehednth (kds$tlg) et @Rample,
control nmeans) Furthernore, according to the
vaiBedichenejeusingradd e beatding neeshsidihghehalth head 11
ej.ecti ng-direction changi ng nmeans or the principa
TERERHNS n%%%gﬂa&ﬁ&l%@leégﬁp tafyaRdhe raft teassglesyaride
Ahe refer nce-djrectkgn setting neans or .the ejecting
S350 HifyI°E TP RGP Hearsts tHe %k SGF6pPet s
' LN ] y ] b | j ecti.on nt r.ol .
“TeSEabdo S Tongl Sell, YL ELe T SR GR ik epions
akhengegpsnd i1 afird-eash. part of the liquid ejection
part, using the ejecting- 5 direction changi ng neans,
contwieds=dd,quitdidr apkehe @] €Stiaire 30 landiagl p6E1 OEhal
pi xel line or one pixel using at least two different
dipglpderyrietiorrisar®s larhahged 1h. t e wibdisnitiypebywhile
means of ejecting ink droplets in different directions

theopyecting-angle setting means of the (N+1)th head 11 sets
up the maximum deflection angle at an angle other than the
angle Y, the reference-direction setting means sets up any -
one of directions amdng a plurality of ejection directions
as the principal direction. The landing position of ink
droplets ejected from the (N+l)th head 11 can agree with
that from the Nth head 11 in such a manner.

When the ejecting angle is changed relative to othexr
heads 11 as well as the reference principal direction is set
at an optimum direction, as described above, the landing
positional displacement can be corrected.

(First ejection control means)

Furthermore, according to the embodiment, using the

head 11 including the ejecting-direction changing means or

the principal control means and the auxiliary control means,

‘and the reference-direction setting means cor the ejecting-
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at least two different liquid ejection parts arranged
in the 10 vicinity so as to land ink droplets on the
same pixel line or by neans of |anding ink droplets
on the sanme pixel region so as to forma pixel
According to the present invention, the first ejection
control neans in a first node nmakes the ejection
direction 15 of ink droplets ejected from each nozzle
18 variable in 2J different even-nunbered directions
with a J-bit control signal3g(3d positive integer),
whil e sets up the space between the two |anding so4p0742
positions of ink droplets being renptest from each
a@ltgh%r sefiping Qeéhsr ecttHeorﬂ_%kt Qrgﬁ @@Qué %llo%ols 11:)3ntro}111ed
ti'mes that %etmeen the two nozz es 18 cent to eac
ot HetstTegact Whertdrdedr epkakSadr SoEj & ed fromthe
nozzle 18, any one of the 2J directions is selected.
Al t eflmat fivslty eljtelee ibhr sbnejpettriemant bk neans thaa at
second node nekes the ejection direction of ink
1&P§5I @?ét 25 Fecticwit sarehén nvest e Wg Narthabederfing-
dé thferent - 39 S04P0742_ odd- nunbered

'IFSEH’ NSRRI G ERRE - 1 FOBEE OBt B KRRl et §dection
%oglthef$££qg$r)z.mqﬁle SG&%d? f%e p%“SﬂEEtﬁgigg? two

two | andi ng posi t1ons 0 elrrng-re
difeBréneacimothel; g H2dts aﬂ%aﬁ%é&“ﬂﬂ Q@% bgcgﬁlty by
about 2s tines g t hat between th wo nozzles
madpaceﬂtejét&ﬁH§1rﬂ&ha&oplghgnlnVﬁ&&Eéﬂ&hﬂjHQ&b%E§on§r@rom
ejected fromthe nozzle 18, any one of the (2J + 1)
afli teast ofieo | &l Serectted igRod ekampl® partisherfiangtd in the

"node, if it is assunmed to use

v1c1n1ty sc as to land ink droplets on the same pixel line
or by means of landing ink droplets on the same pixel region
so as to form a pixel.

According to the presenf invention, the first ejectiocn
control means in a first mode makes the ejection direction
of ink droplets ejected from each nozzle 18 wvariable in 27
different even-numbered directions with a J-bit control
signal (J: positive integer), while sets up the space
between the two landing positions of ink droplets being
remotest from each other among 2Y directions to be about (27
-~ 1) times thét between the two nozzles 18 adjacent to each
other. Then, when ink droplets are ejected from the nozzle
18, any one of the 27 directions is selected.

Alternatively, the first ejection control means in a
second mode makes the ejection direction of ink droplets

ejected from each nozzle 18 variable in (2Y + 1) different
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a 2-bit control signal (J = 2), the nunber of ejection
10 directions is 2J = 4 (even-nunbered) The space
‘between the two |anding positions of ink droplets
bei ng renotest from each other anobng 2° directions is
about three tinmes that of the two nozzles 18 adj acent
to each other ((2J - 1) = 3) In this exanple, if
three-fold of the space between the 15 nozzles 18
adj acent to each other (42.3 pm when the resolution
of the head 11 is 600 DPI ,-i3®~ 126.9 2m is assuned
to the distance between two dots being renptest frempo742
each other during deflecting by the first ejection
cﬁi@i!lhﬁﬂberggaﬁf'reé%r%efdl%%t ' OgJamgi p10s ¢ Scox%Qcotla@J_%gaI
126. 9/ 2000 0. 0635, then In the second node, if
(d: pesassuaethteyaise azhallal bet80Np I othe S Helweed) the
the nunber of ejection directions is 2J+ 1 =5
ttoddandiberedlitidres sfadekbdrepbats heeinvg dHeamdieng ZSom
p03|t|ons of ink droplets being remotest from each
SGthe PEheR0anGI P42 L andheRFEPns B dier ébprbnd itgmes
nes_t at of the wo n zzles 18 1glacent tggeach

SR PE RSt 5% et e R T A e Fry
h d I
T%QQWI Qgeﬁ Pk eé].ec%:!:le%n %I e%ﬁeggéd(%rom r PR zﬁtesf \_AL,Qenany

usi hg a one-bi coft 1ol rst
omedg £ Eﬂethﬁjﬁi&#tdHPQ@tloﬂémiéﬂééﬂéd%@dd'reCt'OnS of

ink droplets can be set in a bilateral synmmetry in

t he Bor anginmid «fi Fecthenfofst hodwzzlfes tl8s assumed to use
a 2-bit control signal (J = 2}, the number of ejection
directions is 2Y = 4 (even-numbered). The space between the
two landing positions of ink droplets being remotest from
each other among 2Y directions is about three times that of
the two nozzles 18 adjacent te each other ((27 - 1) = 3).

In this example, if three~fold of the space between the
nbzzles 18 adjacent to each other (42.3 pm) when the
resolution of the head 11 is €00 DPI, i.e. 126.9 pm, is
assumed to the distance between two dots being remotest from

each cother during deflecting by the first ejection control

means, the deflection angle 0° is:

tan 20 126.9/2000 ~ 0.0635, then
6 ~ 1.8°.

In the second mode, if it is assumed to use a 3-bit
control signal (J = 2}, the number of ejection directions is

27 + 1 = 5 (odd-numbered). The space between the two landing

positions of ink droplets being remotest from each other
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When the space between the two (2J = 2) landing 10

positions of ink droplets being renotest from each

other is set to be one-fold ((2J - 1) = 1) of that of

the two nozzles 18 adjacent to each other, as shown

in Fig. 11, on one pixel region, ink droplets can be

| anded fromthe respective nozzles 18 of liquid

ej ection parts being adjacent to each 15 other. That

is, as shown in Fig. 11, the distance between pixe

regi ons being adjacent to eath-other is (2J - 1) x X

((2J -1) x X = X, in the exanple shown in Fig. 11)s04p0742

where the space between the nozzles 18 is denoted as

ghorlgh (Bhi 5 LasBrdhiechandl ngopositiansneh brkideopgt s

are 20 |located between the nozzles 18. Fig. 12 is a

rihrzenlierq 1A0RE] spect ficaldagh shawirng2t ke 4)ej ecti on

directions of ink droplets when using a two-bit

cont Fob. sijned & Hrawingi motrhessecbiitaidde sheminbethe

second node, the ejection directions of ink droplets

s Che 25 Ab2M 2Ll §NdanThR1SEE Yioshavel st d warpeiEd

directions. Th - A1, SQ4P0742 |s ile in the first

i, RaSap Lol o i dectPgnatort tetur Ol g G oberodes

ﬁ?%teggcgggﬁ.gii arals DETTRLT L&, ¥§%E éuﬂﬂﬁgwg%t in a
irections in the arrangi ng diréction of the nozzles

pi8atbukl heymust NG & tHRNAYRELGERRt dP S iAlor ithK Rozzles

dropl ets can be ejected just underneath fromthe

180zzl es 18. Hence, by both the ejection of ink

droplets in bilateral .symretric directions (ejection

i n allen echd crpamed betwdpnethe owshAin=i A) Flapdir®) and

the ejection just underneath

positions of ink droplets being remotest from each other is
set to be one~fold ((2° - 1) = 1) of that of the two nozzles
18 adjacent to each other, as shown in Fig. 11, on o¢ne pixel
region, ink droplets can be landed from the respective
nozzles 18 of liquidrejection parts being adjacent to each
other. That is, as shown in Fig. 11, the distance between
pixel regions being adjacent to each other is (2¢ - 1) x X
((27 -1) x X = X, in the example shown in Fig. 11), where the
space between the nozzles 18 is denoted as X.

In this case, the landing positions of ink droplets are
located between the nozzles 18.

Fig. 12 is a drawing more specifically showing the
ejection directions of ink droplets when using a two-bit
control signal (J = 1) in the second mode. In the second
mode, the ejection directions of ink droplets from the

nozzles 18 can be set to have cdd-numbered directions. That
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(ejection in b direction shown in Fig. 12),

ejection can 10 be set to have odd-nunbered

directions. In the exanple shown in Fig. 12, the

control signal has two bits so that the ejection has
three (2J + 1) different . odd-nunbered directions.

Among three (2J + 1) ejection directions, the space

bet ween two | andi ng positions being 15 renotest from
each other is set up to be about two-fold (2J) that
(Xin Fig. 12) between two ndzzl es 18 bei ng adj acent

to each other (2J x X, in Fig. 12), and when ink s04p0742
droplets are ejected, any one of three (2J + 1)

5q), e%h@e direcd i oNS 4 Soasel eREELy ec%@lthecfl%btﬁ%sSB@wnk
in Fig. 12, in addition to a plxel regi on

c:ﬁ@@llteltenedn j bstsader meathbal BEEZLE é‘inme”ﬂfrldf epkats

can also be | anded on a pixel region (N-1) and a pixe
nuggeord( Ak13cposid ilgnedeonribetibisg désraftitdme ofi xék
region N. The | anding positions of ink droplets oppose
nereglesslozFreshery using) ash4ppyalit peoesdr isiedaabolek

f h I I
Fgle ?2?%%&?%&“3%‘&’%%? ot °ﬁ%§§m§a§% Hiqrh caeedoraRels-
H%g%'n'ﬂglﬁéth %%tqraﬁ ? Qndg Iﬁagflp.%qgatgral

enfical pixe ion he Dt

. sOhREtE0n @ﬂfécstlahst h@j@c@&aﬁnghng i F LGN ahs ¢

especially X as shown in Figs. 11 and 12, each I|qU|d
dejrection @adwn can Figj.eqp)i ahddm@l@jéctaiorpqsﬂsttl QR8eBfeath

(172 x X) x P(P. positive integer) about the center
(@ﬁeptgogmhn|b(ﬁﬂn$ction shown in Fig. 12), the ejection can
be set to have odd-numbered directiocns.

In the example shown in Fig. 12, the control signal has
two bits so that the ejection has three (2° + 1) different
odd-numbered directions. Among three (27 + 1) ejection
directions, the space between two landing positions being
remotest from each other is set up to be about two-fold (27)
that (X in Fig. 12) between two nozzles 18 being adjacent to
each other (27 x X, in Fig. 12), and when ink droplets are
ejected, any one of three (27 + 1) ejection directions is
selected.

Thereby, as shown in Fig. 12, in addition to a pixel
region N positioned just underneath a nozzle N, ink droplets
can also be landed on a pixel region {N-1) and a pixel
region JN+1) pesitioned on both sides of the pixel region N.

The landing positions of ink droplets oppose the

nozzles 18.
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ejection part in the arranging direction of liquid
ejection 10 parts. Fig. 13 is a drawi ng for '
illustrating a pixel formng method (bidirectiona
ejection) using a one-bit control signal (J=1) in the
first node (ink droplets can be ejected in different -
even-nunbered directions) of the first ejection 15
control nmeans. Fig. 13 shows the procedure formng .
each pixel on photographic paper by a liquid ejection
part with ejection executdiamr signals fed in parallel
to the head 11. The ejection execution signal S04pP0742
corresponds to an imge signal. 20 In the exanple of

Fi g. A§3de§JBiH@aWE%Bvef 9§a¥ ReHas A ushey Eh@cééﬁ%kol
execution signal of a pixel Nis 3; the nunber of

sggaylscat esedt tthe Qjiettidon]eselst iyt gralk abzales 18)
pixel (N+1) is 1; and the nunber of gray scal es of
lbkheteflect i dre ExsEauttiyorasi gaadl ofik adpipdelts( HA2pti $edst
25 The ejection signal of each pixel is fed to a - 43
0964%%‘210?# édlé%eéf FeIeenl-i qﬂhﬁn e R GIFh &t laﬂuéglm es

b while . m.each [iqu ecti.on par i nk
ear—’sgﬂg?sp%lffes bt Tae e endteg FhEe S lE Srpetiarty x

a%ygiig g@?lggaofg.rlr% E{oﬁg tgaéhnf“l JtCPt tsjh ctggg ﬁ_%ré can

pl ura |ty Eorréspon er o

?eay seRl esofedshateeeli@BneXSEUL i O Sd §ak, pase
ormed within one pixel region at cycles a and b. For

pexanple, imiedde epele a@het bentdéecdf anrcsSicgmaliighithe
pixel N is fed to the liquid ejection part (N1) and
efReteprecrdh in the arranging direction of liquid ejection
parts.

Fig. 13 is a drawing for illustrating a pixel forming
method (bidirectional ejection) using a one-bit controi
signal {(J=1)} in the first mode (ink droplets can be ejected
in different even-numbered directions}) of the first ejecticn
control means.

Fig. 13 shows the procedure forming each pixel on
photographic paper by a liquid ejection part with ejection
execution signals fed in parallel to the head 11. The
ejection executicn signal corresponds to an image signal.
In the example of Fig. 13, the number of gray scales of the
ejection execution signal of a pixel N is 3; the number of
gray scales of the ejection execution signal of a pixel
{N+1) is 1; and the number cof gray stcales of the ejection
execution signal of a pixel (N+2) is 2.

The ejectiorn signal of each pixel is fed to a
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signal of the pixel (N+2) is fed to the liquid
ejection part 10 (N+1). Then, fromthe |iquid
ejection part (N--1), ink droplets are ejected with
deflection in a direction a so as to land at the
position of the pixel N on the photographic paper.
Also, fromthe liquid ejection part (N+1), ink
droplets are 15 ejected with deflection in the
direction a so as to land at the position of the
pi xel (N+2) on the photograplti ¢ paper. The ink
dropl ets corresponding to the nunber of gray scal eso£0742
are thereby | anded at each pixel position on the
j paper - [ I jnce e :

Fﬁ%%%g%&%?ﬂégo gra;ig%g%ggo%fggﬁg g?é%?ﬁ%#p%&S%EtFoﬁhlle
fSiognakchf 11 Hei DiplcdiNh2balrs, 2ink heérqddels E¥e2kjested at
thereby forned. A simlar procedure is repeated by
thiee cycies s& otnd.b As Taer egulles & hengixelod¥dsponnmposetme
of the nunber (two), corresponding to the nunber of
Sgray dcalest 3, hfPldrdity28iTHekebywhinh frreprepd to the
nupber of gray scales, o - 44  S0420742 pi xe

PONCt o? T B8 pititiGity Otfotg‘ﬁeeﬁ)?%’rowﬁﬂfé%u,“ioﬁik SdPBplet &7

f%g_,%eQOt il:l”f‘lrlrgecgnecor}.t:»gequ?:lés" X (5{1"' cc::ec .ens % ra%\g) b]c r og]o!::he
sane quU|d ej ection pagﬁ Fof fo¥n1ng a pixel’, so

ckBab1di sperslony iy gveny Ligui gl &cddan Rarhs 2Bl N
be made i nconspicuous. 5 Also, if the 'ejection anbunt

ief feaktdr e etispfiro@ianyionep®it [N-OU GrRi etk @RepBL S

is insufficient, for exanple, dispersion in an

sogoapi el dregpiwialh ({HoLs of Gadhtpitted dawidbejeetiordpart
(N+1).

Then, from the liquid ejection part (N-1), ink droplets
are ejected with deflecticon in a direction a so as to land
at the poéition of the pixel N on the photographic paper.
Also, from the liquid ejection part (N+1l), ink droplets are
ejected with deflection in the direction a so as to land at
the position of the pixel (N+2) on the photographic paper.

The ink droplets corresponding to the number of gray
scales 2 are thereby landed at each pixel position on the
rphotographic paper at the time slot a. Since the number of
gray scales of the ejection execution signal of the pixel
(N+2) is 2, the pixel (N+2) is thereby formed. A similar
procedure is repeated by the time slot b.

As a result, the pixel N is composed of the number

(two), corresponding toe the number of gray scales 3, of dots.

Thereby, at any of the number of gray scales, on a
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Furt hernore, when a pixel conposed of one, two, or

nmore 10 dots in an Mh pixel line and a pixe
conposed of one, two, or nore dots in an (Mtl)th
pi xel line.are aligned al ong substantially the sane

line, for exanple, it is preferable to control that

the liquid ejection part used for formng the pixe
inthe Mh pixel line or used for ejecting first 15

ink droplets for forming the pixel in the Mh pixe

line be different fromthe 44 quid ejection part used.
for formng the pixel in the (Ml)th pixel line ogc4ap0742
used for ejecting first ink droplets for form ng the

ﬁyxéglrbﬁléﬁec&ﬁﬁééﬁdﬁd¥n§ekolbH@ pi Q@IgpﬁﬂxﬂheQRﬁ RkXBlets

is formed of one 2-step 20 gradation),
a&kaﬁbhelaﬁdd@|éodﬂhﬁuﬁhsﬂgrﬁﬁdlb¥ ihes sede fhtﬂutﬂe same
ej ection part cannot be aligned along the sane |ine.
lAlauédnatievel9n when f@mifrehing & opivedl widd tha¢ sidabkrsion
nunber of dots, the liquid ejection parts used for
foreCVRRY +1¥etd §IACTdOBpPErsSt 620 R AR tlﬁﬁéw@ss@épuous

annot _be al ways 25 identical. al on line. -

B80T By el B rS Letmizet Bem A8vagee of
r b n he sane || for

1§§aﬁ%lé?gg€9 3lqﬁgbp%eﬁkga%£§no % ec gﬂ?ﬁ%ﬂ?@%fhe
dikgei-g1 8h egt i g0 cp-,%rutpltf_»_ar ark8ry ag &&@s mfx@ac&leggkggngan
fron1p|ugg|ng, etc., the pixel 5 would not be forned
bel kettheedgh in this pixel line if the same liquid

ej ection part were used. However, by adopting the

aboveurngtdpresuvhen probken carpdredsolfveds, Other ¢hamre

t he above-nentioned nethod, a |iquid
dots in an Mth pixel line and a pixel compcesed of one, two,

or more dots in an (M+l)th pixel Xine are aligned along
substantially the same line, for example, it is preferable
to control that the liguid ejection part used for forming
the pixel in the Mth pixel line or used for ejecting'first
ink droplets for forming the pixel in the Mth pixel line be
different from the liquid ejecticn part used for forming the
pixel in the (M+1)th pixel line or used for ejecting first
ink droplets for forming the pixel in the (M+1l)th pixel line.
Thereby, when a pixel is formed of one dot (2—step
gradaticn), for example, pixels (dots) formed by the same
liquid ejection part cannot be aligned along the same line.
Alternatively, when a pixel is formed with the small number

of dots, the liquid ejection parts used for ejecting first

ink droplets for forming the pixel cannot be always .

identical along the same line.
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ej ection part may al so be selected at random Also, it
may 10 be preferable that the liquid ejection part

used for formng the pixel in the Mh pixel line or
used for ejecting first ink droplets for form ng the
pi xel in the Mh pixel line be always different from

the liquid ejection part used for formng the pixe

~in the (Mt1)th pixel line or used for 15 ejecting

first ink droplets for formng the pixel in the

(Mrl)th pixel l'ine. Furthermmme, Fig. 14 is a draw ng
for illustrating a pixel form ng nethod . 804P0742
(tri-directional ejection) using a two- bit control

Si ONgheldsd) dHbd 18 390RMHDES (4 Akl QRleLs 20, Cafged
be ejegte ?n dif?gaent odggﬁuﬁ%eredlg%rectioﬁs rogﬂge
dieg kubstagiestipnicontanel 1ARANSFodhexdiy1d NG riegess
of the pixel shown in Fig. 14 is the sane as that in
dEicgplel8 descnobesabmde froo that ligeid desordipin @arits for
omtted. In such a manner, also in the 25 second node,
horeingk theobleel efetlitdmIcAnonertontiedl ett o theqgixel
S04P0O74 s to form.ane_pixel line or one pixel usin

¥ ﬁfjeEQE% B0t et ot tthirioa@}ﬁdlaj BLH? ol R s S0 dat s
i_n _the vicini in the sane way.as in the first node
Ao g ERAE T Prddeadh i FREE B eV « S 6B e

8le€6bboR-£OPLED) JRANS) MLeENCLan ACCOsSlis to the
enbodi nent, using the head 11 including the

ej ecotingr diKLctihen abhaaghBgt IBAS mhdd)e a pracspal
control neans and the auxiliary control neans, the
ejection part may also be selected at random. Also, it may
be preferable that the liquid ejection part used for forming
the pixel in the Mth pixel line or used for ejecting first
ink droplets for forming the pixel in the Mth pixel line be
always different from the liquid ejection part used for
forming the pixel in the (M+1)£h pixel line or used for
ejecting firsf ink droplets for forming the pixel in the
{M+1)th pixel line.

Furthermore, Fig. 14 is a drawing for illustrating a

pixel forming method (tri-directional ejection) using a two-

bit control signal (J=1) in the second mode (ink droplets

can be ejected in different odd-numbered directions) of the
first ejection éontrol means.

The forming process of the pixel shown in Fig. 14 is
the same as that in Fig. 13 described above, so that the
description is omitted. In such a manner, also in the

second mode, the ink-droplet ejection can be controlied so
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reference-direction setting neans, and the

ej ecting-angl e 10 setting neans, the follow ng

ej ection control of ink droplets is carried out by
second ejection control neans. The second ejection
control nmeans is ink-droplet ejection control neans in
that when ink droplets are |anded on a pixel region,

for every ink-droplet ejection froma 15 |iquid

ej ection part, any one of Mdifferent-I|anding

positions (M integers of 24 -nore), at |east part of
which is included within the pixel region, is S04P0742
deternmined as a |anding position (precisely, target '
dsandl BErROShL | ©Me 10 1iHdk o -d6ARI i Rei Nid Ry B 3RLATLyo
direction of liquid e ection parts 20 1n the pixe
Ji€FeeBns0lifhaid tdiejiect partsS160atéDlired 0 vAsinti®y in

| and the ink droplets at the determ ned position. In

thar tkwal wey aecor dieg fiestheodabosimenthe tihesseegrdtion

ej ection control neans determ nes any one of M
Prfrete®anf andi ng positions at random (irregularly or
'mA%houtdZS.re ularitx}. Anong vari ous determ ning
methGE8%atI 74 contgpl B§APH742 there is a met hod

for.ﬁgéégégfu'g%é%géignetgftﬁﬂc%%ﬁéﬁfﬂg t l%gghngt?e head
positions u<ing a random nltnber generator, exanpl e.

1Al $8c138€05 dinW 4R e erbedbrest . cidigyMd #Hediag or the

positions are allotted at the space that 1 s about
pefinthpal ScattBdlgind@npi kel ehel haki T £fecidn@topambans, the
(the nozzles 18). Fig. 15 is a plan view of a state in
refiarenak-diopteia satdingndednat @my tUre egfecttheghvkngle
different | anding positions on one pixel region,

SEGRPRF FFIRT y %\ﬁpoﬁd%’éﬁgeﬁﬂ%’ﬁhq’n control of ink

droplets is carried out by second ejection control means.

The second ejection contrel means is ink—-droplet
ejection control means in that when ink droplets are landed
on a pixel region, for every ink-droplet ejection from a
liguid ejection part, any one of M different landing
positions (M: integers of 2 or more), at least part of which
is included within the pixel region, is determined as a
landing position {precisely, target landing position) of ink
droplets in the arranging directicon of liguid ejection parts
in the pixei region so that the ejection is contrclled so as
to land the ink droplets at the determined position.

In particular, according to the embodiment, the second
ejectien control means determines any one of M different
landing positions at random (irregularly or without

regularity). Among various determining methods at random,
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| andi ng states (left in the drawi ng) and the | anding
states 10 according to the enbodi nent (right in the
drawing). In Fig. 15, square regions surrounded by
broken |ines are pixel regions. Also circular regions
are landed ink droplets (dots). First, when an
ejection command is 1 (two-step 15 gradation), in a
conventional printing, ink droplets are |anded on the
"pixel region so that the ink droplets are

~ substantially included w t-hi4¥ t-he pixel region (in
Fig. 15, the size of landed ink droplets is denotgta20742

by the size inscribed in the pixel region). 20
1ReIeas, 1R OREH Nt UdtheBiBadi HBPt ond Nke df QB &S ke

| anded at any one of the Mdifferent |anding positions
Jamditnklepapt ahghngudinect irandof hhebapzgdes-sitthr,| Rxbhele.
exanple of Fig. 15, a state is shown in that ink

dr ophéss, arecdrghided toathenemded &renthedhpodl leodiagong

S SRS S8 BTt o or oo
tanti al h . b g f 8 iti

SRR EE Bt o n ARG KRBT R heteF iy P mered®)

shown; by slid J s, v4enoLe ghsetaqm%s;ita QR pherg Egéﬁ;}lets

droplets are | an n practice e circles s

‘g beakea &inesy denotsy etben §:kaseing Mfciitriiq%t%)ﬁithens

this exanple where the ejection commuand is e
osecordpprsl trani dir,omdrbarkeftreln $hevidy awnv@nits.onal
determ ned, and a state that ink droplets are | anded
lahdipe dbteren Naftpdsi tihendrswihgwmand the landing states

accerding to thé embodiment - (right in the drawing). In Fig.
15, square regions surrounded by broken lines are pixel
regions. Also circular regions are landed ink droplets
(dots}.

First, when an ejection command is 1 (two-step
gradation), in a conventional printing, ink droplets are
landed on the pixel region so that the ink droplets.are
substantially included within the pixel region (in Fig. 15,
the size of landed ink droplets is dencted by the size
inscribed in the pixel region).

Whereas, according tc the embodiment, ink droplets are
landed at any one of thé M different landing positions in
the arranging direction of the nozzles 18. In the example
of Fig. 15, a state is shown in that ink droplets are landed
at one determined position among M (8) landing positions on

one pixel region (7 different landing positions are
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When the ejection command is 2, ink droplets are 10
further | anded on the pixel region one on top of the
other. In the exanple of Fig. 15, in the pixe
region, a state displaced dowward by one scale unit
Is shown in view of feeding of photographic paper.
When the ejection conmmand is 2, in a conventional 15
nmet hod, second ink droplets are | anded on
substantially the sanme line (wth no displacenment in
a lateral direction) as thats of the ink droplets
| anded at first. Whereas, according to the enbodi nendrc742
as described above, first ink droplets are |anded at
t d n fuy r :
TR RSt SRSy BT e T iEeeRnas
wdether ThAgdng! (aNA0M IRgiaALeSE:i 8fled Nendt My lsandungines
position (independently of ,the first ink droplets).
demottlee tBx apps et Dén Rilgerel Spkadstat et s saishaveandenl itnhat
the second ink droplets are |anded at the center of
e t25eprkél e reyioes phevwnaber Brolien ekingm.denoAg other
S04P0742 Furthernore, the way when the ejection
HdPP§1§1?%S%he]ghﬁgléseFﬁ%Plﬁw%ﬁﬁﬁ?u$Wﬁ é@@F&ﬁon
FRnds b, 2 descrided: ahoves hnefaconventianal, cne
d?é%@hgcﬁgﬁﬁétéfbfhééﬂi%&@] adbEgeLi Ot HAVWBVRIGH1REs are
according to the embodiment, third ink droplets are
lahsied hanges @étéﬂ%@.r}é@spblsﬁlﬁlsﬁt €& \meeh r egar dl ess of
the first and the second | anding position. Wen ink
dr opliees @re dijaemdddni noswehd ai srtedhwnemk idroplets are

further landed on the pixel regiocn one on top of the other.
In the example of Fig. 15, in the pixel region, a state

displaced downward by cne scale unit is shown in view of

feeding of photographic paper.

“‘When the ejection command is 2, in a conventional
method, second ink droplets are landed on substantially the
same line {(with no displacement in a lateral direction) as
that of the ink droplets landed at first.

Whereas, according to the embodiment, as described
above, first ink droplets are landed at the position
determined at random; further seccond ink droplets are also
landed at the pesition determined at random regardless of
the first landing position (independently of the first ink
droplets); In the example of Fig. 15, a state is shown in
that the second ink droplets are landed at thé center of the

pixel region in a lateral direction.
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overlaying dots in pile so as to forma pixel, stripes
due 10 to dispersion in characteristics of liquid

ej ection parts can be elimnated, so that the

di spersion woul d not -be noticed. That is, the
regularity in landing positions of ink droplets is

el i m nated and each ink droplet (dot) is 15 arranged

at random and hence the arrangenent is

m croscopi cal ly non-uniform but is rather uniform and

i sotropic macroscopi cally,- si@ that the di spersion

woul d not be noticed. Accordingly, this configurasdoarn742
has an effect for 20 nasking the ink-droplet

di Spef s dr £ENAACLEL ShifStRl ofddUidh SlfmbhNis 3 is
parts. If dots are not randomy arranged, the entire
thet Safkeaar tafgethdm the egukbdl opatbfidnd S hatesaribed
portion disturbing the regularity is noticeable. In
aiotvel. e  Innapestveuliamalcokohodhathnge | drapitessee¢ bypnded
an area ratio 25 of a dot and a base (portion not
vddeRrediWFPhaeeTeRitY 1rnit Aatespl SHEPRU i ndl@sIrHg
reqularity of the |eaving mapner. of t€r base, the

=FCEPEFBF oh° hERDHEP HOTIEEE bl 8- T PNE b o5 CRARRT d5Es 2478
Landanly ghcanded Wit hout Lhe T egul ALY, then. £iret

I Spersion icul t e noticea

agﬁrgﬂgegggén&sléﬂdﬁﬂgIﬁbsgmggggd. When a_color i ne _
head is arranged by providing a plurality of the line

headghd® ifEnidropaérsaborel sedas 10 suhppl yadhbier ent
color ink for each line head 10, the

overlaying dots in pile so as to form a pixel, stripes dus
to dispersion in characteristics of liquid ejection parts
can be eliminated, so that the dispersioﬁ wouid not bhe
noticed.

That is, the regularity in landing positions of ink
droplets is eliminated and each ink droplet (dot) is
arranged at randocm, and hence the arrangement is
microscopically non-uniform, but is rather uniform and
isotropic macroscopically, so that the dispersion would not
be noticed.

Accordingly, this configuration has an effect for
masking the ink-droplet dispersion in characteristics of

liguid ejection parts. If dots are not randomly arranged,

the entire dots are arranged in a regular pattern, so that a

. portion disturbing the regularity is noticeable. In tittle

in particular, color shading is expressed by an area ratio

_Of a_dot and a base (portion not covered with a dot); with
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followi ng effects can be obtained. 10 In a color

ink-jet printer, when a plurality of ink droplets

(dots) are overlaid so as to forma pixel, for

preventing a noire effect, |anding positiona

accuracies are required nore than those in a single

col or. However, as in this enbodi nent, when ink

droplets are arranged at random 15 the noire problem

is not produced, resulting in a sinple color

di spersion. Accordingly, i-Hmage-degradati on due to the
noire can be prevented. In a serial systemin thatsdadc742
droplets are overlaid by driving the head several '
iR sk Agar @%ﬁmlﬁg) 02C3RBI 002 2L dliAfeld:00 Lhe BRLEE the
i's not a problemin particular; however, the noire is
daspeebl em bécandd MtSyshem:. Then, when a nethod for

| andi ng i nk droplets at randomas in the enbodi nent

i s efiptoymey), Whee doitrears dadidonclyt tadtrenged géhhoe&eﬂhe
enabling the line-systemink-jet printer to be
I§§§#P§lgﬁh|@V%dhﬁPGSf10804P0¢H§f¥%ﬁ¥%é¥hﬁﬁenoﬁaﬁéﬁhbe if

nk dro | ets at xtends the | anding range of
t%ﬁeaffﬁﬁ SIS SORPER £ F&FSEmount of i nk | anded

aphi the s phat the, drying
O g Rt RERE b ot et 2 ey Bhgkeding'Y
p§u95@l£ EoPrivY NG eSpegdsi $ol ﬁéﬂ@{or(é?{ iR sbi BB L8
shorter) than that of the serial systemespecially in
stipplyl dnefeyatemoliors iekf €6t &scH ermbikall-el 1©Nuﬁber of
pi xel s i ncreasi ng neans)
following effects can be obtained.

In a color ink-jet printer, when a plurality of ink

droplets (dots) are overlaid so as to form a pixel, for

preventing a moiré effect, landing positional accuracies are

reguired more than those in a single coclor. However, as in
this embodiment, when ink droplets are arranged at random,
the moiré problem is not produced, resulting in a simple
coler dispersion. Accordingly, image degradatioﬁ due to the
meireé caﬁ be prevented.

In a serial system in that ink droplets are overlaid by
driving the head several times in a principal scanning
direction, the moiré is not a preoblem in particular; however,
the moiré is a problem in a line system. Then, when a
method for landing ink dropiets at randcocm as in the.

embodiment is employed, the moiré ig difficult te be

generated, enabling the line-system ink-jet printer to be

easily achieved.
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Mor eover, according to the enbodi nent, using the head
10 11 including the ejecting-direction changi ng neans
or the principal control means and the auxiliary
control neans, and the reference-direction setting
nmeans or the ejecting-angle setting neans, the
resolution is controlled to increase by nunber of
pi xel s increasing nmeans. 15 The nunber of pixels
increasing neans is the nmeans in that using the
above-nentioned ejecting-dirsgdctH on changi ng neans,
ink droplets ejected fromeach liquid ejection pargodap0742
are controlled so as to land at two or nore different
POSi ) 0A%e ipb A€ 185 L3AY Egkdﬁf@ﬁé f a'nngﬂdextends the
ej ection 20 parts so That the nunber of pixels i1s
liaheiagsednd®r€f tiran irﬂmaltrofJQéHEde‘bé/n | arglitdg allnbmount of
droplets fromeach liquid ejection part at one
ipasilbndad 6MmeD@ngﬁa@hiwhgapbheispEWQ $eteneen tthet the
nozzles 18 adjacent to each other is 42.3 (gm, the
dﬁw@gcam? e2bl the ormndes (pk dsABle LR LGN eEREcRead
is 600 DPI., 52 SO4PQ74§BV%ere? when each nozzl e
Sié‘CFaﬁHE Pﬂk“‘a’r%lséjte?datlst rgﬁﬁs RYYHs % teE 1S
Fieag ng. ALt Ll O Rl Lau dy el aglLon L ARLLe WSk RDL e

er of IXG S | ncr easl| ng

1688 9959@5rlle@s Quitewict hoa Eggoksbion of 1200 DPI; 5
further, when each nozzie 18 Iands ink dropl ets at

thNﬁﬁbe@Och tpoas d Anickeadt hangt&gs di rection of liquid
ejection parts, the printing can be carried out with

a r ddotepicon eccotr800gDP . the embodiment, using the head
11 including the ejecting-direction changing means or the
principal contrcl means and the auxiliarf control means, and
the reference-direction setting means or the ejecting-angle
setting means, the resolution is controlled to increase by
number 6f pixels increasing means.

The number of pixels increasing means is. the means in
that using the above—méntioned ejecting-direction changing
means, ink droplets ejected from each liquid ejection part
are controlled so as to land at two or more different
positions in the arranging direction of liquid ejection
parts, so that the number of pixels is increased more than
that formed by landing ink droplets from each liquid
ejection part at one position.

For example, when the space between the nozzles 18

adjacent to each other is 42.3 (um), the physical resolution

{in construction) of the head 11 is 600 DPI.
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Fig. 16 is a draw ng specifically show ng ejection 10
directions of ink droplets using the nunber of pixels

i ncreasing means. As shown in Fig. 16, when the space
between liquid ejection parts in the head 11 is X
fromeach liquid ejection part, ink droplets are
assuned to be |anded at three positions in equa
intervals, respectively, in the 15 arranging direction
of liquid ejection parts. Furthernore, -the space

bet ween the | andi ng positi-ors2nken the Nth |iquid
ejection part ejects ink droplets in the right in $bhep0742
drawi ng and the |anding position when the (N+1)th

| quirtler £l ECtIRR, Rach Bbecls ik apliehs d'r@; 40es! gl tewo
inthe drawing 20 is conirolled so as to Q/

Gk ianBanAethe Wi dah diim@mdi ke ceespest i yﬁ;dlldq ldij@ctlon

ej ection parts, ink droplets are ejected in P
rairfrsenenhy dhe ectnlerys ofappkefal Lhyredsink rdraopl, ettse

ejected fromeach [|iquid ejection part are controlled

PG TItARE ﬁﬁne%ﬁﬁa%qupéﬁtva’%hl A ¥FeReHFayiafg 1200 DPI;

di rection of u ectlon - 53, S04P0742 parts
SEheVRFT 4T e JEarriEn GO 8 CH G P arorree

Biysical Lesol U.taror%ngﬁ%gq%agcang@% Slalfe Sed M

|rst ejection C means e second

pB@REr Ok L 8BRSyt Al dhe pauther: of phXelscH CRAIREion of
means, 5 which are descri bed above, can be used in

1800bbRat i on with the ej ecting-direction changing
nmeans, the reference- direction setting neans, and the
ej ecting-Englse asereivags apansiasailgl Ishwsring ejection

directions of ink droplets using the number of pixels
increasing means. As shown in Fig. 16, when the space
between liquid ejection parts in the head 11 is X, from each
liguid ejection part, ink droplets are assumed to bhe landed
at three positions in equal intervals, respectively, in the
arranging direction of liquid ejection parts. Furthermore,
the space between the landing position when the Nth liquid
ejection part ejects ink droplets in the right in the
drawing and the landing peosition when the (N+1}th ligquid
ejection part ejects ink droplets in the left in the drawing
is controlled s¢ as to be X/3.

In such a manner, while from the respective liquid
ejectioﬁ parts, ink droplets are ejected in P different
directions, a plurality of ink droplets ejected from each
liguid ejection part are controclled to land at equal

intervals in the arranging directicn of liguid ejection
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(1) The first ejection control neans is provided in

10 addition.to the ejecting-direction changi ng neans
and the reference-direction setting nmeans. (2) The
second ejection control neans is provided in addition
to the ejecting-direction changing neans and the
reference-direction setting neans. 15 (3) The first

ej ection control means and the second ejection
control means are provided in addition to the

~ejecting-direction changi ng 5&ans and the reference-

direction setting neans. (4) The nunber of pixels s04pP0742
i ncreasing neans is provided 20 in addition to the
RireGl 1 88- dhhecth O ChanGigNGABBRSc8RHi df&ut with a P-fold
reference-direction setting nmeans. (5) The first
yadicia@nresol ol orregns camndtirhetnunbest ofhe piosr] 1. '
i ncreasi ng neans are provided in addition to the
ej ecThagt di sectlicort ichargnhgohemesnandhcheacehdr eneet26n
direction setting neans. - 54 S04P0742 (6) The second
FECPiloftcaBhit rtd i ARG Tt RE RUTBEF BICT95i5id1gs means,
increasi ng neans ar rovided in addition taq the ,
"GE0L PRG- GPF Get T6h AT 176 MRANESS AT PP aREe -t
I.I ' ett] nmeans...5.(7) first ejection
B N ke fet i o
difecRuphese of i i ¥Rlahd,NGheashBde  BBANSy -y I Qwitded i n
addition to the ejecting-direction changing nmeans and
mi=hesr esefehtewsd recti on setting neans.

(1) The first ejection control means is provided in
addition to the ejecting-direction changing means and the
reference-direction setting means.

(2) The second ejection control means is provided in
addition to the ejecting-direction changing means and the
reference-direction setting means.

(3) The first ejection control means and the second

~ejection control means are provided in addition %o the

ejecting-direction changing means and the reference-
direction setting means.

{4) The number of pixels increasing means is provided
in addition to the ejecting-direction changing means and the
reference—-direction setting means.

{5) The first ejection control means and the number of

pixels increasing means are provided in addition to the

‘ejecting-direction changing means and the reference-

direction setting means.
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(8) The first ejection control neans is provided in

10 addition to the ejecting-direction changi ng neans
and the ejecting-angle setting neans.. (9) The second
ej ection control neans is provided in addition to the
ej ecting-direction changi ng neans and the

ej ecting-angle setting neans. 15 (10) The first

ej ection control means and the second ejection
control neans are provided in addition to the

- ejecting-direction changi ng 3®ans and the

ej ecting-angle setting nmeans. (11) The nunber of s04P0742
pi xel s increasing neans is provided 20 in addition to
the ‘?!6?C'I‘Plé"%ecgcfrﬁﬁte!j%%tggﬂngbﬂ%ﬁ%@%nﬁh%he number of
ej ecting-angl e setting neans. (12) The first ejection
it kOk noeaasi @ tnddies RHED Q00 dei X€l SddNCreaiNGhe
nmeans are provided in addition to the
egjeettinggddreeci o claranigiongeaeansnadnidh¢ heeference-

ej ecting-angle 25 setting nmeans. - 55 S04P0742 (13)

 difecséeBnackfEed iTReont rol nmeans and the number  of

pixekzii creasing neans are provjded in addition to

t he ethT ng-Tdit ESECEAOBhSNYT Ry MEHY rard et fEcond

egk%%gbﬂgégﬁglgi ﬁ§§&§|q n@ﬁ%gé'nS %ﬁ)oggﬁéﬁhg§g crering
] ecti on con rol msan's, the secon el e 1 on contro

nEBRES o r8NIr SPEISWMRL L i tPLXeLS LRCT SRS g RIS +A0R
provided in addition to the ejecting-direction
cthaBRghfom8Red Sara d Hh e Gl ehbBgd aRgh €1 Setdd tig e aBsSns .

(8) The first ejection control means is provided in
addition to the ejecting-direction changing means and the
ejecting-angle setting means. |

{9) The second ejection control means is provided in
addition to the ejecting-direction changing means and the
ejecting-angle setting means. 1

(10) The first ejection control means and the.second
ejection control means are provided in addition to the
ejecting-direction changing means and the ejecting-angle
setting means.

(11) The number of pixels increasing means is provided
in addition to the ejecting-directicn changing means and the
ejecting-angle setting means.

(12) The first ejection control means and the number of
pixels increasing means are provided in addition to the
ejecting-direction changing means and the ejecting-angle

setting means.
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(15) The first ejection control means is provided in

10 addition to the ejecting-direction changi ng neans,
the ejecting-angle setting neans, and the ‘ :
reference-direction setting neans. (16) The second

ej ection control means is provided in. addition to the
ej ecting-direction changi ng neans, the 15

ej ecting-angl e setting neans, and the
‘reference-direction setting nmeans. (17) The first

ej ection control means and td4we -second ejection

control neans are provided in addition to the S04P0742
ej ecting-direction changi ng nmeans, the ejecting-angle
20 S?iﬁjr@hé“%%%%nda%gekﬂ§o£e£§£ L1 R0 LN A8t hiiger
means. (18) The nunber of pixels i1ncreasing neans Is
oF @iikded ihdregislidd erdne bhe preciiag-ih reeditdkn to the
changi ng neans, the ejecting-angle setting neans, and
ajeetiefedineet thn edtdrgringsebbnagandatises 2% -Ehgle
first ejection control neans and the nunber of 56
SSHAPDZ4PEePRXel s i ncreasi ng means are provided in

additjon to tge ej ecting-direction changi ng neans,

t he ng)ctqf}}?g g°1tee3§8FtlgﬂgC%‘é¥%l, RSy héhe second
r.efetence-directjon setting, neans. (20) The _.second :

R B T S R gt o g3, adfgensing

neBEECASE NGr FRANS) &L RQYhd8debNe@ddiid an 0 iR ctson
ej ecting-direction changi ng neans, the ejecting-angle

ctehbling Heans,arahdHhejeetengnsfgth raatdon seihisng
means. (21) The first ejection control neans, the
secoht®) The first ejection control means is provided in
addition to the ejecting-direction changing means, the
ejecting-angle setting means, and the reference-direction
setting means.

{16} The second ejection control means is provided in
addition to the ejecting-direction changing means, the
ejecting-angle setting means, and the reference-direction
setting means.

{17) The first ejection control means and the second
ejection control means are provided in addition to the
ejecting-direction changing means, the ejecting-angle
setting means, and the reference-directicn setting means.

(18) The number of pixels increasing means is provided
in addition to the ejecting-directicn changing means, the
ejecting-angle setting means, and the reference-direction

setting means.

(18) The first ejection control means and the number of
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ej ection control neans, and the nunber of pixels
increasing 10. neans are provided in addition to the
ej'ecting-direction changi ng nmeans, the ejecting-angle
setting neans, and the reference-direction setting
means. Anong the above-conbinations, sone conbi nations
wll be specifically described. 15 Figs. 17 and 18
are draw ngs showi ng an exanple of the conbination

~item(2) in that the second ejection control neans is

provided in addition to the sg ecting-direction
changi ng neans and the reference-direction settingsoar0742
nmeans. Fig. 17 herein shows an exanple in that the Nth

pﬁ%@ﬁisllncﬁé’aé&garrﬁeaa?%e%]r%' B$6yi 8N (&k#%%nh%%d ﬁé?

ows an exanple in that the ead 11
etjlée:tehgcam@cﬂiézeCdnama;m@ombags nearie tdedinl)-ahig1Bead
11. In Figs. 1.7 and 18, in the same way as in Fig. 6,
sehitieg heans pamid |tiguire fejreateodi partief sadiinkeadatd,
ink droplets 25 can be ejected in five different
di r e¢29 brighehysadeadejcgd eEEAGN - CHYLr FOIRETS? 28dr EBe| pamber
changi ng means, one principal direction is

Ogs PABPIL S hEUCERA L 1% fi5P8c 8 TP oPT @5t het apdifyoppgo the
renc dlrectlo set.ting neans,. In Ih exanplﬁs of

LB BRCS L Ea AR e TR 8 Seng o IS HEATRGTR

s@%‘&?ﬁ%'ﬁé‘aﬂ@ ea?{cf‘béﬂes%‘%&'én&@edpfé@@i&?lsé%t %t in@Qns
for t N-1)th head 1T and the (N+i)th head 1

the Nt T}&ﬁdfllr:b,t tthecse6RNEoml FEIC trelm of, I @Akt B@cbh@ht

is established as the principal direction.

efecthennoort rdlsimgprishe agdcdhd number of pixels increasing
means are provided in addition to the ejecting-direction
changing means, the ejecting-angle setting means, and the
reference-direction setting means.

2mong the above-combinations, some combinations will be
specifically deséribed.

Figs. 17 and 18 are drawings showing an example of the
combination item (2) in that the second ejection control
means is provided in addition to the ejecting-direction
changing means and the reference-direction setting means.

Fig. 17 herein shows an example in that the Nth head 11
is arranged close to the (N-1)th head 11; Fig. 18 shows an
example in that the Nth head 11 has the ejection direction
coming near the (N-1)th head 11.

In Figs. 17 and 18, in the same way as in Fig. 6, while

from each liquid ejection part of each head 11, ink droplets

can be ejected in five different directions by the ejecting-
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ej ection control neans, the | anding directions of ink
10 droplets are assigned within the sane pixel |ine at
random for each pixel line. Figs. 19 and 20 are

drawi ngs showi ng an exanple of the conbination item
(1) inthat the first ejection control neans is
provided in addition to the ejecting-direction 15
changi ng nmeans and the reference-direction setting
means. Fig. 19 herein shows an exanple in that the
Nt h head 11 is arranged ctaseto the (N-1)th head 11,
Fig. 20 shows an exanple in that the Nth head 11 hesp0742
the ejection direction comng near the (N-1)th head
dlll_nec%qohncﬁagglﬁ&méanpgﬂ eaeh phl AHE - €] @ﬂémo@@rts of
each head 11, ink droplets are assunmed that can be
sjtedtiedhel 48 adidfareite dickeehtRNBeadinit ey (ddel) th
head 11 and the (N+1)th head 11, the central ejection
‘whifegenicend{ thet severdtt igigr eebhen fromthe |eft or

right) is established as the 25 principal direction by
t he F@f‘@*ﬂ%r@@w%eémfoﬁlgénmga%a% h@gles@kppomgtrai

E her n each i ctlo art
GREREne S St amdct i NG BrScre The Hrind B Gerection

| fé'}d%neﬁ!h%){ﬁ aacpoi‘ie a”%n'thgn‘?g+£’ Jc %@ﬁ 1d1' r%‘: '%ﬂe Nth

IS Seée eeC|ond|rec

Hel2l dnomﬁéss@é&ld aﬁ%d;t%ntift:!aﬁ £ﬁétr£§}%@h§ Ie@%auomlshed
t he dramnng of the pixel line |ocated < just

asngaenpai Acipde diiddatienect FaptHeFR6td ,on;s‘;urr@ntw&e skebhd
is selected. Also, when ink droplets are | anded on the
erieghiiopi xehtidhendanst,hehgr dnwndgnofdihectpiorsd dfi nek

| ocat ed

droplets are assigned within the same pixel line at random
for each pixel line.

Figs. 19 and 20 are drawings showing an example of the

combination item (1} in that the first ejection control

‘means is provided in addition to the ejecting-direction

changing means and the reference—direction setting means.

Fig. 1% herein shows an example in that the Nth head 11
is arranged close to the (N-1)th head 11; Fig. 20 shows an
example in that the Nth head 11 has the ejection direction
coming near the (N-1)th head 11. | |

In Fig. 19, from each liquid ejection part of each head
11, ink droplets are assumed that can be ejected in 13
different directions. In the (N-1)th head 11 and the
(N+1)th head 11, the central ejection direction (the seventh
direction from the left or right) is established as the

principal direction by the reference-directicon setting means.
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just underneath, the third ejection direction fromthe
right 10 is selected. That is, in this exanple, the
ejection direction is established such that ink
droplets can be Ilanded in the adjacent pixel |ine
when the ejection direction is changed at four steps.
Furthernore, in the Nth head 11, the eighth ejection
15 direction fromthe left (the sixth direction from
‘the right) is established as the principal direction:
by the reference- direction xet-ti ng means. Moreover, :
in each liquid ejection part, when ink droplets age4p0742
| anded on the pixel line |located just underneath, the
ARQYe: i ongd i nci hals di AN, i [

“ffé_r%@_te, B0 PER nﬁﬂﬁ\ﬂh% %%%E\txﬂeﬁé?%kzvg?e% £l %qo Sets

the ejection direction. eas oplets ar

drandedded bhechefpipdixalidd nechieihgust amhdrifatit, hehe

pi xel line |ocated just underneath, the fourth
gjoget-mentidhedcpronc fpadmdiltecltebh is selectst =as thke
ejection direction. Also, when ink droplets are | anded
VIFCtReTr FgRECt 20 pi ¥BIesase whent hakdeBaow IRf-ofanehdanded on
12%}gl line Ifc { ed %gsgﬁ% 59 S04PQ742 underneath, _the

cofid tePEEET ohM 't rEttiftn dFREATEhET r FRtP1%e! sengctagated
.Then, the |liguid.ejection part.of each head 11 | ands
35 wraarars i vt Tard sPRar iPrERFRe The” v agooreTt

ithee1achbye! Aife, |.acat 6did usbpibder peatfhaled he, fihkst
line. At the next second line, ink droplets are |anded

raghtheipexel ind i Ne diecatredipysbrupderpead h.1iMe ttheated
further third lline, 1ink droplets are |anded on the _
Juisghtingexeeathnethan tthed ejection direction from the right
is selected. That is, in this example, the ejection
direction is established such‘that ink droplets can ke
landed in thé adjacent pixel line when the ejection
direction is chénged at four steps.

Furthermeore, in the Nth head 11, the eighth ejecticn
direction from the left (the sixth direction from the right)
is established as the prinéipal direction by the reference-
direction setting means. Moreover, in each liquid ejection
part, when ink droplets are landed on the pixel line located
just underneath, the above-mentioned principal direction is
selected as the ejection direction. Whereas when ink
droplets are landed on the left pixel line in the drawing of
the pixel line located just underneath, the fourth ejection
direction from the left is selected as the ejection

direction. Also, when ink droplets are landed on the right

"pixel line in the drawing of the pixel line located just
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draw ng of the pixel line |ocated just underneath. 10
Furthernore, at the next fourth line, the way is the
same as that at the first line. In such a manner, ink
droplets are sequentially |landed so that the liquid
ejection part of each head 11 [ ands ink droplets on
the pixel line located just underneath as well as on
t he adj acent pixel 15 lines on both sides thereof.
Figs. 21 and 22 are draw ngs show ng an exanple of the
conmbination item (3) in thatsdahe first ejection
control neans and the second ejection control neags4p0742
are provided in addition to the ejecting-direction
Shangi nme and, refe ett:i
anseg%ﬁateﬁé |nIJ%:C?gs?%gtl%];1 ggpggig% ﬁﬁ%ﬁgqﬁ%éﬁﬁﬁgﬁsls
secassi.gned at randomw thin the sane pixel region
in addition to the exanples of Figs. 19 and 20,
resp@benyetiye Refidrr iejgctdoki gsrt 24f axadb2 Aeaidn itthgands
(N1)th head 11 25 and the (N+l)th head 11 for
léskaﬁg@lemehnfmﬁnl@% Hixgdi digeoin Spapodupiisiceefi she
ét i, nk Sr | ets, are | anded on the pixel line
Hla%,e &dPFuSteuner st RRESFRRET BaﬁtdW%ciE%ﬁﬁ ling. At
on d|r

ddi I
%e Egkhnaeconéloncenﬂgi q#opﬁgFF a{ﬁe $%0f£1Q%e pixel

seven Irec fromt paI

1dheeq6i-9B %é‘n@t Sinddtrat@l gkl 5n&) eeiin: didiect hoRe,
fromthe I'eft is selected at random Vihen ink droplets

ialke dr-apdeds ofird head®Rfd pi xek kipetagd] acentind her ehe,

in addition to the third ejection direction from the

drefitinct b€ skeamikalr itime flocthed] gust omdkrresttibon from
Furthermore, at the next fourth line, the way is the

same as that at the first line. In such a manner, ink

~droplets are sequentially landed sco that the liguid ejection

part of each head 11 lands ink droplets on the pixel line
located just underneath as well as on the adjacent pixel
lines on both sides thereof.

Figs. 21 and 22 are drawings showing an example of the
combination item (3) in that the first ejection control
means and the second ejection control means are provided in
addition to the ejecting-direction changing means and the
reference-direction setting means. That is, in Figs. 21 and
22, landing positions are assigned at random within the same
pixel region in addition to the.examples of Figs. 19 and 20,
respectively.

Referring to Figs. 21 and 22, in the (N-1)th head 11

~and the (N+1)th head 11 for example, when from each liguid
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the left is selected at random Furthernore, when ink
10 droplets are landed on the right pixel l|ine _
adjacent to the pixel line |ocated just underneath,
in addition to the third ejection direction fromthe
right, the second or the fourth ejection direction
fromthe right is selected at random Simlarly, in
the Nth head 11, when ink droplets are 15 |anded on
the pixel line |ocated just underneath (principa
direction), in addition te- tdpe-sixth ejection
direction from the right (principal direction), tdeipo742
fifth or. the seventh ejection direction fromthe

S ec 0 I a
PR oR T he T2 P E e e Rt 20 Farero, T
l&bd:dlftbtioﬁlui;@ lﬁrﬁ@efrﬁigtl}h @reetipal ditf st dh)f,r am sbhetion
left, the third or the fifth ejection direction from
théehel efhtisl sejedtiech ati reandom (Euwk t dwrarorte diwken ipnk
droplets are |anded on the right pixel |ine adjacent
frem keepl el | thee Heatieal] dsreghter hedilte Sixtadeirt paghth

to the s cond 25:§%ect|on direction fromthe FI%
etjﬁéFtFPPs TETCHH ¢ %th%i‘*-‘féohi’(fﬂ%%ﬁe&ﬁtoﬁan

irectio n1the r| |s select d at_ra d
w%?ﬁ an gjé aerteS Faw ngs shovm lﬁg ajg ex:i3 ’16[1 (ifmtehadg“jcent

teeIRipat i 9N g amdnldh Eﬁetﬂﬂﬁr&héhéE%ﬁgﬂ Afr RIACKS From
increasing neans is provided in addition to the

teeCtEag- e Md@hid @ ¢hangbhgh NBRsSE Bt dll?c%ctlon from
ej ecting-angle setting neans. Fig. 23A shows an

thralpfe im tdltcitcne it wahdad. 11Fisthamargedhehosekt o
the (N-1)th head 11; Fig. 23B shows an exanple in
drRRietReaRe hlardad PD IFhs rhehej rEXe bl M éctipggnt to the

pixel line located just underneath, in addition teo the third
ejection direction from the right, the second or the fourth
ejecticn direction from the right is selected at random.

Similarly, in the Nth head 11, when ink droplets are
landed on the pixel line located just underneath (principal
direction), in addition to the sixth ejection direction from
the right (principal direction), the fifth or the seventh
ejection direction from the right is.selected at random.
When ink droplets are landed on the left pixel line adjacent
thereto, in addition to the fourth ejection direction from
the left, the third or the fifth ejection direction from the
left is seiected at random. Furthermore, when ink droplets
are landed on the right pixel line adjacent to the pixel
line located just underneath, in addition to the second

ejection direction from the right, the first or the third
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com ng near the (N-1)th head 11. 10 In the case of
Figs. 23A and 23B, in the sanme way as that in Figs. 8
and 9, the ejecting-angle setting neans of the heads
11 other than the Nth head 11 controls ink droplets
to be ejected without changing the ejecting angle.
Whereas, the ejecting-angle setting neans of the Nth
head 11 15 establishes ejecting angles so that ink
droplets are ejected in arrow directions shown by
heavy lines in the draw ngs éay- shifting ejecting
angl-es of ink droplets together on the right by asoarg742
predeterm ned angle. Furthernore, by the number of

chgl ti. rt

riEadn PELPRLI TR Tne £20BFle AN TheE B TRee
whergi ¢k ZH70RIet $3%0Hkd @@a&ﬂgﬂeecgﬂmﬁ&gn@n BHERSTe OB F
pi xel s increasing neans is used as well as on the
tad] acabinpt Xt dderes 1an hat hhst delse thetkeof of pixels
respectively, so that dots are forned so as to have a
itnhrpreesmg duearsol it irevisedninonddFticent die dfet kgeREadT

- .62 S04P0742 Figs. 24A and, 24B are draw ngs
d%ﬁ@ﬁFﬁ@naﬁh%ﬂﬁﬂﬂﬂ &GS eRE EBﬁb?}ﬁﬁF%ﬂ9|QHﬁ%e(6f thng

that th t t d.t \
TSRS el 13| PG ABARESaP b piBvided Hon \sdtaPERanTL 1o
atr9 B EqeL£6Ld NGs dd}feec(tiﬂ*—qr)‘tﬁhﬂé]% noy neEalrggs g LhewR an

ence-direction setting neans. Fig.” 24A shows an

e&éﬁﬁ'@é eih NedattHh et ReB@ad: 1dad st reangad o6l @seet0ion
the (NN 1)th head 11; Fig. 24B shows an exanple in

cbhahgt headNt thdhe@d-1)th hasdt heé.ej ection direction
com ng near the (N-1)th head

In the case of Figs. 23A and 23B, in the same way as
that in Figs. 8 and 9, the ejecting-angle setting means of
the heads 11 other than the Nth head 11 controls ink
droplets to be ejected without changing the ejecting angle.
Whereas, the ejecting-angle setting means of the Nth head 11
establishes ejecting angles so that ink droplets are ejegted
in arrow directions shown by heavy lines in the drawings by
shifting ejecting angles of ink droplets together on the
right by a predetermined angle.

Furthermore, by the number of pixels increasing means,
each liquid ejection part of each head 11 lands ink droplets
on the pixel line where ink droplets would be landed when no
number cof pixels increasing means is used as well as on the
adjacent pixel lines on both sides thereof, respectively, so

that dots are formed so as to have a three-fcld resolution

in construction of the head 11.
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11. 10 In Fig. 24A, for exanple, of Figs. 24A and

24B, by the ejecting-direction changi ng neans, while
fromeach liquid ejection part of each head 11, ink
dropl ets can be ejected in a plurality of different
directions (13 directions in this exanple), one

ejection direction is established for 15 each head 11

as a reference principal direction. For exanple, for

the (N-1)th head 11 and the (N+1)th head 11, the

central ejection direction (gkhe seventh direction from
the left) is established as the principal directi ogp4p0742
Furthernmore, by the second ejection control neans, in

20 additi t h ringi ' '

Chr o 0] ot AR e ena T Rel T as ERg SxERTIBGe (76
t@le0Bbini R €Chh Ot r@gt Hanthaemudesd@fdg ieSjeeliest 8dntrol
at random Furthernore, by the nunber of pixels
meRtkeasd Ngheareamsye nMaein piikk LEr Opt et $siare neandedrenptheided
l eft pixel line adjacent 25 thereto, in addition to
iphaddhtien ef ecthoreidictéogrehr ¢ oheB I h8mUPY7 y2ankeand the
| eft, any one of three ejection directions including
TERETCRER O Tt He SESGrTR BFRTEi onf 1 1 &ttt GROFPOATt he
left.is. selected rand Sim]arl n i nk

HPBRIBL 5™ T ciiFod PRSP Re i b eI Re ol Fhe, (-
1h Rnafddihi o, 1@ d e dehishd3 §heCkdR JifP G0N theOfMthNfead
right, any one of three ejection “directions including
1theaseenad etitd fawethieheebhony rhdeadHonntnoRht Rad
right is selected at random In such .a manner, by the
launmber of pixels increasing. nmeans, while the

In Fig. 24A, for example, of Figs. 24A and 24B, by the
ejecting-direction changing means, while from each liquid
ejection part of each head 11, ink droplets can be ejected
in a plurality of different directions (13 directicns in
this example), one ejection direction is established for
each head 11 as a reference principal directicn. For
example, for the (N-1l)th head 11 and the (N+1)th head 11,
the central ejection direction {the seventh direction from
the left) is established as_the principal direction.
Furthermcre, by the éecond ejection control means, in
addition to the principal direction, any one of thfee
ejection directions including the sixth and the eighth
ejection direction frem the left is selected at random.

Furthermore, by the number of pixels increasing means,
when ink droplets are landed on the left pixel line adjacent

thereto, in addition to the third ejection direction from
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resolution is increased, for each pixel line, |anding
10 positions of ink droplets are randomy assigned
within the same pixel line. Figs. 25A and 25B are
drawi ngs showi ng an exanple of the conbination item
(5) in that the first ejection control neans and the
nunber of pixels increasing neans are provided 15 in
addition to the ejecting-direction changi ng nmeans and

~the reference-direction setting neans. Fig. 25A of

Figs. 25A and 25B shows anh éxanple in that the Nth
head 11 is arranged <close to the (N1)th head 11;s04pr0742
Fig. 24B shows an exanple in that the Nt-h head 11 has

: ttl'!%e l%Jf%Ct EH{} S’ﬁé et '@ﬁe%o%@gtm ﬂl‘ e nUﬁié N‘n@l‘ﬁtﬂlnquthe

ad 11. In"Figs. 25A and er of pixe

ss&maaarnghaeﬂ@@xtreag@dm@w dl@é@ﬁld}@nfﬂﬁﬁ teref 1eaghis
head 11 |ands ink droplets at three different
gosictedngtspamdgort o dimdrleade, t heeneswk uUir@rl dtlyr @ee landed
times. For exanple, as shown 25 in the Nth head 11,

ay &Rt Kéght hadl st aieetli danpar in awltlorazto sé)@P@IMQd
dropl ets are | anded on pixel |ines (m1), and

SCRFL)OnT Aot (—*?pr) el F&;EPH' ef L7 ‘Garprepngiection
d(qr lt?.'élslsare J.t?c?:‘tjrfgg f)eltc)égldl 0 qu (fm-uz th (e:leé:%c oalngk

and ¥ ¥om e] ection-p

dqﬁ:gelc%ﬁ) efsml@rmeﬂg@ﬁ RisXgb1LEPES a® £dBcbh. (MBluch =

In this case, by the first ejection contro
nABABs, biobhe t@ndYh Jfi guikd18] e6EFOAs PR tnednd , agi@il EOBhe

to the above- nentioned three positions, ink droplets
raselbandedisnindieased, for each pixel line, landing
positions of ink droplets are randomly assigned within the
same pixel line.

Figs. 25A and 25B are drawings showing an example of
the combination item (5) in that the first ejection contrel
means and the number of pixels increasing means are provided
in addition to the ejecting-direction changing means and the
reference—-direction setting means. Fig. 25A of Figs. 25A
and 25B shows an example in that the Nth head 11 is arranged
close to the (N-1l)th head 11; Fig. 24B shows an exampie in
that the Nth head 11 has the ejection direction coming near
the (N-1)th head 11.

In Figs. 25A and 25B} by the number of pixels
increasing means, each liquid ejection part of each head 11
lands ink droplets at three different positions so as to

increase the rescolutien three times. For example, as shown

in the Nth head 11, from the nth liquid ejection part, ink.
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pi xel lines (mt2) and (mt3) as well as on the pixe
lines 10 (m3) and (m2). By such a control, the first
ej ection control nmeans and the nunber of pixels _

i ncreasi ng neans can be carried out - sinmnmultaneously.
Figs. 26A and 26B are draw ngs show ng an exanpl e of
15 the conbination item(7) in that the first ejection
control neans, the second ejection control neans, and
t he nunber of pixels increasing neans are provided in
addition to the ejecting-digsaestion changi ng nmeans and
the reference- direction setting neans. Fig. 26A of04p0742
Fi gs. 26A and 26B 20 shows an exanple in that the Nth

' dﬁaﬂielé 5% aiéﬁﬂ&anpl §%1'&9n%§$(&?%%)k#h ?ggé}%%)ﬁagrom

Fig. 24B shows an exa eint

tdhike (ee¢thoDnighi@ it iconpagtNeankt deopdtd )l headed on
11. In Figs. 26A and 26B, in addition to the exanple
pixel23ikegs (mPBA atmd-P5Banky (inhe) seawddigjrecthieonn-1) th
control neans, - 6 5 - S04P0742 | andi ng positions of
Yiisridr spretsoareaftur tingr daosighadase 1z AwWPiken lines
t he sa [ xel line._In the exanple of Figs. 26A and
{§€é)'a2§_gke Y1t i ed -ej ection directions including
ejection directions ri | andi ng .of ink droplets in
the & eX&HbI €6 |Yg§?4@z§%r%? 400y FALEPY mests, Erom
t8ler 8€hI 005008 DALY 1 3 destt henenliyi 6: S¢1&rtel above-
random Néxt, an ejection control circuit realizing

riche i phegethre£rdivnls, Wihk Beogeses ided.1anded on the

pixel lines (mt+t2) and {m+3) as well as on the pixel lines
(m-3) and (m-2).

By such a control, the first ejection control means and

the number of pixels increasing means can be carried out

. simultaneocusly.

Figs. 26A and 26B are drawings showing an example of
the combination item (7) in that the first ejection control
means, the second ejection control means, and the number of
Pixels increasing means are provided in addition to the
ejecting-direction changing means and the reference-
direction setting means. Filg. 26A of Figs. 26A and 26B
shows an example in that the Nth head 11 is arranged close
tc the (N-1}th head 11; Fig. 24B shows an example in. that
the Nth head 11 has the ejection direction coming near the
(N—lfth head 11.

In Figs. 26A and 26B, in addition to the example in

Figs. 25A and 25B, by the second ejection control means,
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According to the enbodi ment, using the ejection
control 10 circuit, the ejecting-direction changi ng
nmeans controls the ejection direction of ink droplets

. to be ejected in at least two different directions by

changi ng energy supply to the heating resistor 13.
Al so, the auxiliary control nmeans controls ink
droplets to be ejected in a direction different 15
fromthat of the ink droplets ejected by the principa
control nmeans by suppl ying @&%ergy to the heating
resistor 13 in a different way fromthat of the g04p0742
princi pal control neans. Mre specifically, while the

a 1 g
YRR 00L LR SRR BEERROEH, A Beahhen o
rafidpowi €e0h aried ritiel phavi Ngide sW €hiHg LlaepeBt of Figs.
(referred to as a current mrror circuit in the
2foal bowi PGB descy iptd @) tbhoraeef edtbet whieredthenkeahihgding
resistors 13 connected in series. Through this
edPFElPE, dleeetan dearrent aBappYi @l i el Réat tngthe
resistor 13 is % contr |l ed by £a55|ng current
SFarReEnt hiet $izat aPé‘s SPofBI 1ge o IBFRAS 1935 0P pYO LR
dlsch?£g£g the cq;r%n f£0n1b$tmeen t he heating
Fresistors : he “ej écting-directi on changi ng
NMeangex €O & %cttli‘%nebSEEf@I‘ dif QL 0R 9% 2k pk HLORb AL Sent
to be eJecte& in at least two different directions,
efbolibRe Bt apXi 1l iRy Yegertbeh . means controls the ejection
direction of 1ink droplets to be ejected in a
di r ektcordidiaf frer €éhe fwlopdindrat, byeitige thei rgepaion control
control nmeans. Fig. 27 is a drawing of an
CéFgg@pOnthgwﬂqutyﬂgrgarpcggon changing means controls the

ejection direction cf ink droplets to be ejected in at least
two different directions by changing energy supply to the
heating resistor 13. Alsc, the auxiliary control means
controls ink droplets to be ejected in a direction different
from that of the ink droplets ejected by the principal
control means by supplying energy to the heating resistor 13
in a different way from that of the principal control means.
More specifically, while the two heating resistors 13
arranged within fhe ink chamber 12 aré connected together in
series, there is provided a circuit having a switching
element (referred to as a current mirror circuit in the
following description) connected between the heating
resistors 13 connected in series. Through this circuit,

electric current supplied to each heating resistor 13 is

. controlled by passing current between the heating resistors
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according to the enbodinent. 10 In the ejection

control circuit 50, resistors. Rh-A and Rh-B are the

two heating resistors 13, respectively, which - are
divided into two wthin the ink chanber 12 and

connected together in series. The resistance val ue of
each heating resistor 13 herein is established
substantially identically. 15 Hence, by passing the

‘'same anount of. electric current through the heating
resistors 13 connected in-sa&w es, ink droplets can be

ej ected fromthe nozzle 18 without deflection (inso4p0742

arrow direction shown by a dotted line in Fig. 5). 20
190 othgy, 08 hern hand, *%%%"‘%%@r&ﬂ@ ENG, Neatidg, esi 8EQESng
13 connected toget in series, the current mrror

relsiedbts (3efes rteniatt Qh@s e@e@Mﬁ@¥&ihiéctﬁ.QJrDWhah§1ng means
connected. Through the CMcircuit, by passing current
coetweds the dpattiing diesicstonsofimt dyopdieschargbag

the current from between the 25 heating resistors 13,
SORETaftotMt 3 bf LRART dme PaSSPRgNE MbIRAFLoT67  0S04Pe742
eacE heating resistor 13 is ?lfferentlated t her eb

fCRangrhy ©¢ %7] &ﬁ%ﬂ&ncar%e 7 olPo e 8o léF&WﬁPoC’f
. I L di r.ec Qns in the rran d|r ction
1%#p9ﬁ ie%y gﬁsejﬁF G anejec%rec 1on.t§) eg R% %rom

nozzles i on par

tBHRPLY m%fﬁlﬂp&hegoy%&g@ across the
resistors A and Rh-B. Furthernore, the ejection

contrf. 7 riGUiat d2BwiRE! diflesn tdRRSishoesniviol oc MO:id B0
addition, nunerals (xN) (N=1, 2, 4, 8, or 50)
agttadhed to tthwe embodiment.

In the ejecticn control circuit 50, resistors Rh-A and
Rh-B are the two heating resistors 13, respectively, which
are divided into two within the ink chamber 12 and connected
together in series. The resistance wvalue of each heating
resistor 13 herein is established substantially identically.
Hence, by passing the same amount of electric current
through the heating resistors 13 connected in series, ink
droplets can be ejected from the nozzle 18 without
deflection (in arrow directioﬁ shown by a dotted line in Fig.
5).

On the other hand, between the two heating resistors 13
connected together in series, the current mirror circuit
{referred to as a CM circuit below) is connected. Through
the CM circuit, by passing current between the heating
resistors 13 or by discharging the current from between the

heating resistors 13, the amount of current passing through
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transistors M to ML9 and encl osed in parentheses show
10 juxtaposing states of elenments. For exanple,

-nuneral (x1) (for the transistors ML6 and ML9) shows
that a standard elenment is included. Simlarly,

nunmeral (x2) shows that an elenment equivalent to two
standard el enents.connected in parallel is included.
Nuneral * (xN) shows below that an 15 el enent equi val ent
to N standard el enents connected in. parallel is
included. The transistor M effurctions as a switching

el ement for turning on/off the current supply to gdwr0742
resistors Rh-A and Rh-B. Wen the drain of the
eta"cﬁﬂﬁbém*:%? Meglsswrigcagddwfgpeﬁ%ﬂe%' QB Bnhflging
series so that zero is entered into an 'ejection
texeelbtohoh NPitte SMdCR fFinkherbp aeisd sitrafo ML pllSral it pese
on so as to pass current through the resistors Rh-A
damdcRheBs imlEﬁkﬁaﬂnmmgihbederecti@mlmﬁ«hhﬁinmzzueput8
switch F is negative |logic according to the
(éﬁﬁééﬁn%h?c¥%W3ZEHEEﬂvenlence of 1C design so as to

i nput zero duri ivin 68 . S04P0742 (on
|nk %r%‘fﬂee‘if @9; gc%%d OrW‘%‘#Yﬁr’-g (YO &a ﬁté Eﬂss i'tfHee

orres 1 SO as urn on rarfS|s or

cﬁ&@@igl ) i&ﬂJ&Fése@%QbHEBBrs V\ﬂﬁ‘fntd M or OFi'ne%%ldéEfon,
ej ected fromone nozzle 18, the ejection execution

niApuEls S )chN=1i,s 2t uaned, Ocf 05)) Qdtached g paREi od
1.5 s (1/64), so t hat electric'pomer is supplied from
trhesponers Nipploy MIP afdbentl8sed i HarentésisssosboRh- A
.and Rh-B. The period 94.5
Juxtaposing states of elements. For example, numeral (Xx1)
(for the transistors M16 and Mi9) shows that a standard
element is included. Similarly, numeral (x2) shows that an
element equivalent to two standard elements connected in
parallel_is included. Numeral (xN) shows below that an
element equivalent to N standard elements connected in
parallel is included.

The transistor M1 functions as a switching element for
turning on/off the current supply to the resistors Rh-2 and
Rh-B. When the drain of the transistor M1 is connected to
the resistor Rh-B in series so that zero is entered into an
ejection execution input switch F, the transistor Ml is
turned on so as to pass current through the resistors Rh-2
and Rh-B. In addition, the ejection execution input switch

F is negative logic according to the embodiment for

convenience of IC design so as to input zero during driving
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Ls (63/64), during which the ejection execution input
swwtch 10 Fis turned 1 (off), is allocated for an ink
repl enishing period to the ink chanber 12 of the
liquid ejection part that has been ejected ink
droplets. Polarity changing sw tches Dpx and Dpy are
swi tches for determ ning the ejection direction of
ink droplets in any 15-one of the left and the right.

“Furthernore, first ejection control switches D4, D5,

and D6 and second ejection ggntrol swtches D1, D2,
and D3 are switches for determning the defl ecti ap4apo742
when ink droplets are ejected with deflection. 20 The

(toﬁa%gshﬁéﬁrf'n%ﬁd;ﬂlé\é% %Q@ EF #é@i“' Shts M2 030d cMEreq,

tion as oper onal rers (swtching

t@kenmplis) tof &4 Hde gGMecrxncwst of e@p,e@d welat t£aabut§ut
these transistors M and M4, and ML2 and ML3 are for
beassknglt e aelwectiure: our caat cbetseetnvt el .resi stors
Rh-A and Rh-B or for 25 discharging the current from
bet weeertdeng e her smRhdngnd, -wE9 i94POPR2SRA- B %i a
the CMcircuit. Furthernore, the transistors M/, M,
S3RGTRA 15 ?Wﬁan%%@&ﬁsﬁ@toFéekﬁﬁeCRMEF e UG aftBPUE

s.to be a onst cur.rent source
FETRT 5 Sty TS Thar§ bl e i 41 s M8 Ve
sl S II
pranaLsloLecie dher® S%t Yibppicn £AANGILLAA: Dpply vh
(M&ou@ig]$ﬁrid tHd e d8speeti ¥R-Aradsspfe. t hte period 24.5

transi stors M4, ML5, and ML6 are connected to the

bs (63/64), during which the ejection execution input switch
F is turned 1 (off),'is allocated for an ink replenishing
pericd to the ink chamber 12 of the liquid éjection part
that has been ejected ink droplets.

Polarity changing switches Dpx and Dpy are switches f&r
determining the ejection direction of ink droplets in any
one of the left and the right.

Furthermore, first ejection control switches D4, D5,
and D6 and second ejection control switches D1, DZ, and D3
are switches for determining the deflection when ink
droplets are ejected with deflection.

The transistors M2 and M4 and the transistors M1l2 and
M13 function as operational amplifiers {(switching elements)
for the CM circuit, respectively. That 1s, these
transistors M2 and M4, and M12 and M13 are for passing the

electric current between the resistors Rh-A and Rh-B or for

discharging the current from between the resistors Rh-A and
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sources and the back gates of the transistors ML2 and
ML3. 10 Anpbng these transistors functioning as the
constant current source, the transistor M/ has a
capaci tance (x8); the transistor M has a capacitance
(x4); and the transistor ML1 has a capacitance (x2).
These three transistors M/, M), and ML1 connected
together in parallel constitute a current 15 source

el ement group. Simlarly, the transistor M4 has a
capaci tance (x4); the trangstor ML5 has a

capacitance (x2); and the transistor M6 has a 3S04P0742
capacitance (xl). These three transistors M4, M5,
ang M6 eganegted-dpgether in parallel 20 constitute
the current source el enent group. Furthernore, to the
transustessmdds, Mhe ardnbliitand the md,r ansl stor sndldne
ML5, and ML6, which are functioning as current source
telaoentorst Ned t réilfsi strolr likaairagel Beesiameto dwr rerbnstant
capaci tance as that of each transistor (the 25
FERETsPBRECRBS T NBe &fvd cNEGUARd FREPE¢ NS Ist-or ShRL7,
ML8, - .70 ,S04P074 nd _ML9) .are connected. To tge

TS RPES Ao Pt Taue) STGr S TRESLCRBES dhly M. Sl P 2re

t LskLo 7, M8, _and he first j ection
ERRELRACES ettt M i b aR (i L ot

t%bﬁgﬁgesrgoﬁﬁréﬂdfﬂﬁ.tC%@ﬁi5§r1§?’tﬁgmkéypéﬂﬁive drains of
connected. 5 Accordingly, when the first ejection

thenttahssutdeh MBI, M35t uaAadMOR and eshraRePricatie
voltage Vx is applied between an anplitude contro
speraenabng erl davk getesdeff bhe examplsonsheil2 and M13.

transistor Mo is turned on, so that a current
Among these transistors functioning as the constant

current source, the transistor M7 has a capacitance (%8);
the transistor M9 has a capacitance (x4); and the transistor
M1l has a capacitance (x2). These three transistors M7, M9,
and M1l connected together in parallel constitute a current
source element group.

Similarly, the transistor M14 has a capécitance (x4);
the transister M15 has a capacitance (x2); and the
transistor Mié ﬁas a capacitance (X1l). These three
transistors M14, M15, and M1€é connected togéther in parallel
constitute the current source element group.

Furthermore, to the transistors M7, M9, and M1l and the
transistors M14, M15, and Mle, which are functibning as
cﬁrrent source elements, the transistors having the same
currént capacitance as that of each transistor (the

transistors M6, M8, and M10 and the transistors M17, MI18,
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when the voltage Vx is applied passes through the
transistor 10 M/. In such a manner, the first

ej ection control switches D6, D5, and D4 and the
second ejection control switches D3, D2, and Dl are
controlled to turn on/off, and hence the transistors
M6 to ML1 and the transistors M4 to ML9 can be 15
controlled to turn on/off. Since thée nunber of

el enments respectively connected in parallel to the
~transistors M7/, MB, and M 7and the transistors M4,
ML5, and ML6 herein is different, in Fig. 27, inspspo742
proportion to nunerals enclosed in parentheses of the -
adfl M?)Isééé 05@&47@&'&9 ade M1 gand, the HansLatoLsors ue,

electrlc cUr Fent passes From the

%r ansisuoy M4 tthe MEankhombibeut7 ansisst @hdVR1b0 Mle first
fron1the transistor M2 to ML1; fromthe transistor

eNk2tt on Mdnt fslomutiltehksans| sbby MR D4 eanMlEheaBdcbnom
the transistor 12 to ML6. 25 Accordingly, since the

ef §EF 80Bf CeHer ok avsitshessDiw, DRD,and DL agg4pPORRRCHAd-
ML1 is (x8), (x4) and (x2), the ratio of the
resp%&ﬁ??ﬂ%nq}ﬁalﬁ EOr FRfit SLi%F P aption CSPH?P%r?@ltCh Dé

) th t f the t t
181 BREsd 0 i a1 ap??fprr‘i‘?ﬁ'%sif%aog & e pelidetl ve

ng@éQnCéHréﬂHfiﬂdée|%oﬁtgo% tér%- %dpghéeakoﬁhgm/for

when the first ejection contro smnt es ™4,
elbmpl €&, NHLddhstiRR o] 6t L ONt AN Aln, Glof euit éocuﬁrent

Fig. 27 will be described. First, when F = 0 (on) and
wbpr thd,véhesdenpist itsoaphgéied passes through the transistor
M7.

In such a manner, the first ejection control switches
D6, D5, and D4 and the second ejection control switches D3,
D2, and D1 are controlled to turn on/off, and hence the _
transistors M6 to M1l and the transistors M14 to M19 can be
controlled to turn on/off.

Since the number of elements respectively connected in
parallel to the transistors M7, M9, and M1l and the
transistors M14, M15, and M1l6 herein is different, in Fig.
27, in proportion to numerals enclosed in parentheées of the
transistors M7, M9, and M1l and the transistors M14, M15,
and M16, electric current passes from the transistor M2 to
M7; from the transistor M2 to M9; from the transistor M2 to
Mil; from the transistor M12 td M14; from the transistor M12

to M15; and from the transistor 12 to M16.

Accordingly, since the ratio of the transistors M7, M9,
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NCR gate X1 is (0, 0), so that the output becones 1 so
as to 10 turn the transistor ML on. The input to the
NOR gate X2 is (0, 0), so that the output becones 1
so as to turn the transistor M2 on. Furthernore, in
the above case (F = 0 (on) and Dpx = 0), the input to
the NOR gate X3 is (1, 0) (because one is the input
of F =0 and the other Dpx = 0 is 15 the input 1
through an NOT gate X4). Accordingly, the output of
the NOR gate X3 is 0 .so as t/@ turn the transistor M
off. In this case, while the electric current fl owsparo742
fromthe transistor M3 to M2 (because the transistor
15+ 0N), e el ri g, curren S_no I
ayﬁehi %a%géi g%éc}r’ I\&%qt)é %ﬁ&( é)g%)a’ustgleet thrgci;1 ?’aﬁgi é?%r%ﬁg%%ﬂve
debhh. chbreoversa b tshae:ochagagi e4h St GSiRle the EMtio of
circuit, when the electric current does not flow
thbr enghs1ifeotd arisi,stas, Mandt hes el ectx4)G  (xap r eabd does) ,
not flow also through the transistor M3. In this
toearetioheh he claspgetdfret deapoverr s LdVhsi §:2: 72
S04P0742 applied, since the transistors M3 and Mo are
of f ERfTas st curgepasslay ciftdrerithe tHeséneipetir reptrol
fl, t hr ou the . resistor Rh-A without. branchin
SPARERE® AL (FandSt GPsofA "GHEL M G Theon control

- LStOr. i - r f ing 5 through the
c?églﬁzjtco%@ﬁh%\%lbgf'a%?hegﬁﬁoggrggﬁ% k%egiév: s?or Rh- B gand
the t1ansi stRL M=se (Hal ihe spu ent, ¢ap dhsehatrgethe

into the transistor M2. In this case, if the entire
NDRr gkte eXkctd ofo,cantr b shetchlies &M Becamesolf so as to
.since the ‘
turn the transistor M1 on. The input to the NOR gate X2 is
{0, 0), so that the output becomes 1 so as to turn the
transistor M2 on. Furthermore, in the above case (F = 0
{on) and Dpx = 0), the input to the NOR gate X3 is (1, O0)
(because one is the input of F = 0 and the other Dpx = 0 is
the input 1 through an NOT gate X4). Accordingly, the
output of the NOR gate X3 is 0 so as to turn the transistor
M4 off.

In this case, while the electric current flows from the

transistor M3 to M2 (kecause the transistor M2 is on), the

electric current doeé not flow from the transistor M5 to M4

. {because the transistor M4 is off). Moreover, by the

characteristics of the CM circuit, when the electric current
does not flow through the transistor M5, the electric
current does not flow also through the transistor M3.

Ir this state, when a voltage of the power supply Vh is
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current does not flow through the transistors M/, M,
and 10 ML1, the current cannot discharge into the
transistor M finally. Accordingly, the entire
current flow ng through the resistor Rh-A passes
through the resistor Rh-B. Then, the current flow ng
through the resistor Rh-Bis fed to the ground after
flowi ng through the transistor ML, which is 15 turned
on. Wereas, if at |east one of the first ejection
control switches D6 to D4 i72 en, the transistor M,
MB,, or MLO, which corresponds to the turned-on figeipo742
ej ection control switch, is turned on, and any one of

%B@:.E&a”&ﬁéé”tﬂ\@ trlg%’51%QO§Ed % VM[B %h:é g‘foggeggeﬁot

o the former transistor, IS rt er turne

tACBaEE Agbyrrdry t hercabovereaserrift thes Fdiro@igBCEhEN
control switch D6 is on, for exanple, the current
rieksdwing Rb+H& cugithdute brescitog Riwdrdridnchesnsdewandst he
transistor M2 25 and the resistor Rh-B so as to

agds¥har gel e o-hech& rangAster o2 - 15 3on,SO4R0 T4Z reRp. flowing
Then, the current flow ng through the. transistor

tP§Ou9]édth% ??%Lsdzrod‘uﬁ@"@‘l TRRENET a?%“?%‘i%r@el\/rfeéﬁat% Rh-B

a east one
SR S r T o ol SO kPR R e o™y i ERRRg S sinto
thlaetrén@{gﬂéﬁ AN T et Lpagsesst hropgh d he ;esl %EQEtRh A
wi t hout branching toward the transistors M3 and Mb,
egBdtiBencodAIChes towar d4t he b4 ansd drar, M2nardchbe

resistor Rh-B. Thereby, current | flow ng through the
cpesest oleeRmot £low through the transistors M7, M9, and
M11, the current cannct discharge into the transistor M2
figally. Accordingly, the entire current flowing through
the resistor Rh-A passes through the resistor Rh-B. Then,
the current flowing through the resistor Rh-B is fed to the
ground after flowing through the transistor M1, which is
furned on.

Whereas, if at least one of the first ejection control
switches D6 to P4 is on, the transistor M6, MB, or MI10,
which corresponds toc the turned-on first ejection control
switch, is tufned on, and any one of thé transistoxr M7, M9,
and M11l, which is connected to the former transistor, is
further turned on. |

Accordingly, in the above-case, if the first ejection
control switch Dé is on, for example, the current flowing

through the resistor Rh-A branches toward the transistor M2

and the resistor Rh-B so as teo discharge into the transistor
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and Rh-B is to be I (Rh- A) > I(Rh B) (note [(**)
denotes a 10 current flowi ng through **). On the

ot her hand, when F = 0 (on) and Dpx = 0 are entered,
in the sane way as the above, since the input to NOR
gate X1 is (0, 0), the output is 1 and the transistor
M is turned on.. Also, since the input to NOR gate X2
is (1, 15 0), the output is 0 and the transistor M is
turned off. Furthernore, since the input to NOR gate

- X3 is (0, 0), the output 4s73 -and the transistor M

is turned on. When the transistor Md is on, the s04p0742
current flows through the transistor M as wel |- as the

M. anghstor + B because ﬂow:. Q ‘EH@Bﬁﬁﬂe&‘létﬂﬁ%sqfst%QeM%s

circuit. Thus, when a voltage of e power supply

fie)l &I@plthedgro@n@l.kh[aertﬂief kewsstibeoughvt hend @sd.stor Rh-A
and the transistors MB and Mb. Then, the entire
curr@hétfismivign tthrrolglichheanaésist or (Rh-1A& e pagsedone
to the resistor Rh-B (because the transistor M is

f frhso TEREE eheckint e tror4swibappy 426 f1olhg st kPoughe

th tor, Rh-A d t_branch toward the
wiﬁéféil%ré’%z@)pawes%eirﬁiggn%ﬁ?éraa%%#ﬁ N

Ao, Lhg. 1 ans] 400 VB s passed by Lhe J esigtor

ause ransi s nce,

drR8chesi sLRL &R 6&%59%5@%2%9&\/'% AdYiQugh hﬂes

transistor MB is passed in addition to the current
f 1 owrRgréy oughrriche teslskofig RmSudds the esdlibtors Rh-A

current | flowing through the resistors Rh-A and Rh-B
amg.Rb—B iz to be I(Rh-A) > I{Rh-B) (note: I{**) denotes a
current flowing through **),

On the othgr hand, wﬁen F=20 kon) and Dpx = 0 are
entered, in the same way as the above, since the input to
NOR gate X1 is (0, 0), the output is 1 and the transistor M1
is turned on. 'Also, since the input to NOR gate X2 is (1,
0), the output is 0 and the transistor M2 is turned off.
Furthermore, since the input to NOR gate X3 is (0, 0), the
cutput is 1 and the transistor M4 is turned on. When the
transistor M4 is on, the current flows through the
transistor M5 as well as the transistor M3 because of
characteristics of the CM circuit. |

Thus, when a voltage of the power supply Vh is applied,

a current flows through the resistor Rh-A and the

transistors M3 and M5. Then, the entire current flowing

through the resistor Rh-A is passed to the resistor Rh-B

(because the transistor M2 is off so that the current
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be I (Rh-A) < I(Rh-B). 10 In addition, in the
above-case, the transistor MA is required to be on
for the current to flow through the transistor M.
Wen F = 0 and Dpx = 0 are entered as .descri bed
above, the transistor MAd is on. Moreover, for the
current to flow through the 15 transistor M4, it is
required. that at |east one of the transistors M,
MB, and MLl i's turned on. Thus, in the sane way as
that when F. = 0 and Dpx =-07descri bed above, it is
necessary that at |east any one of the first ejectiampro742
control switches D6 to D4 is turned on. That is, if

ftl%%lﬁgrm?ﬂié&g? FHeS L8l 8ELLORN SR m%é@é r§d”£ t&‘i%%ghD@o&QrQAfthe

are ned the situation

theeenBsok dent | caallsot o thBatnwhea Eun&@@o@ﬁ&g—tﬁroﬁ@h
that the entire current fl owi ng through the resistor

tRBe- Arisspassedi d « passesi sbothe Rhe B stAac ®diBngkyauké the
the resistance val ue of both the 25 resistors Rh-A and
tRRnBipsos i sihstfdntial ly identical, ink 75 S04P0742

droplets are ejected w thout defl ections. In such a
manngf 1 shiti% t@ﬁeréﬁéEFPﬁnR%x%'CLﬁk}eoﬁWrﬁﬁﬁF f%W%‘%‘iﬁ F

“RaHH g o S rakd thCCFTST B et b e SR FOF 5
ca%gﬁéeﬁﬁglﬁgo Atk RlhOWR ! PESFUL lerﬁhlpp d'A%C%a&gguuom

bet ween t resisto A and -B or to be passed
chekwgent £hesiesitsk-oLghRAnd A8di HvB fBl-acengaeh-B is to

capacity of the transistors M7/, M2, and M1
be I(Rh-A) < I{(Rh-B).

In addition, in the above-case, the transistor M4 is
required to be on for the current to flow through the
transistor M5. When F = 0 and Dpx = 0 are entered as
described above, the transistor M4 1is on.

Moreover, for the current 1o flow through the
transistor M4, it is required that at least one of the
transistors M7, M9, and M1l1 is turned on. Thus, in the same
way as that when ¥ = 0 and Dpx = 0 described above, it is
necessary that at least any one of the first ejection
control switches D6 to D4 is turned on. That is, if the
entire first ejection control switches D6 to D4 are turned
off, the situation when F = 0 and Dpx = 1 becomes identical

to that when F = 0 and Dpx = 0, sc that the entire current

flowing through the resistor Rh-A is passed to the resistor

Rh-B, Accerdingly, if the resistance value of both the

resistors Rh~A and Rh-B is set substantiaily identical, ink
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functioning as current source elenents is different,
the 10 control turning on/off the first ejection
control switches D6 to D4 enables the anount of
current discharged fromthe transistors M2 and M4 to
be changed. That is, the control turning on/off the
first ejection control switches D6 to D4 .enables the
current flowng through the resistors Rh-A and 15
Rh-B to be changed. Hence, while an appropriate
voltage Vx is applied betwgen-the anplitude control
termnal Z and the ground, individually operatingsddmm742
poI arity changl ng switch Dpx and the first ejection

jh{éc , n 20 the | andi ng
gﬁ%?%né déagpwllelgt%?ut@o be | ndiw dual |y changed
at N tdud epsafRiergaghiLé athd &jLaticaneRabbition input
Mor eover, by changing the voltage Vx applied to the
sampkht EIdEs comtriead drer heakodtréhetefilectdngm fifotheach
step can be changed while the rate of the drain
P@&ﬁFéhYslelélUwﬁrFﬁg sw28.chhPpaghne hehe riaisi tsteoes tvpp kBntrol
and MLO remains -- 7 6 S04PQ742 as it is

58”2‘31265 F}P@sto %Ww%éhﬁr EufePiles %rﬂivﬁ%rgﬁalfégmof

t th f t
e et e T T o1 i e e e o O hd S RATged PREvesn
tlhgngéggspgﬁ tmp_rks 24 dets 5 (ink dr opI et s) in the

arrangi ng direction of the nozzles 18. As shown in
the $ablese0h bagsci2PAoanchl8Bantench4 m7, Omef i xed)yi:

if (Dpx, D6, D5, D4) 1s (0, 0, 0, 0) as well as (1,
fOncHiofing tde duamnmeintg spastei ehsmeaitslots didferrot, the
control turning on/off the first ejection control switches
D6 to D4 enables the amount of current discharged from the
transistors M2 and M4 to be changed. That is, the control
turning on/off the first ejection control switches D6 to D4
enables the current flowing through the resistors Rh-A and
Rh-B t¢ be changed.

Bence, while an appropriate voltagé Vx is applied
between the amplitude control terminal % and the ground,
individualily operating the polarity changing switch Dpx and
the first ejection control switches D4, D5, and D6 allows.
the landing position of ink dreoplets to be individually

changed at multi-steps for each liquid ejection part.

Moreover, by changing the voltage Vx applied to the

‘amplitude control terminal Z, the deflection for each step

can be changed while the rate of the drain currents flowing

through the transistors M7, M6, M9, M8, M1ll, and M10 remains
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defl ection (directly underneath the nozzle 18) in both
the 10 cases. This is as described above. In such a
manner, while the first ejection control switch D4 is
fixed to be D4 = 0, the control with three bits of
the polarity changing switch Dpx and the first
ejection control switches D6 and D5 enables the

| andi ng positions of 15 dots to be changed in steps at

“seven positions including the position wthout

defl ection. This nmeans that 7he ejection of ink

dropl ets can be set to have odd-nunbered directi ons4p0742
as shown in Fig. 12, for exanple. Qher than fixing
a%hﬁtfh55§ gigection control -switch D4 20 to be 0, when
another first ejection control switch D6 or D5 is
simipsd y changedobe 9-8rtdb1&NANGRS ndt s1atpoShHE i oNs

ot her than seven are al so enabl ed. Wiereas when D4 = 1
pollexedy alsarsdiown switkehgDp288ndtties fiarxdi rgepadbhi onastrol
of dots can be evenly changed at 8 steps. 25 This
sgpabhes Phete Mt mgdpesenpensinflaiing easé tdioppded dots

77. 50420742 into four positions arranged on one side
(ZRY FEA PR tiroride GAEREIDE NZH=IF THPT fré f}&@. PPéﬁleS 18.

t hout .def| ect b
ot AT REVESR BEPATe o i erhy ShRoaP St dhen D4 -
opqmwﬁ Vﬂfh(rme &Rl | st i g =0 (6 Thaty i 9, gfeewePﬂ s

ed), the case wheré the andlng p05|t|on of
dpts l@ di y ecitey 1undengepbbit hendazz Rt 18w hbout

deflection) can be elimnated. This neans that the
deffeettomn ofdimdctdiyophdbsneash sttowmadzrllE §.8)11in banhbehe
cases. This is as described above. '

In such a manner, while the first ejection control

switch D4 is fixéd to be D4 = 0, the contrcl with three bits

of the peolarity changing switch Dpx and the first ejection

control switches D6 and D5 enables the landing positions of

dots to be changed in steps at seven positions including the
position without deflection. This means that the ejection
of ink droplets can be set to have odd-numbered directions
as shown in Fig. 12, for example.

Other than fixing the first ejection control switch D4
to be 0, when ancther first ejection control switch D6 or D5
is similarly changed to 0 or 1, changes at 15 positions
cther than seven are also enabled.

Whereas when D4 = 1 (fixed) as shown in Fig. 28B, the
landing positions of dots can be evenly changed at 8 steps.

This enables the landing positions of dots to be divided
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set to have even-nunbered directions (the case is not
10 included where ink droplets are ejected directly
underneath the nozzle 18). The above-description
relates to the first ejection control switches D4 to
D6; however, the simlar control can be also carried
out in respect of the second ejection 15 control '
switches DL to D3. Referring to Fig. 27, the second
ejection control swtches D3, D2, and D correspond
to the first ejection contrgl -swtches D6, D5, and
D4, respectively. The transistors M2 and ML3 S04PQ742
connected to the second ejection 20 control swtches

t S apsisio
e 2HE SPHLTEAR Mertopll PARORL AT A R MRt
oBrneesprst | wetly .thEN@cRekabht ¥i hangi ok 19Mctich Dpy
further corresponds to the polarity changing switch
tBpxebdbeetn ansiStadrss Mb4dbkoaMi@ndemcid orvrg aad®ituEeeal
source 25 elenments also corresponds to the
SyrRASE¥t @psuivb-ite oupl tion781 tis0dPOMt issddent Fvely.
On the side of the second ej ection control sw tches Dl
to DB22% Hes rc AP&E P}‘} of Lt hel¥¢&hnsi Storame4 *PaRet Fohi ng

1 current so ene ﬁyffe ent fromthat o
F‘Hglg?’d%o%%tl‘glt edfOthtls jgéJé erréﬁea i -CReR PR
180 (B Jhe &éﬂrl-:%t%to ML4 Eéngiirﬁe DNEAS FnGur LEeDLs that

source el enent on e side o second ej ection
tﬁ@néﬁ@&t§Mht&@eﬁmDHfbglgﬁslSassgﬁoﬁ@;ﬁﬁwaga hal,f can be

capacity of the transistor M6 functioning

set to have even-numbered directions (the case is not
included where ink droplets are ejected directly underneath
the nozzle 18).

The above-descripticon relates to the first ejection
control switches D4 to D6; howeﬁer, the similar control can
be also carried out in respect of the second ejection
control switches D1 to D3.

Referring to Fig. 27, the second ejection contrecl
switches D3, D2, and Dl correepond to the first ejection
control switches D6, D5, and D4, respectively. The
transistors Mi2 and M13 connected to the second ejection
control switches D1 to D3 correspond to the transistors M2
and M4 on the side of the first ejection control switches D4
to D6, respectively. The polarity changing switch Dpy
further corresponds to the polarity changing switch Dpx.

The transistors M14 to M19 functioning as current source

elements also corresponds to the transistors M6 to M11,
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as a current source elenent on the side of the first

1,0 ejection control switches D4 to D6. Others are the

same. Hence, on the side of the second ejection

control switches D to D3, in the sanme way as

descri bed above, by controlling the second ejection

control swtches D3 to.D together with the polarity

changi ng switch Dpy to be turned 15 on/off, the

current flow ng through the resistors Rh-A and Rh-B

can al so be changed. Changegg n the current val ue by

the control of the second ejection control switchempo742

DI to D3 are smaller than those by the first ejection
r.ol itches D4 to D6. Thus, 20 the variable pitch

I%%B%ﬁghrgn ing positions of ink droplets by the

contgRl tif Jikee $8Ccend sibeshh ofy LONtdPloctitirbehgni BbndH D1

D3 is finer than that by the first ejection contro

teowDB¢hekBe pd@i¥6.o0fTheeSeeandi et ectNn Mowttiehing as a

switches D to D3 and the 25 polarity changing switch

cDyyeates i ¢t ye ket dsededderayt - L7Qn t$E4POR42heheide of

second ejection control neans. Therefore, the control '

they fASSEheIRC i PTRiqPn 288 SYV1FFReS DBAAMP -28BRRay he

trationﬁl. %ﬁ Figs. .28A and 28B herein, the polarit¥ on
CRAMYPNG" s ‘%c’lﬂﬂﬁii%oéiéflﬁeéﬁoﬁd%u’f%el%"hesodloﬁca?ri e

tfR2ag 890%6@{24[ tfce!boggiy ég%@%ighréénﬂc?ftév%ﬁc%%t b9l to D3 is
Swi t ches , , an correspond to the second

seiteebi RAvE ONtH Dl £ SWichehes D3, tkR, tradh Aor M6 functioning
respectively. Thus, it is preferable that the

a@] actiionebe @mdeldledenict bnt hite setdn b fojdet ifdrst

contr ol

ejection control switches D4 to D&é. Others are the same.

Hence, on the side of the second ejection control
switches D1 to D3, in the same way as described above, by
controlling the second ejection control switches D3 to D1
together with the polarity changing switch Dpy to be turned
on/cff, the current flowing through the resistors Rh-A and
Rh-B can also be changed.

Changes in the current value by the control of the
second ejection contrel switches D1 to D3 are smaller than
those by the first ejection contrcl switches D4 to D6. Thus,
the variable pitch of the landing positions of ink droplets
by the control of the second ejection control switches D1 to
D3 is finer than that by the first ejection control switches

D4 to D6.

The second ejection control switches D1 to D3 and the

polarity changing switch Dpy are mainly used in executing
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switch DI fixed to be DI = 1 (however, the control 10
corresponding to the table in Fig. 28B of Figs. 28A

and 26B may of course be possible). In the ejection
control circuit 50 shown in Fig. 27, the anplitude
control termnal Z on the side of the first ejection
control switches D4 to D6 is identical to that on 15

the side of the second ejection control switches D1 to
D3. Hence, if the voltage Vx applied to the anplitude
‘control termnal Z is establd shed in view of the
control amount by the second ejection control 504P0742
switches D1 to D3, for exanple, the |landing positions

T E R R T e

ejection co swtc
W bBeshRashsiffridie 2@ bageiyy., Therehy cdheas eetion
control is established to have a predeterm ned:
raeliahbdnship heisnearss hedepest heheDontuta wafl adink
droplets on the side of the first ejection control 25
chwingéhessDit¢lo D6 avd relsarndn thetle deolefrittye cheogAtg -
80 S04POr42 ejection control switches D1 to D3. Thus,
sl tEReDRY ectidnf 1 o tSHGIC TP AR BF Dbl Bt qhase Pdpabar and
etween the | anding positions of ink draplets). is- :
Dgef:SF AP AR D~ any o fE 6P e &7 SHhESY TH IR cfé“tlzrcﬁleﬁe83' D2,
sukts j eotj on tr j I e
aégagg' bg?é e%%‘ﬁegl}i'an ?1%8 ’ pglg i t9|g o%ég%%a?%%o tgltragpl@gtg s)
eljecdebar Bt nesh b itike QLRer takdgecSWEE ARMAYN control

contributes to sinplifying the control. However,

sattheh Dhafisarthtca baayl the danprkéetende toentaosltrol
corresponding to the table in Fig. 28B of Figs. 2BA and 28B
may of course be possible).

In the ejection contrel circuit 50 shown in Fig. 27,
the amplitude control terminal Z on the side of the first
ejection control switches D4 to D6 is identical to that on
the side of the second ejection control switches D1 to D3.
Hence, if the voltage Vx applied to the amplitude control
terminal Z is established in view of the control amecunt by
the second ejection control switches D1 to D3, for example,
the landing positions of ink droplets by the control of the
first ejection control switches D4 to D6 are also determined
on the basis of the voltage Vx.

Thereby, the ejection control is established to have a
predetermined relationship between the ejection control of

ink droplets on the side cof the first ejection control

switcheé D4 to D6 and that on the side of the second
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termnal Z on the side of the first ejection contro
10 switches D4 to D6 nay al so be provi ded separately
fromthat on the side of the second ejection contro
switches D1 to D3. Thereby, the ejection direction of
ink droplets (the landing position of ink droplets)
can be established at nore multi- steps. 15 The -

ej ection control circuit 50 shown in Fig. 27 is

provi ded for each liquid ejection part; however, the
above- nentioned control i-ssgperforned for each head

- 11. That is, the switches of the ejection control s04p0742

circuit 50 are provided in one for each head 11. By

: i 0 i snonloff~in ifS ek -
<RI L3620 RS pEnLE L LS8 SRR

cbhtabe sarned olfts kAl RO USd tedrorn@xaBBblengi N
one head 11, by turning on/off one first ejection
poefitiohs sok tiotk [Broptllkeeshi Lst deegecineaan «worthyobne side,
switches D6 of the entire liquid ejection 25 parts of
bpredhendtha datemiimgict 4r604U58y the e adi/osf £ontrg) of ink

S04P0742 Accordingly, by controlling each switch to be
dEGPARES EHIOIIPAGT BRIHFESBf TRl AHPA Postfdons of ink

ARl ! o LA
ERREP U7 e SH PRE CHURT AP RoRFOl mbans can be
execyiged., Waen cBIE%rEEb{‘&é P& énﬁﬁ&éﬁ&‘%g”‘%ﬂ@sc&%éﬂe

auxil1ary control neans are execut the auxiliary

conty@le®¥GCU-her ERLET Hhdh NG WBANTHEBYMS Y OF 8de Wi they1
the auxiliary control neans is executed for every

themdsalllZ orn rdte isdida néEndhy fioget hereatiitdn thetonlof f
sagggﬁes D4 to D6 may also be provided separately from that
on the side of the second ejection control switches D1 to D3.
Thereby, the ejection direction of ink droplets (the landing
position of ink droplets) can be established at more multi-
steps.

The ejection control circuit 530 shown in Fig. 27 is
provided for each Iiguid ejection part; however, the above-
mentioned confrol is performed for each head 11.

That is, the switches of the ejection contfol circuit
50 are provided in cne for each head 11. By turning the
switches on/off in units of the head 11, the entire ligquid
ejection pafts within the head 11 are turned on/off
simul taneocusly. For example, in cne head 11, by tufning
on/off one first ejection control switch D6, the first

ejection control switches D6 of the entire liquid ejection

parts of the head 11 are simultaneously turned on/off.
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of each switch when the neans is executed. \Wen the 10

reference-direction setting nmeans is executed together

with the ejecting-direction changing neans, i.e.,

when a reference principal direction is established

for each head 11, the on/off state of each switch may

be stored in units of the head 11 in the sane way. 15

Furt hernmore, by changing the voltage Vx applied to the

anmplitude control termnal Z, the deflection (ejecting

-angl e) per one step can be ghanrged. Wen the

ej ecting-angle setting neans is executed, by S04P0742

adj usting the voltage Vx applied to the anplitude

cont Is esLr

o ook Pt SR, 55 S8nRRallRd SRR ITER cHOBY Bnea

dnfYog £t E ABLABYs ber iRl edalin 18, MBRBI ¥4 e i1 d-diStection

ej ection control means can be exectt ed by controlling

dnh@cthgSheshecdt Ahet @itihelipah teheso DhndamsDGrido thbe

turned on/off. Furthernore, the second ejection

ageRi L oky 26omeeds mansheaax beuerechiedontWsin ithg phéncipal

second ejection - 82 S04P0742 control switches DI to-

CBQtFBlb@e%%? e oWeo@PXl\Méﬁyt fien htrb 1o B8S ﬁ'ﬁ?el%ecumd
nmeans_|i furth e ecuted in H

an eas
iy SERL} LRET GO ST Sl ARSI K TEANoa ey BT
8L OLHEKE, L DRI SPILE 3o80UDL 6: UL ABSE.. 5460 Lhey

Irst ejection control swtc are used

neebk as &Pen&yﬂpﬁ%.ka@&&ekggéﬂﬁéﬁaﬁhﬂgtﬂﬁﬁ%&,oEE b@ate
preferable that the first ejection control switches D4

ofoeB6h beitchiangedh ttheOmeand $8 ¢hatutdie. ejidehi ahe

di rection be _

reference—-direction setting means is executed together with
the ejecting-direction changing means, i.e., when a
reference principal direction is established for each head
11, the on/off state of each switch may be stored in units
of the head 11 in the same way.

Furthermore, by changing the veoltage Vx applied to the
amplitude control terminai Z, the deflection (ejecting
angle) per one step can be changed. When the ejecting-angle
setting means is executed, by adjusting the voltage Vx
applied to the amplitude control terminal Z so as to
establish a desired ejecting angie for each head 11, the
voltage Vx at this time may be stored in a memory.

The first ejection control means can be executed by
controlling the first ejection control switches D4 to D6 to

be turned on/cff. Furthermore, the second ejection control

means can be executed by controlling the second ejection
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V-

changed to 15 stages. That is, this is because the
nunber 10 of ejection directions capable of covering a
plurality of ejection directions by the nunber of

pi xel s-increasing neans and a plurality of ejection
directions by the first ejection control neans is
required. In addition, the first ejection contro
switches D4 to 15 D6 are arranged in parallel with.
the second ejection control switches D1 to D3 so that
the ejection control swtchegg, -the polarity changing
sw tches, and the transistors for the nunber of pigeI®742
i ncreasi ng means may be obviously provided -

cﬁgggéftgwytescrxﬁ_5%nggd£ge$% el dde present invention

een ove; present invention is.

not dhdA tefd tembhe oenpp;@éi@rﬂncr%%stﬁ@t m¥a8hkOUS further
nodi fications can be made as follows: (1) A J-bit

egaptitel, sigmlg.skrawnthe Figst diedtoidd dohitrdd Beitches D4
l[imted to the nunber of bits exenplified in the - 83
t80RBP0Zd42 ahbodiarersed $o mhke blpgm mebE cofdcbhbils panrdee-
enpl o (2) According to the enbodi nent,

a¥%| %I%Tés%éaéiﬁ%oél ERBATSL 1%W1a1i¢élep3r RH &ed D6aﬁﬁe pysed
changi n urrent passin h each of th
AP PhG™s oS CEPE=Fa0L; ROTERS TS 1S FBSPSe ofb 13
pPEeeFARIL AR fa&gguggasﬁfodﬁ i 880681 54108 pe

tirme reaching t Ing~In ets (bubble
LEeBRAAREEDGd Im®r 1t ke tHM@%h@%?écﬂQin ldiFetedoh Ope

this, and two-divided heating elenents 13, each _
change@ thel Satmges. That is, this is because the number
of ejection directions capable of covering a plurality of |
ejection directions by the number of pixels increasing means
and a plurality of ejection directions by the first ejection
control means is required.

In addition, the first ejection control switches D4 to
D6 are arranged in parallel with the second ejection control
switches Dl to D3 so that the ejection cecntrol switches, the
polarity changing switches, and the transistors for the
number of pixels increasing means may be obviously provided
separately.

The embodiﬁent of the present invention has been
described above; the present invention is not limited to the
embodiment, so that various modificaticns can be made as
follows:

{1} A J-bit contrel signal shown in Figs. 11 to 14 is

not limited to the number of bits exemplified in the



10

15

20

25

resi stance, may be juxtaposed while a difference in
period 10 for passing current nmay be produced. For
exanple, when a switch is independently provided for
each of two-divided heating elenments 13 so as to turn
each switch on with a time difference, a tine
difference.in the tine reaching the generating
bubbl es in ink -may be produced. Furthernore, a 15
conmbi nation may al so be enpl oyed of changing the
current flow ng through eag of the heating el enment
13 with having a tinme difference in the period fafp4p0742
passi ng current. (3) According to t he enbodi nent, an

S I es) 13
egégiﬂghg?gpoiggyﬁée élyt El%bggo g‘%g‘%ﬁsﬂ;% ur gﬂgi ?tgé of
di vi $2 praddi:a0 tbaﬁhee&mocs&{rﬁérpd Loy dphoved, haaeh iy
circuit structure can be S|an|f|ed However, the
ellewment 5 oh3 | sragirdimcided ahd bplshangﬂnb\m1ermenmepaaking
chanber 12, juxtaposed three or nore heating
thesughoeach P hehehdregsdty 28siatorechidithg ttoot heating
enbodi nent, the heating resistor - 84 S04PO742 13 is
r@ﬁéﬁﬁPF?l £ ke GPEraiprs SPrbEB‘B‘IhéCJd%é’r éztlﬂnﬁgdﬁégﬁgence

heat | t t { th
iPnihe B Pbel UG Wy o Bipl By el * A GThaP ORAR &
g@ﬁé&ﬁ@gn el SRR 12N 1QRERGY 55 eNET A4 "ﬂlgmﬁﬂt%'@e% Rhis, and

anot ype may be 5 use For exanpl e, there may be
taB-8Nel g¥d generialy ragem@h@gemg ofa@h 1l 8Gly eskakihgie

ej ection systemand that of a piezoelectric system
réheésearcgy -gen dratiumg apbergntvhdie an &l fereastatincperiod
for passing current may be produced. For example, when a
switch is independently provided for each of two-divided
heating elements 13 sc as to turn each switch on with.a time
difference, a time difference in the time reaching the
generating bubkles in ink may be produced. Furthermore, a
combination may also be employed of changing the current
flowing through each of the heating element 13 with having a
time difference in the period for passing current.

(3) According to the embodiment, an example is shown in
that the two heating resistoré 13 are juxtaposed, and this

is because durability cof division into two has been

sufficiently proved, and a circuit structure can be

-simplified. Bowever, the invention is not limited tec this,

and within one ink chamber 12, juxtaposed three or more
heating resisters 13 may be used.

(4) According to the embodiment, the heating resistor
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ej ection systemincludes a resonant panel_and.tmo
el ectrodes 10 di sposed underneath the resonant pane
with an air space therebetween. The resonant panel is

~defl ected downward by applying a voltage between both

the el ectrodes, and then, .the voltage is turned to O
V so as to release an electrostatic force. Uilizing
an elastic force produced 15 when the resonant pane

is returned to the original state, ink droplets are
ejected. In this case, in-orgker to produce a :
difference in energy generating for each S04P0742

ener gy-generating el enent; when the resonant panel is

.1r3e*1‘ér BQQmEQ:L%P £q Ofd Yrhaly aani'.S yel ﬁ@&@l%ocgrérx%)ﬁa%ri%%dmtegns

OVsoasto re ease an electrostatic

oA fof eegRERyMBYehon Dl AUCRRELUREN 4 WebriH B} other than
generating el enents, or the voltage nay be changed for

d\mes1emetgmagewenempuqyaﬂ enants, dHbiieexaigl e hEheing

energy-generating el ement of a piezoelectric system

deregtppde ofcrgrUimgETiatd ngoapenent off apitdegetaper may be

el enent - 85 S04P0742 havi ng el ectrodes di sposed on

¥566h sfﬂése%ﬁmp%?wé%ﬁﬁéh?ﬁypgﬁeﬁn %Wﬁﬁ9¥1§ﬁHQﬁiﬁenﬁs
pplied to th eIectro es on bot si des of -

JRBSBE! BE 71 (LS 4 e BaaP RO oRERToT $nhAddscel 2

ﬁlngQEeE?E ag% Ranel by a piezoelectric effect so 5

as to de e resonant panel . By utilizing this

def | e6d | O rdylyedeoplehy alen&hecdetn A1setikBstht Sc

case, in the sane way as above, in order to produce a
ediekbtépensesten enerlgylegereratbngnt opaeaickand two electrodes
disposed underneath the resonant panel with an air space
therebetween. The resonant panel is.deflected downward by
applyving a voltage between both the electrodes, and then,
the voltage is turned to 0 V so as to release an
electrostatic force. Utilizing an elastic force produced
when the resonant panel is returned to the original state,
ink droplets are ejected.

In this case, in order to produce a difference in
energy generating for each energy-generating element, when
the resonant panel is returned to the coriginal (the voltage
is turned to 0V so as to release an electrostatic force), a
time difference may be produced between two energy;
generating elements, or the voltage may be changed for two
energy—-generating elements, for example.

The energy-generating element of a piezcelectric system

is made of a composite composed of a piezoelectric element
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energy-generating el ement, when the voltage is applied
to 10 the el ectrodes on both sides of the
pi ezoel ectric elenment, a tinme difference nay be-
produced between two piezoelectric elenents, 'or the
vol tage may be changed for two piezoelectric
el ements. (5) According to the enbodi nent, the
ejection direction 15 of ink droplets is enabled to
deflect in the arranging direction of liquid ejection.
parts (the nozzles 18). Thi g5 s because the heating
resistors 13 divided in the. arranging direction ofo4ap0742
liquid ejection parts are juxtaposed. However, it is
nA0LnBCEESSAIIdds aholia BhT 306k Ntk IS 66l AN 280k
iqurd ejection parts pertfectly agree with the

pdathectyean 4iFactdenief appkidiopd elife S ckhabe8VBA both
when sonme disagree is exhibited, substantially the
sdape off €itd mwidvdad cexpeact ellemast i hatbashEmdt hement is
arranging direction of liquid ejection parts
cpedfeed| in dgreaeaginamtt engdef bect i e afialectirds 6Fffpak so
.25 droplets. Hence, such disagree is ng problem - 86
aSOEPO?ﬂgl?%ﬁ Hhe 1358 0080EnB2BF Lt | Bh HortrPdRonEans,

n _on one, .pixel .region, ink droplets are randomy
FRTaehTat Nin B PR 3581 EPSRESTM s not 11 mited o
the P Hlevask the rhodldenl, JaNoBYIbel, B

I may

be enpl oyed as long as M5 e positive integers of

té BEoldBEE. a (FIffdrerke SBCORdrg) eedidhiGoNnt Fol BRARAS
according to the enbodi nent, the | andi ng positions of

ennkgdr ophet st iare elrardan yhehatigedrdldragened spiepellied to
region so that the center of
the electrodes on both sides of the piezoelectric element, a
time difference may be produced between two piezoelectric
elements, or the voltage may be changed for two
piezoelectric elements.

(5) According to the embodiment, the ejection direction
of ink droplets is enabled to deflect in the arranging
direction of liquid ejection parts (the nozzles 18).

This is because the heating resistors 13 divided in the

arranging direction of liquid ejection parts are juxtaposed.

" However, it is not necessarily that the arranging direction

of iiquid ejection parts perfectly agree with the deflection
direction of ink droplets, so that even when some disagree
is exhibited, substantially the same effect can be expected
as that when the arranging direction of liquid ejection
parts perfectly agrees with the deflection direction of ink

droplets. Hence, such disagree is no prcblem.
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| anded i nk droplets is included wi thin the pixe
region; the 10 invention is not limted to this, and
when at |east part of |anded ink droplets is included
in the pixel region, the |[|anding positions can be

di spersed in nore than the range of the enbodi nent.

(8) I'n the second ejection control neans according to
‘15 the enbodi nent, a random nunber generator is

enpl oyed as a nethod for randonmy determi ning the

I 'andi ng positions of. ink- dwoplets; however, any

met hod may be enpl oyed as |long as the selected s04pr0742
Ianding position has no regularity. Furthernore, as a

met hg@l far gener %5&18903899%% UUESSS, m‘égﬁﬁe QE@n éoor?e

20 square center h a congruence net

pligshStegiomptind, dﬂdﬁﬂe‘&éagﬁéeraﬁ@oxﬂﬁeﬂd’ﬂ%@hﬁel‘& t han
a random nethod, a nethod repeating a plurality of

d&@ﬁbraﬁtlm@lﬁfcr&pem fiisC noRuUlERi €edunbesrs: maybbes shown
enpl oyed, for exanple. (9) According to the

ionthbdi eppedimdre ,pEnmm aumpsr R8Y | pr ctiproreesd aisntlenghes M
head 11; however, the present - 87 50420742 invention
TRy ﬁ@tPP$¥ﬁ%¥&i%QF%ﬂﬁéspPﬁn?ePr Bor€hat various  |iquid

o U SRR O BB B o
8ke M)Bcglrﬁer?%l mate” g@%gd 891@14}?}\5’* Afpprcheh%ylegs are

i ol ogl ca ustri pl i cabi
réﬁa@ﬁ@lyn@hé@;échefo&r R%eNbikBYeRty Do Y alhatheneacitér of

head has a positional displacenent relative to another

lahded ink droplets is included within the pixel region; the
invention is not limited to this, and when at least part of
landed ink droplets is included in the pixel region, the
landing positions can be dispersed in more than the range of
the embodiment.

(8) In the second ejection control means according to
the embodiment, a random number generator is employed as a
method for randomly determining the landing positions of ink
droplets; however, any method may be employed as long as the
selected landing position has no regularity. Furthermore,
as a method for generating random numbers, there are also a
sguare center method,'a congruence method, a shift resister
method, for example. As a method other than a random method,
a method repeating a plurality of combinations of specific
numeric numbers may be employed, for example.

(9) According to the embodiment, the printer is

incorperated into the head 11; however, the present
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10 head, or when ejection characteristics such as an
ej ection direction are different, stripe

non-uni formity can be made in inconspicuous states by
correcting the ejection direction of the unit head.
Thereby, printing quality can be inproved. - 88

- CLAI M5 S04P0742 1. A liquid ejection apparatus having

a line head arranged by juxtaposing a plurality of
liquid ejection parts 5 of unit heads so as .to connect
the unit head to the adjacegty —unit head, each unit _
head having at |east part of the liquid ejectiondudg7az

for ejecting ink droplets froma nozzle, the liquid
flkrSSH&'? P%jpf?ortatﬂ%nl%%ﬁp"t' SLAG: P{r&ﬂh‘%& p%' ‘ES{QUQLrE‘S@QS
or control lI'i ng each of 10 j ection part

1tgueliesiedd B4 %yaqaltag@sfﬁgw Meapﬂ%a e FauXkkh l/e,
control nmeans for controlling liquid droplets to

teperéed 1N iy [Aast benepdiiedt t ®rerliddmerentisf £6mM éjlécting
ej ection direction controlled by the principal contro
anmgahgtisn i malheligor angNagidr réeteoringf a kaoliequrdl

- ejection parts; and auxiliary control execution

TgéeBEdt ning means for individual ly setting whether
the auxiliary control nmeans is executed for each of
t he unit head. 2. A liquid ejection apparatus having a

I hggt %ggfyga%qggq by juxtaposing a plurality of

I qul eJe lon parts® of unit heads so as to connect
t he Atidrdiedd thothbepadiacettnvditibnheaden eagsn Widnit

head having at |east part of the I|qU|d
head has a positional displacement relative to another unit
head, or when ejection characteristics such as an ejection
direction are different, stripe non-uniformity can be made

in inconspicuous states by correcting the ejection direction

of the unit head. Thereby, printing quality can be improved.
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ej ection part for ‘ejecting ink droplets froma nozzl e,
the liquid ejection apparatus conprising: . 25
ej ection direction changi ng nmeans for enabling the 89
S04P0O742 ejection direction of liquid droplets
ejected fromthe nozzle of .each of the liquid ejection
part to change in at |east two different directions

in the arranging direction of the l'iquid ejection

parts; and 5 reference-direction setting nmeans for -

i ndividually setting one +e&fserence principal

direction for each of the wunit head anong a plurab04s0742
of ejection directions of liquid droplets established

by the ejection direction @hagi ng neans. 10 3. A

l'iquid ejection apparatus having a |ine head arranged

by juxtaposing a plurality of liquid ejection parts

of unit heads so as to connect the unit head to the
adj-acént iquhi t e et oreaciragpictishbadima i Nigiret Heealst

part of the liquid  ejection part for ejecting ink
adfrf&ﬁﬁ@fisbvrbw%am&lﬂge a Pllrélri‘glFYqﬁflee‘jI@& ighpction parts

appar,a rising: ejecti dlrectlon

FERRLY BE-GRTHY |5 TR Faf trrecirh ot HRgardecent

ﬁ‘i{ll%phgéé eég&g%f{ %awgﬁgggézgg Péaﬁél]arog tf_h%he liguid

quid éf ection part to I'n af

dickkebanpa i r €6t | O difgt liﬁkaar:@ﬁgé@g e dre e In%z% 2fe
the liquid ejection parts; and ejecting-angle settlng

ligang Egectheoht vdghddtnssebhbrgsihggui d dropl ets
~established by the ejection direction

principal control means for controlling each of the
liguid ejecticn part to eject liquid droplets from the
nczzle;

auxiliary contrel means for controlling liquid droplets
to be ejected in at least one direction differaent from the
ejection direction contrelled by the principal control means
in the arranging direction of the liguid ejection parts; and

auxiliary control execution determining means for
individually setting whether the auxiliary control means is
executed for each of the unit head.

2. A liquid ejection apparétus having a line head

arranged by juxtabosing a pluraility of liquid ejection parts
of unit heads so6 as to connect the unit head to the adjacent

unit head, each unit head having at least part of the liquid

ejection part for ejecting ink droplets from a nozzle, the

‘ligquid ejection apparatus comprising:

ejection direction changing means for enabling the
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changi ng neans for each of the unit head. 4. A liquid

. ejection apparatus having a |ine head 25 arranged by

juxtaposing a plurality of liquid ejection parts - 90
S04P0742 of unit heads so as to connect the unit head

to the adjacent unit head, each unit head having at

| east part of the liquid ejection part for ejecting

ink droplets froma nozzle, the Iliquid ejection
apparatus conprising: 5 ejection direction changi ng

nmeans for enabling the ej-eatien direction of liquid
droplets ejected fromthe nozzle of each of the s04p0742
liquid ejection part to change in at |east two

egletft%ﬁn&iﬁéé@féri QS 111yt Bey 265 A0OL NGy HIRCEQR fhe

he liquid e ection parts; 10 ‘ejecting-angle setting
ndeans Hereiduli v i 1Y gsett efgetl dfUb L drepl@hsge in at
established by the ejection direction changi ng nmeans
leastetsh @f £ fdwenmnidifeeadpnaninr efierancergdinvedtirention of
setting neans for individually setting one reference
thei Aepat e eectqro®arseeaBl of the 15 unit head anong

a plurality of ejection directions of liquid ,droplets
est aﬁ?f'ra%ﬁé%ceﬁf RET&PBCEF O R Mt °¢h H&ilﬁ@guﬁﬂa%s.
SStt'{he qﬁggggg%§rgcco&d£ng tg any_ one o%fg ai %ftghe
X5 Rr her Conprisi Bg 6] eEti on cont ol ‘ieans tof

ub @Rt hOLd i BEon2Q [H1GWad gL opkel s &k €6dd Ot 18R +t33nk0o k0L Mynig
one pixel line orf one piXel using at |east two

ddbbiietendstdsii cher] @6t k@B PALESIDY dBjeRadiiddd chBkging
droplets in different directions, using the
means.

3. A liquid ejection apparatus having a line head
arranged by juxtapecsing a plurality of liguid ejection parts
of unit heads so as to connect the unit head to the adjacent
unit head, each unit head having at least part of the liquid
ejection part for ejecting ink droplets from a nozzle, the
liguid ejection apparatus comprising:

ejection direction changing means for enabling the
ejection direction of ligquid droplets ejected from the
nezzle of each of the liquid ejection part te change in.at
least two different directions in the arranging direction of
the liguid ejection parts; and

ejecting-angle setting means for individually setting
liquid dropléts_established by the ejection direction |
changing means for'each of the unit head.

4. A liquid ejection apparatus having a line head

arranged by Jjuxtaposing a plurality of liquid ejection parts
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ej ection direction changi ng neans, fromat |east two

different liquid ejection parts arranged in the

vicinity so 25 as to land liquid droplets on the sane

pixel line so as to - 91 S04P0O742 formthe pixel line

or by landing liquid droplets on the sanme pixe

region so as to formthe pixel. 6. The apparatus

according to any one of Clainms -2 to 4, further

conprising ejection control neans for controlling 5

l'i qui d-droplet ejection in tdat a pixel line is forned

by ejecting liquid droplets in different directi onspapo742

fromat |least two different liquid ejection parts

oAl ﬁaageﬁemst@@ ad ity Richhese @ﬁetﬁni@%i d 4 Ghe adjacent
droplets on the sane pixel |ine using the ejection

wiiteBbh@N HEMNYinlG MRAAS ha®inghet ONadd mincelosl ithe 0fquid
one pixel is fornmed by landing Iiquid droplets on the

esareiphxeirt efpore @tdsst dnkodmophet pi kedm usinogzak, the
| east two different liquid ejection parts arranged in

REidyeErATIYR pPamRéugpFararisiagtording to any one

of Cains 2 to 4, .15 further conpris

ej ecﬂ%%tlc‘%fhtdrl(ﬂecﬁégﬁs"?%?%%tr? 19 ﬁJ'é’rI .eaaﬁamar%? et

e%le%%&a dlr e"?la(;n %fml‘)i%!élr en?ro%fs_?xté%t I ectb r%gnt It

Frqui d drop I ndi ron1at Feast

nb¥R1edbEf 8L antof i+qy ql@ugat £98-PaEA Spa@w w%a&l@et hE at
vicinity so 20 as to land liquid droplets on thée sane

1pb¥el twbn@i fisd 1ht A regjt@ehk 0Pn dtk &€t hEhaNgiiRgction of
nmeans, or the one pixel line or one pixel is forned
tby Laadidge]équich dreaplsets on the same
| ejecting-angle setting means for individually setting
liguid droplets established by the ejection direction
changing means for each of the unit head; and
reference-direction setting means for individually
setting cne reference principal direction for each of the
unit head amcng a plurality of ejection directions of liguid
droplets established by the ejection direction changing
means.
5. The apparatus according toc any one of Claims 2 to 4,
fuither comprising ejection control means for contrelling
liguid-dreplet éjection so as to form one pixel line or omne

pixel using at least two different liquid ejection parts by

ejecting ink droplets in different directions, using the

" ejection direction changing means, from at least two

different liquid ejection parts arranged in the wvicinity so

as to land liquid droplets on the same pixel line so as to



pi xel region so as to formthe pixel using at |east
two different liquid ejection parts arranged in the
vicinity; 25 and - 92 S04P0742 second ejection

~control neans for controlling liquid droplet ejection
in that when liquid droplets are | anded on a pixe
“region, for each |liquid-droplet ejection fromthe
liquid ejection part, any one of Mdifferent |landing 5
positions (M integers of 2 or nore), at |east part of
which is included within4ha pixel region IS
determned as a |anding position of |iquid dropl et®ipro742
in the arranging - direction of ‘liquid ejection parts

EcP r e ion
R e i i

saRanpisel afed Dol ad dsl @l doehophetsi-adl the determ ned
position. 8. The apparatus according to any one of

Cleai mshe &podratiurddrerdiagptbsanmg onerber dMfaipisxel so 4,
i ncreasing neans in that wusing the ejecting-direction
fumahg ngonREkSLNY jqysicd ignopPatsol onegrtfey fooamreadhng
I|qu|d ej ection part are controlled so as to |and at

Ligsor ﬁ‘Bﬁﬂee%llefjfeéfrtéﬁt“ posi PF‘Bn% PHthel i@ dfgifRgmed oy
d h b
ealE%EE%g 1qu1é é} q eCtI %é%ﬁ#ruﬁr§ggga§§ %rgu gr

S°I'S |nc eas

1'eé@‘€i' 8o | b ot Lo fr qalq%a EE@%?@E%éf@&'a‘h%Jn%%h‘ R the
part at one position.” 20 97 The apparatus according to

vaRynooe o 43 aldreaddt Qléluldf HEbRBE L £ W IR REmenPAREL
of pixels increasing neans in that using the
line using the ejection directicn changing means, or the one
pixel line or one pixel is formed by landing liguid droplets
orn the same pixel region so as to form the pixel using at
least two different ligquid ejection parts arranged in the
vicinity.

7. The apparatus according to any cne of Claims 2 to 4,
further comprising:

first ejection control means for contreclling liguid-

droplet ejection in that a pixel line is formed by ejecting
liguid droplets in different directions from at least two
different liquid ejection parts arranged.in the vicinity so
as to land liquid droplets on the same pixel line using the
ejection direction changing means, or the one pixel line or
cne pixel is formed by landing liquid droplets on the same
pixel region so as to form the pixel using at least.two
different liquid ejection parts arranged in the vicinity;

and
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ej ecting-direction changing neans, liquid droplets
ejected fromeach liquid ejection part are controlled
so as to land 25 at two or nore different positions in
the arranging - 93 50420742 direction of liquid
ejection parts, so that the nunber of pixels is

i ncreased nore than that forned by landing liquid
“droplets-fromeach |liquid ejection part at one
position; and ejection control neans for controlling
liquid-droplet 5 ejection ign that a pixel line is
formed by ejecting liquid droplets in different gsp04p0742
directions fromat least two different: liquid

) eCé%?%cPaﬁrjte%t%EaB%SQréf Iﬁé}&sv'f%x“'c‘b)‘lt%l@%nﬁoﬂcﬂﬁ%—

l'i qui ets on the sane pixel Tine using t
d@b@@étoaje&&f&@tﬂm&hﬁlﬁawbﬁgw@aﬁ dipllie are Phxebd on
line or one pixel 10 is forned by Iané}ng liquid
adpope et se@iv hef crarchi 2ebuidegranl SO sedtd chofrbhhehe

pi xel using at least two different liquid ejection

| lpgpid ereengud nartyhanyi eppi ey . M 19 f fitendppgandtng

according to any one of G aims 2 to 4,  further
p@ﬁﬁﬁ%?%?n@& I%”ﬁﬁﬁﬂ@roéf pP%eW%r?hcﬁﬁa§ﬁﬁ§tw€§ﬁ§ ph which

.t hat S|n Ih ctln irection cha

bt heR st e gR%el EETiatn 17 SHtARTEA Sy
1t | t

188838 o %p*“'ohs‘fr?.&éﬁg%gl?ﬁék Gplofe 1ifleri00kniBhe,

dk kgt dog] &l QiR S ctSOnt Paktd hen RN xefl 28gpbXets
is increased nore than that forned by landing liquid

tdroptied sefeamwadls lcogtirdlepectsony pare egdtecadien direction
position; and ejection control nmeans for controlling
chpgeidg drpletso as to land liquid droplets at the
determined position,

8. The-apparatus according to any one of Claims 2 to 4,
further comprising number of pixels increasing meang in that
using the ejecting-direction changing means, liquid droplets
ejected from each ligquid ejection part are contreolled so as
tc land at two or more different positions in the arranging
direction of liquid ejection parts, so that the number of
pixels is increased more than that formed by landing liquid
droplets from each liquid ejection part at one position.

9. The apparatus according to any one of Claims 2 to 4,
further comprising:

number of pixels increasing means in that using the
ejecting-direction changing means, liguid droplets ejected

from each liquid ejection part are contrclled so as to land

at two or more different positions in the arranging
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ejection in that when liquid droplets are | anded on a
pi xel region, for each |iquid-droplet ejection from
the liquid 25 ejection part, any one of M.different

- landing positions (M - 94 S04P0O742 integers of 2 or.

nore), at least part of which is included wthin the

pi xel- region, is determ ned as a | anding position of
liquid droplets in the arranging direction of |iquid

ej ection parts i.n the pixel region so that the
ejectionis 5 controll ed usigsg-the ejection direction
changing means ' so as to land liquid droplets at tdeip0o742
determ ned position. 11. The apparatus according to

d@.@éc@ﬂgnogf qﬂﬁﬁ% 2e teQ:tﬁ’on EHH‘, ers&oﬁm{ﬂ Sdhﬂégnuﬁﬂgge5f

of pixels |ncrea3|ng means In that using t

pjxeati Ng- dheosddan nianghag FRaBSfolhellinl drepliagsliquid
ejected fromeach liquid ejection part are controlled
dwpdstsoftranceadi Iiwmicr ejeceidnfperendit pos hosisibn; and
the arranging direction of liquid ejection parts, so

t hat S1#RE RN el prREFSTPS e Redsldch B A E UL AT eER

f.ornme ndi ng I 15 dro lets fromeach Ii _

eéjegéﬁpan}f%aﬁa%t %ﬁ glflieohs PYPRE By e‘%lﬁc&ﬁngoﬂtl%%d

dn% E%tfornc {¥feléﬂ€“é %%Hgnsd£qgletteﬂe0tl% %Eerent
& fin sfor & Jecti dropl

ﬁkﬁar @ﬁlécgicsﬁcgaxoc@s afrrrfamg@e Lﬁaéﬁetmnﬁtfyf %eats to land
l'i'quid ejection parts arranged in the vicinity so 20

laguta HagshdtHuird wheoplkakSpoRel heisan®s itig<ahhe kRection
using the ejection direction changi ng neans, or the
dédmecpixel champigr meame , pioxekbhe sohi@rmed byl in@ndircngne pixel
1s.%g;gegrgglfgégfggtfyauigngroplets on the same pixel
region so as to form the pixel using at least two different
liquid ejection parts arranged in the vicinity.
10. The apparatus according to any one of Claims 2 to 4,
further comprising:
number of pixels increasing means in that using the
ejecting-direction changing means, ligquid droplets ejected
from each ligquid ejecticn part are controlled so as to land
at two or more different positions in the arranging
direction of liquid ejection parts, so that the number of
pixels is increased more than that formed by landing liguid
droplets from each liquid ejection paft at one position; and
ejection control means for controlling liquid-droplet
ejection in that when liguid droplets are landed on a pixel

region, for each ligquid-droplet ejection from the liquid

ejection part, any one of M different landing positions (M:
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pi xel region so as to formthe pixel using at |east
two different liquid ejection parts arranged in the
vicinity; 25 and - 95 S04P0742 second ejection

control means for controlling Iiquid- droplet ejection

in that when liquid droplets are | anded on a pixe

regi on, for each |iquid-dropl et ej ection fromthe

liquid ejection part; any one of Mdifferent landing 5
positions (M integers of 2 or nore), at |east part of
which is included within-<het pixel region, is

determned as a |anding position of |iquid dropl etsap0742
in the arranging direction of liquid ejection parts

it gRe sphxeb 5?%% SO arl RAksthBa 8L €GE AN dIS 55 included
controlled using th e ‘ejection direction 10 changi ng
WIBRAS SBeapikol | 8y dd,quisd ddiephehsd ads thel ardahgr BoBedion
position. 12. The apparatus according to Caim1l,
afhéreundt Hecpléguiith djhectiraanpany domgetises:ofa ligguidd
chamber for accommodating liquid to be 15 ejected;
PeEhIengeatEat i hgtifedrisedr FaAged aptrac tHe |siqatdon is

chanb for eneratl bybbles in |iquid contained in
émﬁﬁaa. B BB EH%C%&;?BI FAGCERY? gt eans so as
rmng r v 0zzles forned t.hereon
tfb Po? 2?%% in dr égﬁ} da%ongglﬁe erml??é) ?(ﬁﬁl “chanber
i Ay opeRat aag&yaa%%c%tr@%w th gepesal ion A ihubbl es. 4,

and wherein the auxiliary control neans controls

fulr§Hed comprising:

number of pixels increasing means in that using the

ejecting-direction changing means, liguid droplets ejected

from each ligquid ejection part are contrclled so as to land

at two or more different positions in the arranging

direction of ligquid ejection parts, so that the number of

pixels i1s increased more than that formed by landing liquid

droplets from each liquid ejection part at one positibn;
first ejection control means for controlling liguid-

droplet ejection in that a pixel line is formed by ejecting

liquid droplets in different directions from at least two

different liquid ejection parts arranged in the vicinity so

as to land liquid droplets con the same pixel line using the
ejection direction changing means, or the one pixel line or
one pixel is formed by landing liquid droplets on the same
pixel region sc as to form the pixel using at least two
different liquid ejection parts arranged in the vicinity;

and
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droplets to be ejected in a direction different from
that.of liquid droplets ejected by the principa
control neans by 25 supplying energy to the bubble
generating nmeans in a - 96 S04P0O742 different way
fromthat of the principal control neans. 13. The

~apparatus according to Caim1l, wherein the |iquid,

ej ection part conprises: -a liquid chanmber for
accommodating liquid to be 5 ejected; a heating

el ement arranged w thin theds gquid chanber for _
generating bubbles in the liquid contained in the so4p0742
liquid chanber by supplying energy; and a

n022L g 0l U 1-TREDEL, BAY N D102 7S o0 BBY1 LG L0039~
10 for ejecting Iqu|3 contai ned 1 n the [iquld chaiber
dirdplepetféivRby assoeitakedn Wt Jugeneradlicars efrebubhbes, on
and wherein a plurality of the heating elenents are

a pitkaposediom, tier eareh ilguuddetianbhbst i) ddid car fangi hiye
direction of the liquid ejection parts, and are
légHadcedect 1% tgdt-hényi Rnsepf el b naidr dicpdiRng

auxi liary control neans conprises a circuit havin% ah,
POREELANAG (&1 eRIESnRECc LB bBPIREN dthe 9784t PAGE ©F which
.el epent onnect ed.together _in.series, and controls
Enerea ef PN dty BEBE FPRE dropi e gepess e
18h8¢h§dpb 8 & P H neeliianadibhigrenin fpmdhah byt he
principal control neans by passing electric current
dbetveesnthe heatidn@jelessat fart Hr oudhd R x@ilr edighofr so

by di scharging electric current from

that the ejection is controlled using the ejection direction

changing means so as to land liquid.droplets at the
determined position.
12. The apparatus according to Claim 1, wherein the

liguid ejection part comprises:

a liquid chamber for accommedating liQuid to be
ejected;

bubble generating means arranged within the liguid
chamber for generating bubbles in liquid contained in the
ligquid chamber by supplying energy; and

a ncezzle-forming member having nozzles formed therecon
for ejecting liquid contained in the liquid chamber in
operatively associated with generation of bubbles, and

wherein the auxilliary control means controls liguid

droplets to be ejected in a direction different from that of

liquid droplets ejected by the principal control means by

supplying energy to the bubble generating means in a
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bet ween the heating el enments through the circuit so as
to control electric current for supplying to each
heating 25 elenent. - 97 S04P0742 14. The apparat us
according to any one of Clains 2 to 4, wherein the
liquid ejection part conprises: a liquid chanber for
accommodating liquid to be ejected; 5 bubble '

- generating nmeans arranged within the liquid chanber

for generating bubbles in liquid contained in the
i quid chanber by supplyingognergy; and a

. nozzl e-form ng nenber having nozzles formed thereotp4aro742

for ejecting liquid contained in the quuid chanber in
t I i a | b S,
R e o B P B s e
CanRri 8BS  apbd i RAla cCORbR b H@a@§a£@r1 £Elveetreng khgui d
droplets fromthe nozzle by supplying energy to the
lhubhbeegeoetrat ipryt Hompeasss:and auxiliary control
means for controlling liquid droplets to be ejected
i n aadiresitd ohagibkfrefent a¢eomedriingf Wiagadddtodbepl et's
ejected by the principal control neans by supplying
eéﬁéF@9 to the bubbl e generating neans |n a dlfferent

f th f th
Y A oM M nlhsl A RRS 08 P SO 1 HE 20
aherehor L e d A & gt i malwm{eaa%%d in the liguid
chamber.by supplying energy; and

a nozzle-forming member having nczzles formed thereon

'for'ejecting liguid contained in the liguid chamber in

cperatively associated with generation of bubbles, and
wherein a plurality of the heating elements are
juxtaposed in the one liguid chamber in the arranging
direction of the liquid ejection parts} and are connected
together in series, and
wherein the auxiliary control means comprises a circuit
having a switching element connected between the heating

elements connected together in series, and controls the

ejection direction of -liquid droplets to be ejected in a

direction different from that by the principal control means

by passing electric current between the heating elements

. through the circuit or by discharging electric current from

between the heating elements through the circuit so as to
control electric current for supplying tc each heating

element.
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a liquid chanber for accommodating li-quid to be
ej ected; 25 a heating elenent arranged within the
liquid chanber - 98 S04P0742 for generating bubbles
inthe liquid contained in the liquid chanber by
suppl yi ng energy; and a nozzle-form ng nmenber having
nozzl es fornmed thereon for ejecting |iquid contained
inthe liquid chanber in 5 operatively associated with
generation of - bubbles, wherein a plurality of "the
heating el enents are |uxtapogsed in the one |iquid
chanber in the arranging direction of the liquidso4p0742
ej ection parts, and are connected together in series,
ang, 10rmbersin gl ectinn, g4t £§ct o £handinng B3RS 2 to 4,
conpri ses circuit having a sw tching el enent
whepBest ek betyaen ciketibaabhhg @iy :connect ed
together in series, and controls the ejection
di r ectliicuief dhiagibed doopietemicidiee] adctieddi ho lod
| east two directions in the arranging direction of
ejpgtied; 15 ej ection parts by passing electric current
bet ween the heating elenents through the circuit or
R FeRGT2ELBEt FRRNT IATENITS HrhthetweR? tHaaid
the.ci{cuii SO _as. contgﬁg

by
i | .hr o
ek St H R Ok Rar 6 rt TSty 28 hRqo0n

_lglqﬁf.r&néhara;%rl@:y %u&;bﬂ?hﬂg%ﬁ&w,g d®i hod using a line

héad arranged "by juxtapdosing @ plurality of liquid
e] e iy Nartrs rAf ngnhdnbdeads 1SR 89-6060RBGEd theereon

unit head to the adjacent unit
for ejecting liquid contained in the liguid chamber in
operatively associated with generation of bubbles, and
wherein the ejection direction changing means
comprises:
principal control means for ejecting-liquid droplets
from the nozzle by supplying energy to the bubble generating
means; and
auxiliary control means for controlling liquid droplets
to be ejected in a direction different from that of liquid
droplets ejected by the principal control means by supplying
energy to the bubble generating means in a different way
from that of the principal control means.
15. The apparatus according to any one of Claims 2 to 4,
wherein the liquid ejection part comprises:
a liquid chamber for accommodating liquid to be
ejected;

a heating element arranged within the liguid chamber



10

15

20

25

head, each unit head having at |east part of the
liquid ejection part for ejecting ink droplets froma
nozzle, the 25 liquid ejecting nethod conprising the
steps of: - 99 S04P0Or42 executing principal control
means for ejecting liquid droplets fromthe nozzle of
the liquid ejection part; enabling auxiliary contro
neans to be executed for ejecting liquid droplets in
at least one direction different 5 fromthat
controll ed by the principal «wnrtrol nmeans in the
arranging direction of the liquid ejection parts; suMb0742
i ndividually setting whether the auxiliary control '
LS4 f .each .of : uni AT b A 7 e
R e e o d e g AP P pea e 4hicn® prouid
dhemjouxt BpOSumEL iy Wrdlrhgtyy ahdl i qui d ej ection parts of
unit heads so as to connect the unit head to the
adj agemtz zirg-tforread, meabhr unatideathdvdesnfoatmeteaséreon
art of the liquid ejection part for ejecting ink
oBPEES1RY ol @ b AANE 2 10Re lpiﬁﬁ$d1%$@%iﬁﬁ§mgﬁﬁhéa
conprLsiE the steps of: 15 enablng the
CEPEOET BRLHI 7 RRAT ST I uPAREF OB R SO &S 1 r om
t he zzle of the li.quid.ejection.part .to hange i n
at 1 SRS FTeNEY AP BN e edsterFangTag
jf&'xrt_ﬁﬁbb@@ ﬂfl EH@ c!ﬂeqllliq{u?cﬁeetihﬂgepa{r; _Sb'ht:._arb(iran_ging o
i ndividually setting one reference principal direcCtion
di@etetorash ©ie tlhenudl tibeadoANPagef, RInd aldd Yobhected
ejection directions of liquid droplets. 18. Aliquid
tepethengimesdmwickusiamgl a | i ne head arranged

wherein ejection direction changing means comprises a
circuit having a switching element connected between the
heating elements connected together in series, and controls

the ejection direction of liquid droplets to be ejected in

. at least two directions in the arranging direction of liquid

ejection parts by passing electric current between the
heating elements through the circuit or by discharging
electric current from between the heating elements through
the circuit so as to control electric current fér supplying
to each heating element.

16. A liquid ejecting method using a line head arranged
by juxtaposing a plurality of liquid ejection parts of unit
heads so as to connect the unit head to the adjacent unit
head, each unit head having at least part of the liquid

ejection part for ejecting ink droplets from a nozzle, the

liquid ejecting method comprising the steps of:
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by juxtaposing a plurality of liquid ejection parts of
unit ~heads so as to connect the unit head to the

adj acent unit 25 head, each unit head having at | east

part of the liquid - 100 S04P0742 ejection part for
ejecting ink droplets froma nozzle, the Iliquid

ej ecting nmethod conprising the steps of: enabling the
ejection direction of liquid droplets ejected from
the nozzle of the liquid ejection part to 5 change in

at least two different directdoens in the arranging
direction of the liquid ejection parts; and S04P0742

cindividually setting one ejecting angle of liquid

dr0pE§é§uE£ﬁ%Q§Enmﬂ a&h@oHEEB%hﬁ slﬁn:%'%%%ﬁh% liguid
ej ecting nmethod using a I'1 ne hea arrange& 10 by
drivpllapesifrgmatd Widd4 ey oFf thequigdued estd o Paras tof
unit heads so as to connect the unit head to the
adj aeeablimg tauhidacryeachtuni tnéeead tradengxatukedstor
part of the |iquid ejeqtion,ﬁart for ejecting ink
deeiieds i geht AFRAWE ithét [Fpgafrdors estiary st Kadferent
conprising the ste of . 15 enabl.ing the ejection.
fcﬁoweéiﬂﬁsngslﬁtwlq{ﬁ%sb& PePSINEfBRL SR FE 035l Ehe
f _the liquid ejection.part to. change in at | east, two
sgepreran eI th R oHP PR Ry Ot TG oA TSr

- the Lhguohieleg) 1R cRabt fhetRdh Viylual |y 158k BYLPRST

reference principal difection 20 for each O0f the unit
mkaad apDagesupddrdd thchf o€ esti ONit dhdLLtions of

liquid droplets; and individually setting one ejecting
adgl-e 8fligqgid dejecting method using a line head arranged
by juxtaposing a plurality of liquid ejection parts of unit
heads so as to connect the unit head tc the adjacent unit

head, each unit head having at least part of the liquid

ejection part for ejecting ink droplets from a nozzle, the

liquid ejecting method comprising the steps of:

enabling the ejection.direction of liquid droplets
ejected from the nozzle of the liquid ejecticn pért ﬁo
change in at least two different directions in the arranging
direction of the liquid ejecticn parts; and

individually setting cone reference principal direction
for each of the unit head among a plurality of ejectiocon
directions of liquid droplets.

18. A liguid ejecting method using a line head arranged

by juxtaposing a plurality of liguid ejection parts of unit
heads so as to connect the unit head to the adjacent unit

head, each unit head having at least part of the liquid’
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' 504p0742

ejection part for ejecting ink droplets from-a nozzle, the
liquid ejecting method comprising the steps of:

enabling the ejection direction of ligquid droplets
éjected from the nczzle of the liguid ejectiocn part to
change in at least two different directions in the arranging
direction cf the liqﬁid ejection.parts; and

individually setting one ejecting angle of liquid
droplets for each of the unit head.

19. A liguid ejecting method using a line head arranged
by juxtaposing a plurality of liguid ejection paits of unit
heads so as to connect the unit head to the adjacent unit
head, each unit head having at least part of the liguid
ejection part for ejecting ink droplets from a nozzle, the
ligquid ejecting method comprising the steps of:

enabling‘the ejection direction of liguid droplets
ejected from the nozzle of the ligquid ejection part to
change in at least two different directions in the arranging
direction of the ligquid ejection parts;

individually setting one reference principal direction
for each of the unit head among a plurality of ejection
directions of ligquid droplets; and

individually setting one ejecting angle of liquid

~droplets for each of the unit head.



